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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. < . .
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