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_Increased vascular reactivity to pressor dgents has often been

observed in hypertensive states. A widely acceptéd hypothesis for

this the “changes to
changes, such as vascular smooth muscle hypertrophy, that aré. thought
to take place subsequeat to the onset of hypertension. The work

presented here studied vascular reactiykfy in an animal model of

essential hypertension and offers an alternative explamation for "+ '

this phenomerion, Fa - S

" Spontaneously nyp-r:mxvi rats (SHR) treated from conception
with tl-ﬂnl, a p~adrenergic hlm:ker, ﬂld not: develop high blood
presaure. Thoractc aorta from these normotensive SHR exhibired -
incressed reactivity to raised-extracellular K, when cospired
Vith tissues from tisolol-treated Kyoto Wistar control rats.

The mormotensive SHR adrea also showed ‘significant responsiveness
o La>* and to high extraceliutar ca?* concentrations without. - )

previously depolarizing the :ll-lle with high K + The m)ﬂa.le to
3+

"1a® wvas shown'to be primarily medisted through a precipitation

of the buffer in normal Krebs solution, Tesulting in a decrease
: ’ N

in the PR of the bathing medds. A large contractile résponse was
recorded when these conditions were mimicked by. the addition of
HCL to the Krebs solution bething the SHR dorta.

These observations indicate that altered reactivity in SHR

sorta s mot a of changes

were attributed to a deficient contrél of Ca’* homeostasts fa
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©'1. " INTRODUCTION . " F S T ge
& 'ype;kensinn, défined as a systolic hlr;orl pxeqau‘:a ?.'e‘r 160 mm Hg |
~ . or a-diastolic pressure ober 95 mm g afflicts over 18X of adults in the
) Untted States, makingIt the most common disease in that chuirty - o
9 Nnenzh - United States, 1976-77). - Hypertension, if left uatreated,
can lead to ucu‘te‘bezlth problens such as heart disease ‘(the leading ; :

cause’of death n.Canada and the U.S.A.), stroke, or kidney fallure.
k2 it _has been es:imted that up to 90Z of peop1= with high blnod
N
*preseure have what is kndwp-as: Messential bypertension; that i Mgh 3

= ‘- “blodd pressure of |m’knuwn etiology.
: R “To investigate pnsalble causes of csnem'.inl hyper:eneion several
The most widely

’ J <
e . nﬂi.mal. models of the dLseg‘se hLave been developed.
‘studded of these models is:the Spontancously: Hypéktensive Bat (SHN),

dewxoped by Okanoto’ and Aokt (1963) by aya(m:lc inbreeding.

" of i in the SHR s (Han!aﬂ.1.972‘ Louia S |

et u.. 196945 ‘and determined by o few genes which att additively
The pazgugg’nesu of hype:uminn in this animal.

"o (Taase et al., 1972).

has been studied =x:en51ve1y und 1g’ r=vizﬂed below.
1 % '

o "
. A - Etiology of

N A TS X ‘bécone evident that Fhggpathogenesis of hypertension in the

- $HR 15 multifdctorial, having bothi genetic and envitnnmént-ll components.

The genetic factors ave ik predontnant SsbeEthants it elev-ced blood

prsssuu. their degree of influencé having been calculdted at over 80X

"1970), whiie enivizonmental factors tend to have an

addiuve -or d'].mlputive effect og, the u:e of development and extent of ;

(Tnp.lae ‘et al.
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blood pressure elevation, At léast 4 différent genetically derernined
causes of ‘high blood pre!;ure ‘have_ been studled and results are
mnnmarized here. . The studies reported often seem to offer cmlflil:tingl‘v
evidence. mex, cholce ‘of controls and methodology vary ‘and,for
this reason, studles are often difficult to cewpura\dltaccly.
1. Envircmmental Influencés

C " ‘Selye (1974) has described stréss as a phenomesum characterized by

feelings of heiplessness or Its 3 1 effects

are prob-bly mediated through circulating Jevels of adrenal cortAcotrophte

“ hormone (ACTH). Heary. ‘and Cassel’ (1969) (see: Henry and Stephens, 1977)

révieued the effecte of Selyean st s i of

msn gnd found a stromg correlation in mny cultures.

in

" Although it is difficult to extrapolate stréis measurements to
‘aninal studies, the rate of ngv.ibpm;'an: of ‘high blood pressure in the
*SHR-does appear- to be ‘influerced by various types of environmental
auenums."_ The thernal stress of cooling to 32%C increased the blood
pressure of SHE, bu Mot of Kyoto Wstar (VKY) comtrol (Yen et al.,
1978),. Low temparatura (16°C)also his sobe pronounced effects on:
lovering membrane puzaﬂ;tig,l of vasculér smooth muscle (VSH) from SHR
than from WKY (Hemmeyet. 1976). Thernal resiscance, as determined by
suryivll U.me at high lmbllnl :emparatures, was lower in the SHR' than
in ‘the Sprague-Dawley rat .(Wright et al., 1977).

 Inmobilization, ss well as coubined visual, suditory aud electrical

© stimull the degxe'e of 'hy 8 in the SHR (Yamori et al.,
1969)." Even young SHR showed 3 to
briaf periadic altering stimuii sll::h as ll.ght fll!hﬁl, noise and u‘
E A




Ambient light levels can effect blood Pressure 4n the SHR as well:

Littera of SHR'raised in darkness’ Had sigaificantly lower blood |

pressures than ‘SR raised in 12 hours of ughc por day. {Lais et al.,
'1974a). J
Dietary salt,intake has been implicated as an envirommental

on 1

of hunan
salt restriction does not appear to effect development of high blood
pressure in the SHR (Lais et al., 1974; Louis et al., 1969b), although’

SHR ‘show a preference for NaCl solution ovér tap water .when given access

2. Genmetic Factors

a. Hormonal Mechanisms
Levels of, circulating hormones play a direct role in the control of
‘blood pressure.

e promotes of Na* ‘and

1y
retention of water. Vasopresiin also promotes water retention 'and has
|- a-direct stinilatory éffect on vastuler smboth musela, - Adyeniling;
norndzmline, and anglocensih i al1 have direct pressor eftects on
vascular smooth muscle cone. Thus, an sbrormality fn cuu-.laung levels
Tok dhyooe Eiein genEsior FaskovsbhtiRr 21565 EeE rélladeh sobTd provide
a hani

for

Pischer-Ferraro and co-workers (1971) found evidence of an intrinsie
brain renin-angiotensin system in the rat. Subsequent investigations

(Genten et'al., 1975) revealed that the SHR has elevated cerebrospinal

fluid levels of angiotensin II as compared to levels in Sprague Dawley
controla.

. o 3
vibration (Hallback and Folkow, 1974). ¥ &

(Danl, 1972). Interestingly,

to both’(Catalanotto et-al., 1972; Fregly, 1975;McConnell and Henkin, 1973).

¥
i

s
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Dietz and co-work&/rs (1978) found decreased nldostarone aectel:inn

and 1 of. cor in the SHR, hile a study by |

Yomori et al., (1973a) fojindno abnommality in corticosterone levels in
[

.
the SHR. The renin-angiotensin system in the SHR was found to be normal
(Dletz. et al., 1978), except in adult, but fiot young, stroke-prone SHR

\(Mateunaga et ‘al., 1975), a substrain which usually succumbs to stroke..

Parabiosis with a normotensivé rat produced mo' increase in blood

_pressure in the enimal, factors play’

ninimal role in blood pressure elevition in the SHR (Yamord, 1971).-
In summaty, the evidence implicating altered hormonal levels in:the

-
pathogenesis of hypertension in the SHR 1is scanty.

b. Rensl Mechanisms

| * Guyten's theory of hypertension (Coldman et al., 19753 Guyton et al.,
1974) suggests that the major flaw in genetic hypertensfon is the kidney's
inability to’excrete Na® at.rates that will maintain normal extracellular
£luid Volume.. He proposed that as Na' accumulates, the extracellular'*

fluid volume expands, leading to VSM and cardiac muscle hypertrophy,. as

well as of the The resulting elevation tn blood
pressuré is sufficiént to force blood through the glomerulf at a high
enough rate to gradually return extracéllular Flutd volumé to’sormal P)
levels; but 1'aav1ng blood pressire high. The physiological findings in .
Sypertenstya:gatients corsauponlweil with this theory; cardisc output

is initially high; then once hypertension ia established, cardiac \m\:put

s low, but total pert 4 is elevated -

s;ku. et al. (1975) reported significmtly elevated carduc output

1n young SHE compared to old ‘SHR, and significantly higher total

c; i




Tesistance in old,vs. young SHR. _ - -

Dietz and co-workers (1978), In furcher support of Guyton's

theory, found. young SER retain more Na© than sge-matched WKY.
Fractional excretion of Na® in the SHR incressed with age, as does

blood pressure. -However, this group also’ found extracellular fluid

volume was significantly lower in the SHR, is opposition to the theory,

“while other investigators (Trippodo et al., 1978) found no dffference

in plasaa volune among SHR, WKY, and Wistar rats..

The most convineing evidence for a renal mechanieom of pathogenesis

'comés from kidney transplantation studies:” When kidneys of SHR ate

) ;
'transplanted ‘to F) hydrids of SHR and Wistar rats, they too became

bypertensive, unlle ¥ hybrids receiving kidneys ¥ ‘on Wistar rate did

sot (avabe et al., 1978).

¢, Neurogenic Factors ¥

involved in the minute

The neryous sy
to minute control of blood pressure, heart rate, vpsomotor tome,
eirculating adrensline levels and to some extenty reatn levels. A

genetic abnorsality d with output could

initiate hypertension.

Ao X
Immunosympathectomy (Folkow, et al., 1972a) prevented, while treatment

with 6-hydroxydopamine (a compound that destroys catecholaminergic merve
terninals) delayed (Yamori et al., 1972) or prevented (Linch et al.;
1972) high bloo‘d pressure development in the SHR. Onset of hypertensfon
in the SHR can also be.delayed by a- or B-adrenergic blockers (Folkow

et al., 1972b, Nimao and Irichijiea, 1974). @ -

: i
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Involvement of the sympathetic ;mrvmls system in the pathogenesis
of high blood pressure o the SHR has also’ been assessed by studies of
enz# activity in the CNS, which are often conflicting.
Nakamura and Nakamara (1975) found dopmi‘ne B-hydroxylase activity

was elevated in the locus coerulevs, area A2 of the medulla and in spinal

intermediolateral cells of young but mot old SHR, suggesting fncreased

adrenergic activity'nay be present’ in ‘these areas in the mzm stages
of hypertenston. ‘In contrast, Nagateu et al., (1976) found dopamine -
p-hyﬂroxyiape activity iﬁ the locus coeruleus dm!fiql?ntly Jower in the
SHR than in the WKY, although dopamine. f-hydroxylase activity was elevated
155 the. Seraghacy m"n;i,- study. > | 5 - )
.Another ‘enzyme with ind neurons

in the central nervous. sybten, aromatie L-anino acid decarboxylase, had =
lover activity in SHR than in Vistar Tat brains (Yamort et al., 1970);
however activity of this enzyme vas' equally Tov in both SHR and WKY

bratns (amorf et-al., 1973b). This enzyme fs also necessary in the,

of nin, another that 15 fnvolved in the

central control of blood pressure (billbospinal neurons with cell bodies

in the vasomotor areas of the brainstem are s mixture of catecholaminergic’

and o ‘nerves - Chal 1975). et al., (1976)
found that 5;6-dihydroxytryptanine, a compound that. destroysVserotonergic

nerve terminals, when injected intracerebroventricularly in young SHR

del.l.ygd the onset of P These authors central
serithaerale A LRy Ea1e. 16 /bhE etiology ‘of hypertension in the
“Tyrosine hydroxylase, the rata-1inititag senyywsda-he prodhotion

of ‘adrenalfne and 2 was. not in areas Al, A2, or-

the locus coeruleus 4n’SHR, WKY or Sprague-Diwley'rats (Remaud et al.,

/)




1979Y Nor vas there a differem:e in HAU activi:y in l:anlral blood ~

venaeiq obtained fmm 15 week old SHR And W@Y (l.ai and Spacmr, 1978).

dies of thz peripheral symputl\eu.c ‘nervous ‘systen are ‘s

1nconelusive .s,ﬂma of czntrul od &

ren-l nerves (Izlchijim, 1973, Judy ef. al.. 19765 Ohmto et al., 1967)
had a higher disch“ge Tate in the SKK than controls. ‘Denervation’ xre.:'l.y'

- reduced I'.hg mitlully l&' blood yreuure/ in the SHR lnlnnd hL\uﬂLmb

prepnntian (Nosaka et al.,. 1.972). }Iawever, Lais and co-uorknn (1974\:)—.
repoited That vaseular resistance 1n SHR remained signtficln:ly higher
‘than 1n Wistar rats after buucenl lumbnr aynpath::tnnry thlm md

Lobal:h (1978) Eauml the usemnu:et muacle .rl‘.eriolel An yutmz m dﬂn}e‘

de:emined more 'by the structural or myogenic pmpertlen tlun by . “ L

nérvou$” dnput.

The syspathetic nervous system may also contributé €oia renal

pathogenic mgchanssm, since. renal dene’rvntian 1n—yo\mg SHR delayéd onsét
of elevated blood pressire (Dietz et al., 1978; Liard, 1977) :
Io swmary, while an almumu:y in the function ochn:nl md

-al i néurons 1s

by thue ‘studies, the involveun:
of these neurons dn the etiology of hyp:rtensian in the SHR has not been_

firaly ‘establiched. . s . . M, B

" d, | Vascular Factors

akh B M s :
Them)is evidence that both'structural and reactivity changes occur

in the.yasculature of the SHR that may be related to'the:development




and maintanence of ‘hypérténsion. Folkow and co-workers (1970, 1973)

have tulated-that reported in hypertension is

primrily a tasdlt of VM 3 adary to deve BE
They anggest that enlargenent ‘of the medta of ‘restatance,

A5 the VsM

hypertension.
vessels occurs at the expense of lumen diameter.
hypertrophies, the arterivlar lumen gets narrower and presents more

résistance to blood flow. Others (Doyle and Frasér, 1961; Mendlowitz

and Naftchi, 1958) suggeated the 1dea that redctivity :hm\ge- are a

cause, fot a cmuequancu of elevated pressure.
Folkow's hypm.henl 1s supported by-the work of Mulvany and co-
vorkers ‘(ulvany and Halpem, 1977; Mulvany et al., 1578;.w=mm et al.,
1979).. " They report that mesenteric arteries from SHR showed medial
opertrophyas W11 ds:saaltar e’ Mupetar:sni thlcker media; than
conparable WY arterfes. Ydmori and Sasagava (1975 also reported
medial hypzrtruphy or ‘hyperplasia’ {n: SHE dsing hiotonetrical opthods. 1
_contrast to these \repnn’.s, Hutching and Darnell (1978) fotnd the small
restatance vessels of the crenastir mi;cie in the SHR had o larger
dameter than noraotensivg controld,. but found there were 50%.fever
arterioles in the SHR. These ﬂndi.nga were confirned by Hefnrick et al.
(1978) in’ the mesenteric b:d 1o $ig. Bohlen: (1979) studied the cremaster
muscle in SHR and WKY, and found fewer open arterfoles in the SHR but no
‘significant’ difference fi-artetiole disnster, wall thickness or crasic |
 sectional ‘area in the two mxm.uf Thus," hxstmetyxc studies of VSM
_ considered ulune yield :.mfnc:mg resulta :
llyp!tztoyhy of VS 16 vevally assceisted with ficreased collagen
syn(he.in, sinée collagen provides & ‘stiucturall franeuoel to which

the smooth muscle cells attach.

There have been reports’ of Increased




i, : ; oo 9
rates of incorporation of proline;ia precursor of collagen, in aorta and

-mesenteric ntteries of older SHR- (Yamord, 1976). Prolyl hy-imqlnéa %=

(Ooshima et 51., 1974). Im:atpor.ntlon of m,e&a lysine inl:o

non-collagerious protein was found to be elevated in young SHR (Yamabe

and Lovenberg, 1974). 3

There 1s evidence thatvascular hypertrophy does mot occur early 1ny -

the development of hypértension in the SHR. Newnsn arid Langner (1978)

" reported significantly high rates of labélled proline incorporation ' ~

occur only after 23 weeks of age; &hen wis well

In summary, structural changes. that could result in am increased .

resfstadce’ to' flow probably occlr in response. to elevated pressure. But
ko ) :

.the queBtién of as a factor in

Typertension remains unsettled. yA review of-tlils problem fnum,;!
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B. . The Ph;‘m:eolngicnl Relationghip Between Vascular Reactivity |
Q and nyyen"uuton . Y
1. Theorerical Considerations : y p
a. i n-u‘num Vascular Reactivity >
“Vascular reactivity" 1s a term that loosely :mctpql:nd- to the
Sassoustoiness’ of{tbe-vastulotura o & jtven stimulus. The stinulus :
can'be a pharmacological one or it can’be a change in the perfusion
pressure or flow r“.zé through a vessel or vagcular bed. Vaseular
reactiyity has been measured with the uée of various préparations. The
advantages and disadvantages of these different preparaticns are dealt:

with elsevhere, but it should be stressed that different aspects of

are measured, on the pre and”on the method
of data-presentation. -

When in vivo determinations are made, the hindlimb, hindquarter or

whole animal is usually perfused with blood or a

seline through a large artery st a-coustant rate of flow'or at a constamt
pressurc. The relatioaship betveen flou (F), changes in perfusion
pressure (2?) and vascular resistence (R) is an analogue to Oba's law.

which expresses the relationship between curreat; voltage differential
and_ ¢

and can be d by the
L (Burton; 1972; Folkow and Nefl, 1971)
= iy :

P

Thus, in these constant flow perfusion studies, changes in perfusion
o i 3 9 Vg
pressiire are. measured and reflebt changesin vascular resistance.

Responses fo controlled increases in flov or to pharmacological agents

added to the perfusion fluid vhich effect vascular smooth musele

contractility are recorded as changes in perfusion pressure.

Shortening




LS

: 9 i : u
of the VSM cell results in a reduction in }lumen diameter: A small

g 5
decrease in lumen dismeter résults in a large increage.in meagired

since Erom Poiseuille's Law, (R) to flow through
a ngid :ube (which nppraxlmar.eu flgy thtough a blood vessel) is a
flmu:lon of che tnverse of the Gth pover of the tube’s radius (r):

4

R= B (i 'la"this equation represcnts viscosity) (Batton, 1972)
= o ;

In vitro studies of vascular reactivity usually'use isolated strips

or rings of vascular tissue, although isolated perfused arteries are
also used, in which case the qhew considerations are applicable. In
the fsolated strip or ring preparations, tension development regorded

1 Ss lluually ted to agents

added to the ba:hmg dolution ate then recorded as tension developuent

% apd-can be subjected to analysis for vascular reactivity.. '.

_ _ There are several parametérs to consider uhen"mlysing vascular

to 1 agents from ponse «uuv These are

illustrated in Figure 1, ' Kalsner. (1974) demonstrated that when

if just di is

(Figure 14) thé due to altérations in the xesporise
of the effector tlosue itaelf rather than respofive of 1t dfug Tereptors
nay be missed. He suggests alterations in the threshold Ke1gure 10),
naximn résponse, (m;.,.r; 18 and “the slope of the dose-response curve
(Figure 1A) should also be considered.

Johansson -(1974) pointed out [that there are.several different

cellular factors that e vascular’ +(1) drug p

interactions, (2) availability of Ca’* and/or ATP to the contractile /

protein:

(3) the state of-the contractile. proteins themsclves, (4) the




Figure 1: Shows

7 exasples of diff of
nciunecd viscHlas nucivt:; seen in dose-response curves;
(&) shous steeper alope and lower ED,; in the hypertensive,
(B) stiovs greater maximm respofe in hm'(tmlve and

(C) shows lower thre 10

N_- normotensive. : !
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-m; case of the initial (phasic) response to uondx'euun- 1n ‘rabbie e

contribution of passive elastic elements and (5) mechanical fu:n;n,
related to’the structure of -intact blood vessels. But ﬂf these factors,
control of Ca® holeo-zuu appears to_be the intimate link betweea many
types of stimull and the responsiveness of S (see: Fleish, 1974; Welss,

1977\), The control of free Vlntrlcd].\lhr Cl levels is briefly t!v(and

b. Control of I:Zx);s{lnhr ca®* 4n Smooth Muscle <
It is known from studies of glycer},nnted (P11 e et .1.. xass) o 3
cl\miully skinned (Endé et .1.. 1977) smooth ml:le, mz to'be in'a X

orazes state, the concentration of free (inbound)’ "Lm:nneunl-r e 3

_ must be less than 107'M and that maximal contractile, stEIvity doiurk gt o

concentrations of 107 to 10"u. The extracellular fliid concentration
1s in the millizolar range., so’an nvard a?* gradient 1s meintalied- even

1 & wixcizally Sontiacted s

Yet extracellular ca™ 15 necessary lor

contractile activity; in Ca

-fre solution, VSH loses 7
(m_ Brading, 1979; Welss, 1§71).
There appear to be several routes via vhich c}" aey eaper she call.

Passive diffusion down ‘ies concentration nldun: is an ohvl.mu mn. .

‘There probably exist voltage-dependsnt Ca’* channels vhich open when the .

cell meabrane depolarizes and allovs Ca’' to eater down its concentration
gradient, carrying an {nvard currgnt (Tomita, 1975).  Apparently, other

channels exist vhich admit Ca’* in Tesponse to receptor stimulation with

little or no membrane 80 called 7 AR

. . S %
coupling (Casteels et al., 1977;:Somlyo and'Somlyo, 1968): Intracellular
& 5

stores of Ca’' may also be released by receptor-mediated events, ss in

o

aorta which does not require exu'll:tll\lhr Cl (vln Breemen et ll.,1973). o7




et 'al., 1977) jand .vn."-c.’*_' exchange system (Ma md Bose, 1977).

Intracellular storage sites for Ca®' include mitochondria,
sarcoplasaic reticulum, nucleus and plassé mesbrané (Somlyo and Somlyo,

1975). However, the storage sites are saturable and clearly the cell

must extrude Ca’* to maintain an-invard gradient: It has been suggested

an ATPZdependent pump (Janis
The

that 2 mechanisms exist to extrude Ca’':

latter mechanism has been demonstrated in a pumber of nerve and muscle
preparations (see:Blaustein, 1974), but has not been unequivocally.
demonstrated in smooth muscle (see:van Breemen et 'al., 1979). The

subject of Na'~Ca’* exchange is considered in detail in the Discéssion

chapter.- .
It the ‘tncracellular free N concentration 1z by some means

increased in a given Yapeular ‘tinsye] that Hasue wiit Wicu an dacresssd .

reactivity. There are several popnué mechanisms which singly or in
I:DIﬂ’inl!iﬂl: could account for such a change: ’
1. m hcxnlld extracellular ﬁ ‘concentration would !ncxa-ue
the inward CJ mdien! and the rate of pla!lve diffusion.
2. fn increased membrane perseability to Ca’! de to f
a) depolarization and opening of voltage-dependant chammels

b) increased pharmacomechanical coupling £
©) increased passive mh;e
30 tn:nuunlu sources of c- more labile dne to

2), reducéd storage upnm:y

b) increased regenerative release

* "¢) increased release in résponse to receptor stimulatiem
"4’ Tneffective removal of Ca’’ from the VSM.cell. ~ =

0+ ESRNESIO N N



c. Synthesis of a Theoretical Approach to Vascular Reactivity'im

Hypertension -

One ‘can predict’ the : of of

deterninants of vascular mmxvuy in terus GF changes théy might produce
in dnu-reapaasa cmea, as outlined fn Figure 1:

¥, s, pouend wiaanets oL 1973). 40 hypertensive states
the VSM hypértrophies ‘and encroaches on vessel luun, thei the lumen will .

become g5 v is then

in.a constant flow experiment, the narrower lumen will result in s Righer
baseline pressuré than in a comparable vessel or vascular bed from & mormo—
el RATuAL o TE & Wwi-Hesmone ATV, e eoastructed to a p?euar
agent, the hypertensive tisbie should show s gtentar)q:ulmnn response

(Figure 1B) and a steeper slope (Figure 1A) due to the exponential relation—

» ship between lumen radius-and resistance, but the threshold should rTemain

the same,. since the of and the controlling’

the availability of Ca’" should mot be altered by hypertrophy. '

In isolated ring or strip studies of reactivity, hypertrophy might

" be expectéd. to produce a decrease in maximim Fesponse, since the VSM

cells are. larger, their ability to’shorten is physically iipeded by v

cells. “The d should remain unaltered
as in perfused preparations. '

If the increased reactivity. desctibed 1s mot totally attributable

to VSM hypertrophy, But also involves a hypersamtuve tissue’ xesponse

quite effects on “resp can be

Both in vivo and in vitro preparations should show a lowered threshold
x :

: (Figure 1C) since the tissue is eitlier more semsitive to excitation at

the receptor level, -or perhaps, since more ’c? is made available to the

R




= . o S & 7 1'7 .
contractile proteins . through one or more of the -u:h-a.- outlined

earlier.

The Liter on’ vaseulat 4n b ve states will . .
now be reviewed in the context.of these theoretieal consideratioms. < . .

13 w0
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this supersensllivicy 1s probably transmitted genetically and may be a

T by Fnlkw and co-workers (1973) and.proposes that the increase in

to pressor agents in hypzﬂ_enslva patients (Doyle
o .
i Black, 1955; Lee and Holze, 1951) and in various experimental

Vascular reactivi

anfwals (Brown and Malgraith, 19413 McQueen, 19565 -Smirk, 1949). - T
reiterate, there are two hypotheses to account for these observations:
o By porhasds sisgiste e Siicsauid Seactiviey wofiscte i .upeé—
sensirivicy of the vaseular smooth muscle In hypertensives. Furthemore;

dausative) factor in this disease.. “The opposing hypothesis was upoundad

ocaure y to 1 cbunges in the reststance -

vessels; tha: these ‘Ehanges. are the result of scaTie smooth muscle |
(VSM) hypertrophy in response. to high blood pressure. In other words,
this second hypothesis 'suggests that the increase in reactivity is not
a causative factor, but rather a direct r‘e_sul[ of hypertension. Folkow

suggests hypertro of .the 'VSM S to the of

hyperténsion leads: to a parrowing of the vessel lumen: H'ypex(ro‘phx ‘of the
nedial smooth muscle of the renal ud superior mesénteric  arteries has

been demonstrated in hunan hypertension (Barrett, i963; Furuyama, 1962)

‘but 1is not apparent in amlleﬁ;’easeln (Short, -1966) f;'wm hypertensive
humans. A small narrowing of the arteriolarradius will.be reflected as a
large change in resistance since in accordance with Fouseills's relationship,
resistanée s a vesiel is inveisely proportipmal ts the th powes of ‘the
radius. Thus; any encroachment of the hypertrophied musele fnto fhe

lumen will appear to increase the resistance in a study that measvres




Care has been taken to reevaluate the'data presentéd to assess the

19
resistance to flow. Folkow siggests this explains the apparent ‘reactivity
increase reported in hypertension. :

A review of the follous, cor the’ g evidence

for ‘each of these hypotheges in'bothi uman and experimental hypertension.

of y and to offer- interpretatfon in Mght
of then which nay, in some cases differ' from the authors’ original

conclusions .

a. Human Vascular Reactivity Studies.

Since it is difficult to obtain living arterisl smooth mugcle from

- human subjects, studies reported are usually in viw experinents using

intact perfused vascular beds.. Most inveéstigators have used the forearn
58 digital vascular beds since the .arterial blood supply is accessablen>:
(£ the-Anifuston of visssictiye agents): and since changes fn blood £low

can be readily estimated by plethysmography. Often in these experiments,

the contralateral hand or forearm.servés as a control. It is aseuned

that  of infused 1 fices are so-small that

they dosbt getinto systemic circulation insignificant 0 do
not effect heart rate or have reflex-effects on bload pressure.

JUsing this h in R e aK ne

to mfused S-methyl-isourca and angiol:nsin (Doyle .nd Black, 1955),
noradrenaline (Graismn, 1952;»“&!\610"1&2 ‘and Naftchi, '1958), 5—
hydroxytryptastne (Doyle, Fraser and Marshall, 1959) and adrenaline’ (Duf,
1956). It 1s'dtfficule to verify clafms of lovere threghald 4n these
studies; as corrections for higher baseline resistance to flow in

patients with established hypertension were rarely made. One study
: s




“found to have fncreased reactivity.

avoided this problem by tsing a visual measurement of the state of

contraction of VS. lee and Wolze (1951) found the precapillary sphinetor

in the bulbar conjunctiva of hype were more sens to topleally

applied adrenaline than vessels in the normotensive control group.

These studles appear to' support the

However, Folkow and co-workers have published data that supports the

:Imry- and om.f (1968) Emnd that
resistance to blood ﬂm to the hand in hyplt(lnlim was n!ﬂtd even at
m?iml vasodilation, but found no éﬂfetence in. the vt.hrea.hold v
sensitivity to noradrenaline vhen compared to matched normotensive
controls. 1

Conway (1963) found that the increase in flow ‘following reactive

hyperemia was similar in hyper and tient ptbuugh

this study looked -at the effect of vasodilation by metabolites rather

than coustriction.by vasoactive sgents, 1t doss lend sipport £o Folkow's
hypothesis, and confirmed an esrlier study by Folkow et al., (1958).

The studies outldned abbve have a common flaw: They are studies on -

patients with & d essential e Since is the
* 2

natural o of of 1t 1s difficult to
separate secondary. structural changes due to hypertrophy or hyperplasia ~
from those due to innate myogenic’ mechanisms. Oue study of human
essentisl hypertensih by Doyls and Fraser (1961) attempted to transcend

this mnguny vy stutying the ‘ot

v
vas n-mued into the forearn ih hypertensives and, their sons, who were as

a group “The o flow was by

Both' the hy and their sons were

is study suggests that the
- % 3




to ictors seen in hy way be an

intrinsic property of the VSM and not l’“‘ﬁqgndjary effect due to ensving.

hypertrophy. ; i e

In summary; although most clificdl sfudia of vascular reactivity

in hyp found { to ive agents, they
are inconclusive ‘dth mspect tn the mchanim This is so because '

1n-vivo can only be ¢ by changes in res? taa
constant flow. Most studies found resistance to be elevated in

probably as & nce of of VSM. @nce

hypextrophy. has taken place Lt is difficult to discriminate between
apparedt reactivity changes, induced by a marrower lumén, and real ones

cavsed by an increase in VSM sensitivity to vasaconstrictors.

Vascular in:

\

There are several methods' used to produce hypertension in  experiméntal .

animals; the hyper:cmslun usu.nlly produced is caused by lncrmsed blood

vélume, :enm mineral corticoid levels, Na* ention andfor -
by genetic predisposition. M )
A Tenal model wap described in’ 1934 by Coldblatt and co-vorkers in
vhich one renal artery was partially constricted with & clamp. and the
contralateral kidney was removed. This so-called "ohe-kidney Goldblate™
model resulted in permanent elevation of blood pressure to pathological
‘levels! “Hyperténsion also results when just one renal artery is clamped.

The former procedure produces a vo induced

uhue in me latter model, the renin/lngiur.emln system 1s thought to be

.responsible for t)w increase in bluod ‘pressure resulting (Tobiam, 197i).

G




‘, described, but the two most videly used are the New Zealand genetically

ally produced 1s the

adrenal corti model., The hype 0 15 Produced by

the udministruuon of descxycorticnﬂtet:mE—M:ECHze (WCA), usually gi.vel\,
in cmnhinatx.nn \ilth a high salt diet (Selye et l1., ‘9 3). +In this model,
sile tn recatoet \tather thim excreted by the kidneys. | Vater retatned wieh

the nlt leadn zo a volume-expansion type of hxgh blo ‘d prbaauu. 8
A third node} s genatie hypertenaton, and, 1a the ane'which most’

. | i
closely human 1 W.e. : of

unknwn‘etiology)\l Several.stratns of hypertensive rats havebeen

hypertensive rat (GHR) described by Smirk aad Ball (1958) and’the

Tapandes spostaionily: hypseniive ree i) GF Masobe s A5k 1969
Tesues from these  models have beeri used ‘in a number of preparations

sach vith ! 1ts own ‘advaiitegis and disidvantsjes for ptulying: vasculep .

smooth miscle reactivity. Perfused whole ‘aniiaals or perfused hindquarters

are useful for total 1.resistance in constant flow

expedmenl;s. Isolated, perfused vessels or vascular beds provide a meins

of Bessiring resdstance 10 s glven vessel or vastulature, usually in the
absence oF nervous influence ~Artificial per cén also be

used to elim;na:e the influence of circulating’ hormones and metabolites

i the blood, ‘Isolated vasculax beds (eg.; the mesenteric bed) are perhaps o
better preparations than isolatéd vessels for réactivity studies, because '
they contain the smll muscular arterioles that are the primary deterninants

of vascular resistance (Folkow and Neil, 1971). /

‘f Aother prepammn of vascum smooth muscle fs the isolaud strip ’
or ping bathed in physislogteal solution in @ tissue ‘bath. ' This preparation

greatly reduces structural effects and -is relatively free' of hdtmonal ‘and

s,
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nervous influences, providing a direct measure of contractile temsion
e to known ats of ‘s added. s
With these and models of by , several

investigators have studied reactivity of vascular smooth muscle from
hypertensive animals. These studies are tabulated in Tebles I, II and
III vith respect to altered of vascular Table T

that it is to assess changes on the basis

of B slope of the dosc-response cuzve alone, 85 many authots have

" in'the past, In Table 'II the majority of studies show increased maximum

résponac to pressor_agents in perfused preparacions and decreased maximm

response in dsolated rings or strips of aorta, ns predicted by the

theoretdcal of'

ophy. One 1s

g ' y ;
a stidy by Creénberg and Bohr  (1975) which showed an increased naximun

response to several pregsor stimuli in an isolated perfused portal vein
preparation from the SHR. This study ‘is exceptional because su' venous

side of the circulstion is not subjected to high pressure and would ot

be expected to 3 or show if Polkow's
hypothesis were correct. d
Table ITT shovs a lover threshold was reported to sany stisulf fa

several different preparations snd models of hypertension, supporting the

vsM 1n hype: N
The discrepancies in results from the same preparation msy reflect
differences in ‘controls and methodology:

Clineachmidt et al. (1970) has shomsignificant differences in

{mum’.cension deyel betveen 2., ve strains, the Carworth ;

Farme" Wistar and thé NIi-bred Wistar rat. The tabulated studies’ Jm.m‘cun/

awide variety of 1 ntrols. There i no in the

r::;“_'.___k
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Tab¥e III:  Threshold Response to' Pressor kgem PR ftmt/ :
Hypertensive Rats i
. Isolated Aortic “Isolsted Perfused
N ', Strips or Ring Vessels ox Eindquarters
Pressor Agents ~ SHR  DOCA  RENAL SHR - DOCA  RENAL
o 7
v Noradrenaline ° +62 62 =68(m) +25(£) - 410(E)
N e =76(hq) =67(a)  +68(m)
+150(hg) =67 (m)
® w62 1110 62 +25(6)
.
" S5-HT 41 4 8(f) +8(F)° ".48(£)
R FL03(£)¥LO3E) +103(E) - ;
] T =6l : .
- Adrenalfne . +122(6)
o | %
e after B -
depolarization +25(6)
L : .
ATP € =67(u) =
Legend: + Lower threshold: in hypertensive rat
= _Similar threshold in hypertensive and mormotensive rat
- .n Megenteric artery . d 7
£ Feoral .artery . ¢
hq Isolated pe‘riused hindq\urtars e

% Runbers refer to articlés in the List of Referemces
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choice of ugeﬂutchlng or. ueight—m.utching af cml:toll lnd hy‘per:nllvcs

nor in the sex of :he antaala hosen, To further complicate asalyela,

some_authors. have their data to’ Atages’of . the maximm
o

response ucorded, while others have not. cmn‘;uenuy'; the results of

these studies do pot. conclustvely. resolve the question of the cause of

n @ there 1o evidence. for both a

structursl cause and. for Tids

literature is reviedbd in detail below.with particulir emphasis on studiss

of the SiR, although vity to various & stimult bas .
béen ‘reported in renal hypertension (Finch, 1971; Finck and Haeusler,
19745 ba:dnn and lhgueira, 1962; Greenberg and Bohr, 19755 Grollmn

and Kx‘hhnlmurty, 1973, HcGregDr and Snirk, 1968; McQueen, 1961;

: Nu].‘la—?mlles, 1963) and in DOCA-: indﬂced hypertenslon (Bohr, 1974;

Finch, 1971; Finch, 1975, Finch and Bneualer, 1974. Hseusler. and chh, -

1972;. Hinke, 1966; Vacek, 1970) 'as well.

Whether or not. this reactivity change seen in various forms of

hypertension is a fumction of structural changés in the arterial wall
or.represents a true innate superaq-ttivity is ‘a.question best angwered

by studying spontanecus hypertension in’the sm, “stnce no experimental

are ¥ to preduu on in this antual.
Folkow ad co-vorkers (1970a) wAith the aid of mathenstical models,

concluded tHat the shift seen in :m dose-response curve to moradrénalie. |
‘|

" in/the SR Pperfused hindqua cmpu‘ed to
could be accomted For'by a 307 incréase inmedia thickness, in'this . |

they found 1 ete ni y were

the SHR; incressed resistance to. £low at maximm dilatiom,'a a_r.up_u-

dose-response curve, to noradrenaline and & higher miximum pressor response;-




were no'zed. However, one aspect of reactivity, the threshold of re'lpa::c
was unchanged. - This finding strongly supports Polh,v's Spotieib stics:
hn-hld is a parameter which should mot clung. vith hypertrophy. *
Finch and Haeusler (1974) also found the threshold to noradrenaline
unchanged in isolated perfused mesenteric artery from the compared
to normotensive controls. - Fowever, both Hacusler and Finch, in an earlier

tudy (1972) and Ammstrong (1972) found & lower threshold to 5-

lydcoxyteyptantne in isolated perfused femoral arteries from.the SHR.

Greenberg and Bohr (1975) also found.the threshold to PGA, or PGB, was

lover in isolated mesenteric artazy fnm the SHR:

& To apply the chco:eu.cu cnnsxdautian. outlined anr11et, ‘one.

parameter of vagcular n-cnvuy, the maximum response, should be

on the used: Xn ltlldieu, 1f the ratio
of wall-thickness to lusen diameter, an index of medlal thickening
(lﬁk;;u ot al., 1973) s Higher in hypertension one would expect to see
.an incressed maximum reglstance and a steeper. slope to the dose-response -
curvein thie Bypartansive tiswnd; “atigly Bicense the'duien of the artery

per(uszd is n-xrvven But in isolated tissue yrapaunm. hypertrophy

2 of V¥, might Jrvince: s detriased marimm tineion fevlopaant due to

physl:.l impedenc

Ia aortic strips from New Zéaland GHE, Massingham and Shevde

(1971) found the maximm tension. sed to

and to depula!!.zl.ngs , This f£inding was conﬂmd in the J-p-ne-a SHR
with both aortic strip (Shibata and Kurahashi, 1972) and aortic ring
preparations ku-u et al., ‘1993). ‘Respm.mm.ss t6 noradrénaline
vas ‘depressed (Shibata et /-1., 1973;. Shibata and Kurahashi 1972;
Spector et al., 1959) or unchanged (Clineschatdt et al., 1970; Mllhack

LIt i -




Field nn'é"":o—unxkers (1972a) on SHR aorta meT the study by !‘h‘ssinghnm

2 i 30
et alA, 1971) in SHR aortic strips ih studies by several investigatnts. -

lending further support to Folkow's hypothesis. However, a study by

nnd ‘Shevdé. (1971) on GHR aorta. found a lower threghold to both nor-

adrenaifue and depalaﬂzmg K" in the SHR abrta, suppérting the

uf lltete\i tivity. .

found the slope of the dose response curve shifted to the left (eg.,
% o

Duporit and Sassard, 1974 Finch -and Haeusler,’1974); as Folkou's

hypothesis predicts. However, ome study by Bhattacharya et al. (1977)

- / v . i B
Teported data which contradicts this hypothesis: They used 2 controls;
‘Wistar rats and normotensive SHR which had been isolated by inbreeding -

from the hypertensive. SHR colony. They found the maximum resistance was ‘T

" greater in-the hypertensive SHR than:in the normotensive SHR, perhaps

reflecting lumen narrowing due:to hypertrophy. -But the slope of the

- a curve line and the. dose’ were' similar

in Both normotensive ‘and hypertensive SHR, ‘although both curves were

shifted to the left of the Wistdr dose-response curve. 'This suggests

that i'm:teased reactlv!ty 1s-hot a function’ cf the developmtnc of -,

* hypertension, Qut Tather 1s a gam:ic characteristic of vascular tissue

in the. SHR. ' E ¥

- -Semlyo and Somlys (1970) in a. revies of VSM ybnrmacnlngy suggested

that hypertension may be in part a diseast. of the VSM and chat’
abnormal Ca”* permeability or a disability of the miscle to relax may

be ré for the seen. Studies of both VM &

rﬂﬂﬂmm and Ca?* probe stidies in hypertendive vsu have born ot

these predil::leus.




“lability.-
gt

2

Table TV'shows that most studies of vascular relaxation of mortic rings
found that SHR orta relakes more slowly than adrta from mormotensive,
eonttols. This supgests either an {mpaired ability to remove intra~
shuntee ea?" ur Sernan SiemEst ot perRII LAY be aSABA ARG
with geuet’ic ‘hypertension, since r:lmtiuﬂ. seems to be hindered in a
‘nnnspeciﬂl:_ way. The former possibility is supported by'.mixes of cyflic
nucleotides in SHR VSH: Cyclic AMP has been shown to relax blood veasels
(Bertd et al., 1970; Sonlyo et al., 1972) and Aver (1975) has shown that .

the rarioof cyclic GHP to cyclic AMP is higher fa SHR VSM.' The pasaibinty

of increased Ca’t permeability in is
by the observetion that SHR VSH is more sensitive than normotensfve VSM

to inhibitiors of transmembrane Caz+ -flux such as diazoxide (Choma and
Triggle, 1977; Janis and Trigglé, 1973) and nifedipine (Pederson et al.,
1978) . !

Indeed, ‘several studies seem to indicate th.it the :hange in

of nsive VSH may be dun taizered * flux.
Holl‘m;ay et al. (1972) found the:optimal concentration of calcium (the
concentration which elicits’ the maxinun'contraction) vas higher in SHR
than ‘in normoténsive rats.’ A. W, Jones (1974) showed functional changes

4n Na'-K" transport in hypertensive rats, a finding which he suggested =
2y

is vith ed vaseular due to ca

g ap
Several investigators have studied Ca>' kindtics in subcellular
némbrane prepnrz_;:ians fron the SHR. Both microsomes and more discrete .
plasma ‘meab iched or safcoplasal fracttons
IQSCEZ*

of “aorta from SHR show decreased’ uptake compared to preparations

from normotensive controls (Aoki et al., -1976; Moore et al., 1975;

i
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(1969) found that Sx
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Webb and Bhalla, 1976; Wei et al., 1976a; Zsoter et al.; 1977).

sarcoplasmic reticulum from cardiac, muscle in SHR also shows decreased
45ca?* wptake (Limas'and Cohn, 1977). Shibata and coworkers (1975)

found no-difference in *°ca’* uptake by microsomal fractions.of acrta

from SHR and Wistar rats. Wei et al. (1976b) reported am increase in

435a2* uptake.in the presence of ATP and a-decressed iptzke in the absence

of ATP by the plasma ed fraction from arteries '
of SHR and mormotensive controls. )
Using Isolated pieces of aorta, Noon et al. (1977) reported that ~

2+
Ca”" crosses the VSM membrane of aérta from SHR with greater ease than

’ 3 i . % 3
in aorta from WKY, as -shown by the SHR aorta's ability to develop tension

2

in the presence of raised extracellular Ca’' without previous depolarization.

Thus,  altered Ca?* kinetiés could play a role in reactivity changes
that have been' reported. - g .
In studying the pharmacology of calcium in VSM many investigators

have studied the actions of Gther divalent elements. Hudgins and Weiss:

2+ and Ba" iconid ‘exchenge with bound CatT 15

rabbit aorta, suggesting that these 2 fons cohpete with Ca’' for binding
sités. Ebashi et-al. (1968) found that, St° and Ba’' can bind to

troponin and activate myosin B. Bohr. (1974) found that sr’’. aud BaZ'.

could for ca®t 1n of VS in ca CaZ'-free. .

bath, Keene'et al. (1972) showed that manganese, another divalent ion,,

decreased the CaZ* permeability of VSM.

N another ton, 1a¥, has received (seetwet

1974). - In ‘1964, Lettvin and co-vorkers predicted that La>', by virtue of
e : ;
its sinilar donic radius and higher valence will bind at superficial Ca’

sites with a slower disgociation rate than c;g“ itself. Fuchs (1971)




exchangable with La> _or>
£

“in both DOCA rats and

found Ca2 bound to rabbit skeletal muscle troponin was partially
2 :

and to a lesser degree with MaZ'.

2 could decrease Ga®’ permeabiiity

van Breemen et al. (1972) found that La

in rabbit aorta.

M, 5:2" and n?* may alter calcfum °

These studies indicate that La
movement in VSM by altering permeability to ca?*, dtsplacement of Ca’*
from binding sites or perhaps,’ by direct activation of troponin.

The effects of these ions on tissue from genetLeally hypertessive
antnals has been stidied by Shibata and Kurahashi (1972). They found that
aorta strips from SHR but notv‘from normotensive rats showed a contractile

This zesponse was alsb, seen ir

response, to ¥n®*, sr”¥ and La®'
“prehypertensive” (30 to 35 day old) SHR (Shibata et ali, 1973). Triggle '
(unpublished data). found that thullum fon. (anbther ‘Lanthanide) produced
contractions in only SHR and not n CRN Wistar, VSH.. Dohr (1974) found
a slight contractile response to Lssf" and M0t 10 carotid azlery\atxlps

“however, the response

in tisste from SHR was greatly exaggerated.
These findings suggest that spontaneous hypertension as séen in the SHR

may be acconpanied by changes in Ca’* ‘movement due to altered binding,"

permeability, exchange or in
1ined

These changes would in part explain the di £ in

above. However, whether or not these ‘changes are involved in the pathogemesis

of 1al hyp 1 or occur to the 1 of hyper~
tension as is the case in DOCA and renal 1 models, is v "
. Vascular in 7 and in

Treated with Antihypertensive Drug: Therapy.

There are clearly two ways to defermine Whether

|




% o i 5 s

preceeds to of ayp or occurs subs to the onset’
of elevated blood pressure: (1) Reactivity can be measured in
bpre_lypextensive subjects. who ‘have a high probability of developing h‘xgh‘
'bldod Pressure later in 1ife, or (2) prehypertensive subjects con be
trzal:ed l\l.th antihypertensive drugs so that they remain normotensive; b

- rea:tivi:y\can then be measured in these normotensive, genetically
hypertensive'subjects. Both of these approaches have been attempted in
the past. | . s el
' Déyle ahd Fraser (1961) tested redctivity to moradrensline in the
oriata, oF Jotne R Whob phreAteTRars: hypertensive. Although as a group

" the young men were normotensive, they had a slgnificantly greater

v ‘response to infused

studies #n ' SHR have been reported:

/ - = "
Dietz-et al. (1978) found 5 week old SHR showed increased reactivity to

noradrenaline in isolated perfused hindquarter preparations when. compared °

to WKY control rats. This may pot havé been a true "prehypertensive”
state, sinée Lais et al. (1977) found that blood .pressure in the SHR

starts to rise’at 4 weeks of age. However, Lais and Brody, in a

L subséquent study (1978) found that even at.3 veeks of age, isolated

perfused hindquarters from SHR showed 2 to 14

and barium chloride‘as well'as on a pressure-flow curve when compared to

- normotensive WKY.

There have ‘been studies reported in which SHR were treated with
antibypertensive drigs and then after a period of time, reactivity was

tested (e.g., Finch, 1974; Hamiiton, 1975; Weiss.et al., 1974). However,

these studies do not provide.a conclust test. since

uiually was initisted after 8 weeks of ‘3ge at which tige, according to
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the ‘findings of Lais et al. (1977) and Bohlen and co-workers (1977),

blood presgure in the SHR is already significantly higher than in WKY,
and structural alteration in the arterial vasculature may have already

been fnitiated. An additional flaw in the studies of Finch and Hasilton
wvaa their choice pfllntihnerﬁmu;va druge/ ijarallazine, a ehooth ¢
muacle relaxant which presunably alters Ca’’ kinetfcs, was fncluded in
the drug regimen. This may have confounded results of smooth muscle
reactivity studies.

There was clearly a need for a controlled study of reactivity of

SHR USM from animalp renderéd normotensive by drug therapy :nx:T‘una before

the onset of hypertensicn. . J
o /

-
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1.

N
Aims of This Regearch

To-further study the paradoxical action of La>' previously .
Teported (Bohr, 1974; Shibata et.al., 1973) in VSM from SHR in

an attempt to'cha the of altered

to this ion. .

To conduct a study to determine whether alterations in VSM
reactivity preceed the aev;elepm: of hypertension in the SHR
uotag drug to prevent of
blood pressure and subsequent VSM hypertrophy.

To investigate the role of Ca’' in the altered responsiveness--

of SHR VSM.

B PRSP 18




II. METHODS *

A Blood Pressure ‘and of
Hypertension is usually defined in terms of blood pressures higher
than a certain thrdshold level. ‘In humans this threshold is oftem

considered to be a diastolic blood pressure above 90 - 100 .um Hg

"and a systolic pressure above 140 mn Hg (Julius, 1977).

"In this thesls the SHR, a strain of gerietically hypertensive rats,
was compared tn 2 ancestral strans of rats Which do not develop high

blood ptassute. Consequently, "normal blood pressure” v

defined as

"the ‘average systolic blood préssure of the WKY colony, the strain from

which the SHR was derived. - Average systolic blood pressures of other

groups of Tats were compared to'this'standard of murmality ond were ’
R e S & - IR R ¢ .
pressures vere not significantly different from the average systolic
blood pressure of the WKY colony. Systolic rathdr than diastolic
preseures were used -because they were measured with greater u:cllr:lcy”

by the tail-cuff methgd. Rises in diastolic pressure measured by

carotid artery below, fed well to rises
in systolic pressure in the SHR at various ages. i

Blood pressure was measured with the use of an inflatable tail-
cuff (modal no. 2257), nlec:rnnphypnogrlph (mndel no. 2192), and a bio=

grnph (nadel 2120) all purchased from Hnrvard Appamnu.




In & randomly selected group of animals, pressures recorded
using the tail-cuff method were verified by the experimentor by
+ cannulation of the carotid artefy just prior to sacrifice. In this

antmals vere ed with sodium (30mg/Kg)

and “the right carotid artery'was cammulated a few centimeters proximal
to the bifurcation. Pressure vas recorded wich the use of a-Statham
strain gauge (model no. P23AA) and a Beckman polygraph (model R&LD).
Pressures recorded this way were consistantly 10-12 mm Hg higher than
“those recorded using the tail-cuff method. This discrépancy was
considered to be due to _:"h- SoPier AFASERTSE Aupadtig PIBETED Ehe

_right carorid b , and was




B. Animals : s s

Male,’ albino, SHR derived from the Japanese strain of

Rats by Acki and Okamoto (1963)
were obtained’ fooh Chitles River Labsratorics through Canadian Breeding
Laboratories, St. Constant, Quebec, or were bred from NIH-derfved stock
of SHR in the animal quarters of the Faculty of Nedicine, Memorial
!Jnive:'sl:y of Newfoundland.
.l H I A
I the 1att15] experiments male, albino Wistsr raia obtained from

_ Canadian Breeding Laboratories vere used s contral anfmals.  Subsequeatly,

male, albino Kyoto Wistar Rats (WKY) were obtained from' ClzarIes River
Laboratories’ through Canadian Breeding Laboratories and were used as

control animals.

All animals .were maln:aine; in the animal quarters'of the Faculty
of Medicine, Memorial University of Newfoundland under a12 hours 1ight/12
hours datk phioto period with controlled humidity and free ‘access Jc.,

Purina rat chow and water at all times.




¢ of Drugs and

The of the phy lutions used is n
Appendix A and a 115t of the drugs used is given in~Appendix B Soluttons
were prepared cn the~day ‘nl: the experiment from Btor:k solutions and were
diluted with either double-distilled or Milli-Q (Millipore Corp.,

Bedford, Mass.) deonized, filtered water. -The resistivity of vater

prepared by Mil1i-Q filtration was aluays greater than 10 megohm-cm.

ca?*-free refer to given In Appendix
A from vhich the CaCl,.2H,0 vas omitted.

Noradrenaline was solubilized with the addition of & minimal
amount of 0.01 N HCl. Serial dilurions of moradrenaline were prepared

on’the day of the experiment from a 10 1M stock solution. - -

Ouabain and D-600 were solubilized in a minimal amount of 95%° _
ethanol and then diluted with double-distilled or )ﬂl].l—Q'fll:md water.

Solutions of nifedipine, which is light-sensitive, were kept in

covered vials.




D. Isolated. Tissue Techniques 4 g B ol

1. Tissue Preparation . - n i

- ‘_1‘.t|rée to-ten month old SHR and age“matched control rats were
sacrificed by cervical -dxs'xocaum?. The thorax was opened 'along. the
midline and the thoracic zorta was carefully removed. The aett;l’iv’u 4
tmmediatély jlaced in a dish of varmed, oxygenated physiological ..
splution. It was then cleaned, removing loose fat and commective tissue.

The aorta vas then cut fnto helical Gtrips (-4 um v!.de. 15 mm long)

" or ri.ngs (3-4 mm long) and suspended individuxlly in-n 10 \nl double~ .

Jacketed organ Bath, as shown in Figure 2, containtog | physiologicnl e

sn).ul:iun at 37 c.

»
Isometric tension was recorded on a Beckman R—Qll dynogxaph uslng
Medical Systéms (type 4151) or Grass (mdel FT 03C) force transducers.
The- transducers ere mounted on geared, adjuatable claups, permitting o
bire adfusthent of resting miscle’ ténston without overstretching the L

tissue.

The aortic tissue was placed under 2g tuns(vn gnd -n)/w/
equ;m:ace for '90-120 minutés, during which time the solution wag
changed, every 20 minutes and the tension readjusted to 2 g as® neca_n-ry.’j







Reactivity Recordings

© After'the equilibration period, responses of -the tissues to 80
mM:KClwere observed. If a given tissue did not respopd, it was. ,
dlscarded. Dose-resporse dita vas obtained by addiog KCl, poradremsline,
cacl,, _LaG].S'cr La(NO,) ; and/or hydrochlorie, nitric or sulphuric acd:
Agonists were added cumulatively with'a 30-45 minute relaxation period

and -adequate rinsing with physiological solution between agonists to

retum the tension recording to'a baseline of 2g.:
For example, in one series of experiments (Figures 3-9), KCl vas

sdded cumulatively in seven doses from a concentration of 10 mM to i

120 M. Noradrenaline was added cumulatively in 11 doses: from a -

M. La°" was then added cumulatively as

concentration of 10-2% to 10”
éicher Lacl, o La(N0,); 1n seven doses frou'a concentration of 107K
to 107 M. 1n some experiments in this séries either HCI, u'm; ox

H,80, was substituted for 1a* 2nd adied cmulnuv:uy in seven doses"
“from & concentration of 1 uM to 11 wi. To Minimize the precipitation

of insoluble lanthanum salts in Krebs solution somé experiménts were

in and

When responses to CaCl, vere recorded, and in other experimeats
etiererthe phyaiologieal elutipnivas changed thin 00 Ers soluttin, &
60~50 minute :ql‘xilibrnclnn period and uéver-l ca2titree zx';aes preceded
fecording of responses in Ca’'~free solition. Keatinge (1972) has
shows that the' omtssion of ‘calefun fion the phystological solution does. s

ot necessarily insure the abgence of an extracellular source of Cal's
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E.  Antihypertengive Drug Treatmeat - o
. Propranolol study A
Six week old SHR and Wisfar rats were maintaifed in the animal
quarters of the Health Science Centre at Memor{fal University. - The
animals were veighed weekly and water Intake rates were recorded with
the use of graduated dfinking water tubes, purchased from Fisher
(75 mg/Kg) was added to” the drinking vater.

‘The dosage was prepared separately for SHR and Wistar rath based on the

previous week's average water J.nnke rate. and average weight far ell:h

group. The anthals’ blood prenaures vere mnttoredjevery gther wesk

wntsY 5 months. of age, at which time the animals were sacrificed.

i
2. Timolol study e -

Litter-mate pairs of SHR derived from the KIH stock and Charles

" River Kyoto Wistar control rats (WKY) were bred in the animal quarters

of the Health Science Centre at Memorial University. Breeding pairs ¥
were treated with timolol (2 mg/Kg/day), which was dissolved in the i
drinking water. Timolol maleate was kindly donated by Dr. Dorfan of
Merck Frosst Laboratories, Dorval Quebec. The animals' wejghts and
water intake rates were recorded weekly and the dosage for each srowp

was adjusted mk.ly, based on the prevlous week's records.

of these ti breeders were retained in the

parental cage until weaned, at which time they were placed in separate




*

cages and treated with 6 mg/Kg/day of timolol.. When these animals

) 1k : »,’ 48

reachied 4 to 5 months of age they were sacrificed for aortic

reactivity studies.

e




!Some. people use statistics. the |
way a drunk uses a 1 st 3
. 2 * more for gupport:than
illumination".
Pat Colgan z
; 2

F. Data Presentation and Statistital'Analysis

Data presented comparing hypertensive and control tissues -are

from paired 1y. Tension development

reported has been normalized for each tissue in. terms of the percentage

of  the maximun response recorded, usually in‘'a precedingcontrol experiment.
- L

The means and standatd error of the means for each dose in the

dose-response curves were calculated and are-represented in the figures

as points with error/bars. The reported in tables and £igures

refer to the mmber of animils, except as noted, vhere the results from

smore than one tissue from each animal are represented.

Student’s t distribution was used to test for significance of
differences between ronponstaat Tone soine o Ehe done—réu):o'nw curves;
usually either the highest or lowest dose in a cumlative dose-résponse
curve. Differénces with p values of less than 0.05 as deternined by a
one-tailed t test (Walpole, 1972) were considered stgnificant, and are.

signified so in £igyres with a star ).
Calculations as well as data storage and d analysts vere perforned i

a DB 11/10 computor (Dlgi:ul Equipment) . ' r




TII | RESULTS =

" A Effect of La>t and '

i

~ Although La>" 15 usually thought of as Ca®*

antagonist in vascular
siooth muscle (van Breeman et al., 1973), poth Shibata and foworkers
(1973) and. Bohr (1974) reported ‘that La*! induced tenaion development i
vnac:ﬂux smooth muscle (VSM) f!nEl the SHR. These were strong pieces of
evidence suggesting an ionic basis for altered resctivity in the SHR VSM,
80 it was important to-confirm these findings.

1o iwan. added cunmulatively to'the Krebs bnzhing medta ‘and responses

2 u vei'{ recorded as tension development. This data is summarized in Pigute

r 3, expressed as a percentage of the maximim response of SHR aortic strips

e

£o noradfensline and in Figure 4, expressad as a percentage of the Raximm
response of SHR dortie strips to depolarising X', The response.of the '
SHR tissue to La>* is significantly greater than that of the Wistar tissue,

verifying the previous reports.

, 25 .
After equilibration in c*free solution for 30 minutes, the response
v 5 N 3 <

of the SHR sorta to La~ was greatly diminished, but still significantly

greater than the response of the Wistar tissue, as' shown in Figures.

; i
In the course of these initial experiments, the formation of a

percipitate was ‘observed on the addition of La®* porn 1aCly and

La(N0,), shoued the same effect) suggesting fhat La>* ves forming




T 'pgure 3t

s -

Shows ¢ 1% dose-response curves asa

‘percentage of the muxisun respouse to noradrenaline (NA)

. in sortic strips from SHR and Wistar rats recorded in Krebs

solution:
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Stows cumilative La>' dose-response curves ds in Pigure 3,
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salt with tHe bicarbonate and phosphate buffers in the Krebs solution. °
If the buffer was precipitating out of solution it was also -:--per;ud
that the pH of the solution might have been al:eréd by —;he addition of
acidie LiCly. This vas veiTEied by measuctng thd pi S he, tiesie” i o
bath as Ta>" vas added stepwise. As shown in Table V, the additfon of
e Lacly caused both Krebs solution and the lou-bicarbonate Kxebs
solution of Hansen and Bohr (1975) to becons actitc]

When Tris vas substituted as the buffer, the tissus vas wmable to | ‘
mainl:ain a stable baseline tengion. For this reason, and also because
" Gillespie and McKnight (1975) have reported that Tris alone can induce
tension,development in VSM, the use of Tris was z{bmdaned. when m;st / =

was substitutéd as thd buffer, the addition of even the higbes: dose

of 107 1a* 414 not producé a shift fron the nornal pH range (TableV)- (

Substitution of HEPES as' the buffer did not significantly alter’the dose

response curve to K' in the SHR aorta (Figure 6).

When ‘the_ability Gfla> to produce tension developmerit in VSM from

the SHR bathed in HEPES-Krebs solution was tested it was. found to ba

greatly diminished when compared to’the results obtained with

bicarbonate/phosphate-buffered: Krebs, but still significantly larger in

the SHR thin in the Wistar aorta (Figure 7). This finding suggested
that not all of the tension!development seen on addition of La> to
noraal Krebs solution was due to the 1a?t itself, and that perhaps the

This

ch.!nge in i ‘vas partially’responsible ier the response: observed
hypothesis was testéd by. constricting a cummulanve dnaa—reaponse curve
to hydrochloric acid (acl) while smu;taneously recording pH of the
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Figure 6: Shows cumulative dose-response eurves.to K im-aortic. i
rings from SHR recorded in normal and HEPES-buffered % :

Krebs solution. v
! W :
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7 ) Table Vi Change 4n pH on. Addition of Lanthemm to Solutions
o B : ‘ucl; e Tow: ™ b
i added ‘ Bicarbonate
R HEPES-Krebs Krebs .- Erebs | -
: R X3 C14 1.4
; .
s 7.4 7.2 7.0
7.4 1.0 6.6 -
7.4 - 6.8 63t
7 QU 5.5 s
L L ) A
[P 7.4 5.4 T 55
7.4 e 5.2 5.3
. o s
¥ 7.35 5.1 5.2

. being

.-, -7 *“Recorded directly frém organ baths while. silutions were

aerated.
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Figure 7: Shows cumilative La>*

X £ La’

sponse curves as a
« percentage of the maximum response to.NA in aortic strips
from SHR and Wistar rats in normal and HEPES-buffered
Krebs solution. 7 ' . T LE
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s

bathing medium (Krebs solution). - This data is plotted in Figures 8
and 9, showing that SHR sortic tissue responds to HCL while Wistar

tissue does not. . This response was fdentical when either nitric. (HNO,)

or sulphuric acid (8,50,) vas  for HCL, that

B

The magnitude of the response to HCL at pH 5.6 closely corresponds

3
H' vas the active agent.

to the pH resulting from the addition of 5 mf La>' (the dose which
elicited the paxteal response) suggesting that the response to' i

and not to I.a itself accounts for most of the tension develwpnen:
recorded in Figures 3 and 4. This suggestion 131 mﬂ:ltlntilk&d by the
da:; in Figure 10: Aortic .tissue from §HR and Wistar l'l’ts was incubated
in aerated tissue baths for 1 hour in Krebs solution titrated to PEE 4,
6, 8, or 10 by the additfon of HCL of sodtun hydroxtde (NaOH). Tension
alteration at the end of 1 hour vas recorded and expressed as &

percentage of the maximum tension Jto x* 3

recorded in each tiasue at physiological pH (7.4).  The SHR tissue
showed the greatest increase in temsion at pH 4 while the mormotensive

Wistar tissue shoved the greatest increase at pH 10. o

The responsivencss o¢ 'aortic tissub after Expmmre toucl 1s
greatly dintnished, as showm ‘in Table VL. The maximum response to K'
in the SHR was only 42.36% of its previous maximum response after exposure

to-11 md HCl. ¥ /

§ >




Figure 8: . Shows lative HCL 6D

curves 25 a

percentage of the paximua response to depolarizing-

sortic rings from SHR and Wistar rats in Krebs olution.

o The corvsaponding i of the Ktebé solution is recorded
above. < Below is shown the response of an SHR acctic ring

to 80s4 K* and the response of the same tissue to 10aM H'.
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Figure 9:

_Shows cumulatiye HCL dose-respomse curves as in Figure 8,

but expressed as a percentage of the maximum response to '

noradrenaline. £
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'Figure 10

o

‘Shous Tenston rlevelap:w; by aortic rings from SHR and
Wistar rats after & 1 'hour incubation 1n serated Kiebs
snmum vdtrated to che pH indicated with Hel or NaOH,
expressed as'a pezcgnc.ge of the maximum response to

depolarizing K' at pH 7.4. . . .
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. © Table'VI: Responsiveness After Exposure to HC1*
e SHR "(n=8) Wistar (o=4) - .
K" paxitun ‘Tespgnse after a2 48 23 . 410"
HCl as a percentage of the 42 18 23 .30
previous K¥ maxinum response .

* Dose-response data to KCl were’obtaified, then HCl was-added
cumulatively to all tissues as in‘Figure 8. After a 10.minute
wash out, during which tension returned to baseline levels, and
a 30 minite equilibration’ puml KCl was again added in

cunulative doses. The maximum response to this second KC1
hallenge va as a of ‘the initial uxim-
response, to KCL. R i
. SN :
5 . 4
: 1
@ o >
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The role of extracellular Ca’' in the La>'- andthe H'-induced ~

contractions was explored*with the aid of D-600, the methoxy-. ‘

dertvative of the,caleiua channel antagontpe ve:-pmﬂ.._ The effect of

1M D—SOO on the I!Bponue of depolarized SH‘R VSM to Cl addeﬂ to

ca?*-free Kréba solution is ‘shown in Pigure 11. This same D-600-

appeared to the' responsé-to i when this

tidsue 15 bathed in Krebs' !olution (ngm 12). When the H' response ia:

* recorded Ao *-free Kxebs solitign, ic ia greatly shed and

» ‘mot. signlﬁcantly Butugunized by D-sou (Figure 13).. The respunsa to

¢ 1a% 1n ca® - ree HEPES—Krebs AR R LN sigtlﬂl:mly

" entagontzed by 1 1 D-60] (Fagure 14) .

The gtudies reported in.this section utilized aortic ‘tissue from
5-9 monthjold SHR which originated fron the NI breéding stock and
. had'an ‘avgrage systolic blood pressure: 0£%26 # 25  um Hg.) The

wxsur ‘ol :wlr colony had an average qacauc sload p:zssuxz af 124

/




Showscumilative dose-response, curves to Ca’' in SHR ¢
sortic rigs. The open circle points were recorded

subaequmtly 1n the presence of 1074 D-600 and- are

expxesuaa as a petcelu:age of tha mx:xn maximm  Tesponse.
‘e 2 I
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Figire 12: ‘Shows

HeL' d

ponse. Gurves expressed as a
e & A )
percentage:of 'the naximun, response 'to-NA recorded from

Ltk [ :
aortic ‘rings. from SHR in normal Krebs solution in half of

the ‘tissues and after a 30 minute exposure to 107°M D-600"

in-the other half of the tissues. Each pair of tissues

15 from one animal, : .
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Figure 13
»

Shows JHC1 d

P curves asa

percentage: of the maximum response to NA as in Figure 12,

bat’ recorded in Ca?*-ree Krebs solution,
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Figure 14: Shows cunulative La>' dose-resfonse curves as a

percentage of the maximn response to Ca®' (as.shown in

2+

.. Figure 11) of sortic rings from SHR in Ca” —free HEPES-

- Krebs solution in half of the tissues and after 30 minute

exposure to 107M D600 in the other alf of the tissues.

Bach pair of ‘tissues 18  fromone SHR: (N 300




<

20

244"
[)




B.. Antihypertensive Drug Studies # '
The preceeding studies suggested that one sspect of altewed
.vaseular reactivity in the SHR wis the paradoxical response to La’®
and also to K's The folloving studies were dome in an attempt to
separate effects that could be recorded in.the absence of hypertension

£rom those presgnt luba;quent to the onset of hypertension and

. perhaps, J £ to y8M

“SHR and Wistar'rats were treated with 75 mg/Eg/day of propranolol,
administered‘in the drinking water from the age of 6 weeks wntil the

-animals were 5 monthe o¥d. Both SHR and Wistar treated groups

experienced 2 high mortality rate (sbout S0%). ‘At ‘age 5 months
surviving SHR (n=3) had-a significantly lover systolfc blood pressure
(148.3 %.5.8). than untreated SHR (226  25) - while systelie blood
pressurés.of treated SHE-and treated Wistar rats (136.7 + 7.6, n%3)
‘were not a‘xg\uué‘mgy different.

“This’ pilot stuly demonstrated that a n-.e:-;ucggxc blueka‘r.'emn‘d'l,g

an effective antibypertensive agent in the treatment.of SHR. “However,

o ey the high mortality rate chat " ;o @

choice of B-Mor.klng drug fnr a th:onic ll’.udy of this nature,

T In.the 'ubaean: stuly, SR end. WY, breeding. pairs were tten:ed
with 2 mg/kg/day: tinolol, | When new-born offapiiag of these/ zreated

w01 breeders vere waan-d they were, zu-:ed vith' 5 u/]{g/dly :1-:.1»1 At 4=

5 wn:hs of- sge, thsue Anlmnln vere ancriuud for ‘sortic :e.-:uucy




studies. Systolic blood pressures are recorded in'Table VII. Treated

'SHR had & mean ‘systolic blood pressure that was significantly lower

* than untreated SHR, but not significantly different from untreated.

WKY, rats. Treatment did not significantly lower. systolic blood pressure

of WKY rats when compared tq{lgtrel:éd WKY rati

< Adrtic rings from t: 1 ‘ed SHR* showed
to Kb when the lower end of the ddse-response curve fs compared to the
response fron timolol-treated WKY VSM.(Figure 15). - Timolol treatment did

not apgear to.alter the reactivity of SHR aorta as there vas no

significant: t treated and SHR aorta in‘their

response ‘ta 10 oM KCL. The dose-response curve to': showed
5o significant differences (Figure 16).  The'respanse to B was present
in Hmolol-trested SHR aorta, but mot in aorta from treated WKY rats
(Figure 17). When Ca™* vas ddéd stepwise to-tissuea bathed $n normal

depolarizing) staie C—

Krebs molution (i.e.,
“fron treated SHR VSH but mot From treated WKY rat VSM (Figire 18).
5 ; s N ) %
Experinents Teported in this section used aortic risgs from NIE-
derived SHR. “The WKY rats used were purchased from the Charles River

Breeding Labs.




] " Tablé VIIiSgstolic Blood Pressures, at Sacriffce

. B 2 , -

i e 7 Untrested Timolol Treated
s 170+21:1 -(9) 135+6.1 (5)*+
WY % & . - 129%10,7 (10) 116¥5.5 (5) +

i . . * si@iﬁcmuy different from untreated SHR group, ﬁ < 0.05

+ Mot nipiii.nantly aumem: from ungreated WKY grouwp

'NOTE: Magn systolic blood pressures + standard deviations are. shown: _
. - . musber of amizals in parenthesss.
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‘Figure 18: Shmls cumulative dﬂlﬂenpmse curves €0 K (addad as K1)

(1 aortic m;a £ron'sHR (o ‘o), Wistarrats (8 5 8).
i

. ond fron timlol-treated SR (O, a-IS tisjes tm s
o ¥ . .nmxs) and Kyoto Wstar (WKY) rats (@, n=15 tissues from
5 antesls). There vis a stgnificamt Qifference in the - .

: ' < napme “of both SHR, ,8XGUpS Lo’ the intedal dose compared to

. T ;
y ; oth control groups.: . There was ao significant difference | 5
. betueen tréated ‘and untrestéd SHR, ox batveen treated WY ° ¥

cnd \mtt&ned Wistar I’:inlll‘l 4n:thefr :elpcnlel to. thn
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sortic rings fron timolol-trested SIR (@) md :hnlnl-
:re-tad WKY (o).
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Figure 18:

prevloue Addi!lon nf ker (

shows cumilative doss-responsecurves: to CaZ* (.'au as CaCly)

Lu aortic ﬂnﬂ frop timlnl-tre.ted m (@) and timolol-

treated WKY (o). recordud An normal Krebs solution without

in ngnu A

Results have been
expressed as @ percutlge of the maximum response to
noradrenalise. N = 7 tum from 5 anitnals per curve:







C. - The Effects of Ouabsin and Lov-Na® Solution

“In €his series of siperiments the affacr_u of ouabain and of: ],mr-ll-
samtim G the contractility of SR -and N i -examined. “Batr et
2 are uchmg;ﬂ

al. (1969), first xlisea the posnihlli.ty thnc nn and ca?
across the membrme of Vascular suooth miscle. They k'nund that be\:h

. Na*ifree solutdor and 107 ousbain ‘potertiated conirustion i mbu:

.VSH. “They suggested- that puiaoning the Na¥ K" pump with ouabain . alloved

" na' to acewilate tnside the cell and led to du::zexasd pmiungg of

2+

extracellular 'Nl fbt intracellular ‘ca’ The Il}f.‘hmte TlBIﬂ,C‘ of ‘ousbain
thsy E{as an intracellylar, ‘Ca”
concentration and thus, greater contractility. Mmu-opxc actidn of

cardiac ;‘Lycosidzs on the. myocardium waé lEviewEd b'y Akera unrl\ Btadie
QST - Thine duthors favourdd anactiin based on the Nat-co® éxchmge
hypothiesis; as orlgtnally proposed by Langér (1971)... The. role of o'~
o ectuine £miooth wbsliws Shontly- ivietnd by vl Sresme

et al. (1979, but remains' controversial.

Charles River SHR were used for resctdvity studies in this' sectiém.

" Figure 19 shown that the dose-reuponse urve. fo Y recorded from Clurlu

. River SHR was mot 51 n ~“fron the x 2 P cuxve:

recorded from' NIi-derived SHR.
. &

" Smooth muscle Erom the rat 1s know 6 be ze'mxvely msensftiva
mfou_b.s.n _.(D‘anrlel. 1964). Shibata et al. (1973) used 2 concentration
of 107" ousbata in.'their study of SHR VM. Dindel (1964) found thar. -
even this w‘n;pa‘mexvezy yhi'gh s trition did ik st ctaing. ttbse

aifl used a concentration of 107 M.
e 54

the Na*x" pumpin raf




Figuré 19: Shows c

P s el
v,
: P rves to K in: asrtic. rings:

from Charles River SHR (SHR-CR, O) and froa NIH-derived:

* SHR (SWR-NTH, @), recorded in Krebs solutiom.




SHR-CRUNG)
SHR-NIH(NG) . -

K* (mw)

P




Tablé VIII shows that dlatamn01isu.flnnt cuzn—usn the response
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Pigure 20 shows the dose-response to X' Ls shifted slightly,
alehoogh noe significently, tothe Teft sfter-protreatment -m. 107%

* puabata- £or 15 minutes {n Both_the SHR and WKY sortic -tissues. ugun 5

21 dhowe. the affact i 'thaX’ doss-respomse cuirms GF the Yemval of
| most of thels’ fros the Krebs bathing medfa and replacesent of the HaCl
remowed with tqudmolat choline chloride.’ Thia crsatment shifes hoth-
o B s BB v ‘65 tha att wid -unuzmzly i.nuudnc the
“Faspense to the lovest dose udx o gy
Y ;
ucc-s(oully, chanigitng £ ‘a fow-Na® solutton ox .adi&m of puabetn
) alone would result in tan-m develnpmnc, which ulu-lly faded to bua— .

Line levels diring the 15 atnute mcubmm pema.'

In Figures 22 and 23, the ¥ doua resgcinga am.vremimad beforé
and sfter sédition of ouabain and before md after changing toa Low-
ua “solution, T were SR’ and WY -sprtic ©

tinn! " “Both ouabain and replacézent of most of lb- Na" elﬁuted the .

between and mznl :"_l cseen

at the lower end of the & dn-pusp‘lue curve. .
The effect enn"umun_n the Ca’* dose-response curve 1s

show 1o Figre 24 for. SHR aorta and Figure 25 for, WKY aorta: The Ca’'

dose-reSponse curve in- the ouabain pretrested;Sik aorts is shifted to

- \ 2
‘the left, slthough not sigaificantly. The response to CaZ' in-the

WKY gorta vithout previous .’ddm\m of depolariring x’; ie less. than 107 —

of 'the’ maxinum response t.n 35 in the predgnce and abience of mllblin.
Substitution of :Ml!.n- chloride for most OF tha NaCl in }ﬂ!bl solution

significantly increased the response oE SHR aorta to.the lu!u; dose of

?* added, as seen in Figore 2.
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Figure 213 sha-u:_d‘dvudn-en-pmummml innmicrm-
- from WKY (left) and Charles River SHR (zight) in Krebs Co
solution (@) and in low-Na© Krebs after a 15 minute
incubation in lowNa® Krebs solution ©):
T = o
. ok i
i i /
v K
e 3 ¥ 4 * ‘\:




SHR-CR (n=6)

WKY (n=T)

K
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Figure 22:

Shovs lative K- dose-resp
Figure 20, comparing responses of SHE (@) and WKY' (©)
aortic rings in Krebs sulnliun alnM (left) and after'a_

15 minbte p:e:xe.:mnc with 107 ouabain GECH

curves from
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Figure 23: Shows cv jo K* dese-response curvas’ ed £ron
Figure 21, comparing responses of SHR (@) and WKY ©) . . "' g J

aorrie rings i Krebs solution (left) and in low-Na® '
Kreba_after, a 15 minute incubation in low-Na© Krebs
solution (right), .-

. ¥ iy s s
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Figure 26:

-

Shows (ve d e e ot o Cat
ds.a pe:wm.é\af the m-m response to &* 10 acreic
rings from u..ue. River SR 1n ca?™- "~free Krebs solution

“alone (@) and after 15 iy pntrul:.sdt with m“m.
ouabaia (0)«




106

hrsr ]

PR

INOISIH WIWIXVW X% ,

- et it

Ee—




107..

Shows cdanlative 'doserieapoiss cives.to CiT' as in Figure

24, but tecorded from WKY aortic rings.
_
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" Figure 262

* 1n'1ow-Na® Krebs uo1uum (o) N.=4

<

Shous :-muuve dnse—l’nspnnse GiEves to CA% e‘xyressea as

‘a percentage of :ha maxioum response: to ®" 10 aoreic Tings -

from SHR in Ca —free Rrebs snlutlon (.) imi in c‘ —free

low-Nat Krebs aolu:l\m ufter a-15 minute 1ncubaticn period
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The effects of ousbain and low-Na' solution én the respomse to H'

1n SHR VSM 1s” seen in Pigure 27. mummudﬂﬂmuy

mmmemmemu 1in this ‘tissue. s

kLumn reported in this ‘section, uesd sorese rings from 5 =10
month old SHR and WKY rats, lnobutnod El_tblnnmuverlms

mmfnumnmup-,-mzusmmumomJ-l&

These blood s vere
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3 ‘ Figure 27: Shows cumulative dose-response curves to HCL/ia SHR
: : . aortic rings expressed as.a perceatage of the maximum. |
“ 2 " response to K’ in Krebs solution (@) and after a-15
b x alnste incubation period in 107" ouabain (8) or in
"lowsa' Krebs solution ©). .
g - ‘
N &
b: 3 J /
Sy &




| P

—

T
E]
WOWIXYW ) %

=

L me st




/D.  Further Studies on. the Action of B’_in SHR VsM

antagon{s

*-of D-600 -

14

In light of the dl.inhhud xu-pmuiy-mu of SHR gorta. to i in

low-Na' solution and ’.n the presence of 104N usbain, the acticn of this

fon Yan studied further with use of D—600 and nifedipine, both Ga*

and the local anaesthetic procaine. ’

Figure 28 shous the i’ response is diminished as the comcentration _

iacreased. Figore 29 shows that both 3 wd procaine and
107K nifedipine significantly the response of SHR sorta
to. B, The _.u(-mré. of these w are 1llustrated in Pigure 30.

The responses ia this section were recorded from 3 to 5 south o1d

Charles River SHRwith an average.blood pressure of 181 + 12.1 mn Hg.

z /




Shows cumilative: dose-response’ curves: to HCI in SHR aortic
rings. expressed as a percentage of the maximum response to
K* recorded in Krebs solution alone (@) and: in.the presence

0£ 107 ©), 5% 107 (8) ox 10724 1-600 (D).
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Figure 29z

Shows cumulative dose-response curves to HC1 in SHR aortic

rings expressed as a percentage of the paximuz response to

" recorded in Krebs solution alome (@) and.in the presence.

of 107%

©, 107 Q) or 3mx
procatne (8). . =
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IV DISCUSSION

i : A’ General Considerarions
1. Methodology '

The. here ogically increased

vascular reactivity 4n the Spontaneously Hypertemsive Rat aorta and

. address the question of the ism by which the becomes .

ltered. TIn interpreting these studies certain considerations should
3 . be kept ta mind: 5 . . o h -
Firse, here the problen has been studied wsing the solated dortlc
. tisste preparation. The drabacks to this approach are (1) that laclated
preparations of tissues in artificial solutlon may'not reflect in vivo
situations, and (2)that- derta is a highly distensible vessel and thive—
% ;

fore is not representative of the small arterioles that truly determine

. - Vasculsr reststance (Folkow and Neil, 1971).
Secandly, there are several ways to define and meusnre vnscll].sr J
i reacr.ivlr.y. Tere, ccmparisons are made between responses to either the

1o»esr. dose of agonist or the dose of ‘agonist that yfelds the greatest =

response. Therefore, vascular reactivity has been approximated. to

or maximum in .terné of Kalsner's (1974) .

analysis of supefsensitive phenonenus, while EDyy and the slopé of°the

ponse curve a . it

These - xesarvatiunu are- upyrupruze, but not without exylnnazions. }

The ‘advantage of the isolated tigsuc. téchnique 1s tHat experimgntal

can be contfolled. Thus, VSl tension development can be recorded ‘fai
response to kioun ‘concentrations of agonists while mininizing the

L qr -

manipulations can be pex forud “accurately, since nost taportant variables l
]
&
\




influence of neives, circulating hpmones and metabnlil:es. dortic
tissue was choden' for these studies h\itially to_ dulicate.md extend ',
the £indings of Shibsu et al. (1973) and Bohr (1976). Rat ﬂlnueic
sorga 1s peorly Innervated (Patil et al., 1972), another factor - whteh(
.makes this tissue suitdble for z{ study of this nature.
v <

" s 'for the actual measurenent of vascular Teactivity, one of the’

ains of this study was to differentfate - the possibility of :truly

increased reactivity (hypersensitivity) in SHR VSM from that of

1 changes g ‘app reactivity
Hoscular hypertrophy might have significant effects on maximun
st developnent... Hovever, 1¢ shoula have 11etle effect q-n/threaho;lrl

(Folkow et a].., 1973), slnce as muscle mass increuses, zhe recéptor,
@
‘y

population may alsc i but tife s

ty of

ty

receptors_should xemsin unaltered.
&




" '2.' ‘Control.and experimental animals

In these expgu.me-nm, SHR from tyo'sources and tho strains of

“The viscular responsiveness

‘mmbenslve control ‘rats were studied.

of the two types of SHR was mot dfferent (Figure' 19) and both had

significantly higher blood pressures than the WKY or Wistar controls.

P

The choice of controls is crucdal fn a stuly of this ratures” Clihe-
Schuidt et al. (1970) found a significant difference fn maximum tension

éevexopm: betveen’ two mm&:enine strains of rats.. Straln differsaces’

of ti4s “nature were not- seén "in the pregent study, pethaps because'the two

control straliug nal e e clusely relatad. Fhvine weis 10, MEsuwhcE
obsérved id reactivity to K* between mma:uml responses of Wistar md

timolol-treated WKY rats (Figure 15). z
- o A

The ¥IH-derived SHR was initlally used for these studfes. Hovever,

when the aninal facilities were moved to the new Health Science . Centre,
where, canstruct_{nn was ongoing, it became difﬂ:ult lﬂ breed SH’R in [he
The Charles’ River SHR

" quantities necessary for completion of this vork.

* was then purchased and used ds the experimental el

. <

O
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. signlﬁ.cantly Lower the blood ‘pressure in SHR using either 60 mg/Kg

' b e e e VR

.. Antihypertensive Drug Studies’

THe initial study with propranolol indicated that a 'B-adrenerglc

blocker could be an effective antihypertensive agent in the treatment '-

of hypertension as seen in the SHR. This Finding confirmed the Teports

(a cardi 5 o of Kubo et al. (1977) who

i
OF feiss et al. (1974) who used 100 mg/kg oral propranclol or.B93/26 . }
{
used 64 mg/Kg oral proprawlol, of Vavra et al. (1973) who used 5 ug/Ks/ {
day'oral piopranolol n weanlings, and of Conuay et al. (1975), who i

used 20, 40 or 100 mg/Kg proprauolol daily, aduinistered orally:

These reports are contrasted by. reports by Nishiyama et al. (1978)

and Pfeffer et al. (1977) from the same laboratory who vere unable tg -~

proptanclel or 65 m8/kg timolol daily in the. fomex study andat lesst
100 mg/Ksg propranclol or 66 me/Ks timolol admintstered from tonception " “J
in lll! later s:udy‘ Nishiyama et al. gugg&sted in:onsﬂ:ancy in lhe’
churac:eristi:s of SHR bred in varfous places nmund (he erd may

account for the -ack of anti

activity of 8-bl 1n their

- >

study. ’
Timolol was chosen as the .nimypmensive drug for this study | . *

. because (1) 1t s potent vhen administered orally (sweet et -1.. 1975) .

@ 1t was thought to act.centrally (sveac et -1., 1975) and (3) it vas . 3

cm\ﬂder‘ed unlikely to have prominent direct effec:s on Ca Immaosnais
in VSM. " This latter- suggestion 1o Bupported by the findings that
timolol s 5°6 times less potent-than prapranalal as a negative inatropic
agent- (Ball et al., 1975) and 15 times less potent as an Inhibitor of
s . - . X




sarcoplasaic feticulun calciun uptake (fessineo .and Kapz, 1979),
inspite of the fact -that timoll 1s 5 to 10 tisdm\more potent than

propraiolol’ as a f-adresergic blocker (Sweet et al.,1975)./

Sy ‘ S s 3
Timlol was effective in significantly lovering blogd pressures of

SHR anisls when compared to wtreated SHE, to the éxtent that they. .
vere mot si €1y diffe £ron ! WKY aatmals. Thus,

the drug protocl’was considered to bave begn succental 1a proamn;
normotensive SHR. ¥ Blood pressures of treated WKY wfe mot .1pumnﬂy

E£ron uit WKY, indicating the of this

i ; group as.a ‘mormotensive control for the effects of drug treatment,

B Figure 15 shovs that tisolol treatment did not alter the. respomsivencss

of 'SHR dorta to K'y nor'd1d mormotensive timlol trested WKY,rats show

altered sortic Wstar rats; both - -

indications that treatasnt’ alone had no\effect on mtivuy %

“The concractile response to my ca?*\in the non-depolarized S

sorta (Figure 18) may indicate the VS membrane has'sn abmormally

high permeabiliey to Ga’'. Neon etal., (1978 als found tension

pzrlod ia Ca?’ frée solstion. These m:hnn wm:hlsl that the VX

sembrane of the SHR lelky to hz . N

A stmilar concluston may be reactied froa the data presented.in
Figure' 17. The contractile. n-punae to H' is seen In Figute 9 dn ..
., the hw.[tgmivg SHR. This mpome can be partfally nntlgupized by

D-600.(Figure 12), - suggesting that the' HF responge may ‘b partly

-~ Hedaiated throuh D-600-sénsitive Cs’  chanels’ (as vill be Further

dw&lnpmt 1o SHR' aprta when h Bll !e!ntroduced after s i.nmhtion .

3
|
3
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" n :che;mannet it 2™ pools ere utilized for-these contractfons:

which s fo

’ ) . 126
{i4scisged latef 1n this chapter). - The respoiBe to'H' s seen 1a '
aorta from normotendive, timolol treated SHR and not in :issue\f‘rmn
normotensive, i;muuly treated WKY cuntrnls. This could be mterp;ecéd
as a Further indication of a possible membrane defect in thie hmdung

of ca?* 1 the SHR acrta. s 1

s

This umht-ne is by the data in

'1=1gures 15 and 161 The 'K dosé-response curve shiws that avrta frum
timolol—:ren:ad SHR is significantly more sensitive L\mn :Lmlal— ¢
treated WY sbrta to ithe lovest concentration (10n¥) of [ it But

there “is no significnnc dlffazence bétween Khe narudrenxline dose—

‘response .cutves (Figure 15) T ¢ k.

A‘possible explgnation for the lack of significan: diffezence
batueen‘sml 2 WKY aotta in their response \to m:rndrenaline, and the

m.smm of. significant difference i, their responses to K' rests

'Boch nuradtenaliue— and K -induced com:rnctians 1a VSH. are biphlsll:'

. Bu‘nt_ (1964) de:cribed an initinl ‘fast response’ (the phasic component)

hweﬂ by a slnwar. further :u:creau An tzns:lon (the: tnnic

component). In rlbblt aorta, the phasic l:mpnnent of the K'~tnduted

_response.is very dependlnt on extra"ellul-z Cn (vau Breemen et al.,

19“3) In cont rast, the phasic nt of t.he naline response
15 not dependnn:m ex:racellulur ca® (nm:h and'van Breenen, 1570)

but raéher uetiizes tntraceliylarly seored ca® (l{udgins and Vetss,
1968) .- Swamy and Triggle’ (1950)» Found that when. a2t 1s renoved from
n.e physiological solution bathi.ng 1solated raf carotid aﬂ:exy strips |

e pliasic Fedponsi: to: sovadrensling remdtns while the phaste Yesponse




The Phairmacologiéal Reactivity of SHR VSH

1 n;-cz;vs:y o K"

The data presented in Figure 15 shovs a grga:ei response to the
lovest conceritration of ¥* in VSN from normotensive and bypertensive
SHR than in VSM from \mm— and WKY control.* Siace the response £o
k" 18 initially dependent on extrncellnla: ca?t and due to -z-'brnne
depolacization ather than medisted Ehxough.a receptor (van Breemen

et al., 1973), there are two possible explanations for 'the cellular .

of the'a in sens in Figure:15: (1) Depolarization

occurs 'to a-greater extent to the low dose of & (20aM) in the SER aorta;

or (2), more excracellul a2 1s nade i1 to the le

proteins in SHR aorta: for a given depolarization.

The data of Kuriyasa and Suzuki (1978) tend to rule it the first
alternative. They measured membrane potential as K’ was added to
isolated’ SHR pulmonary artery and’ yp:éal vein, “two VSM tiscues that are -
not - expbsed to elevated pressures.. They found that x" added stel;ﬁse
producedalmost 1denticsl depolarizations in SR and VKY Erasits (thetr

!

Figures 6 and 7). i

The second possibility impliés that more Ca’' enters or perhaps

* that more tored a?* 1s mobilized for & given depolafization. These

possibilities vill be dealt vith further in following sections of this

" .Discussion, but to conclurle this section, fncreased reacr.ivity to K*

recorded in SHR:VSM is cnnsis:ant with .a more accessable zxtnc&uulut P

ca?* poot. .ot )




“to K" 15 lost. Yamashita et al. (1977) reported similar ‘findings n ..

rat aorta.

The responses, feported in this thesis.were recorded: cumulativel

that 1z an dn{tial dose vas added and 8 500n a3 the response, reached

a plateau, a second dose vas ‘added. 'This methodology, uhmy applied to

noradrenaline~ and K- icen responses tends to zecord only the phasic

‘responses, espec{ally at the low end of the. dosa relponse curve. N

| Consequently, if the plasmd membrane of VSM in the-SHR responds m an

exaggerated "fashion to agonists due to facilitation vof the” entry of extra—

ecatinfastea™, thei o Byparreinohetvenses b K Sather than 2o

noradrenaline may be expectéd in this tissue.. Perhaps this expalns why
s oy

hypersensitivity to K'; but not to noradrenaline was seen in this study.

It has been s as in the'

that

the increased reactivfty to. various agonists: seen in vascular smooth .

muscle’ from hyper:mm m\imals 15 due solely to hypertrophy of th muscle

to the of h However, the present

ezudy has shnwn thaz, ( l) increased reactivity to K puuuts in SUR

treated from conceptlm wich rimolol nnd rendered normtenslve, (2) the

previously demohstrated reacciyity» to.low pl in SHR VSM peisists in,

normotensive SIR, and (3) the normotensive SHR aorta develops sigatficant

;m_ion when extxaullulax Ca levels sre raised, while the m tissue

" anes’ not, These uacuvuy dlfierenoen are appuxenc even. xn ‘the ‘gbsence

nf m elavated blond pxenauta in the SHR: an ).ndlnatian that. re: ctlvlt.y

i gan ard fibea ce of the 3 of

‘animal.; There ate also fndications that altered réactivity in the SHR

“aorta may-be attributable to a defect in the control of Ca>'

in, this"

homeostasis.
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2. "Reactivity to la =
The initial investigations (Figures 3 and 4) confiried the findings
of Shibu:u et al, (1973) and Bohr (1974), who repm-mi that Ln:"' induced
T a cnr:zlct‘inn in VSM from sna. l!emsmeyer and Walton (1977) were unablé
to. demonstrate this response in isolated caudal artery from the SHR and
suggested that not-all parts of the vascular tree are homogeneous in
their reactivitiés. The La**~tnduced contraction n SHR VSM was
constdered paradokical, because La’' inhibiced contnc:ia‘n’ in rabbit
aorta (van Preemen ‘et al,, 1973) and was reported to block Ca’ entey
into VSH (Godfraind, 1976); thus La>' might be expected to have &
relaxant action. s B
The uhserv;(lan tha: 12 formed a precipltnte in the bicarbonate- o A
buffered solution vas first réported by Sanborn aad Langer (1970 fa
studies on cardiac muscle,  The upper two curves of Figure 17 illustrate

|
that most of the La:”—indu:ed contraction in the SHR aorta is a consequence

of the change in pH (refer to Table V) that Fesults when I.az* forms an

* insoluble’ chuplex with a buffer. When La’" vas added to. HEPES-butfergd

solution no change in 'pH occured, but a contraction was recorded. This
presumably was not simply the effect of the HEPES-buffer itself, since’

there was no between, to X" 1o SER VoM

recorded in uz?zs- ‘and blcatbanatrhuﬁ&red Kubs (F:lguxe 6). " This
réstdual contraction due to addition of La¥' in HEPES-buffered Krebs ,

solution, where the pH remalns stable,was zreatly diminighed but 3':111

siyziﬂcnnzly greater in the SHR VSM-tissue (Figure 7), lndllzltlng lhat

dld luve some direct lt:timlv s




In Figuré 14, the La > response recorded in HEPES-buffered Krebs
was shifted to the right and was gréatly diminished in the absence of

+ (compared to Pigure 7);.But was not aitagonized by D-600.

. Yeatinge (1972), has shown-that even after prolonged. incubation in' Ca’'=

free media, residual supplies of bound extracellular Ca’' may still be
Ppresent. On this basis, the mel:hanism of action of Le 1n VSH fzon the ® .
SHR may be. partlally accounted for by an tnvard displacemznt of extra-

cellularly-hound Ca s e

There ‘are geveral in the of c._,’* dated

events where La * appedrs to have &, factlatory action rather than its

usual’ inhibitory effect: ‘La °' has'been reported to release catecholamines ' -

. #fon the bovine adrenal medulla (Borowitz, 1972) ‘and -hiatamine rom mast

cells (Foreman and Mongar, 1972). 1In frog meuromuscular jm;:gion
preparations La> caused an increase in the frequency of minfiature end-
plate potentials, even in 4 Cati~free solution (DeBassto et al., 1971):
Heuset and ‘{il’edi (1971) repéited similar ﬁndings and suggested La>"

was acting either by an invard displacement of ca?* from bownd eites or

, by & dizect intracellular achin, Ta'the 'present study, in’the absence of

Ca , the yeiL response occurred at 10 3 La®' (Figure's), uhile in the -

presence of extracellular e

,"the peak response nqcur:ed at’sx 107n,
(Flguxe 3) » suggesting a relianc.e Oll extrlcelluln: Cﬂz I -ROHWQF,
in Ga®’-free solution, the L' response was not antagonized by D-600.
This slggests that a component of the La®*-induced contraction may be.a,
dtrect action.on the VSH membrane to selease Intracellulaf ca®. - Mter-
natively, La?" ma nai enter u.g ‘cell ‘and displace bound intrpcellulax caz“

act directly.on the eonl:rluile proteins ‘once inside the cell.
¥ .




u"‘ has been reported to cross the rat uterine muscle nenhnne

and enter the cell (Hodgann ‘and Dantel, 1973) nnd L! cn‘ty into

intestinal smooth muscle has been inplie{i from the studies of Triggle
and Triggle (1976a). Since La> has-a greater affinity forcalcium
binding sites than Ca2+ (lettvin et al., 1964), it is 1ikely that the

iatracellular entry of La>t would displace Ca?' from intracellular

bound pools and increase the free intracéllular Ca’' concentration.

Lau‘ has also been shown to cross the mitochondria membrame and enter
the matrix in isalated mitechondtin (Piccinini et al., 1975) where it

could displace bmmd Caz . La has been ahmm to-displace Cl fm

" skeletal muscle troponin (Fuchs, 1971),-although 1t should be moted

that there 1s nd direct evidence that indicates:that La’' can act like
¢a®* and mediate in actin-myosin interactions in skeletal or smooth

muscle,

The paradoxical contraction to 1.9'}“ occurs only in SHR VSM to.any

significant degree and might = reflect & ‘functional alteration in the

* VSH membrane. 'If the VSN membrane in SHR acrta ia leaky to Ca'then

1a®*, an ion of eimilar imhydrated ionic radius; may be able to cross

the menbrane through those Ca’’ leakage' "sites, ' However,-tlie residual

to La®* in HEPES-Krebs solution was small compared to that
recorded in Krebs solution, implylag that the major portion of the

contractile response to SHR aorta to La>, as Teported by Bohr (1974)

. and Shibata et al., (1973) vas mediated through H'. '
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3. Reactivity to Ca’'

%

" The SHR sorta (Figures 18 and:24) responds to Ca?* addéd stepwise °

a) 'Response. in non-depolarized aorta

uil:lmut\ previous dzpalari:l(ian, vhile the WKY aorta does not (Figure *

25). 'n‘us Stnding vas alsoreported By Neon ‘et al, (1976) and .suggests

l:be SHR v§u 15 vaable to regulate c;z permeability as well the

WY vSH. l%!ued extracellular Ca’* levels is generally thought to
pmmote stahilir.y of the membrane (see Triggle and Triggle 1976b), bu:
in SHR VSM tissué, tension devélops on the addition of Ca’ to the

extracellular £luid.

There, até several explanations for this response: (1) ‘there may be
more sic;s for Ca®’ diffusion in the SHR VSH m:mbtane. (2) The potential-
sensitive Ca’* channels -(see: Bolton, 1979) in the SHR may be open more
tisiin & pOpAbLLIEETe bake B itee Sevee pountid than are
sinilar Ca’" chamels i the WKY VSH membrane. (3) ¢’ removal
mechantams nay be. inpaived in the SIR tisoue. Teble IV shows that sorta
fron SR relived mors s16ily 1n responde-to vasodtlators and after remsval
‘of segbhisth. Whis:dats susgasts that removal of Cal'ioccurk with. greacer
ateesculty tn SER VGM. ' This hypothesis will be discussed n the context

of the discussion of the ouabain and low-Na' experiments.-




P
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b) Effects of Ouabatn'and Low-Nla® Solution
1. “Na'-ca®* exchange
Taiatod D" Safriis hes Beso slom £ b covplad o0 ot eftiux
in a nwmber of nerve and muscle preparations (see: Blaustein, 1974).
The coupling ratio may vary from tissue to tissue; but it fs generally
belteved ‘that thres or four Na* 1ons entering the cell, down the Na®
concentration _gradient supply the energy for the carrier-mediated removal
‘of one paz*' Ton from e céll against its concentration gradient-
Ciaitiin dnd Betol, 1978). < Diis anitingi. yaten $o K paritootamy
n:ix-::ivé bypothesis ‘for CaZ' removal from smooth muscle (Blavstetn,
1576);_ sinte ‘this tissue has very Iittle sarcoplasmic reticulus; it is
@Eficult to explain how resoval of Ca’' after tension developmeat for
the maintenance of a high inward ca?* gradient is accomplished without
a highly active ATP-dependant Ca®* extrusion pusp, of the type characterized

4in red blood cells by Schatzmann (1966).

van' Breemed et al. (1979) reviewed the evidencs for a passive
Na'-ca?* e.!clun"a in mamalian smooth muscle. He reasoned that if
Na' influx was coupled to Ca’® efflux, then there should be achirgo !
thetical relationship betwéen the degree of Cﬂl\“‘llt(m of the tissue
and the ratio-of extracellular to intracellular Na' concentration. The
slope of this relationship when plotted should be predictable from tha

ratio of the number of Na' ioms exchanged for one Ca’'. . Te found, the

available data in the literature on various smooth muscles did mot fit

any of the predicted curves. He concluded Na'-coupled Ca®" exchange -

b it

S st iy

7
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> 7 2+
was not the sole mechanism responsible for removal of Ca’ from

smooth niuscle cells.

However,. Na'-dependant Ca’' effltx has been demonstrated fn smooth

muscle (Brading and Widdigombey<197

i Reuter et al., 1973). The forumer —>
authors also found an intracellular Na'-dependant Ca’ uptake, using

&£
radfoactive isotopes. In further suppost of a Na' coupled Ca’"

exchinge mechanism in smooth muscle are the findinge that relaxation

following contraction is impaired in the absence of extracellular Na®
5 e pig 1leun (Judah ané Willoughby, 1974), guinea pig taenia coli

. '(Katase and Tomita, 1972; Ma and Bose, 1977), rat uterus (Ma and Bose,
1977) arterial (Bohr, Seidel and Schieski, 1969; Reuter, Blaustein

and Haeusler, 1973) and venous (Biamino and Johansson, 1970) smooth

muscle. ' E v

In contrast tothesé findings, Droogmans and Casteels (1977) found
> P 3

that La>* induced & relaxation after K'-induced contraction in Na'~free

solicion.  These authors:suggested that Na' and Ca’' may compete for

the same clisanel, but that tightly coupled exchange vas unltkely.
van Breemen (1976) found so decrease in exchangeable cellular'“’ca’*
. 'in rabbit- aorta when 1._1‘+ vas substituted for Na' in the ex‘trace;llnlar &
solutton,  producing relaxation: after a K*-induced ‘contraction, He
eniyiad ThaiNatioaRt exhangs vire not Aiportant. in the relaxition

process for VsM,

1. The action of ousbain and low-Na' solution °

. One possible method of g the of Na*_gaZt

is to study the action of 6uabain on smooth muscle comtractility. Ouabaiu,




1357
and other cardiaé glycosides, prevent ATP from binding to Nat-kt
ATPase (Hlnsen et al., 1971), prohibiting the active extrusion Df KB
against its concentration gradien[. 1f extracellnlar ‘Na is euhangzd
for intracellular Ci‘.2+, the: inhtbitten of the “ﬂ -K, pump by o_\uabaln

should allow Na* to. late in the cell, the inward Na®

driving force and consequently slowlng the. removal of Ca’® via'a Na'~Ca?®

. exchange mechanism. In smooth muscle aceumulation of intracellular

ca®* will result in a contraction.
| However, studtes of che action of ousbiln alone have not resolved

the ghestton ‘of vhether or ot Na'iGa?t exchangeoccurs n smooth muscle:

Mattheus and Sutter (1967) reported’a Gigbain- tnducdd contraction 1n

guinea pig tacaia coli and rabbit anterior mesenteric vein, but van Breemen

(1976) suggested the contraction that he and previous investigators

found to either removal of " or after treatment with ouabain was due

to'the inhibition of the el Nat-k* pump kx and Casteel

1974). He suggested subsequent depolarization probably accounted for the
tension development. This conclusion was also reached by Ozaki et al.

(1978) from similar: experiments in guinea pig-taenia coli.

Ouabatn doed depolarize smooth muscle.. This was demonsl’.rated in

guinea pig taenta coli fnd mesentéric vein by Matthewsand Suceer (1967).

However, the data of Droogman and Casteel also nuggeets that a large
depolarization (in the order of 15-20mV) gquust occur before contraction

1s initiated.

In contrast, based on “?k" flux studies, Brading and Widdfconbe
(1976) caleplated that the electrogenic Na'-K' pump in taenfa coli might

generate a potential of 3 to 5.mV; a value whiich is in the order of

de of the depolarizati zed 1n. squid glant axon




hien the electrogenic Na'~K' pump is frhibited (DeWeer and Geduldig,

. test: The present study provldad an to test the : b

136

1973). This suggests that, the contraction reported on the addition of

. 4k
ouabdin may not be due -totally to the inhibition of the Na -K' 'pump.

7, “The v for the le action of ouabain.

/ X
1 smooth nuseld, that inhibicion of the Na'-x" pusp allows the Nat

gradient to run down, slowing the removal of Ca’', has been difffcult to -

of Na'-Ca®* ‘akchenge. It has béen postulated here that the incressed

:en::tivir.y‘ séen to K' in the SHR sorta is due to Sncryenaerl\ avatlability
of Ca?! tn ‘this t1ssué; such’that & small depolarization produces a
rala:ively large contraction, uhe'n treated with ouabain or ‘low-Na©

solu\:im, the sensitivity of WKY ussue to 10 K" was’ tncreased,

1 the be:ween SHR and WKY aortic tissue l

{
at the lov end of the dese—relponse curve (Figures 22 and 23). Guabain 'J

will ichibic the electrogenic Na'~k" pump' and fndecd will initiate a

depolarization. However, low-Na' solution should stimulate the Na'-K'

pump. since Na© and K compete for thé K' binding site on the outside of

the ‘membrane (Sjodin, 1971) and ipcreased XK' availability to éxtra-

cellular sitesstinulates the pump (Haddy, 1979) in smooth muscle.. -

Consequently, low-Na' media should result.in a hyperpolarization.’ It is
; n ; 5

therefore difficult to reconcile the suggestion that ouabain indices

a contraction through its depolarizing effects on the mesb since

Low-Na*  solution and nubatn have similar, not opposite effects on'K',
3

W'~ and ca**~tnduced’ contractions in this study. ' e’

It 1s reasonable to consider ah alternative éxplanation that.centres

around a Na'-Ca®' exchange mechanisn: Ouabain, by inkibiting ‘Q.e natxt




the fnvard driving force For-Na' s reduced. This alsc occurs when

pump, petmits the Na' gradient to.be reduced, The met result'is that . .
t it ;

the external Na* Ls reducad by in order.of magnitude, through

substitution of choline chloride for most of the NaCl i the low-Na© A
solutior. If one postulates a-Na'-Ca’' exchange 1n which extérnal Na*

diffusing down its concentration gradtent is the driving force: for the

‘el oEApeaT Ot uhen the Tnuard Na® ariving force 1s rediced,

24 411, agcumlate’ in the cell _passively by diffubtng dovn-ite

concentration gradient. This could be the ‘basis for increased

contracility seen when the Usk fn this study ig treated ulth ouabain

or when a xm.l-m,+ external solution is applied. <

This explanation of the contractile effects of ouabain is in -
agreement with the observations of Fleckemstein et al. (1975) that

verapanil, & Ca’* antagonist, inhibits the contraction induced by

. “ : 7
cardiac glycosides in pig coronary artéry strips, but that this inhibition

can be overcome by the rextracellular. Ca2'
Soares'de Moura et.al.-(1979) found that strophantin-induced contraction ‘
in guinea pig ileum l:oul.d be 1nhib1r.ed by verapamil, a calc!um channel

amatgonist, o by removal of thé' extracellular Ca” :

Changing the physiological solution to a low-Na® solution will
imediately lower the Na'iinward driviig force, whereas the action of

ocuabain 1s slower, poisoning the. Na'-K' pump, allow!ng the Na®© gradient

to. run down. The difference in the zi;ne course of (heu events ndy be’ 7
reflected in the diffarml:ﬁs in their effects on the Ca dos&tespnnse

o
curves (Figures 24 and 26) where the enhuntem&nl of the Ca’ —induced by

tenafon developuent was much’more scrmng m 10u-a* solution than' 1




the presence’ of ouabain.

)




4. Resctivity to H'
a) The action of D-600 g ‘ s
D-600, or methoxy-verapamil, is-considered to be a specific

of the ve Ca”* current, on the basta®

of electrophysiological data obtained from cardiac muscle preparations
2 and_consequently, has beén labelled a Ca’'~chanuel antagonfst - . .

. g
(Fleckenstein, 1977; Rogenberger and Triggle, 1978). s

“This agent is usually effective in the range of ucmmn‘g >
o

i concentrations. = For inlnnce. D-600 vas maximally effective in

shifting the mé 1 in fm ml;lg

at'a of l.xm‘sx @ . + 1977) apd i cardtac

\. : ekl i 5 Sassencoar o ot sy then X070, 45 sreacly | Tedncat c.n

e AT conductance (Kohlhardt et al., 1972). ° z

mom of Sex poraaty. fa. awiuds muscle vary: In rabbit ear

u:uy the I5-50 to was greater than W

m M. (Golenhofen and Weston, 1976), while in rat aorta, 107 was
the ID-50 for the spasmolytic effect qf D-600 on ﬂnl’ldtmlun?lndnud

contractions (Massingham, 1973). Bilek et al.. (1974) found 5!10-5!(

" verapamil vas the ID-50 for - 2 cus in rat
K aorta. - o = =
In Plgure 28, tncreasing the concenttations of msoo ghiftad the ik s

| doheresponse. curve to E' to the Fight with a siatlar ‘slbpe;- whila.
decreastag the nnd.-\n tesponse.. A lipii!-untly decreased -xl-m

. response is mly I:h!.:ved at a cbncmlrnl.hm of 107 n p_soq_ The..

parallel shift laplies a
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s o " . 1
: " maximun with higher i atypical of competitive 4
E N anatagonisn (Goldstein et al., 1968). ) . ‘ By &
Thi.s}aised the possibility th.va‘t D-600 may have a local : 2.
anesthetic uctio‘n on SHR VSM at the relatively high ’conc'enlratlms o
| 3 to.antagonize the H' 3 Se. Procaine, a local aneithetic,
i o angagonized the response of rabbit aorta to notadrenaline at a TR

‘coaentratim of 'In¥ (Hudgins and vedss, 1968). D-600 Has a local
drestheic-like stricture: Figure 30 shows’ that D600 bea:s a strong
strul::\n'al resemblance to another lncal lnesthet!l:, lidacnille, with an

amine Bond betusenthe aromatic group -and the Yaternediate stdechatn. 7

I an attempt to differentiate betyéen the effects of a Ca’'

‘ ¢ o channel antagonist and the effects of 'a local anesthetic on. the H' *
P :una,'. thé recorded in Figure 29 was carried ¢
3 T ¢
out. Proeaine, at a concentration of 3mM si 1y lowered the . \/[

maximun response to H in SHR aorta, as did the a? cnmmex antagonist
i nifedipine (Bay 1040) at a concentration of 107 M. Thus, 1t was met
i ©" possible to di ish a 1deql : P fFron orie”

. i > - .
‘that 15 clesily the action of & Ca’* channel antagonist, working at a ' . v

G ix concentration 4 orders of magnitude lower. Therefore, the mchnn(sm

i  action of J-600 at & concentration'of 107 H rematns unresolved. e % By w g

The nature of. thifs dose-response mist “s1s6i be taken ‘Lo constderaton:
H', o5 well as caustng ension developuent, also has effects on the
efficacy of ‘antagonists by virtue of the changes in PH that' ccgur on 3
Sts ‘addition to Krebs solution (as documented fn Table V). -Stepulie

y - addition of HCL willpgraduslly lover pH and conseguently fomize-




i

D-600, nifedipine and procaine, which are weak bases. Local anesthetics

/181

become less efféctive in inhibiting smooth muscle responses as the. pH

is lowered (Antonio et al., 1970). ‘Data on the effectiveness of

the two Ca channel antagonists at low pil is'mot available: Thus,

Figure 29 is difficult to intérpret, since the antagonists might become .

more or less effective with each additional dose of H'.




b) H' dose-response curves 2
Acidosis is usvally associated with vasodilation (Folkew snd Neil,

1971c; vah Breémen et al., 1973). 'It has been suggested thit raisiug

the extracellular resvlts in- of the cell
membrane, screening of cation binding sifes snd‘a consequent intexr-~
ference with Ca’' binding at the cell meabrane and influx of a2

into thgecell (D'Arrigo, 1974; Landau and Nachshen, 1975).

Lowering the of the extracellular fluid has bees
shown to enhance caletun influx in ventriculsr muscle (Kohltardt and
H!lpi 1976). Raising the H' concentration results in a megative
‘chronotropic (Hughes ‘and Coret, 1975), and a negative inotropic action
(Lazkgvic, 1966; ?amlgt and Brutsiert, 1968) 1.!\ l',n;dinc/mu‘stle. High
i reduced i Aitoune (Lapdat and Iiachshm,v

1975) ‘and decreased Ca’’ influx in rabbit dorta (van Breemen et al.,

1973).

The surprising £inding that in ; ‘extracellular ' conceitration.,

caused ‘s g:;oﬁg’ contraction dn SHR ‘aorta’ but not inm Wistar (Figutes 8

and 9) or m (Figure 17) aorta could prove to be a useful tool in
deternining the cause of the increased reactivity seen in this moddl

of hypertension. . It seems that the actlon of H' on the SHR sorta is
partially dependsnt on extracellular Ca?” since the H'~fnduced: 5
 contraction appears to:be antagonized by D-600 (Figire 12) n‘:i by
nifedipine (Figure 29)." Also, the contractile fesponse to ' is

greatly dininished in a Ca’'~free medla (compare the reapoises 1
Ftgures:12 and 13). Since K' can displace Ca’* from binding sites

(see:. Bass and Moore, 1966), these findings suggest that H' might
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displace extracellular membrane-bound Caz+ inward, through the membrane
sites that leak Ca’', as previously discussed for the mode of action
of La¥, °

1f thia fnward displacement of extracellular ca?* alone yere the

fechanisn of action of H',; one would expect low-Na' solution or cusbaim,

ms that increase Sont 1ity, to have an additive effect
oh the H'“induced’ contractioi. TInstead, the opposite occurs: Figure
<. 27 shous that both loy-Na® solution and ousbain treatment will antagonize
the effect ‘of H'.in the SHR aorta:
A more plausible hypothesis 1s-that # also.bis an intracellular

action.

It could enter the SHR VSM cell via the same sites in the

mebbrane through whiéh Ca2¥ sppearsto leak., Lea and Ashley. (1978)

reported that,raising the internal " concentration of barmacle musele

redpdted 1n an incresse in free-intracellular Ca’', as measured by

of aequorin, a Cal’—gensitiv since this  /
does mot. oécur in squid ‘giant axon (Baker and Horerjager,'1978), these

" “authors suggested that H' may act by displacing Ca’® from an intra—

cellular source which is absent in nerve .axon. Increasing H'
'cogme_n:r_a:im has been 'shown to promote mitochondrial e reledse

(Addanki et al., 1978; Akiernan, - 1978; Schwartz, 1974). ' may act on
the SHH'VSM to increase free intracellular Ca’'. concentration through

this mechanisn.’ wow

Once inside the cell, i probably alters enzyme activity as well

Murphy (1969) using dog carotid arteries found the optimal 'pH. for * %

arterial actonyosin ATPase sctivity was 5.2 (his Figure 2).  Mrua et al.
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(1974). confirmed fhat the optimal ATPase wctivity of natural actomyosin
1in ‘the’same tlssue occurred at' pil 5.6. These values correspond vell

o the pH range at which peak tension developmentioccursin thi SHR VSN

"in this study (Figure 8). Thi's line of reasoning suggests that if

" 15 allowed Frée'sccess to the intracellular sace via Ca2¥ leskage
sites,. VSM tension could develop Just as a result of increasing the

e
intracellular H mcen:nuon.

It remains difficult to ac:aunt for the apparent. -n:lgoni.sn between

Bhoand €a2t, 5 assunlng as in the 1 3 that -

"the effect of uabain.and low-Na soluticn seen ii Figure 27 are

mediated thrpugh an increase in intracellular Ca™*.' Figire 27 seems

to represent an mz;aceullulnian:aganism ‘between i ‘and c;2+. Fuchs
et al, (1970) has shown that H' inhibits binding of Ca’ to troponin..
Pertaps Ca’" and H' are coapeting for actess to'thé contractils proteins
in the experiment recorded in Figure 27.

The possibility that W may act by denlturlng the contractile -
ot menbrans proteths can not be ‘ruled out, as the tisgue loses
respensdveness after a prolonged exposure.to hiah concentration of

u (Table VI).
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D. . Conelusions
1. The mechanisn of altered reactivity in SIR aorta
The altered responsivéness of SHR aorta appears to.stem from an
impaired ability of the tissue to réklula‘te ca®* permeability. The
data pregéuted heve with respect: to'the actions of x.a}’ L B dnd &

on this tissue are consistant with this comclusion, |

, This conclusion is also consistant with da}a repougd by other

auchors who have studied the reactivity of SHR VSH to ca?: Noon et al.
(1978), £ouatehas sl aorea v ndtunr Ca from Maban ‘¥ats Gomtestad
when caleium was reintroduced after a 30 siaute incubation perfod fn
calciun-free: physiological solucion. Field et al. (1972) found SHR
abEea 1. CAPtosree molit sy copbaiiiing COMET eliped (ji naggerated

makinum response when Ca>' was added to the solution.

This conclusion'is also compatible with the findings reported in
Table IV that indicate relaxation of the SHR aorta to various vaso-
dilators is impaired. Pederson et al. (1978) shoved that relaxation

of the SHR aorta is more complete than’ in Wistar rat aorta in résponse

to nifedipine or a Ca’'~free mediun; that tensfon

11ul

in this tissue is much more on variations in'the ext

ca?*  concentration.

A. W. Jomes (1974) reported that the rates of turmover of "k,
%1™ and wa* vere higher 1n SHR sorta than in WY or Wistar rat:sorta.
‘It 1s conceivable that in'this tissue, Na' and Ca’® competg for the
leakage charnels thai have been attributed here to the SHR VSM membrame.

In this case, the turnover of Na' would be higher due to leakage. The




1s
Natx" ATPase pump would have to be more active to mafntain a stable
_membrane potential by removal of accumulating intracellular Na'. K' )
tulnover would  therefore be higher as would €I turmover 1f this ‘anton
passively follows the cations. This hypothesis is supported by several
reports of increased Na'-K' ATPase activity in SHR VSH as determined
by the rate of K'~induced relaxation in isolated tail srtery!strips

(Webb and Bohr, 1979), the rate of liberatfon of imorganic phosphate by
| subcellular

fron arteries (Wei et al., '1976a),

" teaperature dependant differences in mesirare potentisl neasurements in
isolated tail artery (Hernsmeyer, 1976) and by‘m:asurenent‘ ‘of Na© and
k' in-1solated tafl artery VSM cells using’ lon-specific electrodes

. . é v
(Friedman and Friedman, 1976). "
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2. The ‘relationship between hypertension and vascular, reactivity
As outlined in the first chaptEr‘ there are 2 opposing ?lypotheBEI
to account for differences in vascular reac:_mc'yl observed in hyper—

! &
“tension. .One proposes that these differences.are the comsequence of

VsH hypertrophy developing secondary'to the onset of hypertension. %
The other suggests that the changes in vascular reactivity observed in
hypertension reflect true di in 4id that

vascular re may be a s factor in

The data presented here shows that differences in reactivity are

evident in SHR VSM that has never been subjected to high blood -pressure

and quently, it must. be luded that altered preceeds

the onset of: hyp and is not a of

hyrﬁrtraphy‘ = . . .

This conclusion is supported by the observations of others who

have found altered reactivity or differences in ion permeabilities in

. :
non-vascular tissue from the SHR: ‘Corbett et al. (1980) have demonstrated
that vas deferens' £rom the. SHR shiows significantly higher reactivity

to K, Ca®", La®* and #'. Caulffeld et dl. .(1977) reported increased

to line in SHR vas, defe: Altman, Da Ponte
and Worcel' (1977) found strips of smooth muscle £romthe fundus of the
SHR ‘stomach showed emhanced reactivity to Ca', These studfes lend
support to the conclusion that altered reactivity in the SHR sorta s
not’ a consequence of Hypertension and hypertrophy. Furtheriore, they

inply that the membrane defect responsible for the apparent leakage

of Ca®* ' may not be limited to yascular smooth miiscle..
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© lisas and Cohn (1977) reported a defect in Ca’* transport fa
cardiac muscle from the SHR; implying that the impaired control of Ca>'
permeability mey hot be limited to ssooth muscle. Other evidence
suggesis'a siailar defect may be present in red blood cells From SHR:
Using ion-specific electrodes (i?rud—n et al., 1977) and radioactive
isotopes (Postnov et al., 1976) it has been shown that SHR erythrocytes
are more permesble to Na' and K than ave erythrocytes from Sprague-
Dawley and Wistar ni% >(in the latter study) or ‘from WKY and Wobdlyn
rats (in the former study). ‘These data imply the SHR may have a

generalized mesbrane defect. g Pl
It should be stradsed that the caiisal Mnk Lebsden licreased 1on
permesbiiicy snd hypeitension in the SHR renains to be established.
However, incressed pemeability. to Ca* and perhaps to other fons. such as
Ha® 4n SHR VSyaight result in higher free intracellular Ca’' levels by’
direct inward diffusion of ta2' or by impairment of an extracellular.
Ra'-dependant.Ca®* resoval systes. This in turn would result in a higher
euTing fanalin: o 4 TEACO RS ey oy ELasREIBS, XE/ilits Srocag
1a not imited to sorta, but ‘also cccurs. in the resistance vessels of
SHR, blood pressure sight rise slovly as high pertpheral resistance results

in a gradual resetting of baroreceptors (see: Sapru and Wang, 1976) and

>
eventually to VSM hypertrophy, further increasing peripheral resistance

#
and the blood pressure in a positive feedback manner.

In support of this hypothesis of the etiology of hypertenmsion. in

the' SHR 1s the study 6f Lais et al. (1977) that shows that as carly

'3 weeks of age blood pressures recorded from the femoral artery of

preveanling SHR' were higher than those recorded from WKY rats.




To lend more support to this bypothesis, 1t would be interesting

to treat these animals from conception with nifedipine and determine

whether or nor reactivity differences are present.

1f nifedipine

can antagonize Ca’' leakage, perhaps both hypertession and reactivity
alterations can be prevented in the SHR. .Another approach to testing

this hypothesis might be through backcrossing SHR o WKY (see:’ Judy

et al., 1979).

Assuning more than one gene is involved in producing

this mesbrane defect, it may be possible to produce offspring with a

degree of that ¢

of their blood pressure elevation,

149

with the severity

¥




3. Inplications of this research for humn hypertension

,The SHR 1s probably the best animal model of human essential

* hypertension. - The implications of the findings of ‘studies of the SHR

for the't; and of will depend

on just how well huinan hypertension is modelled by the SHR. However,
there is some evidence that a membrane defect of the type described here
may be present in human essential hypertension: Postnov et al. (1977)

reported that red blood cells from hypertensive patients show higher

passive permeability to Na*. cardy and Meyer (1979) Found erythrocytes

fron patients with essential hypertension: shoved a iigher K faflux

_and a lower Na© efflux. Thia might be interpreted as evidence of

higher. Nl+—l(+‘pump activity. * Interestingly, these authors found ion

fluxes weére normsl in erythrocytes from renal hypertensive patients but

wefe altered in ery from t of parents with

essential hypertension; suggesting that a membrane defect is inherited.

Should. studies of this nature veufv the exfstance of an inherited

membrane defect in: hypertensive humans, this line of research may prove

to be a useful tool. _ could be on
the ‘basis of the fon flux properties of their red blood cells. Once
hylati e may be initiated. . But to date,

only preliminary evidence of a membrane defect in human hypertension

exists. It must be'proven and before based on

this hypothesis is initiated, Hopefully, the £indings of this thesis

“may prove to be applicible to the diagnosis and prevention of human

essential hypertension.




V. SUMMARY

H was found to be prisarily due

3+

1. Reactivity of SHR aorta to La

o a'drop in pH that occurred on the addition of La>' to bicsrbonate-

buffered Krebs solution. La > had scse direct action when s HEPES-
buffered solucion vas used to keep the pi steble, but the magaitude

of the lgl»-indu:ed contraction was greatly diminished.

2. &' induced a contraction in SR morts from WKY or Wistar rats.
The actdon of H' appears to have both extracellular snd Tamtracellular

‘components.

3.  ca®" 1in a non-depolarizing medta indued a contraction in SHR

V. It was postulated that  there is & flaw in the control of Ca’®
permeability in cthe SHR VSH, such that this lon leaks across the cell
mesbrane. This spparent membrane defect was proposed as the underlying .’
mechaniss for the reactivity tola ', &', and for the incressed semsitivity

seen o K.

4. The Teactivity alterations verepresent in SHR that had mever
been hypertensive, having been treated from conception witha p-adrenergic
blocking ‘sgent; timolol. It ves concluded that alteratfons in vascular
reactivity in'the SHR aorta preceed the onset of high blood presswre, and .
therefore, may bé a cafbative factor rather than a consequence of hypertension.
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B APPENDIX A
COMPOSITION OF PHYSIOLOGICAL SOLUTIONS &
Solutions* - Kreba,t Low ;- HEPESEzete® lowNa®
M Bicarbonate ¥ . my Krebs
“; Krebs : . i
i i
Nacl 18 156 107
KL, Cea 5.4 - a7, a7
NaHCO 12.5 6.0 ' 12.5
CuCl1, 28,0 2.5 2.5 2.5 25
K820, 1:2 ’ . 22 -
gS0; S 1.2
‘Dextrose 1.1 1.0 ma 11
¥gel, 1.2
HEPES 5.8
Choline C1 : 118
[0, Sozee 0, 9% 0y, 957 air 0,952
€0,, X 00, 5T | o, sx

* Prepared ‘tn double~distilled or M{111-q filtéred B,0 wrned to:37%¢

and adjusted to pH 7.2-7.4
Adapted from Janis and Triggle (1973)
Adapted fron Hansen and Boht (1975)

§ _Adapted from Mayex et al. (1972)
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& - - Grind up cabbages or grind wp kings, the

- chemicals found are the very same things

Anonynous
APPENDIX B '
List of Drugs and- Chemicals and Suppliers :
. Calctun chloride dbydrate (CaCl,-2H,0) J. T. Biker, Phillipsbirg, §.J.

Choline chloride, B".D.ll. Chemicals Ltd., Poole, England
D=600, Knoll AG, West Germany
Dextrose (ahydrous) Nathesor, Coleman and Bell, Norwood, Ohio

HEPES (N~2-tydroxyethylpiperazine-N'-2'ethane sulfonic acid)
Calbioches, San Diego, C.A.

Hydfochloric acdd (CL) J. T, Baker, Phillipsburg, N.J.
Lanthanum chlordde (LaCly.7H,0), B.D.H. Chemicals Ltd., Poole, Englend
‘Lanthanun nitrate (u‘(nos) sﬂzu). B.D.H. Chenicals Ltd., Poole, England
; Magaesiun chloride (MgCLy.6H,0), J. T. Baker, Phillipsburg, N.J. <
* Magesiun sulphate (MgSO, ? da ,0), J. T; Bake¥, Philldpsburs, N.1
‘ Nifedipine (Say 1040) nyer 4G, Hest Cermany
Angm_: acid (HNO,), J. T. Baker, Phillipsburg, N.J.
3 [e? HC1), Sigme St. Louis, No.
Ousbain octshydrate (Strophanthin-G), Sigma Chesicals, St. Louis, Mo.
" Potassium chloride (KC1), J. T. Baker, Phillipsburg, N.J.
Potsssiun phosphate, monobasic (G,P0,), J. T. Baker, Phillipsburg, N.J.
Procsine hydrochloride, Sigma Chemicals, St. louls, Mo. .
(oL HCI) Sigma 1s, St. louis, Ho.
Sodiua bicarbonate (NaHCD,), J. T.-Baker, Phillipsburg, N.J.
Sodtun chloride (MaC1), J. T. Daker, Philiipsburg, N.J.
Sodiun hydroxide (NaOH), Zigher Scilemtific, Fort Lawm, M.J.
Sodtum 3 MT.CL 1s, Hamilton, Ontaric
) Sulphuric acid “’2”" A nker. Phillipsburg, N.J.
‘Tnilol maleate, Merck-Frosst, Dorval, P.Q.
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