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. INTRODUC'I'ION

Hn'~rt~"n8iOD • .d~f1n"'d ~8. ~ . ~yst,,:lie bl~d p~~aure ~~t 16!, _" ,~~ '

or'adi.il.l~tgUc.p~l!asurl! ~et: 95··...;. Bg afniet~ OV~ l81 ~f ' adultB iu.. .tbe

United" States , ~ki~t the IIlOst cDlIIllUlnd1Bea.s';' tn ' that eo~try

~~~ea.lth '; U'~;t·",·~ · ~ta~es. 19;6~7;~: ~ypertension . :l.f left ~,~J"eated.
c~ , l~ad . " .-~.~~,t l! ' ~ealth , PtObl~ such- as ~ heart,'di.~~se '(th~ leading

cauSe ',o f de~~ i n ,Canad a and the U.S.A.) . Qtrol;:e . or' Wtuly fa :f1ure.

t t h...5 bean 'esd.~ted thllt up .to 90% ~f PI!OP~Q 'W:it~ 'high b'~'"

' :·p,t:: sa~re ha ve 'w~:at,1s ~_ 88 ' " esaentht" hypet:t~~l th&t 1& high

' " bl00d ~re.~ Bul"e 'o f UlI;laIow e ti? l og y.

: -:- . To investigate ' posB1ble c l/lus es of ea8ent1&1 hypertension s e ve ril l.

;ii'~l mod~~ .o f " t~~ ,d,i~~~e" t.R.ve .been ~ev~~oped~· · ~ ':"e ....t wid el. y

:·:8~ud :l~d · of ' t h,es e mod~;~ 1a", ~he spoDt~~~al".,BWe~enal":" Rat (SHB.) » ,

de~loPed by Okamot o 'an4 Ackf (;1.963) bysyatematf.e 1ll.breed1ng:
\. . ' . ' " . ' .....r ' . ' ,. , ' . ' . '. ,.,

Inheritan ce' of hyP,ertenll1on in ~ the , SBlI:.1 s polygen:l<: (Ranll~.l.97.2~ touie

• :~ : al ~" 19~ 9a: ; ·and detent~ned by ' ~\ '~ew gene s ,,~tCh act :~d.t~t1~~ly . .

' (TaDa li~ et¥~ : ' 19~~ )'• • ';"e pat~og'ne~:la . of hjpert'e:na lo n ' l 'n t~l~ s,i.t~ l. :

, ,f A' • Et .i Ol O:;' ",Of HYPerte:n!,l~n:l;~ the Sp~taneou~ly' lU'per t ensiv e Rae

< .'J '

: It haS" ~e"'o~e eVl~~,Q t that ,th!J~tt.wgene &iD of; hYl?ertension in ~he

~Ha is m~lt~f":<: to~~l. havip'g bot h ~enetic: snd ..n';"'ronm!n t:sl ' ",onrp;'~entD .
, . r. . ' ' ' .

, The ge~et ic f ac t o l'G s r e ~he predolll1nant detendnsnts ,of e.l.e vated blood

. preds~:':';; , the'it: ;d~gree ' ,of w.~l~~c.e ha~ing .beea calc lll.ti te~ ae Q~t: , 801

::' ;ii;j~I~ ·~~~ ' 'sl ~ ,:~l !J?~). ~ii:c~·-en~ir~ep~ tac l+r~ t<;~1Y ·hav~ an :

a.dd~t~ve ,or d~_:l,p.utive ef fe ct o~, . the 'l'a,t e , of dev,,:l.oPIB"Q.t anl! extent of

, ., '"

!
i
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1. , Environment al In fluenc e.

fe oll n;; of .helpi~~~nea~ ' or' d epreB8i~. · . ~~~ .P8t~hyIiiOlogi~ effect~;
are probably I&ediat~d th rough c1~,..ul.t :ll)g l~ve16 ,of adrenal eodieotrophic::'

.'; . _. """ , , ' ..
. hormo ne (ACTH) . Henry and Cassel (~969 ). ( oe"'.:.H"'~~ and .stepheDa~ 1917)

r",vieWl!d t h '" effoe~u of ' 'Selyean stres~ .on i~1d",~ee' .o f bypert~o~~ou itl

~n an d fo~d , a s t rgng cortel.tion , in 'IDany cult~rea •
. - . ".~ , . . .'

: A1t hougb it 1& diffic,:,l t , t o mrt ral'ola t "'.8tre8s _ as ur ements to
". _ 0 •

ttnilDal ; s t udiet, t.h e; ra t e of deve '1opmel1t of hiith blood pre.sur.e. .!n ' t he

-SlIR' does a pp,e;ar' to be 'infl uellced by va rious types of -eovirolUll.e-rlta1

, . alteration~':- :" Th~ th:etIM~ streOD ,of coo ling te;; ' 32~C incraas~d ' t be b10? d
. . , " . . .
pr a s sure o f SHR, but 'l:Iot of' Kyoto Wistar (l.'KY) con t r ol ('Y1lIl ti t al. • •

197~) . , Low t eg;perstut'l! ' (i60C)~O ha~ ";'~e p~~o~~~'eifecta on . ':
" ' , ~ , . " I " ' -- . ' ,' ;

lower~g Illelllb r~e~ ~~tenti~ of ,vascu18r 8DlDot.b ,1IIU1II:1", (VSM) fr01ll ~lllt

t hall fram WXY, (H~~ey~r , 197,6) . The-n..el re~i-'tance~ 8sdeterta1.ned by

auryi;a1.time at hi gh ~ient telllp erat~r~a , ~as lowe r i n t he SHR t~n

. , : '.
" llIIIIlOb.i1iZlltion~' as "'1'111s .;. combin ed . vbual, audltory alid elect~tca1. .

: ,U;l1ull 1acteased t he deg~ee of ' hype t t ep ' ionin , tb~ 'SHR (lamort ' c t &1• •
" 0 ' , " " , ,

1969) . " E~en YOUQg,SHR showed ,hypurf!ec t i ve cardiovs sculat re&~Se8 'to
~~1ef P~r:l~~ic.alteriDg : ~t~~~ ,u~h :e ';' iigh~ ;l~"~~~ po ise .~d·



vi bration CHallbo.'c'k a~d Folkow. 1~?4) .

Ambient " light levelB candfect blood pressure 1rI the SHR alii well:

Litter;' o f SHR',iaiae'd in dadmes!J"ha d Bi~ificantl,. loYe:r blood

• ' : p r~~ f1~r'~ ~ ' t~~~ CSHR l'a h ed' i~ 12. ~OUl"8 o f U .gh t pe~ lU;; y ,( l.Qb . et ~l • •

"1974 . ) .

Dietary l141 t ,.! n ta ke ha s been tmpUe a t ed a s a n i'Ov lron11eD t al

influence o~ deve l opment of human hypertens101l <DIihl. '1972) . : Inte'rest1qly.

salt re stri c tion dO~S not appe ar to '~ffect .iev"elo~t of bi gh' bl~~d ' " '
. . '. ' . , ' . ' " ,

: :pr e S$Ur e .•ln th e SHR (Lab et a l '; , 197 4 ; Loui s et; a l • • 19Mb). altbou'gh "

. sRR sh ow a pref~rence for NaCl 801u1'1011 over . '~ a... -_~er.~~ -givan aci.ce·~~

t o b~th ' (c a t a la no t t o ,e1''a l • • 197 2 : Fr ..g l,. , 197~; McConael1 ."Dd !ieDk10 . 1913) ~ .

2. ~eticFacton

s . c· HDrmot\sl Mec hao :h aa

.":. ' L8Vel~ of ; c1rcul~t 1.D.g b~~~~ ,, !lay a dlt!'ct tole i n eootl;"01 of"

blood pr e",uJ1!. AIdo .ter ooe pr omote . rueotion of lie an d <:01I .equentlY. . , .
retenti~ri of ~ahr. .Vaa opr ea tit n al.oprollOt eA va r e": - n: tent i~ 'a~d '~'&

a :d l t IlH:i: stlmulatot'Y : ' e f ~eC~'~n ~a8e u1ar 8~th m~8~i~·"._ "';'~enlil1ne , _,
'I ." , " , ' -r _ , ' ..

noradrenaUne , ~cl BDgi otendo II all have direct ,ren or effe cts 0 0

\,::-.. _ - . " .

- . ' .
vaacular 8mooth mus'e ll! t one . ThUl' , an abnonnal.:l ty ,in elr~ulating l evel s'. ~ " ' " .

. ' of a oy of these agenta o r fac tors which alter ' t beir r ela il/le eould ,p r ovid e

a , patho~eaie meeh8llh m for hY'Perte~8iOD. .:

. .
br ain renin-ang io t ensin "y,telll,in th e , rat . ' Suba ll!quen t l nveat:f jl;a-tl Ona

(Gent en ' e t -ai-; . 1975) ' rev~aled "~hat t.he SRi ba s e~_ated cerebr o llp l nal. ' . .
flll,ll~ le~ls ~f anglotendn ~ I aa cOIDpare<! t~ l~la' in S~ragua Dawley

con t rolS .

' Ii

i
i
l
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I
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Sakai et;.. al -, ~ (1978) r e port ed , s i gni fican t l.,. elevated .c a r d i a c:,output

i a tOw,', b'ut ' t o t aI ·p e r i pheTal re~lataoee i s el ev a t ed .

in young .SHll. compared t o oldSllR., and .1l1~lficantly h1gh~r t ot al ·peripher-al. ' , ·

. ' : . '. "

hypertenalva patien:~a c.or~e.pond we l l wi t h t hi . theory~ caJ:"dia c o ut put

, . . " , . .
(Dieta:, "t al. , 1978), ' except in adult, put not yoling. -'strok.e-pr oneSBll

' nr.~Bun.8a ee '~l . , 19 75), ' ~' ~~b8tra1~' whieh UI!I~lY aUC:C:~1I ~~ stroke • .

PaJ:"abi~~1s w'~th a normote~sive rat pJ:"od uced ~, :luc:.re&ae in b1~~ "
prea~ure in the eeeeceeeetve anilll81 , sugges ting ,c i rcUJ,at ing factora play'

. ' . , , .

enough r ate to ' gfadually reecm e,,;tr.c~ llu1.arfluld·volUD1e t·o 'no~.l
. , ' .

l ev els, but l eavi n g blood pre.s",:re high. The phy siologi cal ftn<ti n gs in .

' .. ' Dietz ' .....d c'o- wOrkjrS ' (1978) ~~u.nd decre~8ed , a l dos t e r o.n e seeret~o1i

8Qd in.c: t~a8e~ . B e~tet7~~-,,~ f . cortlCoa~eroiie ~ ' " SUR. whl1e ,a st.~y by

,Ya~ri , e.t . " •• (l?73a~ . ,!t~o abno~l1ty' in C:OJ:t1cOSI:8rone ,.levela i~

t he SBR. , The renin- lII\gi ot J!!nsin sya t l!lD. i n the SHR was fouod to be normal

. " .. ', , "

1ll1D~-.l Tole in ~Iood pre ilSure elevation in t he SBll nalllOrt. , 1'71) . ·

In :S\lllllllary , the evidellce iDP{ f ca.t ing a l tered hDtlIICinaI ievda '1n:'i:'i:le

pathOg~Ss1~ 'Of ,hyPerte.ns10n in eaesea is BC&Qty. · ( .

. . ' ,. :

Guyton ' s 't hao~y nf hYP~Ttens1oD (CoI~~et d • •' 1.97.5; G~yton e t '- 1 • •

- 197,4) S~gaststhat :t he maj .o'r flaw in ge~eti~' hypert~nalon' 18 th,e 1r.1~ I!l!, ~
+ ' , ' . " . . " . .

1n.sbillty 'ro ' exeeeee Ns at retell t ha t ' w111 ,_int.in llo=aI eJl'trae,el1ular

f luid -~O IUJ(le . He PF~PO~~d that z; Ns+ · ~CClDllUi.t.... th~ '~xtra~eriular : (. . - . , . , ' . -
: fluid vol~e eJqlllnds, leadtng to VSM and ea r disc IPusclli bn-e.rtrophy. , s a

~l{ ' • .a, r e.l!t.t1n&: o~ tbebaro~cc.eptora. ',The re~~It~g · c l ev a t i on in blood

pr e••u~i is ·8\1.f fi c. 1.~nt to fo're~ blO~d ' t~rough the glollle~ll a t a high

.,1

I
I
I

I
I
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. r e d atm...ee in old . v•• , oung siat.•

. ,D1ef; ~ ...~~rk.c~. (1975). ' I ll. f ..rt~er . vp po rt o f ~~'.

"theory.:,fOunl.,7OUIloI StiR: r e t a iD ';' r e M.+ .t b.m . ..~,t;bed llKY. .t" .

"ra~d~l eze:: r"'tlo~ 'o f 11.+ 1.0 ~he -~1n~re• • d vi t h .P. u ' d~.
I " . : , ". . I·' ' .

blood " r e s ",..re . · ·Howol~r. t hb g rOup d.., 'found ez tra<:ellul. r fluid

~ ': vo~__ " . $ $111l1f~~...tl, 1.-'1" in" ~h~ s~; · ~ ~~~l tlon t o ~~ t beo ry•

. :'""~Mle ot~er·~nve llt il.~Or. (Tr l ppodo e.t , d • • 1978j ;~d no .u.ff~rea.~e '. . , ., " ' .
in pl881U. voh l:lll! <IaOnS SHR. WKT. aDd Wiate r ·ra t •• •

The ' ~ lI t . Cll~Vl,:,e 1 n& .... H en ee · f o r • ren.~ lIee~~t ... 'o f p~tho8~ah
. ' " , ' . .. ' ,', .
~OIA"' '' , fr<> 11 lddn lly tra nllp h n t a t i on IItudies : " lo/blln Id dn. ,-_ of SHR 'I n

"" '~ran:plant ''-d to " 1 hYdri~~:'lIf s~ ,~d Wi8t~~ :l"II t is .~ they too beC::';'-~ "
. hYPe~'~~II1~• • ':'h1l~ ]'1 hybrid,s r e eelVin 'g lt~dn.,-. )~o; \f1.~~; ~ats : d~d

';o t; ~(ka".b~ a t s: 1918) . ' . '. '::.: . ,. ' .

.;

I

'. !" The ~.rh.t1e paryoue .J" ~:~ ,i. '·lnt1allt~1; InvolVed i n t he ' .do u t e

, ( to -1I~ute C~t 1'Ol of hl~,d pre ••ur;, h? :t ~ate :J..~·~or . t-:- ~ .".',
.fi. . d r e w a t ill e ad1'e.~...U_ l eve 18 ~d .t o __ .lUl!D.t , renln .level• • A

! • genet'le s~n..llt,-· • • socia·ted wi t h _yapa the t ie::' ~tpo't '<,ould cODed_hi:' ,

i ni t iate .hrP a ft e,osiOll ,
..' " ~ " , : . , '. .

1lll!ll\lllollYllpa tb . er omy (1'01',,,,, . et . 1. , 1972.) p.......en ted . ""11e tr.. a t .cnt ,

witb ' 6-bY dr "';'dopea i .. . ( s ' e DlllpOund t hat d'8~ro"lll eate~bo1.ll1l1n~rilc n erve

. ~ .

. ..,' , ".
t e t1ll1.o_ u ) ·d el a! •.cI (Ysmal"1 e t . 1 •• ,1 972 ) or p~.Ye.. t .ed (U ncb e t al• •

I
I
i

I
I
l
!

... :_': ',-. '~;':;'_. ~ ......,.,...,.-~~~~~j

1972 ) bigh bloocl p r ...u re developm~t' I n ' t he SIIR. Onllo t of bypert en elon

1~ t he SltR' '""an 1101110 be·, d d . ,..d· by ,,-~r '~~dr~erllC bloe~er8 (~~~~w

.t ••l. ~ 1912b, Nlizu.o a nd ,l:rieh1 j u.. 1914) ; . :;. ', ''" i'



/
~ .

. ' . " - - . '
aerotone~g~e ja e ur ca e pIsy _a -r.~ le in . tbe eti~log,..of hyPertenslon ~ the

' . .
'T,-r oa l ne ,bYdro~lsBe~ . the '~ate-l~t1ng ; elU~:ln the prQd~etion

of adreri';'Ifil.l~ arid noradreiiail~ e; w; . llot d ifferen t "'in _ a'r~:'s Ai; Ai, O~ "

the'lo"'~" <;:~Rrul.e~~ l~ ." SIi,R . ~ or s~;a'gue-Ilawley ' rats '(R'!='Daud ee -a l . ~

Invoive lllel1t of th e s ympat hetic l1e"ous ayatear.in thepathogeraeeis .

~f high b lood p t".esaute in .the SKa ~e ' al~ ' b~eD ' iuu; e s aed bY 'at~lea ,?f

eDr.~ ac tivity i n tb~ CNs ,o"",hieb a", o'f~en eonUieting.

· - .' , .
loWer activitY,in SHR,tban a !"htar ':rat 'bralna (Yamod. et &1~ .. 1970) ;

hQwev~r a~t1~lty o~ "t b b enz~e va a'· eq ually iow '~ both SHa IUld~

' - , '. '. . . , - " - '

B-hy,dt"oxy~alle ae~ivity i ii the 10 ':u lI. e'oe,ruIeulI si;rdi~tlY Ic:iwerin the

SRR than in theWKy" '~ltbougb d~pllllll~e lI'-hydroXYIaae ac tivity was ll1avated

. . . ' . . - . . .
Naltamun aQd Naumar a (1978) foUnd dopallliQe a-hydroxylaae activity '

waa elevat~~ in~ -the IgcUll~ .:oeJ;"U l.~~'II, .' ar"~ . ~"Of '~he ~d~~a and In IIpinal

tntsr1aediolatera l ce l ls of youllS""b ut 'no t (lId SHil. au8iast1D.g' :lnc«aaad

· , ," . ' , "

bUi~a .(Y~ri -~t ' ll : " ~9nb~ _. • ~b ~zYm_e_'_ 1a !~BO ~.'~~Il lla~~_· 0 t !,e. l
pl'odu<;:t l on of - s eroton iQ, an g t h e-r Deu-rot1'lln lilmiUel' that is fDvoI-ved -i n the · t' .

, . " i ' . ( , .

eentral eontro~ of ,~loOd .pressur~ tbdlboap lnll1 neu r<ms with ,ce ll bod i e a

. ~ in ' t he vaao'llIOt"or are~s of '-the bniiQ8t~ Ill ' are a -mb:ture ~'f- eatecbolalilinerglc '

and lerot~ergie barve's ', challUtB, 1915). " BUc:ki~ha:;""et al •• " (19 76)

' ~ound : thst S;6-dihy~roityt!rPt~~e .-' ~ .~~ound, " ,tbat de~tro:rs'("'erot~rierg:tc
· , . , " '

ne':".'" t er1lllna Is , wh_ inje cted int1'ac-er~broven.tricul'll ...Iy in YOUIIS ..5HR

. delayed ' tbe on s e t of byPertension . '-_· Thess authors s uggested teDU 'llI '



\, " ' " "

1979t . Nor was t here '8 d1fferene e in MAO aeUvity in ee:atr al blood
I, ' : . ,"' , ,:' . ' , ,' I ""

V8~SI!~1\ ob ta:lned , 'f~O~ .~, ~~,k :Old ,~HR atw\l' (La~~~d ,~pecto~:, n18) .

" ,St udi es of th e per,iph~ral , : ~ympathl!t ic 'uerv (1Vs 'ayst elll ar e 88 , .
, ' :.. , .J , ' , '• "" ,' , ~ , ~ i ' , :' . ," ' ' .
, i nconcl us1ve 8s -jtho81! of centra l sympathe tic llct 1vity : , Spla nelmic IUld

' r enal nerve~' " ~ ~,: icbij ima , 1~:7j ; 'j~y '~t ~i:. ' 19; 6; ,Ok8~to et ';'. '~ ' 1967) :.

,'· hB.d a hi gher d~8ChBt'gl! Tat e ,in the SKi ,t han, contr~ls . ' Denl!rv8.t1an"aru~

;educed t he :b.i t h. 'n y -. blood' :~r.ell~ure, ~ ., sIiR i.~~a~d h!mn~.
" " " ", ' , ," ,"

prep~r~t,1:~ ,(NDS:;' : t 'a l • • ~972~ ~ , Ho~,vei: , La18 , a~ ~o'7~k:r8 (~97~b)~
~~o,r tl!d ,t hat veee ur ee r~ai~:ance ~n SH' , remained ,? 1gni U cant h ' h18he~. .

h.m ,i n W1st ; i- rats af tel' biia~erai" l !Jlllbar,: 8~pathectom;.. , Bohi~';and

.:::::,::::::t:,.:::,:::':::,:::::::b;:::.':.:~:;!,~.~~
, Th; ' ,e ' ~wo 8tUd~~8 ' 1ql ly va8c~lar jr~~1~tance_8~d 'ari:e'Cl~l,~.I 4i~~'~~: :l~ "

detenained mOr~ :by' ,t he . tructuTa! ' or ,llIyo'genic proJl,er tie,s ~~"by
, . : " ~ '~ ,

llervou~"1J:l~ut. ~ ~

'The s~P8th~i:lc nervous :syat em~y 41&0 contr1bu~e to 'a , t'e~1 '

.~athOgerii~' meChll~1am -, sirice ,re~l ci~e"~i:~,o;n.,bDO~g ,SHR d l!~,ayed O'll.~~, "

o~ el~ated blood prea llu~re. (Di et z . e~ ,a l . , . 1978; Lia.rd, 1!H 7) ." ' !

1:D 8";'ary .- while an Sbn0m:lit~ i n ,t hs f unct i on' olcell't~~l

pe r i phera l ' aminer gi.c neur one 1.8 auggee teil by th eae ,. eudi es " 'khe 1nvolVemeDt"
" " " ~:, , . ' "'.. --' , l ' , ."' " , ' : ," , " " " ' ..'

of .t~,e.. neuron~ :,-1n , the etiology of hypert,~nll1on 1n th e SHR haa D?t been

f1~y 'establ1she~. '

d\ Vaa.~ular Factol:'s '

\ : i . . . .. . .

: Then ) 1& evid ence ~~t , bo'th" s'~ruct:r8i ' and r~:~vltY e~:ges occur



" 4
and maintane nee of hypert ension• . Pol ka", Bnd cQ""1oIOrker~ ' (1970; 1973)

~ve _postu~~ted _c'ba 't lnCi"~ii8~d ~~aC~lv1t1 ' r~p~rted .~ hypettel\e.lon _ '~ ~
p~~~~~~ : ~ res'ult ~f jSH ~~~'~';t; ro_PhY _ BeCO~d~rY t? deY.~lo~e~t· :i.f
h~ertens1on . Th~y sugge8't that e0bar geine.n t o f tbe~dia of ·re~~.~taDce( .

~es lle1s OCCUrII a t the elCpeOa8 of lwaendlameter~ is 'r be VSM
. ' : . ' . .

t.ype rt r ophies. ch'" a rteriOlar l~n- ge ts 'na r r Ower ,and pre'8~nt. more

r e ea eeenee "c.o· b~oo'd flow. ' ~ther" - {DaYle and Fra~(!J;" 1961 ~ Me[lCllow1t.~

Bo d Na ftchi , i 9.58) s ug gested th~ i dea t hat ,r .. acdvi t y ehan gea are a

ca;"8.~: ;- . ;'ota ,..c~n8e~~~n~~ of ';le~ated _pre~llure., · " '~ /
~, . lo; kow', hy pothesis ,is lIIu~.ported by the wor k t f ~ulv.ny and c o­

""lokeu (Mulva ny and Halpern , 19 77; Mulvany e t 81 . , 197 8 : . Warshaw ee a l • •

I!J
"j

.I
I
I
I
j

. . J '

i
i
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I

r at e s of u.:cOrP"':rll t ion o~ , .pr.olin~ ~ , ~ prei:.ul"Sor of eo llasei!.·. ·'1.n .ort~ ·and

mesen teric arteries of oldeJ:' SRR (Yallod . :1976). Prolyl bydJ:'oltylase

'"' aCU~it)'''' a ~ea';'~re of collageh lly;, th~~is. \,all'~i:'!V~ted' ~n SHR 'Ve8111!11lJ' ~"
(OOllh~ et ,':1. . 1974 ) • . Incoipor.atio~ '~f 'l~b~Jn.t ;Lysine fDto

n~~:..coll.ge~OU IiI , pia'h iD "w8~ f ound to b~ devat~d in " OUDg SHR (Y8t118be

and Lovenberg. 1974)-. . "\ ' .

'. - .
Thel"1I is ,evi den ce , tMt'~ y:a$cular . hypertrophy doea I1Ot'ee ewr early ~

th e devei.OP~t ' of hy~rtl!Dsion in ' t he SUR•.N~ 'and LaDgaer '(1978) .(

r~ported 8igni~iClU:l.tl~ 'h i gh r8t~. oll.b~~l~d' 'pr~~~1!1 ~nco"rpOr.t ~~n .

oc~ur , o~i;' aft~r 2j' weeks 'of 8g e. , ~h8~' hyp~rteollion will wen 'lltablill~~~.

Iii. ll~ry. structural ch. Jaea . i:~t co~ld r~8ult 1D ~ io~~ell~~d ,

resLatartce '·, to ~lov prob ably o~cL'I: ' i~ 'l:S8POl'l ll~ to elev-~ted p~e88ure . ' ,But '
c" ', , , \/: .. " ', ', '

,.t he qlleStiotl of. 1nc r ea s ed re.et1vity . s aU~,sative !seror ,1D tr:
~y-p~rtena1an tl!lll4l1n s unaettle~{ :,1. r eview, of -t M e pro blem foll ows "

• ' . ' .. . --: ', \ " . . 'i ' : " " . ~~
l)
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. \ ' .. -: .. -
B• . The l'h;l n..eolog 1ca l Rala tion . hfp Between V"cular ,Buet1Ylty

'. \ . .
" and Hypenenaloa .

t ' . .
1. Tbeo rctie.l e-.lderatlon s

' . • I " . ':,
a . Deta n l1 nial V• • e ula r Iaactfvl t>y .

. l . . .! .... .
..';'vneul..,~ ~eiet1vlty" 11 • t~~ .t ha t l~o••l Y.: c ort••~nds. teo t he

r e sPonslveneas of ·~ thc "alle ulat ure , t o a i l ve a ·· . t f.lUIl q . The atblu1ua
. \' ,. .. .

can ' be a phat1llaeologl eal on e or it ean ' be e . eh an.lle i n t he 'Pe rfud on

10 :

I
.: - ,: '

·' C:..;. . ~.: '

. ' . - -
~a~ .in t be ee "".• t .nt }lo.. pe rC ulll10D s t ud 1e. , c~n~"".i ft perfus i on

prt~9Ure are. . mea.u~ed and 'r eue! t ....:ha~gl'lll ·1" , va8~~ia 1" ':';ab~c:e.

-. ll6.pon~III' t o ~~roll.d : i~craa.~~ ' 11'1 ' hoi;, o r 't o pb~ru>acolo.i~.l ·~g...n t ~

a~ded .eo ehe ' ~ei' fu~loa fl. Uld whieh . e ff.e~~. ~e.eula~ alllOOt~ lIIUpd e

~tt'aetilltY ' ar-" .T.e~rded e~ ~ha~ge. in perfUa10~ pre....r~-.s bo r h .n l p.&: \ .

:" '.

'.' " \ , . . .,
'. pruaure or flow r.te ehrough a veaael o r vaaeula r be d . Va.cular , ,. .. .

: ! " :, '. ' . ' . "

r.aet,~~r.Y b.." be~~ ,Illea .u~ed vi.th t he u llIe ~f , ,~ar1oua ,~~~p~ratio.n~ ' The

a dv an tages a nd dll_dv . ne . s ea of theae diffe r ent prep.ra tions 'a r e 4ealt ,
, ~ -: '. '. ' . . ...' ,' .

with elsewhar• • but it . ho ul d be . tr.".ad that dUfer- tn t a pplIc:tIl of. . r. . ' . .
_1"• • eti,rl t :t:"are lIe~\urad, dep.nding on t he pr e pilr a tion .nd ·Ou ~be met-bod

of dat.·preacntat1ofl •

.;..;...,,-----..._ --_.._._ =-'~-'--~----=\

,
'j

I
i

..... jn ""'" d«on,";;';". .... _d •• 'h. ·h ' h ~. . :. : JL
. .. ~"':i. ~...;, .. ~.;;U, ,..;;;...; ·W"h·;.."•., bl 'h''''';' '<'''' '"!

. ..Un.. t h r ou gh a a~i~ artery a t .. ~nstant r a t a of tlov :or a t a conat_t

p~..n nc ,- Th~ r~I~'tIO~'hl~ bet~ec..n flo:" (F). charlgu fa perf_loa.

, pru~\;re (t.!') and ", ~.cu.Ut r~d.t~.,ee (I. ) h an ~lUloiuc: to ·()Iia,· a 1.av .

. " . vbichexpre; •.e.• th. re~.t~~hlP_betweea cu~re~t; vol~a~ .i lffc.~tia~.

'a nd Il1cc trl ca l ra.l~taaee'-.nd can be app roxlut ed by the e'lua tlO1l :

. • . . r '; ~ - (!lurtOD~ 1912 ; FOl2""'" nd ~oll . · 1~1i ~ ' · .'..
: ~



, . ,., ~ , ! 11 '

of the " " ee:1: r~8~~.tll i n ,. , :reduc t i on iil t l.lDlen ,~1ameter : A 11_11

'. dec rease in lumen di s lllllteT r e eur ee i n II l arg"- i nc r ea.Bs .-bl mealJ6Ted '

resis~ance sinc e frolll P~'is~U1l1e' ~~~: ' r o:sistanee (R) ~~ flow ' ~brm;gh

a rigid tub e (wh~~~ ::. pproxi~ts~·. U<q through a , b~OO~ -~sllel) " i'8 a

·f unc t i on of ~he inv~;'e~ ,of the 4~.h power 'of ,t he' tube's ·,r . d i us (r) : -

. . , ~ . ' " : . ' , , " " ' ; ' r : .

' ~ '; '~ ' " (~ in ' ~h18 , eqUa.ti,on ' r~p.re~ents d$COl:l1~Y) (Bnito~. 191 2)

~ Vit~o 8t';die8 , ~f vase~iar '~caet1V~tY · U8tLdly u li. 'i . o lB t e d ';-triP~ -. . '.
or rina s of vallcular 't i a llue , eJ.t hou gh holated' perfused art eries sr e

also ' used , in which c as e thf' .abo..... conll'f.de r a t i onB.a n ap plicable . 'In

tb~ i 's.Clls t ed 'a t r i p or r1';'g pr eparat1oms, ' t en a i ,on developmen t re",ol-ded

\ : . ilollletricly ill ·u sual ly repClr tl!d . " RellP~nse-ll to pharmacologi c al asent a

'-, , , ' , I
~ a lld' c an be ' subject ed to analyds fot" vascular reactivity. , . ' _. ' " , .. .

___ 'J:he r e . r e . eve r lll par.lleters to ' eon8 ider , when"ana lysing vascular

re activ ity to ph.aTlDBc~lo'glcai .a8en t~ f~olll dose-yesponoe' data. ' , nltse lire, '

. i ll';'B tr~tltd :1n ri8~re 1 , ' lCi1 lsn~r , (i9 '~) de~;Btrat~ ;t ba t tmen ,

con llidedo8 .."ipersenu1ti~~ phenomena , if just d~B~ati~ 1s considered

(~1gure ' l A) , t~ :'~ype~.·spons1~~nOlStI due to alt~ltiot>s in ~~ :~~s~llI. e

of t~e" eff~c,to."r· . t.i.t1~~~, i t. '. ... f ·J:.8 th. e r ~.han r e. • , "'" .(~~~. g .',r~cep~.~ra
lJlIIY bt!l,mis t ed . H~ s ugges t s , alterat~ontl jn, the ,tbr~$:bo~d):FigUre Ie) •

.~m",:" rellPonse( ,( Figu:r~ I B) ' and ' t he slope o~ the dOlle';'rt;=s.ponse curv e

(F1gu~e lA) should also be ,con d de :red ,
. ', .
Johen~·Bon ''-(1 974) p~1nt lul oue thar there s t"e aeVt!t"ai different , :.--, . ,' "" .

e.. i l uls r ' fs c t ors that det"l'II1n~ V. t1C:u18:r ·r"lIctiv1ty ~ " (I) d,TlIg-rc,ceptor ,' ,

1I. t~ractlontl . ,(2 ) av aU _b Uit; ~f~2+' s nd /or' A~' t o ' the con~i"~t11e I

,. ,." ,', " , .
pr ot. m ll" (3) the s t a t e ot - rh a con tract i le, proteins tbelllle lveil . , (4) t he

P
1
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. CODt dl!ution"of p.8s1~e' e~5-t~e e1~U anc! (5f ~~Iea1 fec·to ra .

. r ei.ted t o ' t h e at1'Uctun o~ ~ntac~ blood ve , • • la. ' - B\lt "~f the~ (actora •
. - ~- " ' . "2'+: • - . '> -: ... : "',: " " ". ;.'-. .

coa trol of C. bo.e08
I
t • • 1I appe.~. t.O_M tlMl btl_t. ~:lU. betweeD~ .'

t ype e of a t i e ul l and tM' l' u pons1veQe•• o f VSK (~fl : Fleieh • .'1974 ; Veh_.
' . .: ~ ... ;' . .. .' .• . ' 2+ . :.. .' .'-", .

.19 17) . The cOI:I t1'o l of free in t racellular Ca l nel. h briefly rev1.evedI .... . . - .

be l ow. ~ . ' ' . 1 ~

"""b. "";"~l ;f'l~.";Ca2+ 17S...tbi.~';' ~ ;
" " ,

~t 11 kn.o~ fi~ s t ud i.• • of gl;~~l'~n-ted (l'1l0 .~t" ~.,. - ~!u.~r ~~_ ~7 '

" " ~~ l!lIIi.t a1:~~. ~.k1~ned · ( End~. e~ ,. "1. . ~9n) . ~t.b ·~~c~.~·. : tha~ ~.:~,~: ' "t... .:'
'. -' . relall:e:d ,s~.te •. tbe com::entr.tiDn . o:f~r~. (UDbouDJ ), ,~ntrac:e~u1~f :Ca , , . ~ .

. -7 - : , , "" ' . . _ , - ", ',' . ...
- . ~ust be . le li . than l~_S~ .~.d"~~~t. IIl.u:llnlll co"t r,c:t11.;.a~t1rity o~::a. : at .

COU,~ l!:Dt~~t1OU' of ~O t o 10, !.,The. e,xtr';:;l~U , f,IU,i~ con~:n~~~"tl~~. ' , .:

1111D th e .1111I1OIar rllDle.. 8'! ;.1l. in war d Ca , I radient is _ f lltalned eYftl ,
: . . ,' ' .. " "r ! · ' · . , ' 2+ :. '. ,. ':,_.
, i n a au.t&ally con tra c t ed , ta t e:, Yet e :d:raceUllla r Ca s., DC CC,'a&fJ' for

contrec:t U , «et·S.VS.tJ I 1~" Cai+_~ree:~III\;'~', 'v~ . ; , ~apoU~;~~~~ ·
, ~'" - ' , " , ,. ' ~ ,

Cse~ 'Bradi DI , 1979; Wef.;: 1977)• . . .

There 'appear t o be- ar.:er~l ~·t'~a v~ which ~2+ ,;y,. ent er the cell . :
. . . . ' . ' ' '" .. : ~

r. ' 81ve dlffuai ollo llowD'S.e. concUltrlr.t1 on ·I u di ftl t 1& R 'obV-t.ou. 00.. '.
. .: .: , . . ,'2+' ., - , :'" ~ ~' .. . ,

, .Ther . pr obably axia r volta s .-depeodallf" Ca . cballn ela vb1l:b open vhen the ,
, :' ,. . ' ." . ':2+ ·· " , , ': ';' .•

', ce ll membra ne clepol;*rhu .•nd aJlov~ ,~ , t o ~ter ~oom 1,~' couceo.tra~~~

IT.dient, e,rryhl an i nward eurr,pt (TOllit·" 197') . ;·~pparen·tlJ. ot.be; ,

cbannei~ ~.i wbi~~ a dlllit , d.~+ .~; ie apon a. to .r.~~Pt~r 8t~t~~ , ·WU~ · ·
l i t t le ee no" lIl~br.l;l e ~epol.r s.zation; 80 cal1ed"ph.lllrmaeollWC1I.1l1nl~al# ~ , .-

. -" ', ' ' , " , ' . , .', ~ . ',·7 , ' , .

couplbg (<Aate d . ee a l .; 1977 ; .SoalYo and ' So all70, . 1 !l~) ; l~h.~ellui.ar- · '

.·a t or es o~ Ca~ ";":',7., la,? be , :,re.l~8ed by.:~et~Ptor-"';di~ted ~"~~~. ·a. ·i~~'.'
.: .t:b~ ~~ of ' th e initial ( phasic ) re~'pc;.~ t o:~ondr~~'Uri. 10 ~:'bbft -: .

~kri~· ·vb1ds· ~~. Dot ~Uire extrac·eli~r ~2+. (v~ ' . ; _ . ; al':~197~). , . ~ .: .~ :~ t· .
. -" f.· '. '. ' " ' ,; .

.'. , \. :, ;

.,.....'

('/
..



- :' ••. :''":-\ 2+ .:.... . .'
I ntrac.. U ub -r s t orala .. i t". f o r ' ca 1ftdude mitochondria .

a8tco pb &irlc -r~~·tc .iiUII . n_~eus aDd plaSlllll -...bra1Ml (~aJ.yo ~d s.:-1)'0.

1975j . · ·~r·. t he . t orq,,· ~itu are 6&tun bl e a d-~~1." t he cell"
. " 2+"" , '. . '; . ' r-;

a u . t u t na4e ca . to ..1DUtn an ' i " """rd graditlll t ; It .... been adU;" !tt ed. .

....::~:,: .~:~;: :::::,:;~::::;:'::.~_':~::: :::~ ~J:: .
, , p r e pa r ation . (.... ;Il~~•.t e in . ',1 974 ) . bu t . ha. not been uo e-qu i Voc:aU .,. .

demonstr a t e d 'in InlOO~h ~U.d8 (~ee ;v,an Br eeae n .. t '.aI. , I t79) . The "
.' ... ,2+ '-." .' .

subject of N. -C . tlx<:ha nge i . conaidered 1n d e tail in the Di 8Cu:s.s:lOll

1

i
i

....J
i.

j

I

I
]. \
I '

I:.: '

, chap te r . ' . .

If ~ lie 'iIl t r ac e llu b r f~~~' ea2+ :~onc ...n~~a~~on . h ~Y aOll~·: .lllea.n. ' .

. .react~vit:r . Tb.. ra.u ....v. r . t po ••i b l .. _ ;han1_" .v h i Ch .~nglT ~r - , !-,:,

cn;ab 1n.l t lcno could ac:CIjI\Itlt f o r . uch a eh_ge ;
'. :, ' " , ':" 2+ • . " .

1 . ' An mer .....,! exusce l l tLlu Ca cOPceotra tion _ Idincreallil f! .'
2+ " . , .' ~' -" .'- . "

t be m.....rd Ca s r s d i ent aa.d t he r. t a of pal.,l1_ dif f u a1on .
· . ' . . . - '- ~

. _~, ' An m c:r e aaed _br ane pente.'lb i l i t J' t o Ca•• due t o

· ' s ) de~b-Cia.tiOn and ,ope-ninl o f vo1tale-dependan~ cbaaD e1I; '

b) · inc r . a . ed pha~cOCIOKbanica1 Coup~1ft1 . • t

c) iner ea''' ed p••s i ve l u bae .

. 3: t~t~~eell.. ~~-c so ure e. of ea 2+.,;ore b biie du'; to .; .
s ) r e duc:.id " t or a Se ' c .poe i r y

· c ) tncreaa ..d r~lea lle 1ft re8Pon~e t o r ec . ptor at:hllulati~

111df';ti~e r emOval , o f ~2+ f rom ~he · ~SM , c e..it ~'·

''1;;'. '
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deUrain"aDt8 ~f ve ec u f ar reac:t:lvlty in t e rtl.$ of -clI au~es they IIl:1ghr....produce

~n -do8.-r~gp~~~....C:~8.a~' out lin;d 1n .Fi gur e 1:

i f, ao .F Olw .s ugges t B -(Fo l kow . e t d . , 19n~. ln h";""tt~~i.ve stU~s

t he VsM hYP,ert roph i eo 'and e nc roaches all ve ssel :1~~ ~hetl -t h e lumen~
";~ome narroWer , " If r eactivity , is th en lIIt udl ed V1t b ped?lon" tecba.i'lue.

~ a co ns tant. fl~ expe"llD~t . t~e natto.... r l "';'en will ;;sul t. · In • ~he("
, ,

base l ine pr eBllure thaD in a comparable v e n d or vascula r bed from. Ii. 1l0~

tl!l:ls;~ve anilll8; .:If a dose-re8P~nse' curve ,is then e~~~'I;\Icted ~~ '8 P~~~IIO~

. agent , th e _ h";'~~teD-" ~ve tt.s/; ';e should "s how s ' gr e at..r}~~ reap~ ..

( F;g~re lll) - and .a ' stee'pe r ~lope (Pla~r"; .tA) du,",' t ? .~~~ " xponentlal ~latlon-
~ s hip b et1oll!ep lUlllf!n _ radiuB -~n"d ,rots 1s tanee .' .·b llt the: tbr~shold 6~d relll8i"':

i . .
t he same, . eaece t he 6 cnaitlVity o f rece p t o rs an d ,t he mech8llisUlS COIItt'Olling'

~,he svaUabili~r ' ofCa
2+ 'Sho~ld Dot he alte.red by h1Pe~t~~phy. ~ .

In iso l l!.ted· riD g or -~tri~ ' ,s t ud i e s o f r e . ctivity. hypert~opby 1lI1gbt

,\

If the inerea "ed re s e t i vit'y de 6er1b,d b . not. ' totall.y att r i b utab1e
. : . - - , '< ' ,.~

to , VSKbypertl'ophy . f>u~ also inV<)lve i a hjperllEll81t.1v",t1ss~ue ,respo n oe
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' 2 . E~pirlcal ~nsider:tlon...,
,., , . " .

. t ,· ,' . ' ':',',- , , .,"
' ·:E<.> r l y investi ga t o r s .of b ype r tension found eviden ce of ':increased

, " ' . . :..
~a.c~i·.:r' , rea~tiv it:i . t o pressor a ge n t 's i n 'h y perten s i v e pa t :1enta (Doyie

~ "'< . ,... . ' :. I ' ' . ' " " , ' , •

an d Black. ' ·1 25 5 ; Llo~ an d Ro l .. e, 1 9 5 1) an d In various exper1menta l.

' a n.i tl>al ,,· (Brown aIld Halgr~a1th. 194 1; Mcqueen. 1956;· 5lldrk.. 19~9) . · · · To

r e i t e r-a t e . t h e r e a r e t';' hl; pothe,,,,s t o a ccount t o", theae o b s ervat:i.",,,:
, . .

One h ypoth e s :i a augg"ata t h e 1ti.cr ea.. .. d re a c i i vtty r-e lkc t ... a a uper-
. " . . ' ,

s en sit i vity of th e v .. acllla r . s..ac,th mus cle :1n hyp e.r tensive. s . Fux-t'h&nIOr.. .

•;, .~ his su~~s".. : sitivity h 'p..roba bly ,~ i"an ":"'i tUd genetiCaI.1Y . • ~d may, loa a .

causative.·fsctor in t h b di's e ll6e " ·Th e. op posing h ypothe.s i .. was expounded

"'":. . ', : '
react:lvity o "(:urll ' seconda ry t o s tructura~ cb slIges in the r e at atapc e

. -, " " . " .. . .- ....~
ve ssels; ~~t these.'" han ges are the reil u1t ' of \ ;asc ular !, .DoDt h musc le

CVSM) .hyp;' r t. r ol' hy i n ~e"pon8e t o :1>:1gh ', blood pr e ....u r e . Inoth~r ...,rd.. ~

~his . ,"" ca n d hypot.hesia 'a u g g e s te t haI;. t he innease i n re"c:. tt~ity ' i s not

oil ca~;'ti"e - i ta"tor . bU:" r athe r .. dinct . ~e_"Ul t DC hYPIH:tomat on. " Po l k ov

suggests ·h';:pe . t r ,?phY of "tbe VSH lI ubseqLlent n '~ he d(!Vel~ptdeJ>.t D C

hypert~8ion l ead" to a n a rrowing of "t ile " "'uel 1.....;~. Hypenrophy 'o f .t h e

""':~i~l AlOotb ~~"Cle .~f ,t he ' re~~~ ..:ud s uperior _8~nterf.:<:: : ar~er:l~;\:s
been deo>ons trate d :111 bUlllan hypertension (llarre tt . 1963 ; Fur..,.......... ' 196 2 )

bU~ .i .. no t app.~nt' J;' ~~11oo~-~;''''''1s ' (S~i-t.1966) f~'~... ~)'pe X- l:e.ndve
h uiaRn s . A 5"",11 nanovi.ng " fthe aru rlo l.a,:-r adiu s ' vil l,.be. r eflected S8 a

large .cl'~,n~e i n ~e8~:~tance "?" :10 ~ccordance "'ith ,POUS"'I11"· " i".~la~:l.O""hlP~

, res :1s t&'lc .,,~ I n a ves s el i s ~~v~rs~lY prop~rt~nal to t h e . 4th pow er of ' ~he

r a d i us. Thus ; any e nCl;o a c hme.nt of th e h ypertrophied ",u scle 'lnto the

lumen \1'111 a ppea r t o ' i nc r .. ...... the re.~~ tBn~e i n a '- t ud y' tbat ·~ea,.ur~~·

:it
f

f
I

I
1'J



"
incJ;ell"" r eported il\ hype r t ension .

A review ,of the litera t ure rol.l~a, co;'pari.'Jlg,the '8~PPo i:-t:l,",:g eV'i d e n!!e

for 'e lllcb o f , 'th elle 'h ypot he s es lnbotb h~n and e 1qlll'!t imen tAl hypert~alon. ,

CDre has bee n take';"";o 'l: ee~~uat e "the 'ht~pre",ente'd to aa8tls a r.'be

df.fferell~ p~~a-;"' te rl!l Gt' relil ct iv1ty ~nd t o offe; . tnterpr~ta.tion ~ llght:

of chell ..h :l.c h u Y. i ll so me cases diff e r ' f r o_ the 'aut hOr a ' orlg:loa l

concludons~•

e , , tlurban Va8cul~r keilc~ ivit,. Studiea

" ' " , , "" " uSince' :l.t. is d:l.f ~ic~lt: t o obt a i n liv:l.n g at terial SIlIOo t h lII"'!;-I.e ,fr01ll

b~ ~ubje cts , ~tudiea reported a r," 118l.Ullly .!!!. vivo e;"'edmeD ts lI.dng ,. .
i n ta: ct perf us ed v;'sc ular 'beds. , Hout investigat o ra have , use.d '~tbe fore.an

" , .~' " '

or d igital ', v ascu lar beda .Bi nee th'e arterial bloo d suppl.y Is acceaaable.--- ~~
'. " ( " ':. ' " , , . ,.

(for t he i nfus ion of vasoactive agents) ; a nd s1~ce change~ i ll b1o<:i~ fLov

can ' bereadl1y es t ill8ted b y pl e t hysio"gi-aphy. Often, lnthesll e xperimen t s ,

, ' . '

that co'nceu trations: of i nfused va s oactive sUbut~':"c.s A'I;'e 10 _ 1 1 th a C

t he y dOIl'bt ' ~~t ln~o' syst em.:1ccir~u1at~on :In sign:l:f i CllD.t · coi-":m1~ra~i,,"u .. do " ,
.... ' ' " " , ,

not ' e ff ec t h ear t ,rate ,or h ave r e f1a ef fec ts. on blood -pr ella';'re'.

"". "to" )

------:--- - - '
'~.,.j,;. ;. _ .~':-

s t ud:les ; 86 correc t ionp" f o r hi gher , baae l.1 n e '"es :l s u nce_ co fl ow, i n

.. " , .
•U JIi.l\g chi s t -:cl:,n i que, .incr eased re ac,t:1 v ity ~n , ~ypertoims1Vl!1u waf,s e en

to ,~fused '5 -1l8t hy l -isou-re,a and ~ngiotena in ' (Doyle ~nd Black~ 195,5) .

no~adrenal1~~ (Gre i~l:l8n , , 1 952; ,Me n ,d l ov1t z 'and Naftchi . ,,:195 9,) . S~ : I .

hyd roxytrYPCallln e : (Doyle. Fraa er and Har s h. n, '1.959) .and. adrenal..in e (Duff ..

195 6 ). .It i s difficul t ' 1::.0 verify d ai ms o f l~ered threshold in -'t hes e

,b--
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avoided t h i s .l' robl a lll by _tng • v laual .e.... u~t ofthe _tate o f '
" . : • • - J • . • - - . . ..

. toOt.T action of ~S)l . t.n IITId 11011.011 (19n) f~4 t. he 1>tel;."pi1lar 1 _'Pb1nc.t.o1:
, ' ! - ",

in tb~ bll1bar CQII J unc: tb... 0 .( hype r teuaiv. a were .-ora _-.it l_ to topically

applied ' ad renaline U.alI _ ••e l a ~n t he .QOrmOt~.:l... «Ja t Tol group •

. Theae o!tudl.. a p p,ur t o" 8Ufl9or t th~ . iftCU .I. ed MUiliv1t': hypot~.l~ .

ao-r . -YolltcN and c_rkeu have _pub U a hed dat. t ha t. ..,ppoTta tbtt . "

", -" _ . , _ '.
~ner~••~d. T!' a tata n Ce ,t heo ry : 51ve rtnDn a nd O~aDder'f~968) fo~d t ....t~;

rea18ta~e": . t o bl ood now to t he hand In hyp.nen.l~. ...l1li r.\8~_d : e¥Wn at

~1~1 V~80diht ion . ~u~.~ f.ound no .~tffu",.nee la . t_ ,t~~~~id

~eDs1t1vi ty ~o norad'r en811.n ; ...hell, eomp~red :-to ...lebed llO~tendve

" " , - . ." .. ' ., '". - .' ",

hyperemia ...a a s ia t l a i- in hypeirensive .ad n OnlOt endve pat1eot a • . »tOO<.l&h . · '

. - . , " . . "

The ' .u>dt.e~ .OUt: l:lDed awn ha ve a Ct-n fl .,",,:,: ' They a r e ~tud1.:-. on : .

. ...t~.nt. -vi t h :i. t a b l h "'; ..·•ell sentlal ,h~rtend~ - . ~ tt.ce hyper trophy 1.~ t he

nat~ral co~seq~ee o f pro l on p d elevation ~f pr........e . it 1& dtfUealt t o

··ee ...r~ie ~~o~~ .. ~~ruc: tural C:haa~~ 11 ·d~. t o byper~~opby or byperpJ.uia ": ~ .

f roe t ho ..e d ue to "I n:... t e .YOlnid_Cball~_.'-~. nadly 'of human

~.9entia1 bype~un.l~· ~~ ~"b an d Fr~.~r (l~l) ~ttempted ~o ~r~lIc''';d

. th1B dH,~lCU1.tY ,;y. ~t~411~g t~.. of~8pr1ni(ol h~ertenllhe~ ; ~or~draual1~·

wa ll in f us ed lnto th.. foreat'1ll ln , h y pe r t en lllvel ancI .thdr 8On_, 'who ""1' 11' ••. . .', " ' " .. ' ." , ' -

• zroup RorJDoten a lve/ .' The r e d .i1tan ce , ,t o f low d.Vl!l~Oped waa measured by

. p~~tllY_lOOsr."PhY; " ' ~o'th' the byPer tenll1v e .. ~nd t he lr DOnlOtene1vellon' · wer~

'f~~d tc have ~ne"'ea ';ed r~et1Ylty . ·~1. a rudy auct:ea tll that the .

· 1
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incTea~ed r~.cti;i~y t~' vasoc<.n:50tdctors seen" 'i n h~.rten~ion iaey be ' 811

in tr:lfak pr'ope~~y of' ~lle ' vs~: and n~t ., ~"l;.o.n~ery -efioc~' d ue. to e nauing _ .

hyP.r~rophy . : -. . - . .. . " ''1/ , ~ " .-.:, ' -' .
In .~ry ;· a.~thou~h uos~ cl1nic~l .~ud'1~i:8:f 'Yal'Cul~~ rea~d~:ltJ' ~

in, hyperten~10.n fou.~d _t ncr e a ae,d re.~c~::ity t.o -iasD.et;1v~ a gent s. 't h"7. , .

are ln co ncluul ve >dth re spec t to t he , mech~:l.8lII . Th is is 110 bec_....e
. _ . ,<" . ' - , " I

.!a~ r ea c tiv ity C811 only be es timated by changell i n r e e.i 8ttlDe e to •
,'.. , '. .", ..: . .

c.on.stan tflow. , }(oaT s tud ies fo tm4,.resistance co b e elevated i n
. . " . -

hyP er tenlJ1on. , pr~bably aa .~ ".'onsequ e ,?u of h ypereTOpby ofVSH. Da.clI: . .

h~pe~troph;' hn taken place'it 'is diff~~ult to "ahcr hlllUlte ,i,'eeveeu"

app~~.nt rllacUvity · ~~~geB . incillc~d by a :~a;row~ ' ~~n. . ~nd ' ~~~l ones

~~u~ed . by aD · .tnc~~~e · h .VsM s ena i U ,v1ty to vaBg~l:dct.o~s ~ ·:

. .
~ere ~re seve~8i ~th~d9 us~d .t.o , prod~c,~, h;'p~'rt,:n81on in _pe~bea~al

an1mal~; ene hyPe~ten~f.otl ~!ually pr ed ueed 1& caueed by inct ea Bed bl oad

.vOl~e . re~i~ s~c:ret1on. llIi~eral c:ort.i co:Ld le~lIlS . tla" re~'i'?tion 8fld~~; .

.. by gen e t i c pred1sp~81 t. iotl .
, : . .

· A 'r ena l 'mode l. wap iftSCr1b,.d ,i o ' 19 ) 4 by .'COld blatt and co_~~ker. in

which ~ne ,r ena l _~rt.e~ "~B - ~~rt.1.11Y cona~ r1cted witlt e cLli~ .and tbe

c<::mtralatera~ kidney v~a .r e ll'Oved . Thi~ so:-c:all~<l "ohe..,kidney Caldbl.att"

~del re,,~lted i n ~:rmanen~ eievati~, o~ .ur cee pre·saur e, to p.a~~l.ogica1 " .

" l eV: l ;t ; ·1iype r t ena1o n ab o _rell1J lt.~ ' ~heD j ust one ;Ten~l art~ry 18 ,c l amped - "

,The ' form e:;- ~,roce~ut"e. , p r~duce8 II vol~~expalllilbn indu c.ed ~ype~tension •

..hile, i n t he latter taOdd . the renin/ang10 c.enG1: syatem .18 t hoUght ' t o b e

" . re6Ponsi~~'" fo r t~ , 1~~l"ease i I.' ,b~:OOd ,pr~Bsun r esult i ng ·~T~1an .' 19i4) ~

; .

il
j

1
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"

. : ·~~~econd .JL'de 1 of expe':t,lIen.t~li;' 'j':roduced hype~teng,lon :1.s the

ad rerl8i.cort:ica5t~ rone,-ind..eed mi.de1 . j The h!p~rtenaion l itl Prod~~d by
' / . . ' , :..- , ., ' .'. .., .

the adllliuis trat10n of dl!!soll}'Cor t i coste tcme-.eetau (DOCA). ' u 8uallY.given __

in . cOlDbin~'~ ~o~ witb a. high ... '~t d i et '-'Sd ye e~, ~i.; · \9lJ'r:'\, i n tbb lDOd~l . ' .

,." ,,:.tai".' \r~'h'~ th," 000"'" by Oh' ~:m'Y'~ H r,....,... ~1<h'
the 's al t r eadll t~a Yalume-e~3nsion .t yp e of h i gh bloo d pre"'su r e•.

• 11~h ird IWde ·i. 'ge n e tt i: hyper t en8~~n . ""nd I i t h J !n.eI'",hl~h lIlost ,'

ClOsei,. ::.:~ppr~xima ."'s ~~.:n e~se.nt :i.~.' h":"~:~~'. (1 ~ J .J h~,~er. ,'t ~n•.'.. '. O. ~ ' of • .

unknown et iology Seve r al.stra,inaof hyper t e n sive rluhavu· bu n

, d e?cd~ed • . b ut the eve ~~t ~id"1Y ~5ed a:re th~ 'New ~eal~d g~etic~11Y. :
hype:rt~slve ra i: (GJi.II.Ydesedbed b~ Sllli rk ~~d'Bal 1 (1 958) a nd" t hl!

Ja-~.me·~~ - ~poIl t aneoud~ h~'~~ten"s'i~ r~t . (~II.) of Ok.am~to ..;"d ' Aokt (1963) .
' . ' . ' . " , ' , ' . .

Ur;"'·ues frolll t her;e ' m<ldeh have be eIi \ln d in a numb er o f pre par a t iOlls

..ae~ ,dth . ~t; o~ advanta gu ,an d ' d l~.dvan~5ic~ : Co~ ~~\ldYI~g vaA~'~lar ,"

smootb.~scle reacU;ity . I'~ rfused who1ean1i.wl s. or perf~~ed h1~d'l. uarterll
. ... , ' : " " ' ,'

lI.~ e uscf u l ' fo r measurin g rot al pe rillheral .re.s i.stAnee i n eons ~ant flov
, , ' " . . . .'

. ..x~~r1;D'en '7s ; . I solated , per fus ed .'Yesa e 1 ,s or v 3sl;ula r b..<ls :provi<l~ :a me aDa'

i of '"lllea~u1':Lng' ree a e eeece i ;l' . ·:giveIl ve s e.ei or "';a~~lature. uo':' .lly ~ ,~tt.: · ·

a~sep;e, o ~ .' ~~tO.~.o~ie ""?" influenc~-: " Ar t 1fi.clal· 'pe i: f~s.n. te eim .iaob~ .,

used to e l:l. lIIinllte ene i n fl uence of drc '! l a tln g ' hormone s and met aboli tes

iil' t he ~looi: ' I s o la t e d v~seula1' bedli ( e S. ;' t ll '; lIIesenter ! c "~e~) " 8re ' p e rhaPS

. betu l" prepa~~t1ons than hola ted vess e ll! for re~t1vity st:ud:i.e; ~ beCllu8~

' the;-~o~~a~n the~, ~~ m~5euiar <nt.r1~1es that, are the Pr:l.m:.:rY'~ ~te~naD.ta
of vaaeu lal' relll""tenee .('Folkow a Dd Ne:L1. 1971 ). ( ,

; , .JIi,~t~er '~re~3r~t~on ~f v~scul~rs~ot;; muscle 1 ! .t he ~'~~l~:ed s trill

o ~ rlnB b • .th~' i n . PhYSi61~g l~al saiutiOn ..~ • t hsu e ~ ha th . Th h pr~parat.ion

gre~r1y ' r~uee's st ruc:: tur~{effe~t8 ,an d -is re1atlve~y fre u' o f hof8lOnal 'a~d



, .

.. .

p.e~_· lnfl~e.. a. prDV:I,,<!l~& . d~n.:t. _ .....re ·o f con t rAct U ';' tendOQ

de~10~ . t o' tn~ c..e~tra,ticm. of pr e ..or 'll~om;• • dd~ .

II1th t hot... p 'C"e Jl'lr .ti....... d ....I els of byPer teaa l o n ; _ eT al

I n_Itlleton h&_ u vdlecl. fUoc: t1rlty of " ..eu lar .-oo t h~l.. f roa. ·

hypertensive lIQiaal-'. Th_ a t udb. a r e U bulau d 1n T. ble. t .Il &Dd

II ~ vitb :- r~'P«t - · ~o ~ltete.i par_tl!~s of ....~~bt ra-ctlrlty ~ Table]

· d _ at ra t'e" t~1t i_~ ~" d if f icult t~ ...~~.. r e a cU dt,. .~~. w the !-au.

o f EO
SO

' &lope.' o f t!le clo. ,-zeapo;,. e ' eu rvl , l~one • • • IIlIoiI.07 author, boave
' In : ~b~ p.s~ . In T'bl~ ' II: th~' majority 'o f at ud tu . how l~r.qecl 1ILllX~
rit~poll"e "t o prea.o~ ··.·B<mU 1n 'pe r fus.e d ' pl'l p': t"a ciooa end'decri:ued '__

': , ".-', ', ' . .: :--: . ',:
· rO!.~p:~s:~ ,'in 1 .,o1..U~ rlni~ :t,s t r t Pli o f .O~ ~ • • a l pr '; di ct ed .by th e

theo~eti.call c:on;~q~encea of .hy p e r t rC!ph y ., One notwo1."thy .~c.e ptio:, . i. . .

' . lItiu1y by Creenberland 80111'.:(1975) ~!'tc:1I i'ho ,...d ... t nc:reesed ~~~

· re~ae , t o .ev e rd p r e . eor .t~lIIOIil 1~ all laol~ t~d p 'erf...ed fOTt.i ' vea

p~p4r.t lo~ , f r~ -eHe ~H~ . Th~.. ~ tlM1Y ,',b u ce p t 1cma'i bet .use ~h'- ~n~

~lc1e o f ., t lle , c:1r c.ulI. t .lo n ' h "O t.:ubj~ted " h l ah pr~sllUr- _ d ~ld ,1IoOt .

· b e espe~tecl to ' b"*r~roph1 or lIbov lD c rea..d r U<:U .v l t , jf F o lkov' .- - - , . . .,

l

I,

- . . '
dU fe Ten cea 1n 'cO!!.t r o l e and , metho dolo KY:

~IDI~:,>telldO~ de",~loto..e'~'t · b e t~~ri 2 . nor-o t:~.lYe .tri. ~n• • til e ~~rth

far- ' Wls t Rr and t~e' NIK· br e d Wlstllr ra t. ;:T~'lt~bUht" d 8.tud1e9':J~lIlIt.l ~Ut:e ".·

• ' • • : ' r' - : . '"

Table IU a~ D l_r t~~.hold "" 1'e pon ed to ~y .• tl~l:l ... '

.~.ra1 dU fe rellt ,.pr e p .. r~~OlUl ·..d, -.Kle h o f - h,,",t en lll,<m. _~'rt. :lDI i be '

h";;Uwi s h pos.l:u htlng I llt r e a owd VSH 8eMl t l v 1r, in h1P4lttend~ •

.~e dl. c: r epan~les h r esult. fT "':' t .hlI ..._ p~ep.r.t1 ,:,n u , n.fl~t (
!.,
i
I
I
J.

/ ;
• wide ya r1e t:y of norlllO t enlll y e t~troh,

I
I

J~-~...__:~,",, -~--
...::,.. -; > .....---
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c~lee of 8ge-llLl tehln g or we :1gbr - DLStchtng . o f ,control. lUll! byperCaadves .. ~- .. . .. ' - ,

nor in' t bli Sw:t of the Bnimal~ ·e~8ao . To fu~lier 'eolllpl1.eate analJtdlll ..

BOlle a ut h rs ' li~~ Dormalb ed . theiJ: da ta to" pel'ceii~a8·.t'o.t: · , rh"s .~~' ­

re'PoDs. r~eorded . w~lle ot~er".. h..iave not • .. Conseq u ently; ' , r he~t. of .

the se '~ tUdiU 'do r:ot .~otldu81velY_' ~esoive - t~~' ~ue8tl~ of the cs,uee of
• - ' . , , : ',. ', > , ' ,. , -.. •

increased reac:t l vt'ty '1n bYl"ert,!lI l11.~D ; t here 1s evldenc:e · Eor both ..

''-troe t~rai. eau,n 'llr!d , '"for an 1ntr1DlS1clnerea~ed ~e-.pcllIs f.VeIl888 . _this.

literaturete revl~d .in det'dl bela:;,w:l.th pa~t:led.r ~haB18- OII · ~tudi~.

· of ~he SRi, al'~~o'll~h h~r~~~t1;"1.ty t'o v~~tOU8 ~~~t-; ·'t~"~ .
bU D :-re~~ted ~: relu"i' b~~~~eD81on' (line~ . ~·971 • . ~1DCh ~d·~~~SIer.

'Whethe r or not ,' thit J:'eaet lvity change ann 1n "..rl~ fobna Df

11 ···

or ,r e pruen't s • t ru e. , :lJ11late 8up~rs_dtivit)' iii . ,qu aet:lon beat an~r~d

· b)'"s t. ...i~1ilg · spontan~oU8 ' hYpe r t'eos ica. ,10 ' t he ,SHIt. :s ii.ee n o ' expe r :llllept.l

~n1pula~ion9 lI e ~eee..nY t o produc'~ ' h~~t'~~1~1'u t.b h .IliiUl'~' -
~ .. " " . • , . - : , ' j

· Folkovllld c~rke.r8- (1970 a) w:1t~ t he, at.d :Of _t.helIatic.i'l~ , . ,l!lOd:eh ' . , . i
l:Oucl~ed , t hat the s hif t seen in t:~ do.s e.-relpoD~e curve t o noradfflLBliall i

ia ,'the SRRp edul ed ' hiBdqu8Tte r s cOlllp.red t o IlClrlDOtensi.ve hin dq uaf t e 'l:"s

~uld .b~ ' accounted fot bya .30% befea,i)e b ·imt;li~ ~ht~kneU> :ltl' thl~ . ~ j

prepsrsUon th ey ,f o und,:;'ev e r aJ 'Parall,;'~ers ~f ,react~~.ity_ we.re ,~cfe,a~ed fn i .'
the SBRi IDcre~~~d -ree:h~~c:e t o,t'low at ma~1m~ dl1atl0n.·· tlst.~eper .

dD.~e-fl!aponse ~urve, t:~ '~-o.r.~reQdiD~. an~' . ':high~r ~UIIl pre~6~r ;~~.p~~r,'...:
I
I

!'r:

I
I

.1. - ] '
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pre:para~l,on~ (.F1Gld.: e ~ '.i\" ~~73~ -:)le&P0!l'8 iVOn~,,~ to noradr~nal1ne

va. 'de pr es s ed (Shib a t a e t a1. ,' 1913 ; Shibata lind Kuraha shl " 19 72,. ' ..' ,

were po"ted . However. OQe aspect o f r ,,&<:t 1,.1 t y . th e' t hrubold of r e'. poe s e

'101&8 UDCha~ged·.. rus"f indiog IIt ton"gly .uppo~t. Foikow·.~ypothes1~,~ 1nee .

t~relllbold b • ·~.r""'ter ...h~<:h s h l;>Ui d ,DOt Chan : rith b~trophy. . . " ..,. .

Finch ~d Haeu s l er _(1914)' . 1.0 f ound the: thullho ld to, Ilo r.dre.nalin~ . .

un c han g e d i n i so lat ed pe rfus e d lIes en ter£c u :t.e ry f~ t he SHR ~TlI!d

t o oo~~~nsi~. conrrob• . Hove~;" \>ot h Haeu sIe r ';"d "F1s""h • .in '~n ~r1ter

8 t ud y (1912 ) . a nd AnII8tro';g (1 9 72) : f ound • l~er ' t h no aho l d t.o 5­
hYdr~;tr'1Pt 8mine i n 1aO~8ted 'peri~s'ed f~ral ar~~r1...a f rom , t~ .SIlR.'

l ower in b olated mllcnte d c a rtery frolll the SRR.:

,.'

~o ,aPPli th·. i: ~eo?t'~e.,l_ cDDsider;t ~on .. out.lin~d -~..r u.'c r : one
. par~"'ttrr of .Y.~c \Jh~ ,~ iaetl';1tj", the ~x1l1lulII :r e spon ll'e . shou l d be '

dep~~d~~ on the PTtP.~.~~on used : :'Inperfu~1on a~...d1e . , 1£ t,he r a tio

; f ...ar;-thiclaae~a ~o l~en ~Liuaete -r , an i~d~' O~ ~~h~ thtc::~n~1l&
(Fcii~';' e t al ., 1973) <1a -" i t he r fn ' "h y pe-rtens toa on e would u:pe c::t t o . see

, .~ iD.f re!"'",~d __ ~i_. r"'f i. . ta~c::e and.~ . s;~e~r<.lOP~ .~~ t hl;l dos,e-res~a·• • '

el:'rve -"l.a the h yperteflshe tissue . s i.p l y becaUH t he l umen o f t he artery. ,.' .
: pe rf.used 'is "'H~r. au t i n i~l~te~ ttssue p~~par~tlons . h~rtr~phY .

. . - '

PhY~lc.l ·"mpei!enC~ _ .'
.~ '. '
'. In, • &~rt tc .·~.r lpa , from N~ ieabn~ CHa. ~'~ll'l3hala an d S,h~e . :

{mi l f Omld t he 1IIa.lI::1J!IuaI t en sion · dev e l op1lll!nt dec ra a,ae d to Doradre-nal i ne

. 'a na to. depoiar~~~ ~+. ' , Thb finding I~~ ' C:O:~i~d :10' the .r ..pa~eJIe S~R, .

. ~..",:,."

\

'.
·..:'1-

;,;1 '
':1
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so
e~ ' 81'• • 1 971 ) in 'SRR aorti~ 8td~1I ' i i\ studies by 'ijeve r a l in~estigatO!lIh

i-"nd~rig fUTthe~ s~~:poi:t ' to F~~~~is " ~!p~th_~iW: 'm.iUlV;;i-:. -~, stud,~ by

Fie~d anf"co-workers . (1912 ..) ' onsHR';-a~~~" '~~i ~~ '~'t~cI; by Ma:d~lnghaiD.
" , iirid 'S~vd'~_(l91l) on CHR ir.o~·ta ,found II low~r thresh~ld to both nor-=."'

tnc;:t~ase.d ~en8i~iV~iY.hYPo.theSb :Of , 8:t'~re~ ~'cth~tY " : •

Most .s t udi e s o f reactivity ' in ·perfused vase~laJ: ~ed,s in SlIR·':. hit.ve

· fo un d the slope ,of t tie dose res pons e' c~rv~ ~hifi;d to tb~ ' l~ft (eg • • -.,. . -",

DUP~rit and S06i1ard . 1914 ; ',F~nCh ,'1Ind :HaeUSl e r . ~ 1 9i.4 ) ; · ~ 8 ' Folko,,'.s .
hypoth~d.8 predlc;:ts. However, o ne .. tudy by -Bha ttacharya .et .. 1 . (1977)

';' ;"' ;(''' ",Yh1'hOO';;''''''''io hYP"?';"" Thoy _., ,',,";,10,'
• - . . . - - , I

·' ·'·Y! s t a r r a ts ~d. n0 tlll':'t en sivl!. SHR ...hidl had been isol a t ed by;1nbree41ng v ;

. " .. , . : , "

fnimthe ' hypertens.h·e, SIiR ~olony . 1'!'",y ,f ound tb~ max~. resist.nce v a .. :" ,

gr ea t e r in ·t he hypeJ:ten tillve SUR t han ,. in the normotensive SHR. perhaps

·;~fleeting lUZlleonar~Owlng' due ' t o hypertrop~y . · . But th~ s'lopj,;~ the
. , : .. . "

· d~se-tespon6ecur,::~ to ·noradten~l1D.e and the , threshold do se ",e r e · Simi,lar .
, . , . ,. -

10 both nonnot ,ens ·:i.ve ~nd hYl',erten.Si~e SltR~<'II:hOuRh ~oth CUrv~B. wer e "

sbifted 'to the 'left of theWls:tar. dose-respo·il Sel:un.e~ ' : Tb.1s .8uggea ia ' ..:;

that incre~se/te;'ctiv1ty 1s' :~ot ~. fun ction ' oi the deve l opment , of·: '

. . . ' , , . . , ' : .
. ' Somlyo snot Som1y~" (,i97~) i '; a , r evie><of ~SM pbar''''':cnl~g'y s ugg ested

, . ., ' . ~ . .
that flype rtension _y b~ in part s d!seaGj! of .,t he VSH lind that
. ,< - 2+ . . . " , : ' '
abnonal Ca · permeab1l1ty o r til d~8ab~l1ty of the ..mscle ~ relax _y

. ' . . . , c

be rc~,ons1ble for t he hyperreact hity s~en. St udies 'of bo't h VSH

r~~ai~t~ion and Ca2~ .pr~b~ 8 t'~d1es '1n ~yp..rto:n ' 1W .~ ha ve bo:n alit ~ ' :
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Table IV ' lIhows t h;l.t most studies .o f v.sc~lar 'r elaltaU on of ao i-t.ic r iia go.

fo~ that SHR 'aor ta relaXes ';;"re slowly t ha o aorta fro", ~rmotcn8ive. ·

~p~trola": ' Th is sugges~~ either: ~n impa ired ahUH; to eeee ve iDtra...,'

., ' . 2+ " . .- " . ' 2+ . ' . .
cellular Ca or pe rhaps inereaaed Ca , ' . pe rmeabi l i t y may be naoelated

wi th ge:ne t'i~' tlype rtenaion: eaece re'iantion: eeees t o ~. b1nder ed in a

nonspecific "'8y; Th~ f~rmer pos8i.bU l ty i s supported bY 'st~dil!S of' qiuc:
' 1, . ' " " " , ' '. ,

nucleotidell i n SH~ VSH: Cycl ic AMPhas been shown .t o re lax blood vea.elB
. "

~Berti ee .'a 1 , . 1910 ; Somlyo ,e t aI., 1972 ) and ADler (1 915 ) ' ha s abovn, t hat ,

~be ra!=100f c yclic aMP to cy clic '.AMP 18 higher I n SBR 'ISM .' ~ The P;,~a1blilty­

of . increased C.
2
+ penneability in IIpcmtaneous hyp er t ens i on ' i ll B.;pp;' r ted

by the ' obll erv~tion t~at smi V~ 1s l!lOre " ~~$i~i~ t bsn nonioteusive VSH

t~ '~hiblt iors ~f ' tT8n8me..b~sne 'ca2+ 'flu I nch as :d l azoxide (~ and'­

Trigg1l". 1971 ; J:mi" and Trigllle, 1 973) arid 'nifedipi ne (Pe ders on et a l • •

1978) .
. :.'

Indeed , GllVua1 s t udi es seee to indiCate i:Mt t he change i n

rb'POIls,iveness , o ,(~yp~rteP~ ive VSM lllllybe dU~ to - alte~:dca2~ ~l U.~.
HoUcn,;.ay e t a1. (1912) found t he '.o p t i mal con eentr"ation ~f ~'lcium'(the

,.. '. ' , " ' . "

concentr a tion "htch eliciCs the ~x1ll1l1lD ~ontraction) wall highe r i n SHll.
" ." . ,. .;. ' , I

than '1n n 0 tlllo:! t t:llsive rats. ' ~ , W. 'JOIlea (19 14) s howed f unctiopal change8

in Na+- k,+transp ort 1'0 h~il~tens'ive , ~ats , a findiag whi~h he ,s ugge s t e d ,-I , '

b COIl81st~t With lner~alled vascular. r es c t ,:Lvity due to 1ocl"e s B8d (:s 2+

. l ability J. · ( .

2+ ' f . " /
~ver.l inve6~lgatOl;:6 have studied C.s Un ,t i cs 10. aubcellulu

melllbraoe prepar~~lons r ece t he SHR. Both Illi~ rosomes llniI IlIO r e ' dis'c re te- ~:' .

plall1ll8 'membr ane- enr i che d f r ac t i on", or safcopiaSll:Le reti~ulUDI ' ftactlomi

~~ ' so r t a .frolll.SHR sha w dee reased 45~2+ uPtll l<e 'c~s~~d t o pr e pa 'n i't i on s

f rolll Dllt1llQtenlli ve controls (I\ol<i et al . • .1976;' Moor e e t, 41'• • 19 75 ;

I
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i
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th a t have been't"epot~ed .

o f , SRR a nd ..no nn:>te ns iv e con trol.8 .

Using :tao lated placell o i s or t.... Noon ee -81. (1 97 7) reported th at
2+ . . <" ' -. - ' " . _, :

Ca crones ,che VS~ llIemhrane of ao rcs frolll SMR with greater - e aae than .
. " , " I. " • . ' . " . . " _. • . ' :

in ,a o r t a from WKY. IIs 'shown by the Sa R aorta 'a a bil i t y to d.eve lop tenaion
, . '., . , .. 2+ " " . , '.' .

in t he p re s e nce of u .iB ed extracellular ea wi t hout · previous depolarbation • ...-

, ~us . · ~tered ea Z+ kine tics' c ou l d . p l~y ~ , ro l e in ~'eactivity chaD.ge li

. ' . '
,o(ATP by the plas ma l:Iembran e-enric hcd haction from ' me'aente.ricarteri~ "

. ,. - , . . . ' .
from 'SHR and Wi star rats : ' Wei et ' s"1.(1976b) repo'r ted a n .increase ' in'
45 2+ .: ", ; . ' - ,, - ,' - '" -,

. Ca uptake -in t he prelll!tlC!! of AU , and a 'dec r ea s ed uptake 1n the absence

sarcoplasOl1c 're t.t eulum from cardi~e, -~cle in Smt el80 shows , deereti.sed

4 5c.a2+ ·upt~ke '(Li lllas ; s nd Cohn , 19 77). , Sh i ba ta. au" c~orkers '(1 915)

f ound no -differen ce in 45 C..2+ up t~ke by micros~i ' fr8 Ctions ,of .ort~

In &tudyina ~he p~armacology 'o f ca lcium 'in VSH ·mail.,Y invest:lgatora

ha ve stud i ed the actions o f ot he r diva lent e1entents .Hudaina' a nd Weiss '

. (1 96 9) f ound . that Sr Z+ a ud" ~a2+ cou l d eXChang~ wi t h ' ~~und '~2+ i n ,

r a bb i t , 80,t t 8., &U~ge8tin~ that t~ese Z i~na c~pe~e "'i~h ci 2+ for bi~din'g
lit es. Ebas~i e t · a1.. (196S) f ound t hat', Si Z+ ~~d Ba:Z:t", e.;.n bind to

t r o pou i n and activate lIIy~s1n B. Bohr , ('19 74) , f o und ;~at ' Sr Z+ a tid B~2+ .
. . ' 2+ . .' . ' . . ' :. ' 2+

c o ul d s uba t i t ute f o r Ca . in auppot"ting contra ction of VSH in ce ea - fre e, .

bllth. It_ne ' ~ t 91 '. "<1972) Showe~ ' that ' ~nglln":se . another dival~nt ion;.
2+ ' · , " " " . ' .

decr eas e d the Ca ' pe no eab i l1 t y o f VSH.

'\." ·ADo t he r ion , i.a3+, has r ece f ve d conaid'~rable attenti on (aee :Vei".a •
.' , , '.. . 3+

1974) . " In1964 , ' J.e t t v i n and co-..orker s pr edicted tha t La " by ,v i r t ue o f
",' ' " " . ': " .". ' , : ' . "2+

i t a s tatIa"c ·t on i c r ",di Wl and higher vale nef! ., ill bind a t ..upe:dicial Ca

..ite.. wi th ,a al~; ~lsroi:iati~ r a t e tb8n '~.~+ H&clf . ' Fuch s (1 971 )
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found Ca2+ bou nd ' to ~~bit · "ke~etllimuscle . t roponin waa part:r..l1y

excba~gable .. ith' La3+ o r '~r2+ 'IInd to a lea'ser degr~e, "'i ,.t h Mn
2
+ :

va~ are~n e t al . , ( l~·12(fO~d . tha~. 'La3+ cou ld de crell8e 'ca2+ 'pe~~bllit.Y
i n rabbit. aorta.

. . " . 3+ 2+ • 2+
Thelle_ stud~ellindlcate th .at I;a ,5r ' and Mn - may alt e r , ca lcium

'movement in V5H by a l t :ering pe~"abll1ty t.o Ca~+, d~splllc~ent'- of Ca2+

frolll bindin g lIites or pe r hap s" hy direct ac tiva tion of t~oponin'; -

The e ffects Qf thes e i ons on tissue f :rglll genet i ca lly hyperten s ive

an i malB ha a been s t udi e d by Shibata and Kurah~shi (19 72) . They found t hat.

ao rta IItriPt; ' ii~m SHR 'bu t no t <frOIll no~tenaive r ats IIhowed a con~raC~::lle

respons .... t o !{n2+, 5r 2+ .and ,Lai+.. Th~B ~~!IPon"e ',,'~S 3ls~_- se~~ i n

'. " pr~hypertens ive;. 60 to 35 day old) !iHR (Sh ib a ta e e d ;', 1973) . Trigg l e '

(uilPUbl1 :i;;b~d ·~a ta). f~und th at thulium ·i on . (ano t her 'La nt hsni de) produced

ccnt.r ..ctioris .i n ooly' ·SHR a~d n ot i n .C~ Wi .st.n . VSl1. · Dohr (197 4) . fo~d

a alight contr~~~ile r~IIPons~ t o u~ and Mn
2:+ i~ cllr~.t id a rtery s trips .

r i n bo t h DO.CA hypertensive ' rata, an~ n.ormotensive ll, · howe.yer, th e _response .

i n .t iasue ,fro~' SHR wall grea_tly exag ge ra ted .

Theae ' find.in gs s uggest t ha,c, spo n t<me oua hyperten sion as Been in the _SHR
' . ' 2+ " ' , .

lIlay be IIccolllp&n1e d by changes in ca ' II\Ove laen t due to altered binding.'

These. chan ges. woul d -in part exp~ain t.he?i f ! eren ce n in reae t i Vf.ty our-l i ne d

above . 1l0W'l!ve:r . whe t her ~r not' - t h~lIeChang'e ll a re - i~vclv<!d in the pa thogl'mesia

of elllen~1Al hypertension or o~c'ur s econdary to t~e developlllent of hype~ ." . '. . ' - " ', ' , ' ,- - .
t ension a s is "t~~ 'ca lle iD ~·lI;"dr~III"e.x~erilllentlll. ~del~ . , lIIunceri:a1ri .~

• '- .< ' -

c. Va.scular Reactivity in Pr ehypertensivell and in Hyp ertensive ll
, .~ . . ,

TTeated with Antihype rte ll.S!ve D~ug: - Therapy.
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. .
pr ece eds · t o .deVe~Opu:ent ' of ~~eri:ension or ~~~U~8 '.~u~eque~~ ~o the. ons~t; :'

: o f ·elev~t~d b1~od pr e s s ul'l! ; (1) ·ReaC~~V:i tY C,sn ~ eeeeured ·:In

pre.lp·p~rtenll ive ,Ilubj ed ll who 'have a h igh probab:1l1ty of · dev eloping high
. 1 ., . . .. ,.'
" b ~OOd , ~:ssure lat e r i n 11f~, . o.r ,( 2) preh~erten~1ve. sub j ects ca n b~

treated ~ith antihyperten s i ve d ru gll s o that they r O!1llau nO"n\lotea s1ve ;

~eactiv1t~\.can then be lI.easure~. .in -th~!Ie nOtlDOtenBive. genet:lca11~
hypertenGive· ~!I ubj ec ts . Both of .t hes e app roache s ha ve been a t t empted in

th e p~at . '

DOyle a~d Pr a se r (1 961 ) eeseee r ea cti vity t o noradrena line in the

' cons t ric t o r ·.r es pon s e t o iri fu aed nor adrenalin e.

RIlactivi t y s t udi e s fn · pr eh ypa r t en sive ' Sliir have bee n repor~ed:

I - " . ':, " ..
Die tz ·e t s'1. ( 19 78) ' f ound 5 .....ek o l d SMRshl»led , fncrea ee d reactIvity to

". , . ; . . , . . '

P~dU8·~d hindq;"~ters frOllls itR 8h~w~d incr_a eed r~~ctiv!ty t o noradrenaline

and barium ch lor i de " ~8, w~ll 'a~ on a preasu re-flow curve "he~ C:OIIIpa r e d .t o

notlllOt ens i';'e WKY,

The re bave bec n studi es repo~ted i n which SHIt were t re a t ed wi t h. .
a~tihYPert~~a~ve drUgs and then ~f'te r a pe~ iod 'o f t : me , re~cdVity .was

tested , (e.g." F.inc h , 1974; ·HaIll~itOD . 19 75 ; Weillll ,U,al ,. , 1974) . H~r.

these' s t udies do not provide a . concl usive . empi r i cal teat since t-r 68tment- .,. . . ' / . .
us ua lly wa a i n itiated a f ter 8 weeks of lit e at which time ~ ac co r d i ng t o

I · -c-, >

11:-' ---- --.----~ . ..,..~-----
. ~:>



,.
~he ' f lndl~~ :~f ~~~ e~ a 1,' ( 19 77')' a~d a:'hl~n and, eo -wol"kera (1977) • .

' b l ood pl"e8,!J"r . 1n t he SHabalre.d' ·a1lt'l iUCaDtl~ hi p r t han 1-a: ~ • .

atld .~.t~~~l alte·~.t iOll. in t he a r terial• • aa~t"re _, laavao drea d)'

be en ln i U . t ed. An add i t i onal fl." In the a t wt i_ of Fiat:h an a Bal&11tOD

" aa t heir cho i ce Of lall.~ ih";ert e1l ll;ve dru s.: >hydrallaztDe . a Jiootb ' .
. - ' . ',' , - 2~ . · . : :

....~b r ela xan t ..hieh prea_ hl y . leen CII kiEl.~ica . _ . lneluded in

th~ 'd ru g regi..% ni. ""', ha~. eOD f~ded noa ulu of~~b . _ cia .

r ea eU yUy a t ud i l!l$.

ther. " a . e l ear1, a nee d .f o l" a C::ODt r olll!ld atudy o f re ac tivity of

. ', !
sa. VSMf,~ m1~" md',.'d "~~,...h . by d~......" .1e- . '/''' ''d b.'...
tha .' on~et of hYPe;tlto.~o'n.

. ' . '

. , ' "

J
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1 . . To -further a~ lldy the p.rad~xleal •• eti~ o! La previo~,. ." , ..

reported (BOhr • .197o\;Sh1bae.- at. ai . , ,1973 ) 1D. VSH h oa SIUl :lD.
...... . .~. .-.<'-":.

ao ,a ttempt t o ' charae t e l"b e the _ ehant ... of aUerad rl!.et:f.V~ty, .

to this '1on •

.20, To conduct a .'t~dy t o ~~t~ndne whether a1t~r.tion. :~ VsM

re~·e~1T1t,. · p..eued the dev~l~~nt ' ~f h:rPer~~iCl'D ta t~ sea

'". " . ua10g &D.tlbyp erten• .1ve ch· ug treat_ ot t o p~t .-I.-tlOD. .o f

blOod pre..urn and euba e 'lu ell t VSI1 hypoortTophy.
., - . 2+

J • .' To 1nv .. . tl&8t~ the, ro l e of C. . 1a the altered r ea ponlll_ . s lII- . '

o f ~ VSH.
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than a certain t hrc!shold level. "1:n hlllll8ns this t!tteshold i s often
, ~ " , . ' " : .. . .

c.on.6 i de l:ed to be a d1sstolic ,blood pl:c su ur c abuvc gO - 100 ,-. Dg ·,
~. aSYlltolic pr'~6aure above 140 lIlm Hg. (J~l1ull ~.Y}17).

' In t~~. the~i!l' ~hll!l SHR. :a tlt~dn ~f g" riet1~y' hyperteulilive ' ~.~a .,:
WIllII' 'cuIllp4J;e d to 2 aDc e.t t'4 l . t r ains of rats wh1ch clo not deVel op high'

. : I . . . . '
'. blood preeeuee , __ Con8e~u""nt ly . "uDnna lbloodpreaaure" wa.. de fllled ,aa

. the ;Aver ":g~ S""~Dl~~ 1:i~ODd ~~e.aaurt! of the mc.Ol.onY~· t~· ' 6~r~ f~
whl Ch th 'e SUR was de~i~e·d . · "Ave ra ge aya~~i.ic· ~lood pr e. sures o f ot he r

g~ups of ~4t 9 wer e CO~p;1red ' t o ' thie -~~iIlnd.. rd ,of uorllllllity &"~vere "

cQusidi!nd to he ',nonwtellaive 'onl y if their averag.. eyatoltc blOXl cl

pressure , were not'~iinif1cantly different from t he ave raae aystoUc

blood p:r:ea'aur e ot the WY colony. Systolic ratl1ir ' t han dialltolic .
. ' " " .. ':-

pr essur e s were ,\1~ed. 'bec~l\lSe t hey wer e eeaeured with greater accuracy

b~ the t~li-cuff,lIlethiid. Ris:~sin ·dJ.S'8~ol1c p~a.... re ,mesaured by
. ~ caroti~ artery eWnulat ioncas de~cribed be.IO~. ,eo.rre l a i e.i well t.0 ~llle6

in IlY 8toli~ pr essure in t he SlUt et va r1:ulI age s.

Bl ood p re 6sure wall .. ea sored "'~th t h e. ~se of an inflatable ' t all- .

c ;"f i ', (~d.~l no. 2257):. ~b.i:trosPhy~gr~Ph ·(~del no . , 21 92 ):~ and a bio ':'. . .
gr~ph (~odel 2120) s l1 p\1r~hd&ed fro~ ~arvard Apparstua.,
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in a r li.ndo.ly aelected llr oup ~f ";'i_u. preaaures reco rded

ulling ~be t~ ll~c ...ff _ thad _r~ ~~~fied. by t he .~r~tor · b,. .
... . . .

v c.anouutioa o f t b e t.aro t l d :':r t e i'y J U t prio r t o • • crtUce. :ht t M .
. ' . ," . " . : . ----... .. . '.

procedure . en l ..1. _ r e .nC8thet1~ed w1th ~... . p«ll t oba rb l t.aJ. Uo.s!Ial

d rh" ' rl11hr '~rotld a-rt ery w.8- · e~ul.ted . fev ~~t:l_r~r.. pro~ .

;0.<b . b1fo'~·" 00 . ·· f:";·'';' ~~; .J..d.d•••• ,.. ... of . Sm'" .
' .. . , ' .'

Press ure . r eeo'rd ed t !th ' " a ,. wer e . eon . bts ntl,.' 100:'12: _ . R~ b1ghlll; t ban .

' t ho"~ ' recorded .... i l 11g ; he ta1'I -'::~ff .,etbod . Thi a d h cre pancy waa
.... t · . . ' ,

coneldued t o bs gua t o .t he r e fl e x effec t e lo f imped ina flow ~o t he

righ~. l:81"C1~id b .roe ept o-r, and " a s cona!de r .,d .ceep~.b1 • •

~. .~ .
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Hale, al~lno . · SRR de rlVfj!J from t he J apane se atratn or '

~JlOntaneou.dY BYP~rten81v.e Rats develop~d by Aold a nd O~to (1963) ,

~~e ob tai ne d from Charlee - lUwr· l.a~ratoriea ~brough Can~dun Breed~. . .
Lab~ratories. -St ; . C~nstant . Quebec . or '\lllre bred f r om NIU":derlved s tock

of SHR in the 801111A1 quaru:r~ of t he Fac u.lty 0 '( -Kedicine , Memorial

~ivel:'8ity o f Newfoundland.

In t he l'll.1tl;~. eXperiment. IIlde " a1b~noW1BUli: r';"l:. o~t~ed frQlll

. CaDadle."1 -Breedlng Labo ratori es were us ed aa control an1l118b. Subsequently~

• ,' ", : . , ' . . I

mi.le . albino Kyoto Wiater Rats(WKY) we:rs obtalo ed f rOlll.' Chat"Ie s Riv er

i.a:b~rat ;'de$ · through . Cans 'dian - B r.ee~.~8 i.a~ratoriea a'nd •..;e~e. used ' 8S

coll.tl'ol .nlmal. ~

A1{ an i m.i.b ~ere ~lnta1ne;_ln th~ 80~1 _q~~u.r; ' Of the Paculty

of Hedicille . ' Mea.od.a l University of Newfotmd1and Imder a 12 hour'; Ught / 1 2

houll' . > datil; pboto ~."'~iOd - with cont.rOll~~ ~UI:lidity IUld fi-~II 'acc~~ )t o

Pu ll'iua""ra t c how_an d v atu at all t ialll ll .

r:)
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c . , PUpauti~n ,Of Dr uga Ilnd ~o~::_;:~~ ~ ,

.i " ,/~ ,' , ... -,
The e_po~1tt/f~ ~h.e ph.Jato.~og~~l. ao~uti~~ us ed 18 ' :.~lU.t~ 1~. :

. Appen d l a A . 1ld . U . t o f ene drugs . us!!d i ., gtven in -AppC1ld!l: B. $Glut i ou a
/' . .. . .. . .: ' .

ve ra prap ar ed on. t he- da ,. o f , t he expe r t.ellt fro. a t .oc k 801u~iDQa a nd _ _~ .

dilut ed w~tb. etth!!r ' doub l e-:dlst i H ed ~r lU lll-Q , oU!.U~re Corp'• •

'!-dfo r ,d. Haaa . ) d~hed . fil~eredvater . !"" r~a1.atlv1~J•.~f "at~~'
prepared by Mil1. i -Q fi ltration " a s a h is ya g reater tban 10 _ so ha-al•

.}:::<:~::l::::::::::,:'Z:::::::~l ~1.<l~. <IW.' ';' ..;.~.. .

Nor ad re nalttoe " e a so lubilized rith. the a ddi t ion. of 1.. II1n. l

8lIOlmt ~f O. OI N BCI. ' Se r i a l di lut iona-o f ~radrenal1n. ve r a pr e pared

OQ ~he. da,. of ~he ~xperi"'ot f~~ a lO~~ ~tOd'- IIOl~t ion:

, '
. ,Ouab4 tll. and ))-600 .... r e sol'Jbtl~zed tn a -J,n t .. d _lmt of 951 ' •

",t~1l0~ an d then ~~l~ted "l th doub l e-dt .8tilled or ':' i ~~i-Q.rlltered v a t e r .

. - ' .

.Sol ution. of n1(edipi lle . wh i ch 18 , l1ght-a.1l ~1ti~ . vera" bpt 1n

~OWlra.i vl~la. -.

:J
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. bOlated. Tissue . ':['echnl'lu,;,s

- ~
I ~01lIat r:i.c ten81dn :wa~' recorded on a lleckwa n''a'-4il dyD~graph: us ing '

Medlca~- ·SY8te:a..\type 4~51" '~r -C:rass (~d~l - ~ Ole) force · t.rens q,uc~rs • .

' Th'e : tr~nsdu l: e rs v eee lIlo lIll.te~ on ge ared, ~dj~~t~~le- d8lllP9'~ 'P~'rmitt1ng
' " ' .:. . . ,' , . ...

fin-e adjullt li:le l1.to f ~e~ t~ng lllUlIe1etenaion w~t~ur.. ove~stntchtng t~c

t i&5ue.

, . ' .

Th~' aortic t issu e 'va s Plae~,~ under 2 gtens1~' ft,uda~~'
eq uillbrs'te fo r '9O-120'lIIi nutea , d" i hi h t i "t h " <i i i ' "ut" ngw c me , ellO U (In "'r~. '~ , " ~

. ' ch anged e,very. 20 ll>in~tu ~nd ~h~ ~ensi(ln t"eadjUllte~ to 2: g as ' nece!"sary. ·

Three '.to ten month old SHR ~~d ag~;';'_ t(:h,"d control ~~u :vei:e "
-" . " . . ,, - _, ,, . , 0 ._ : ' . ; . " .

ueriflced -by cervical 'lI.islocatio~• . The t horax: was ~pened alOtig the

.: ~~dllnlc~nd th~ ' thoracic ao~ ta w~, 'ca r e f ully 'remo ve d . The ao~t~'\la"

" -1mrIledl~t~lY ,~ laced ina dish of'wamed . o~genat~d PhY8iOlo&lC.i :

I

I

I
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I'Il'I'KClliere observ~d.1f a given t18l1ue d.id n~t ' reepO!'d, ' i t Vll';J

CaCl
Z

' ~a13;r La(N0
3)3

~d/or,hydroehlod,e"Ditrie or aulphurlc= aeJ4 ;.

Agon,iata ""ere added cUlliuLatively .wi t h · a 30-45 ll'iDute relauUon ,pe~

~d ,ad.quate rinsing wi t h physiQlo'gical solution ' betw~ ag<JntstB to, .
return the tend,OIl recc lI:d1ng ,t o' a baseline of 28. ;

For _ pIe, in one ae rie e of experi\llllote (F ig ures J-9) ~ Kcl ~ •

.;AdedeWlNlBtlvdyb ' /lev en do,,", . f r 01ll /l conceotratioo of . 10 ~ "1:;0
" . " ' ..
. l20..M. Nora drenal1ne Vas a dded ' cumulatlvely in 11 d~ses' f e:0tla' ,

co~';' en t;.. t1on of lO:-,l~ t~ 1O- 5H: La1+ W'aS tb en 'added c umul a t i vel y a s

~i th~r I..:'C1
3

.or ~ (N03 ) 3 In ' seven do~.es ft"?""'. l::onceotraU'on oi ', ~O-4K

~o 10;',~ ~ i n some ,exper~ts ' i n this ,Ber1e~ 'ejther HCl. HNO.~; Qr

H.2S0'4 w~s ~U:lltituted-for .La3+ "'Dd add ed ,~ U!Ilu1ativ:lY ' in eevea dOll.es '. ,

' f r om 8 co ncerttratioo 'of 'l mM to .llllH. To lIlinimlie the ,preclpttat1oQ.

of b,sol ubil, l an t haDUlli s a l ts i n Kreba aolution ... el<perWot,;, were

perfo~d in p hos pha t e":' an d bj;carbooste":free RKPES--bufferedsolutlOOlJa

When responses t o CaCl
2

..,ere , recorded, a nd 10 other axper~lIt8

" , ,. ' " . " ~ , -
..,b e r e t b e physiologieal solut l llD was cha nged. to a Ca - f r ee 801 ut1aa., a

.: " " . " ,. , ' 2+ . .• .
60-<;0 miDu,te equilibration period s nd several e ll -fr ee , 1:~? 8 e8 prec eded

rec~rdiug of 'r e8Ponae8 1n ea 2+-"fre e soh.uon. Keatinge ( 1912) haa
" " " .

ah own tha t the ' oll18sion of ' calc i um from t he physiolog ical 'sol \Jt i.on does '
:' ' : " . ' .' ,' . : " . z.f.

DOt. nece a s a t ily inaure · tbe, absence of ~n enz:aee11ubr 80?tCe af ca . :

I
I

I
~J .
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.. Six w~k old SIlR an d Wiau r r~t~ ~re ulrataiAecl ' i ra the~t.al ;

qua r t ers of th e Be dth S'c·l et1a. Cen tt'e ' at .He..rlal 'OnI V'e~lt,. . · Th e -'

~f~b eere ~i&hed ~k11 and ' wa t e-r·: l n i:.u 't':' t~al~ere r~corde~ vi'th
the use of gt"adua tld d.t Inki-ag·wa te r t ube s ;purch u"e d f rom Plshe~

Sc1ent1~tc. Propranolol (75Dg/K gl day) _w~ ad.h. d -«th~ ddnk1~g water. ~ :· .
I • -. , _ , •

· The dosage wsa pt'epar ed aepara t e l y f ot' SHR and 1Jia t ar r aU, b 8l!e d . OIl t h e

pt' ev 10..... week ' Ii -'~8ng~ water tntake" u ce ,:811d aver~ge weigh';; far ea ch

gr oup . The anl.Dalt' blaod ' press.u"reswer~ ~>nitored eVery- qtb~~ wee':

~ui 5 mOlit~.. ·o f ' ~ ge , at whIc h tl~. t he 8D1.mll1a we'r e ~acr1f1~ed .

'. '2 . _ TilrDlo l a t\ldy '

Li tter--.te pat r a o~ ~R d~r1~d - from the,"lB a t oell au d ~riea

· R.1ver Kyo tO W1a t&r tont ro l r au (\lICf) \,et'e br e d in; th e .811f _ l quarte rs "

of t he lleal th Science Centre a t HelXlri al Un1veuIt,. . BreedI ng pair...

ve rI' t reated v 1t h ' ciJlo l o l (2 rq.lXg/cay?" \lb1~ v.. d1i..ol,~d In t~~ '

drlnktog watu . Tt .ol ol lIlIll:u t~ V iIS k.1n~y dona te d by Dr. llo rlen of

Merc k fro n t Labouto~1e' . DorVal Quebe c. 'rb e 811Iu ls ' we~ghta llDd,

-va t er ~t.ake ra'te~ wen r ec ord ed veekly an d the do,ag~ for e ach group

· va s adjl,1S~ed,ve~klY , b.;aed on t h e prev~0u:' wee k ' s' re~~ds.

OffspriDg o f ' t heee t iiD l o l-t l:ca te d b'reede ra were ' re t a1ned ln ' th e

p~l:e~tal ca ge un~i,l vcaned, '~ t V,fiiCh' t i m,1I th eyllerll pl.aC'~d t D 's ep a rate

'J,

·,G
1





"
" SO:IIC p eopl e u se s ta t istics the ,

way a .drunk U$e s a 14.l11ppoat; .
mor e for support . than
illumi n a tion" .

' Dat a P resentation a n d Stat.isti'r.al ' Anslys is

dose-r upon s e t ur ves ",er e ca lc ul ated an d are -r epres ented in ' t b e ' figures

Ca~~ul~tiona as ;"e11 as .ds .t 8 s tor~ge arid an~l)'s1 .. wet ooperfG~ed ,011

a PDP .11/ 10 ~oioputor (Digit.al Eq~iplCent).

11

· v, .
The mean s and scanda-rd er ror of t he means ( or each dose .i.n th e

Stud£.n t ' ; t di stribut i on was use d t.o teat. fo r 'si gn ifi can c e of

dif ferences b~~e .. n re sponS~8 at .o~e poi ";'t on t he dose-_~~spon8e c~rveB ;
,!

uI''fB'.ll)' either t~e h i ghO!-tlt or 10\leat dose i n s c Ull\l18t. i ve dose~response

cu~e . Dif fermc.~s ." f t h p va1~es of l es s t hon 0. 05 as det~I1Il1ned by a

onE!-tlliled t test. (Wd pol.. . 1.972) ce re considered sign ificant.. an d 'a re

si gn i fi ed s o in f{gur u ' with a star <*).

88 p o in t s wi t h error .'bar.... The "N" , repo r ted ,:lnrables an d figure~

r e f er t o. the nUlnber of animll1s. except' 8B not~d . where . t he resul ts f rom

IIlO r e 'than on e tiasue f rQIII each anivial . are rep resent ed.

. .
. 'Pa t a. p re sen t ed t01llP~rlng hyp~r tens ive ' ~nd cont rol tissue s .aee

fUlm plli r <"d eXi'er:1lne~t8 eeeace eee -sit:ml t a neous l y . , Ten s i on dev elopment

r~~ort'~ ha~ ' bee n ~O~U.~ed for each. t :h~uc "i n r ewa o f th e ' peru'or&.se

of : t he 1fIB.~1mu.. r e sponse ' ret~rded . usually in · a pr eeedtngeontrol expe~imeil.t.
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" -:' 3+ " ' +
Ef fec t. of La , and H .

\ , '

l ' . 3+ ". - ' 2+ _ .. - .
Al tho u gh 1.4 fa u sually _t ho ugh t of 811 Ca ant agonist in Vllllcula J:' ,

'. I, " . , . ", ' ' .. •

smooth muscle (van llr~~ne.t 81 • • 1913). ~Cltti Shi ba t a 4ftCl~ovorken

(1973) and Bollr (l~~4) ' Te ported"that: La3t .in duc ed t~n~~c:!11 d~~lO'pIIleD t: 1D

va 8c~ar ,smoo th .eceet e (VSM) ft~.'!i the SHR.These wer e ,Bt TOOg ' p i eu s ,of
evidente Ilusa l . :t :ln g lin i onl c b~e18' for a1 tared _relK:t!rltr'in the SRR., VSK. '

. 80 " i t W811 1tgp~rt.ant ·t o '.c oni i r1ll these find~ngs .

Ll3+. wa s added eUllJlllUia t 'i vely "t o -t he J(re b* b.thins :.-e~1a "an d Te.p~8e~

'.~ "'~ei-rr l!~~Td.d as' t end on devB~o~meDt . Thh dat~ 18 lJ~rbed _~~'F~pTe .

. 3 . "Xl're..."" d U A per centa ge ~f t he. 1IIllX11l1Ull relipans!! of SHR aortl l!- s t r f.plI

t o norad :rena U oe an d i n Fi gur e 4 . expr e s s ed 8S • percentage o f the~.u,;.
. " ,,: :.'-- . _ . +

lOes ponse .e e SHR ;:rtic . strlP iI. to depo~arldng K . The re il~OQ~e 'Of , ~he .

SHa ttuue to La Is .s i gni fl can t l y ,gr~ater t~n , t ha t of tbe W1atar tissue.

v ';'r:l fy l ug t he pn 'v lous r eports .

1 , A~ ter e'l ll.ll:l.br,stlon"" In Ca
2

+_ f r ee sol~ti~n for ~o. IIlnutes. the respon~.

of t he SHR aor ts to La3+ waa gr e llt l y dlllrln1shed. but ' ~till a 'tgn1fleantly .

great er t ha n t he ~.BpOftSe of th~ ' Wia t a r t hsue . a!i s hown 10 Figur e 5 .
I ' , -

, , ' ,',' " ' :, 1
In the ecue se of t hese i r.lt l al ' experi~nt 9 . the f Ol;1llat l on of 8. ' , . ' , ..

perdpitat~ w8s 0b s-erved ' on t he lI dd l~lon of t.a3+. , Bot h Lac! and
.' ';', " ,, ' ." -: . ' ,: -.J+' • ,. 3 . ,

, La, (N03) 3 sho~d ~he lI&me .. ffect ~ su gge s t ing that La ; was t onting ~

,...,..
/' ; .

1,i
1
1
I
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". ~1guU": .~ ,~~1.~ L.- 4_-ru~.a eQrre• • • ~.1D. P1F a J.

. : ·~1Iu~ ~Kp",ae1 - :_.a ~..r.c~ag~~. ~f ,t he ~t.ula rar~·to ...

, -• . 1epolar1d ag It ~ a ort ie a~.r1P. f~"'61Il:~4 Vt.iUr rau .

..: itl, r.~ebs SD1\lt.1~ • ..
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. F1gur"es: ' $llovs c:.-h~~_ ~3+ <»._relpae••- c_~",••~ .. a
'.'__ """---,-T_~_ - • .' ••- .. ... :

peruncag' at t.~ _ rt- re . pou e t.o I( in aort:i c , trip .

h IM SaR 'aDd Wb tl r 'ra t , ~ee.o rde:.t. I n ea'Z+- f ri. h e b.
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t o hYdrOC~Oric ~~id ' ( IIC:V",.WM l e s~;"~~toneous1~ re cording :pH Of. ',t~e

,"" " , ' '' ' ' ,
the ,SRR thaD. in t he W,ist.ar aorta (Pi gura 7) . ThiR finding su gge ated

, , . ' -', . " . , . ..... . 3+
t hat ~~t all of t he temdon ,'dev el?pment seen on addi t i on of ~ ' t o •

. normal Kre ba solution wa a du e t o t he La3+ it ~elf.and t~t perhapl'l the
." . " ,, ' , . ' I " , . . ... . . .

ch ange i n pH waspartia,lly 'r eeponai~le f o r t~e r eepc uee- observed : Thia

hyPothes18 Vas t e sted by. ' c:~ t'J: ucting a ' cUlIlJIlulaUv~ 40lle- r e o pona e ' :;~rve

·' ~7

" ss l t wi tn tli e hi-carbonate and PhO~Pbat.. ' b uffe~s ,in the K~ebs so l ut i on . ',

. . . '
If the loW-fer was 'pre: iP i t a ting out ,of so luti on i t ~lL!I alao lIu llp,e c:t ed

t ha t t he pI! of t he ool u t ion m:l,gh t hoIve been alte~d by ·t he add ition of

. " , . ' "
acidiC-LaCl 3 , . ~1s waa ve~ified by .measuring tbe pH 1.n t he , tissu e ~

ba t h aa~ W~8' added ,Rte pW1se - ., As sh own in T~bl8 V . t he a dd1 tian of
~ , . " ' "

. La , " ee La~lJ eece ea both Kreh.~ s ol u t i on a~d t he low-b:\carboo ac e. hebs

ao lutio" of Hans en an d Bohr (1 975) to become a cidic •

. " . ; . "

When Tris wile s ub" ti.tu t ed a s the buffer. the t 1ssue WII; ~le t o

main~a1n a s table baael.1~~ t ena ion . For: t~1s , ~eason .. ~' alao ~ca?Se

Gillespie and M<:Xn1ght (19 15 ) ha ve r eponed t l!at Tri. aione can i~d~c.
. .

:enSion.d.v:~~pmeut ~ .VSM. "" \llle of TriB -"II~ ~bll~dolled. Wb:a~ H£P~~ ,f'-"~

ve .s " ", . m o, •• e e ". b off« . " ••dd " ,.o .1 '''0 ". bl ' •••• , t
. . • f 10- '" La" d1"-~; p• •••• ~ v· .hi f'.'r~ " . "= .' ''' •.,; (T~b'.V).• . r-'.) /

S.ubll t i t u t i an ' af HEPES a8 ' th e bu ff e r did na t lligo'H ieantly,' ,a l t e r :.t ll e dose \..,

,~e~~an..e ,cu~.l0 .It '~ t he '~HR a~'lt'a (Fi.~ur~ 6): . "

. When ·t be , a~ll~'ty ¥ "La3+ .•t o ' pr oduc!l ,t en e i on ' ~~v;etopcaani. i ? VSK f r c:m .'

t be.'SRR bathed in HEP"-Krebs Bolllt i on waa tea~lod i ,t w~s . fo~d '~o be
gc:ea't~y d~1shed Whe~ compare~ to ' t~e .reault~ · ~bUi~~d with

~icarbonate/phoaphate-buf~ered. ' Kr eba ; but s t ni ,signifi ca ntly largs r :lD

\'l
i
I

I
I





TBb~e V:

LoC13
added

• (H) HEI'ES':Kre~B <n>b.

0 7.4 7. 4

" ' 10- 4. 7.4 7. 2

5 X 10- 4
7:4 l ~O

10- 3 7.4 6.8

5 X 10- 3 7. 4 5. 5 5. 6

10- 2
7 -.4 5 .4 5 . 5

5 x 10- 2
7.4 5 .2 ' .J

~o-~ ~: 7.35 5.1 ' . 2

* " Recorded ' direct ly f~o.. os-gun bat~ vhile . ~-i.~tionB 'W~~~ -
being ae rated. ' .
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• pes-cenr e ge ,o f t he ' I118 xbnml ·r e epenee .t~ NA in aq"r t ic ' lOU-ips

I . , .

frOm "SltR /lD.d Wlll t s r r ats .in norraal an d H£;PES- buffeted

J:r ebllJ s o l u t i on .





.3

ba 'thing me di ulI. (Krebs , soluUonj . TI::,1s ' data 18 plotted 1n Figures 8

lind 9 .:, s ho.. :L.ig ,t ha t SllR .Drt1~ tissue respond!! to He l wb i h: \lbrat

t1.11SUll doe .. not . Thlll =espons l! va " id entieal ~en lli t he:r IU t tic . (aN0
3)

o r stliphu~ie add (H
2S0 4)

was a uba t i tuted ' f or. ltCl.delRODatratiIl& -t ha t

11+wa . the ac.tive ag ent .

The tI>lIgnitude of the r e apcnse to BCl at pB S .6 closely corT"'8pood.a

t o t he pl{ r e sulting f rolll the addition of 5 IIIM 'La3+ ( t he dose " h1ch- ': : . -.....
el1cited the lll8x illla l r 88ponse ) s ugge s t in g tbat t he l'llsponae t o' ~

. ' : ~' . , ' . .- ' .
an d a ct. t o La i t s elf ae counu f or \lIOst of the teosion developClent. . .

. rec~rd';'d in Fi g ur """ 3 and 4 . Thb ~8.iggeatloll i~ 8Ub.tan,tl.t ed by t he

data in Figur e , l~: , Aor tic .c ta s uO! from ~HR and Wistsr rats was i~cubat.d

in aerated t t.eeue batba f or 1 hour 1rl Krebs ll\llutlon titrat ed to pR 4.

6, 8 , or 10 by ~he addit1~ . of HCl ' o-~ lJOdi .m. hydroxide (NaOR). 1:e"nsi,OIl

al te ra t.i on at. ene end of i. hour ..aBte~orded an!! expreallllld ~ • .5

pe r cent age of ' the ...",,:i_ tendon d~vt.loped , to -aepolaridng lt~ previoualy '

recorded, "i n ~ach tiSaue a t phyaiologf~al pH (7.4 j . , The SHR dallue

llhowed the gu a t!"a t , in c r ea se , in teollion a t ,pH 4 while ' the normot e ':'s f:ve

M'i~t~r ~issue ah:owed the . gtea ~ell t incr~a8e a t -,pH 10 •

. thill rellpon aivenells ~f ' a~rt1c t.iSau~- a fter ,exp'oeute t o ec r 'i~

gr~at~'y diurlnillhed, Be sho.rnin Table -n. ,i~'B nl8~IIl~ ~.II~ODlle t o ~+ '. . .
in tbe ,SRR wall' only ' 42 .3 Ml of ree previ ou s 'mB>:1llIum re.sp0D8e after e>:po8ur e
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~ort1c · 'r1n.a ~r~. SHI , and wtsU : , rat.A, i tl lC: aba .01u~iOD . ,

. .~ ~rreapcmd1n~, pH .of the. Kreb~ lMll utiotl ,~s :.eo_r~d ,

. abov>a. ' hlow i a a iloWn tbe reaPOl1a. " f ,au SIl.i. AOr tie rills

to 8o.K K+ and t ha rea~.'. o~ : t~ .... tl"~· to. ~O:IK H+•
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Shows '~UlllU i~~l~~' HCl do'l8-n~~ 'C~~" .... in P1guTe B'~ ,
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Fi gure 1 0 : Shows 1:~81on ' de"elaped by aortic ring,. 1rom SIiR, and

Wist ar r a t a sfi er & I -ho'l r In c l,Ibation i n .~r'l ted Kr ebs
~ - . . .

sJ w t f.<,Q t itrated to .the ,PH 1ndtcate~ with acr c:'r !i~O!! .

~res8ed as' a perl;elltaglll: of the lllaJdm = re spons e to

depola~i:t'1ng K+ a t pH 1 : 4 • . .
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'DoSe- r e llPOJlSe d~~a to KC~ 'vu e;' obtalt1ed . t hen ' _Bel ft. '8a", 4 ~ •
cumulati vely to all t issues sa .iD ' Vi gure 8. After a 10 -triute
....as h out.du~1Dg which ten~loD re t urned t o baseline b'Vel". ~.tu.d
• 30 l!1inute equil1~ration ' perilXl.KCl wall agajD added..,:ln
cumul ative doae a ." , lb. ma:dllium.re sponse ,t o -t M . eeeeea I(Cl '.
cha llenge vas IIxpr e aaed a a -. percen t age of ,tbe !nitt,u.~ ·

re sp ons e , to Ke l . - , ' . .



" .'. '. " ....-~.._ ~ . . . . . --.~ , -----'..~~ -, ,

n

~ r~le of ex~ra~ellular Ca:l+ in t he La-*-'and :he it'"':'1Dd~~ed
~~otract.1~n8 'W~8 ~xplored"wl t.h t he a i d of D- 600 • . ihe ' ~~ho:xy- .

d 'er l va tive 0.t. the. ca lcium channel ~t;a.gon 1.pc · verapalll.i~-, The effect of
. . .. " . " ' , , ' ''t' : 2+ ," "
~ mM11-600 on t he r eaponse of depol a r b ed SHR VSM to Ca adlled to

· ~~+-fre"~,.Kreba, ,~Ol.~ti~1l , ~8 ~sh~ "il1 : ~~8ur~ .ll ~ .~a ~~'~ 'D-~~ :. •

cODcentrati on aPPii;.are:Q,to .imtagonbe ,the ' respo nse. t o 8+ .b,ea' th:l.
' . .' ;'1 .: ... . . . " "+

· tissu e I s bathed . in ,Krebs so~ution . ~Fig\l re12}. When 'the H i. respoose ia

: -. recorde,~ "i~ ~2~~free...~eb8 ·~e~~i,t i+ •. i~ .1~ ~lJ d1~~i~h~,~8n~ ' , '__

~ ·~O~ai~f~:an~IY. s:tagOnll"'~d , .bY D-;' 600~ (.fi&~e ~3~ • . Tb!l.~S.POUll ,:" . co

La • 1l:i Ca -fr~e , HEPES-J:reb. 8olu h oD b alsa no t a i gu.1fi.caIltl y

' ... ' lmU gOnl 7:et':! ' I . mo."! D-600. :(Flgut, ,~4) . , " , .

" 'rb: j'''i'' U;.'~'d in <h" ~~" ;:" ~';l1"d ~"i' ~~" :~ 'f ..; , IJ.'
5~9 :~.th , Old SUR.~Ch .orJ ,g inat ed ' f r qm .tb~ ~IH , ~re.~.d illg ·s to.c~ , an", :.

bsd an aVi tf, s e ~,stolic blood pressure ' of "226 , . + 25 · m. iii. " t he .

· Ii:tS 't~~ c~ t~~ :c;loD.Y. ~ad"an '4~et,ge ' sysi01t:~ lJi~ .rr.~8~.re "~~· ~~~ .

~.14~,lt~ .~'tt-.t:ae p.reBa."res _ "-,.e1gnifi c8ntly di~ ~~""'t• .



Figu:re 11; Shout ' c~ative d,o.e ':reapCnae ,curveB toC,2.... i~ 'SaR S

aortii;:·r~gll. Th~ op~ ' c1.~C:le pOflitaloMTe recorded '-.

, lilu~equeul; 1? ~he pres~n~e of : 10-1.1 D-60 6 and ar.- ' .

exprella~il. "as a ·Pe~C~age . of the:lIii tial:mri:i-mi.mi resp ons e .­

(N .,6)."
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; lgure 13; ..~ c umaLatlY8 lIel dOlle-re,pon." CU~I .xprentd .• ' •

percell Ual <of t he IloIIxt_ f e 'pollM to IU. ., 111 F1g:\,Ir l 12 .

~ut- r~Cofdt4' 1n C..2+. f ree ICr~s .glut l~.
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Figure 14 :

r-=

76 I "

ShOlo'lI e~:Ulative T,.a3+ d.oll"'"'1:'.e .~on~e ~urve 8 apre~8~~ 'i8 ' a
percentage of ttie'~ r e spon.e t.o-~~ (u .'shown In
. , ' , . .. . '. : ," ": 2+

. _Fig\l 't'e .~~ ) of .a r tie. rings froLII 5a~ 111 ce _. -:rl'~ ~EI'ES-

kr~bs 8o~ut: 1o'n ln ;b.:1f of ' the'tis s ue ,s and af~.~ .30 moute

fXP~sun ~o lO-~ ,~6QO: in t : e ~~~er !'Ialf o( tbe-'tbsues. "

Eac:h pdr of -t i l . u !!s 1; ~Tom O1l.e SHR;(N~10. ) '.



" .

.. ....,..', '~~.J : ;

i~i. , ~

~ ..~".: .: ,:',-. : - .', coMR ' .'

••.. ; ', . " •. .... ..... " . ' ,+10"%\
. .'. , ~

I . . . .

/
./.(. .

..... ! . " '. - ~., ' .

. ..,' . ,.

100

' • •lIJ,

! " .
~
~ .

+ . 40
';; ..

2D ,

:>

..... 'l'':: .:
....... ~

. ; .



80

B. J\ll tlhypertens:l~ Drug Stud ies

. . .

th e p~e;eeedlUa' .~~leB ~uasened that ' one ',..pect; of, ~lte~d .

• ~aUC~Br ;;e IlC:l~~Y 1D ' 't:h ll s~~_~a8 , t he pa·~ad~x1eal . ;l"e8~nae t~ ,La?¢

M il aho t.o H " The following s t udies )ltire doue :Ill an at t empt ~
, ., . . . , -' . ' " - . : . '
se pa ra te e ff ec t.a that ,c o ul d be r ecor de d In . the abSen c.e of bypertenalQl:1

fr'~ too se preB~D.~ j~ba~qUe~t " t o tb~ D,DUlIt of h:nertena1011. e1d.

. ~~'l'hapa . deVelop~d ~UbB~ci~lllIt' t~_ .VSM .~yp~ttrop~7. '

. ' . . .
SBR an d Wietar eran were tre.i:~d ' '; i t b 7S'~/da7 ~f pripnl101Ql'•

. " . . , . : ~ '", ' : ' . . - . . .
a4lllm1ltere(\ -111.t b e 6d ..aktng \la ter from thll age of 6 \/lleta UDtll the

. . - . . . - '.. ' .
·l.D..1=ials ',were 5 lllO;lr.h' .or d., Botb SHR and Willter trl7st: d groups '

up~rlc'ce~ ~' blah 1IO~~~litY eeee ( abou t SOX) ~ ' At -. ge 5·'~tba

'~~~1ng sea (0.-3) ~d - a dgnt~lC8ntlYl~r ~Y8t';i1c b'lood_P~lIBun '

(l4~ . ) · .:t. ,"~.~} . ~ban\IQtre~tel! S~ ',(:26 ±' 25 ) Vhile ~~to.~tc: blood .­

.1Jr " sllr e a ..~f treate6 SHR' &Il6 tr,e.te~ W1sts!" r",ts , ( 1 36 .1 ± 7.6, ' n" :3) .

:Wen DOt ' Il i g;uftc.'an~lr different • .

" ' . . " . .
'Tb1e ' pU ot . • tud y ' demon.tr.td tbat • B_ dnaer gic bl Dclulr 'cOUld ' lie-

. _ '.fhc~t" ~dbypert_i.ye. ~gaDt ,ill ~e ·~~e".~~· Of' iiaa. ' ,8olreve~" . '>

t~e b~ 'IIlO~tal1~j· ~.t~ ,,,,~il;~te~ t~t 'ProP J:'~lol.-~•.~~t'CI ~PtooPd..te:

. '- .. : ' , ' .. ' .. .. . '." ' , :, ..' ' . l '

, ' In , t h e eu.bs eq uent a tudy , ' SHll.an d W1CY ,breediDg ,pai rs .wen treated
," __ '-' .. .. '..: , ... . '. ' . r . _. ' : . ,' ' ," , ' ," . . " .. . . ' ,; \,

vi.~~. 2 · ag'.~~"~Y:: : ~llrOl~l~ '::',Wbett ~~~~.~ . ~f~~P~iD,g .o f t~~.f ~t:~at~~ . . . :

'" bre~der& 'veTe .1o'8~D8d . · ~llel ~re , trra~edwitb .,.6 :q/~/ay, tjl10101~ ."At 4:-':

,,;,., .
' ~? ,
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r stUclies. Sys tolic , blooo 'p l:'U IIUr e B are recorded 111: 't ab l e VII . tT uted

'SHR had .. mean ' s,..~oUc b lood pl:'e~Bure that was ~tf~c8ntl; clover

: ' t~ ~ntreat~d ~'HR~ b~t ~o~ , ~~~~ca~t~y -differen~"froa unt r utel

'Wlcr., l'ata . Treatment .did not , IIignific~tl,., l ower . ys t o U c bloOd pr ..aur e

af WKY r,~t; when.' c~Bred tQ. j~ t.reatid ~_ ,r a t a . '

I • AOr tic 'r in ga frOli.-d .mOl ol - t r ea t ·ed SHR·' ahow ed "bu:'J:Ua ed re aet1.vity

't~ '~'t ~u the lowet" ~d ~~ ~~e ' dOae,.re~.:a.1!l ,c um" ill. CCIIIJI~nd~to t.ba
~ ' , . ,. . '

. r8 apona e froiD. t!1l101ol- tre.udl/l;Y VSH (F18ute 15) ; '~l' enetlf,lInt. did

~ot, appear to '8 l t e r th e r~~ti~1tJ ' of SHR, aorta u there' ..la, Dg . '

I1pif1eant'dUfer'eDcebebHIell t r e ated an d untrea t ed SHB. aor ta :1n'tbe1.T

:~spo~.e- to 10 1llH' KC~ . · 'Ib~ · ~o.~re8Pon8e ~u~ - t~ '~rBd~~_~~' ·

no a18l1ificut diff euncea (l'1gure 16) . ' Th~ ' re'spo1l8e ~ 'a+:_a ~t'IIl.eIlt

E"P'eT~l1tB, T,;ported. in .:his _Sf!cti~ ua~d" ~arti.~ d~8. f~Rm­

. d~riVed. S~, · Tba WItt r.~. used were , i'ur~ha.ed ,·f~' tbe :c.;le1 River



.' ~
Untruted .

17G+-21.1 , ( 9)
. 129±1 0;7 (10)

.. ... .
~ S.i~1He.lI1t1y diffe~ent frolll IIll.treat~d SHR g~up ~ p e O. OS

' 1' Not-..,1Jn1f 1oantlY d:lfhteQt:,ff'OQl. ur.greated lIKY 8l:O"P
. ",, ' , ' , . " '. '.

N~:. · .=~?~~O~~~~:a:llp;:::a~::.;,~ t&lldard davU~a .nl , ah,~I ,~
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Figur e 16: Sbcrws eUClUla tl'" doee-respoalle eorn. to aond.reDalfDe h... ' . / .

aon:i~ dna_ frocl tl_ 101:''uuted M ( e ) :.m tl-lol-

trea t ed WKY (0) . ,
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8'

':.
.{: './ .:

,'\

FT::· -;·"~.F- · ·:. ·~·~o;:-·+.
':'~

"' . .

. ... . . ' : ., ' .
npr~u'ed a• • pe rc~t.ge · of ' th~ 1IlP1lIlulll rellpon s", t o

Dora.dre1'l&UDe: . ~· tf.~. 7t1~~....·.f~o~· : S~~1..1 ~ 'p e l' c:~rv~ .

Yi p ·t. is :"s.~w.lI C~~;.l'1& .d~ . ....~eS~t~cu~~ ~~ ·~~ -~a·~..~~ 't.C12) _,'

in a ott lc .riD,1 f r o._ tb.o l oi ';'t re a ted SHR (e) .nll t llDOlol -
-...., .'.. ... ;, , '< , " :;, " ..

~~at~d:~, .'~)." r.e"~~de~ ::ill llo~l ~; llb' .~luti.~ ~tbout,

pre.v illus a ddl t1on ,o ( ltC1. C••"i n -Tl &lJre .1,1) ;· Re aultl hav • . b. e ll

"

";. ,.,

,~" ,





:, ~';" . ihi~ ,er1u o:f·axp~d...ent~· t'h,, ''' f~e~ta of ouabai~ and of 1.0W'-1f.+~ ::
j. ' . • .. , .,.. .., . ". .' . ',:, ,->,-: ' .

80 1ution on the cont ractili ty .·of S'HRand WKY, VS'M were .ex &mtrllid. Bo hr e t

a~·(1~6~) . f;rti t r~~se,r the\)olldb'11~'qr ' ~ha~/ ~~. :a~ ' a~"~~~~
acroSlJ the.e~r81le o f ·Vas ~ u1.4~ o:~~~c~e, ' ~ The~ ~i;und' \~'~ ' both

. :~'+~f~eo ' ,~~l\l.~~~, .:nd , . lO-5~, O\l&bdn :~~l;n~:a~:~ CODtrD;t~~ ,f.~:~b1>~t, .
' Th e y ., ug g eet e d · ~et .po:.:f.~on1ng .the ll~ - 11: .. pump with ouab~1J\ · alla¥ed

: , N.~, : t~, aC.~~liJ.at: ,~~~de the ~1 ~d :d ' ~~ , '~~er~aed ~xc:"m.~ ,.Of '..

, extrll-celluln ',:Na l or ,1n.~rae~1~~Ar ', Cl!O ' . Th,,'tt1~t~ .r-:~~l of ' ouaba1D

. tnatme.nt , they s ugge8t~d'o';"-a8 ~ ln~reased; ~trac::ell\llal::c.'Z+; - . ,

eoncentl~'~t1on!~ thua , t~~~ter con~l:~<:i~Uty . ':.-~e~no~~oPic .etl~ of"

~iirtae '&1ycosldn on th~lIIyoC-ll-rdiUm w,d ~e:vtew;d t.i'A:xer~ and~- Bl:(Jdie

, O.977)• . ·!1Ie8e' : a~~hO~ f~~ured·~ ·aet~ ·~~~ed ~ ~h~:Na+-ca~, '~~
, : ' .. ~ . .: . ... . . - . ' ' .' ". .: .": ' +

byPothesi~"as od8~all~ pro~ed byL,n~c.1'(l!J7l) .. ,. The , l'ole o f Na '7

ee1+ EXehangei~ ~mooth 1Il\I8~i~,., ~ecentlY re;"i'ei, ed\ Y va'n'~1'ee~
"t .1. (l979}~'bllt l:8IDl1iftB' ~ontrove:r81d.

. . . . .

~~~ell .Ri~er S'I~ lIe~e , ~Bd fOl: rea<:~~~~ ;~:J~ie8 . ~~' t~ .s~cUia.,.
1iSllre 19 .&hOWIl that · t he dos& :-tupons;e curve· to X recorded hom Char les

~';~1' : ~R was:no~ '8~'gnltiO:3n~1,," 'diffe~ent;"-;(~' t he -i/aos~~~~oIllle"~~e ;
' /

SIIIIlOd;- muscle lro~~he 1'&t ' 1~ lai~ . to be ~~la~i.v eiy :lne en~it1~

W:O~b~~ i~~1e~ . 1?~) . · · S~b~t~: ;e t· ~'. , . ~ 1~7~~ " ed .a :~,~ent~i-a~on
of 10-4Moua beio' in · th ei r 8 t lld1 of SllR·VSH. 'Dan:1cl (1'~64) ·fCl1Dld tMt .

::N:~;+;j::<:7'::,2~::::,~~~~::::;::<~~"
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s~.. C,~b~lve ~ do~~res~.~ .c:.U~' C~ r+,lri~ ~o;t~~ , r1~~':', ' . '

f ra. ~;ie. 'l1ve r.:SHIl. (SH~-CR . O L u d "f M Nm-;d'~i.'Y':' ~ :
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s~ - (S~~liII IK. ,. ) • . -recorded i ii Kreb' M)l~t.1OlLo
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. " T. bl e VIlt I~" th at; there "... no -' l~1f~eiu:a t "tif f l m e. -111 t loc f1llpcmH

of s8R'....i m~~~a ~ i~~ ~+ When ~~ o~;' ~~tnt1on :'
" f~e.i · 10..f~~' ·;~' i.o-4K '~"1"O':'~ " ; j •
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.1FtU,~.~t l; 1D~.i i:~ . ~e'~onOl~' 'of ~HR: lI~rt.· ~\~. " ~ovH~ do .. O~ .

: Ca~~ ~dde4 . _: . ' ';~ ~ ,~i&\'~.· Z6~ , ' : . . . ,

,~ '
. .. ..:.,:.. . ..., '; -.' " ' .-" '; ' .. '~'; ... ~~~.:" ;-: ', :.

flaur e 20 .oo-t~ do.e-:re -..oalle -to l :I.• •hU t ed , U p tl y.

d 't boulh ~Ot " .'i~~fi~~~1"" ~···tbe l:~t ·~;t~r·· -pr:tre'-·t~~ Vltll 10~

;r:::~~.:~;': ;~:::h~:::':.7"'::':: :'::::j~:; ' ..
• ' , ~~t ?~ th" ~\ r~ _t~~ · ~~.b. '~~b1~~ -'~'I1~ ~. ~lafnt·_~~. t~ :~..' .

Tc _ d \dt b 'qu1.lllo la~ c::hoUQ8 ch1Dt :L~e. · fb i . tnn_at sUl u bQth..o -- ,

. thlll 'sHi '~d iir:r '~"'~" ' t~· tt l: -- ~1II £t·~ild " ;~i£:lC&llt'l,. ~re:~ t~e .

._ -' ,,:~.~~.~~ ,1.0 \ ..11' : i~It..~ ~~,i, .. . ' - . - .
' . . ' . '.:.,\';/ .' . . . '

~c"lon.hY . i:h.n ~~s , t'O " · ~NII+ ~.lutio~ ~·r-:";.td!!,~_o~ ~~Iia~

ah.n~ wo~d ~• •~t ·ill ~;'nd~ deve1opme.~t. · ~ideb l18\1a 11,."ta:d~ to' -bW;- , ","

·i :l~~- i~Ve1. d l!~ln'~ ' t~- ~~' ;~~~·~te:·~·cu~~t~ ·~~d~ .~:: •
. ", ". :' "'.", '::, +' - «: ; '.... . •> .... ;.:'-. " .<.

. -, -!D.. Piaur.., 22 p d 2 3 , the ·1. doae-n.,on. e~e~e»:ded befori . ,.

~.~ Jft~~ ~lt~~ ~f ~~~'~11 .nc! be~ore ''';.1.-~f~et e~A~1D~' t~ . ~_ ::.~ . :

. ~.+\ ,o·i~t~~ :~.~~et~Ye17; ··~~+ "~~~~~t t~d ~~.~rtng sa:'-f.d'~'MQrti~ ' ' .•

~1.....;: Both o u . bdD ~ re p lllc:nmt of ~~t of ~he X. , e ,um "U :lld the .'

al~U.l~t d1f ~'t~.a ~~~,~~~h~rter4he ~d ~trol t~,~~
at tile ~Q,"r. e:ad of th e J: . do.e-r~ curve .

n_ '~ffeet , '~t l~~ ~au..:~ th e ~2'" '~~.~:~e " b .
. " ,'" : ' '. _. ,:'. " __ "." . >, . " ". ,. ' . ' it-

" a boMl in ri l" t e 2" fo r , S1ll eo r ta _ d_ l !lute 25 ftt lin _ 'ru. The Ca '

. ~o.~~pon8e e·~rve l:ttll: ~u.a~,dO -pre~~e.i~d . SIll.: ~Ott' :·l. ~W:t:ed " to
"". : ', " •...' , . " \ ". , ' . "" . • "",' 2+"' • .-"

. t he lef t , al t bo u gh . no t 'd&n1 fiel!1t~y" , no., ' re ./IGft~e to CB , an' t he . .': . "

';~,..~.ort:a vi~~~u,~' ' ~rll~j.O~, ,~:di;~ton:, O'f ·d.~i:a~\~~i~& . l(!.~~ >~:~~; ~ha~" :~~ ,-:-/
,o,f ·.the m.uiJIum. TuPOl1.~ t o 11:. ',' ~ tJie .~re ~t;n~.; aod .b.etI~e ' o f DUaba~.

S~lti~~iiOD , Of chCl1iDa ehlo~lde f~r "It Of, : i:he ' Na~l ' ln ~~. 80bti,~"
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Flgur- 2~: : S~ ;....1&tiv. do,j~rt' .~.: e urve. ~o ~+ in ~le, t":ags "

-",froll \0'"1:1" .(l . f t ) aDd Clun'l e . Rive t" S~ (d ,ht ) in I~bs

_l.. t lo~" c. -} .ad 1A " ~OV-J1.+ It".bs .ft:~t" . '"i 5 "lItn ut .
" . • j ' + - . :

~ ~e"bstlOD la l ow-Jl. Kre.bs aolutiou,. (O) .
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101 ·

Fi IPl't"e. 22: . ' Sh0W8e~t.1Ve. 'K+ dos~re~ponlle eurves ' re#gtted fr~

Figure -20;' c~lIrin3 _r e sJ>0n"se ll ~f SH~ ,( e) ' and .lICY (0)

aort lc rings in Krebs "ol~ti.oD ' al~ne. (lef~ ) and dtera

l~. ~\lt~ p~t:e~bnent ., ith l~~~ ~~b~in ' -(ri8h~~ : " ' "
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Showl c UlJlu lat lYe dOl e-re l ponl e c:urves to C. expre as ed
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rtpn24:

.: I' "per~'e~tlG-of' t he 'iu~~" re .pori .. ~o It+ ln .o~tl.c: '
'. ,.", . . , ' . 2+ ' " . . . .
" J'1n p fr ca OuIrlel Rlver SHR in C. -hee ltre b' ,0 1ut l oD.

·.:al;m.,.<_):.ad'~ft~rl~ &i.D~~e. pr.tr~~.rlt .vl~h ~O-:,~
muba la (0 ) •
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IV DI SCUSS I ON

A, ' Gene ra l Consideration s

1.' Met bodo logy

, The, 'exper1llle~ts presente~" he r e delDOnstrate PharmaeoI~g:tCallY ' :t~e~e,,:s~~

vas cUlar reac.t ivity 'i n t h e SpOntaneously Hypertenll1ve Rat aorta a,nd
,.. • ' . ; - ,1 • .

. IIdJlr e ss th e q uestion -of the Eech a oi sm by which t he r eactivity beco~s

alt~red. I u iII t erpretln~' t hese s t udi es cc r t 4:llJ; cOllS :td ~ra i: ions shOuld

be kept i n ,min d :

Yin ; . here . ~he pro b l em h~~be~: ~tudie4 uSi~g - t he {aolsted a~i-t:lc'

tiss'~e prepa,rlJti~. " The ,d; IIVb,,:c 'ks ' t o. t hisapprQac h are (1) t~at'tsoisted

pr epa-rations -of tis·~ ue s in ' ''~; iiJ.cial ' ..olu t i on ina'y not ' r d i ec t ~,~

~itu~:t l~~S . ~o;d (2 )1". that- aor~~ 1.8 ahl ghl y 'd1stensib le vess el alld tbe~~-

· f01;e 1s oo.t :ep~esen~stJ.~~ o~..the s~Ua~ted'olc~ th~~" t~y dete~:i.~e

va s c ula r res i stance (Foill ow and Neil , 1971) ,

· , , - , -
~e8CtiVitY. ~re . -eo~ari~ona ':"re Il4de _~e twee-n response~ t o ei~her tbe

l~st ' dose qf ago n ist or t he d~se of ' a goni s t that ~:ieldS tbe gre~test
· r es pon se'; Theref~re. vascul ar reactlv~,ti has .b e~·~' appr~:d.~ted to .

t hre shold s ens i t i v i t y o~ ,IUxi mum re sp on se, i n -t en s o f talsner ' s· (19i4)

an~?61s .~f aupereena1t i ve phenomenu lII.whlle ED; O-~d '~he el~pe - ,.Qf~ the
doe eeresponae curve ",r e rare1y cons1d~red .

...~

. .
Thes e ·'r'!'aervations , e r e : .PP 'ropriat~ ~. ' b~t no t vre heue explan.atlO1'is : '

The sdvante ge _of the iso late d -t b sue : t e chn l que i s tba'i experi';" 'tlhi- '
• • • , . ' . " Tfo

I!lSnip~'lllt iOl'i s ca n be pe r fomed ·accur~t~ly . ~ :l fl C.C JIOs t ill p<:ortsn!- va-dallIes
,; " " / .' " '" . ' , - /

cau be controlled . Thus . VSM tendon development can be recorded 1D'

're~pon~e t o ··hiowa. ~c oncentrstions of agOnl~ts whUe ini nilDizirii ' ~~~
' . ' . ' .'. , ' : ." 1

..



122' . . .
in'fl~nc,c a t-. neryes. e1r eu'la ti ng h9 I111One~ .:md...e t. 8b~l1te5" ~ort1~

tiu_Uoe "'a~ ch"ae!, ' fo r , t hese atu dies 'i ni tia lly to duplicate aod exte nd

t he' find i ngs ~'t S~ib~ta e e .ai. <' 197J)" ~~d ·~;~l;" ·( 1914) ~ - Rat tb~nc#

. 1.$' f or the a c t ual llIl!.:...surelDent of vascular re4ct~rlt1. one o f th~ .

. ;

. " . ' .
dIllS ,o f t h i s s t lldy was ,to differen tiate . th~ possiblli t:y of .:t~y

. i~crea.sed rea~t:ivi~)" ( hYP~r&ensitiVityi in SllR. VSM' f~om . t !la t of

secondary, s tr~ctura1 ~~.8I:lgespioducin~ ' a~~~re~ t: reac~iv1ty iDcr~aa.es.

Muscular hy~~'rt;oPhY ,migh t haves1gnificant eff.ic'ta on 1U:d~

, " ' . , , . ,

.80 ~~S is ~O-.:ly . 'inneiva~ed, ( P~:t,~.l et :~• • 1912): Bn~th~~' fact~~. whl~(
. Jl8ke a t his t issu e arnt .,l ", for a s tudy of t his nature.

. . . . ' . ~ , ' -

. " ' ; - " ... " , . , .
·t ens io n deve l opmen t < .:· However. , i t ' shoul d hav~ H U l e .e lfee; 9I' / thresho',l d

'cro'l~ ~t al :~ ; ' , 1 9 7~~ . s/i~ce. a~. :Illus~~e ~8S .i.n C,;e~,se$ ~,, ' the, ,ree~~to;. - . •

population ,may also rncree ee , bu t Ute -sensl t iv :ity of :ind ividua l

recePt~rs should -relllai n ~:"l te~~d . : ,...c~rd~n&lY. tl.res hold ~~~it~v1.ty ,
:Ii.., ": , : ,; _. _ ' , . - , . :' ' -, : -.: _'

lI~emed , t 9 be t he: most Ilpp r op dll t e measure of r e a ctivl t.y In .t h :1s case.
" .



. .: In these 'exp~riments . SH~ from tlnl SOQt'l:U and tiro ":'traulli o f
".- , f, . , . " . '.

' UOtDl t e Ds !ve co ntrol ' r a t s were s t ud i ed. ·Th e vase u1sr r e sponsivenell". ,: " ' . .. ' . " , .
of th e btO t yp e s of SlUl. \/88 n ot differen t ' ( Fig~e' 1!t) and both had

. ' . ; , ,

·a i gni f1. c 6l\U y h igher ~lood p r~ss\l~s ' tb~O:n the IlIti or Vistar cOI!'t roIl.

,(
nie choi ce of eo~ ~iols is erucial i n a ,s~udy .::of th is Mture;~ cun e-_ . .

. " " ' . \ '
sc:h.,{dt: at a j , ,( 1970 ) fO'lind a d~ificant ~1fferenee ·i ll, max11\l\l111 t:~,sf..on

devel o pment be t:"U"i~o normotenl 1.ve s t tai.n s of r~t8. , S t :i:sin d1.ffe l'8l1c es

o£\ili8 \u, tu:r::e w~re not- ~e~n" i~ t he p-rl!sen t: s tudy . perhap"bei;:~e '~ ~

~trOl 'st~~nB'· use~ ~ere "~~re,. clo~eIY ' ,~'e'lB.ted': ' Then was DOd'1fferen ee

. ~b-~e~~d: ~n" re.ictiv~t:~ to K+ b~~ee~" ~~al.~zed re8~n~es of Wi~ur md

t~lol-treated m."Y ra ~8 (Figure 15 ).

The ,:'Ui- d e rived S HR \I~S in ittally used ' for ,t h e s e s t u d i es . 1l0llever ... ' , " ,
vtlen "t:h e ~~irilal · ' facll1.Ues we re 'lllOved t o t he new lIe~lth ScitTlCe , Cent re ..

. Whe~e , c~nstruc.tion ·w~ ongo i ';'g . 1t .b·e:·~·~ dif,f1Cul: t t o, bre ed S~R "1i\ 'lli~
. ' ~ ,. ' . ' " , , ' ." "" ' " : " . - ' . .

qUSllti.t: ies necessa ry f Clr eomple t1on of this \/ork• . . 'The 'Ch a rl es ' River ,S1tR

WM eoen p~cha~~'d' and. ~~<1. a:., t he exper~~·n't.i ,~lmai:
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ageat , (11i11~.C _~1: . 1975) , an d 15 tlme s', lelia pot"en.~ a s an inhib1tor or., .

. - '.
'fife i~it~ai 's tlldy "'ith p l:OprlUl~lo1 1nd:l.e.Ud t.hat a ,B:.. drtlne r gl c

b~(le,k~r _e~u1d b e' an e~fecti~ .nt ihYPertenB:lve · ·~ge.~~ 1~ th~ tr~~~t : .

of hype r t ensi on ,a s see n !rr t heSHR". This ·"U.nding cDQ f J'rmed ) he ' repoits

: ' ,
~hee e re po Tts ~'te . eon~rast"'d ~~: . rel'Ol"t~_ .,by ~1Bh:l.,.~ et al_; (1 978)

~nd Pfe ffe~_ et a I. , (197 7) f rom the salle laborat ory ,wh o were ",u.b}-: tJ . .­

~l~H:L c.antlY · lover the,; \, ~oodP~eallU't'l! _lll SRR\I8in g e~ther 60 ~iKg

propt an o l ol or 6 5 JIg/kg d .o. 101 ddl.y i n t he l ome r study ":';0;1 e e l ea; t .

.1 09 ~g/Kgp~pranolol _ o~ '66 '.m8IKg- t~ PlO lol .adm.inill t~red', f r:0lII' -c~neep·:t'bn

in ~~he 14t:"["~ ~u.~Y '__" N:l.ahi~~ma ec: a 1 . _~U8g~ s ter., in~~~~l;' t:an.cy ' i n t~: , .
cbaracteriH1es of SHR bred 1.n."sd o us places .u oun d th e wo~ld _y . :

a cewn't f or tb~ , l ~ ek' ,~f ·ant1.hype r t~n'S 1Ye il ct J.v1 t' Df $-blocker~ ' l n t~lr

' . s t udy:

Tl~lol wa s Ch~se'~ as the .ni:1hypertensl~ drug ,for Ch1~ stu';;

~~a~uae (1) it. 'Was po'tent' Wh'~~ edllinhte~:d "orally ' ( SYeec ~~~1 .~ 1'97S)

(2.>'~t wae t ho ught.: ,t.o ac,t , ' ~entiil ;lY , ( Sw et _'e t d •• 197 5) ~nd (3 )"1t .II8$ ·
, '" , " , " ', , ' ..", , • , ' : ' 2+

. eon .1der ed un11.~ely t o have p rollllnen t df rec t; effects on c.. bomeo.t lllJ.s

. , ~; VSH.-" · ,This ' 1at ter- 8Ugg~B·~j~1l. '~ I 8~~r~e~ by 't he ·'f hld:1~. ' that·

d mol o1 ' 1."~-6 t.:b>eti· I .... . p~tell t" th;"~ prop~~n~lor as a neg;.:~IVe 1.Dotrop1.c

'.,'( ...~..--- -_..- ._ -:::--_.-". ~----_ ._. - -----

r-:·- t " ,
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' :~:::'~~~;~~:~:~:;P::; ~:::~~,~:'::.. : "
propr3Dlllol ' a" J- a drner g i c "1 0c:1r.~ (Swee t et a~ •• 'f,~s) .r " .

'eO " " . •. • • '. .' , • _ _ •

, Thol o l _ s d f e c.tb• . .in i lgn1f~UIltl)' ,love r iD e bl Oqd preSlJ~' . o f

Sill aD.~ wbe.n comp.r~of t~ I,IlI t r '!"a t e:d SHB. to ~he. _d en t . tbt t.lle" .

-. Vl!re not '1~ifJUD.t1.7 oftffeftu,t frill IJD. trCl t~~;..~ ,1U1aIa1':' nnu.•.
' the drua prot.ocol' va~ C:OI1dde reci to u ve ·.M !lI .uc:ce~fuJ.. 1u produ~l~ ~ .

-,. ~~t~sl~e SBIl. t1 Bi~of -pre.,~~eS :f tr~ated'WKY ,~ie nO~-:d~f~~;-
different ' f r olllUlIi~e~~d WKY. · ~d1.C8till~ . , 8Ppro~~1.tllmeB~ '~f t~~ .

, "', . ',,' I, ,' ,' " " : " , ,
gro up as a "n emota Ds t u control for the e fhet a o f 'tug t.r eatment .

,r~ gure 15 ~hO'w~ 't'ha t d"l~; ~r~~~llt . did IlO~ alu r the , " r~8P~i-reo:~a
+ •

::,:::::: ,:~,:·~::.::·:':;st:o;:~:t::~~::.:::::·':'7 '
toclic:aU ons t hat t~e~taeut' a l em'e ~.d~,~~~feH on react ~~i.t1: •

: '. - B ' - '-
.The con::ra.:t l 1 . rupon . e to h is" Ca \ 111 the ~depollrf.zed S8ll

aoz ta (Figure 18) _, ilIcl i';.t~ th'e V$It1III!1Ih~1II ~ '....lI1IO~lJ ....

. " . , ~. . \
high permeabil ity to Ca_ . 1I0oI1 lilt &1. , (1918) ' alto louzul tenstcu '. .'

. ~~~.~~ge~~ : SIlJf;:-r~~ ' ''~ll c..:2+ "'..re~t;1\~.:, dt~~.~ ~~t~~" . '
per:lod ill Ca . fr ee IICllvt i on. These &u t bo n concluded tbat the VstI: .

,M••r m< of <h. SH.'~~' .0,r.,:, .....\ ' ,. .: ,
. a1m:l. i ar (:lmc: l uat on ma y be Tea~tied i ra. the uta pres~n t:ed _ in, .: . . .. " . '.. ~..+ . . .. . : . .'

Figure ',l1 . , The c:ont nct l l e, rcsp on liCto 'R · 11 • • • ete F i gure 9 .ill

,.,':Q:~;:::::';;):~~:::~'::::':r;:~::~~:lr7::;::::d'; ,
',' --- \iieaJ.ateci r h ro llgh D-600-.e n siti.,.. Ca(:~l'1lleb , ( • • will ' be f u r t her

;: '.

I'
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di8CU81i18d l a t e; ' i~ thfs Cha~teT) . The re sp on!e t o u+ is aee~ ii:l
.. , ' . ', , ' ' , ' .:. ' ." , -. -' '"

aorta from normotenlfive, tim olol ,treat ed SHR' and not ill. ,t ill su e from
.' • • , " 0

normotensive; s i mil arly treated, wKY cont ro ls . This could be ' inteJ'Preted

..ee a 'f~Tiher l~<l:1cah~n ~f a Poa~ib~e' membrane de£~~'t , inthe ' Iaa~~lin&
of ca2+ in t he SHR aor ta.. . -, '

~: . , : .
'Ibis dd,ective aetlh~~ hypothesis i s 8upponed by the data' tA

Fi gure s ' 15 and 16: The 'K+ dose-re sponse curve shOws , that ecree ' f rolll

tiJDoI01~t~~ate~ s~ is ·s1go1~1C:nt lY " " ..s~n:~i_tive ~~::UJO~ol~ ,.
treat e d <\o'KY eo xt a .ee 't he ~"'Ii! at. co ncentration (l o.nM) of X _ But

there -h D.O 'si~~f'le~~t dlffer~nc~ ~~~en i:h~ nor~~renall~'e dOB~;­
' re_!I;~nee ': ~tmT~s : (rlgut~ ~6) ~

~~PQ~~1ble ' ~Xplanation"for th e ~~ek of '~ ' ~i~ifjC8nt ~1ffer~n~e

:~ betwe"e:-S~ :~d _WKY - :~orta 1~ their ~e'8Po~se"to ~~a~~na1i:~:' ~~ th e '
-. .. ' " ," . " , ' ..' • ' ,';' ' .,:. " +

l!xi's t eu ce of . si~ificant ' diff erem:e i n , their ~spon~es t o . 11:: . ' r es t s

. :in.:~e ':m;er <.fn";Wb~i:h ~a~ PO·Ol~ ., ~~ ~.ti~_bed · f~:~" .tbe~e ' ~ontra c_~_ion's ;
'.Both n or adr en aline- ,'and K -induc~d .contraction8 in V~ are,' blpbaslc i

. a bbr ' (1 964 ) . de8'crib~d an tU1U a 1 , '· fa " t i ..espo~"I! ' ,(the pha sic ' component)
• C • ' ~ , 'i ,i " ' . " " ,

. •whi ch ,i s ,followed ,by :a ·s l ower. f urtber increase ,,I n ' t ens Ion (tbe , t oni c

. .'. :~~'p~~'e~~;:,: ; - ,~a~bi~~ :~o~~,,: ' ,~~~ ':P~~8~,C· , ,~~~o:~t ~o,~., '~be K+-i.wiue~d
. respo:n.s e . i s v,ery dependent vcn e xtral:ellular Ca .. (v,an Breemeu ct , a1 ..,

,'.:; 91) • , i~ cont r'aa t ; t he ' 'Ph'~8ic cOlllPonen t '~ f Uie tl~ii.dre.nal1ne ~esp~~e
" , ,', ' " • " , ' r '2+ " ,:. : " ,:' , ' , .

i s ' n ot ' dep,end'ant .on, elttracel1u.1l1r Ca (Deth' .and van B~eemen. ,19 74)

bu t ' ,r a th C....."u t~i~ea , 1nt;.ce~l uJ:ari;, 8t~red' ea
2
+' , (Hudgin s ,ar.d 'wei~~ •

• ' . ,: " • • • • • • '" • • ' ..., : 'C' • '2+ " , .
1968) . ' Swamy an d Triggle ' (198 0" fOllQ.d that<' When ,ea . ill reonovedfrolll

" " ' . '. , .' , ' " r

,
.'
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c. ' 1:~~ p~..~. ~lO. ii .'.al+"".""'it:.( .~SH'R."VSM
1. React,1vity to K" ,~

The data pnsented in Figure ' 1 5 shows a greate~ respo ase to tb e
. . " - ' - ... -' ': ' : ' , .' -' ,

lowest enne entu,tion of K i n VSM f rOlll no rmote nsive and hype J:'tensive

depoiatiz a t'ign rathe r t tJ,an mediated ,through. r eceptor (vaa. Sreemea

ei"al • •' 1973),thcre a re ' t~ p09si~le ' explan~tlDns fo r ' t he cellular

1llt!C::ba1'l~SlII of , t~ alterationtln u~s~tiv~ty ' in ' F1~~l; '~ ' (1) DeP'~Iarbatlon ,"

. " " ' - +
ee eues 't o a ,gre ate r ext ent to the ,l ow dose of , 1::

or ( 2); ' gore ' ~xtracellu.1u -cit2+ ia irliI.deavai1abl~- to .t he eontrac tile
. . .

proteUls 1Jl SIlR aor ta for a given dep",olllrizat i on :

, . ' .
. dternllt ive.· They "mea sur ed ~mbrane pote~t~~l :':a ' K~ ...as s elded to

1IIoiat~d SRR' ~~onllry ~rtery, ilnd'p~~Ul v~in . --two VSHU Il61,lea: t ha t are

Dllt . e~,e,dtoelevllted PTe~'suree . , '1;heyfound ,t hat K+ added 81:~~e~ ' :'--; .
. - ; " ' . . .

produe~<i ~;d='tit~d~llt-ic.l 'depoladz_llti1nl8 iPSHR and. .WKY t1BB~B (their

. ,:Fi gu res 6 an~ 7) . ; -,

' " . ' " " z+ ....
The second possibi lity, 1mpl.ies t hat 1llOr e ca - en,ters "Or ~rhaps

th at IIlO re Stored ' C~2: 1~ ~bi1~ze-;; , tor a given d~ia'rization ~ the&e

~seibi llti es W-1.11 be dea lt wi t h further in fo llowin g' see UO n6 .o~ this

. Di~ c: uaslon ,• but to eoDelu'~e th is sec:t1on , "&""re:a~d - ~activitY ' to ic+
' .' . __ , .' ~ , _ ' . ' , ' : ' , , .r ', ' ,- .. ' I"~

r e c orded. in SlIR-VSM'1s conststant with ,a more .accessable extruceJ.l ule r

·2+
. Ca pool. -·



, ~'" ~espQm;~lI ~"'POl:.~~d lu th~~ the~ia~c:r~ recordedCUlllUbti'Ve;Y' ~

that; 1s an 101,t 1,81 dOliellastlddCd llIld asaOOD all t he r eapene e r e a'ched
. . ' . :" " : ' , .' • . I

a p1at~au , a a~c~d . :~se ~as 'adde,~':, ~i~ lIle~hodo10gy.:whet;t ap plied to

nor ad r ena line- and K ,-induced r e spons es" t en ds je t ecord only the , ph aaic

' l:e; pons es , es pecfai'1Y at t~e l ow en~ o~ :' the::~os~ :··rea~ns~c~~.

· con~eq=n·tl:; ~ if th~' Pla~~~ ~~br~~ of VsHill ,~e -SHR responds . in an

eX~8era~ed''i~hion ;~o Cisonis ts d~e eo faClli~ation :of i he" en.try ~f e'~tra­

c~{ca2+. " thell a. .ilypen::espons~ven~~11 to ' K+ ' ~ather,than 'CO

nor~dt::na1~e" 1Il8Y be e~~cte';l ~n th is ti~~,ue'..,Perbaps ,th i n expal~,,~hy .

h)"pefll~~~:lVitY tc K+' .' bU ~ not to ~or~dren~iue waa , s~en ~n t h i sil t udy. , ;

I t ' ha s been s.u~g~B ted ~ -.as discussed .~ the ' Intro'~u.c t·ion, ' tha't

the increase d r~act1';ity t o va rious a goni sts :' sec'; i n vas cular 'smoo t h
. . . : ' , " ' "

muscle' f r olll hype'rtenaive~im~lB 1/due so~ely 't o hype~'trophY ofth~ ~ lIIusc'le

lle c@ da ry . t o t he es t.a.blis~nt of hypertension . However . ' t he ' pre , 'ent '

· 5t~dy :hU ~ho~ th'!~:; (l;, :iri~~eased i-eac~1v1t; ·t o ' ic.+ ~r~ist~ .~ SUR

~:eated 'f r oIDCf:lnception lo'1th t1~~ol ~d ~~miere~ o~~ten~l~e ~ : (2) ' the

Pl"ev1ous~y .i~lIlO~atrated ~eactivitY , t~ ,low 'pH"in "sna VSH Pe~B18t.8 ha
'. ' ,; . ' '.,. ' , '. ... . , : ;, ~ ,;

: ~:t1llO tens1ve sue; and (.3) th\:~te.nli~V~ SHR. ~o r ta d~.veloPs -,s~~1fi~t

.: ~en~,10~-."" extr~~~l~ar Ca , le~l~, ..•~ ~~ilie~ ,< ...h~lle .t ?e ~i' t1s~,ue

· , does , Dot . ~e.ee ~e.activity di~fer~ri ctl8 a n app~rent.'even in .t he s eaee

'Of .~. e.1evat~d bl ood p'~~~~'~e 1~ th~ SII'!-l ~ i ndi ca tion th at.·;e ctiV1tl" :.
'. , " ," " , .: -. " " . " : " . .. .. ", I" , ' "

chan ges a re not a eeeeequene e of th e developzaent of hype"TteDElion 1n , this·

sn~~ : iThe~ ar e ~1s0 indi~ationi" :~t ~te're~ "r';a<!tlv~'ci' ~n'the 's~
,,,,, ,,. : .-. • " " , . . , " --,.' .. ." ' ':; < . ... .2+ '
"aort a may·be attributable ' to a defect In . .th e CDnt rol of Cll bo~stasis.



I
, -\

--,--~-,--,-l

',' ' : ' 3+ . . . _ . . :
",The obs erv llt1on that La formed a predplute in the blcarbonate- :

bufte~ed ,aolutiou ~all. firat ~por:ted by Sanb~ra ~dLaDle; :('1970) ': 1D '

;­
s t ud i e s on .eerer ee IIlwll:le . I The , upper: two 'c urves 9f Figur e 17',11luatrate

tha t lIlOst of t he la~-i~dUted co~t~IlCtiOD I n 't h.e sua s 'orh ~~ 8 '.~ns~quence,. . . .' ~ . : . '

pf , t hechllDge .~ 'pH ( ref~r t o ,: 8bl e V) tha~ ' ie~ults when'La . f~rms ,8tl

iu'D~uble ' ~bmPlex "'l.th a bv.f.~er. ,When La . 't"~8, added ~, RE~:E.S-b u.ffer:t'd

so l u t i on no change 111'pH ceccred , bUt a ' contraction 'vaa retor ded • .This

pJ"es tm\4bl y WlIS not ~~IY ' t he effect. ' cif the HEPt S- buf f e r itself ~ lI1nce '
.- , " . . " . ' ,, ' ' . ' +

', t he J"e wa ll. no 61go1ficant dl~feJ"eDce ·be twe en , r eapottaes t o X 1D SUR'VSH

J"ecorded in IlEPES- 'and b i ca r bop a te- buffeJ"ed Kre bs (Figure 6) . '. This

r esidual con traction due ' t o 'add1t~ o~ Lali- ' i~ ' BEPEi-b.., f fv red Kr vb s '

:n ll axan t action~

129

. .
The initial ' lnvc8tlg~tlons "(Fi gur es 3 and. 4) CQufiniled tbe. UJul1nga

. . - " : : ' , " . . ' '. 3+ .
. of Slhi~a~8 ~t al. , . (197~~ , a_~~ ,Bohr (l97li) . who. reporred,.that L:t' induced

a cOf t r a c:t li on in VSM fro.m SHR. Uerms meyel" . sn d ""alton (1 971) wer-e \Ina,hle

t odelllOII strate thb response in isolated o::a~dal ar t e ry f tOlD. t be . SUR an d

llugge llt ed tha t eoe d l parta of the va scular t ree a~ homOgetleoua in
. ~ . 3+ ' "

th e ir reactivitie s . The La. -dnduced con traction 1t1, SHII. .VSM was

considered 'pa r adox i ca l , be cil.us,e La3+ · inhibited ~~t.racti~ in rabbit. , .
. , . " . ' ," ,,' . 2+

llOl."ta (va:I1 Bre cmen ee al, . 1?7J) and was r eported to block Cl!l : ent.ry

into VSM (Godftal.n d . 1~76) ; thus ~a3+. II13ht pe expected to b4ve a'

2. '. Reactivity. to La3+

, ' . ' . ..
. 8~iutioD, vberli! t.h~ · pH r~lIllina 's t abl e', wa s gre~tly di1lliniah~d b.ut stU I '

.s:f.gn1ti can t l y gr eat e r in t ,b.e SHR,VSM' tissue (Figure .7>, 1n~~c~t1ng t .hat.

)+, • , ; , , " , ' "
La did hav e 8olRll.d:l,rect ·a~tiDll- .

·r -



I n Fi gur e 14 , the La 3+ re~ponse re corded io ID:PES-b~ffered Kre.bs 130

~as Shift~d-- ' t o . th~ ~ight :ulli '~as ' greatl ; d:l1ll1nis~ed i~" t he' abB~ce - of

ea 2+ '(eOlliPared --to Fig ure j),' 6~t was not ' :n~agO~ized by ·~600 .

Kea tinge ( 1972).. haa ati~ , that even after - prol~oged , 1ntub'ation in ' ea Z+.;.

rf~ee lDi!d~a . reS·~dua.18~p~'l1e8 of bound ex traoolldar ea2+ ,;...,. sti~"t - ~e
, - " ' . . : , 3+ ' " , .

present. _ On this baa ts , t he mC,chanism of action o f -t:a -i n VSH_f~1lI the

;'S HR ilia; ~e p~rtial ly ~~~ouil ted for by all i nwat d displac~':ti.t,of ex~ta-
: . ,."Z+

c~llularly;'~und Ca •

• ' ." ,' ,~ . - I.. . ' ~
There "a r e s.everal precidenta in the literature of C~ , -IDedlated,

event s ~hereLa 3+:appell rs to h~v~ e faclla to,ry _ actlo/~atbe'r th~' 'its

Usual inhibitot"J , eff~c t : -La J+ ha~'b~en 'repo~t~d . ~o re.lease cateehol~~' "

f r olll thebO~i~e"~~~en~ -'med'Ulla ' (BO~;~ i-t z , ~972)1in~ 'h ~s tao1ne frOlll mast

cell; (·~oreman ' ~d ~ngsr" 1 ~ 72) . In ; frog ' ~~~r~~~~~r , j~~tion 1.
pr~p~;a~l~ns 'L'a };.' 'e~used lin ~~c~'~a~e in ·'~he frequency of tD1Ui: tuie ~- \J
Pl~~:~ PO~~~~~ls, even -'i n a C,;,Z.!"_ fl'~e" so {ution (DeBa:a8i~ . ee ~'. : 1971).

He\,l~er and ~~1~d1 (1971) rep'~t:~d sindlar_findiO~; an~ suggested La3+; ~ :

",a s a~ting eith~r by an 1nw~rd diaplace lnent of ca 2+ frOB bo~d sitea o r
. ', ' .

by ~ . direct i n ttacellu! a r a ctio.n. ·· 10 ·~he pres ent ' ~tudr • .'in ' th~ ab~ce. o,f

Ca2+. the p~ak reaponae occuued' at 'l O- IM La3f tF1g~~4 ·5) . ~hne in- the ."

p~,ese~cB o f' ex~~acellular ca2+;< the ' ~eak ':r~BPons~' '~c:;~~,tred- a t S -x l(~
. J+ ...., - , ' -, . , ' Z+ · , , · .
La (F igure 3) , s ugges t ing a r elian ce on extrac ellular ca -. -nce eve r ,

2+ .' -, ' . . )+- ' ,' ,' " , .- . - :'
i n Ca _, _ f r ee solution, th e ,La .-r es ponse was Dot antagonized by D- 600 .

" TtIrt,lI ilu gges ts tha t a compOnent , ~~ , the ·,L ~3:+-:i.nduce d con tr~~tion ~y be , It

, ' . ,' . -' ' ,- U
direct action on t he VSH Jllellbraoe to release int r a cellul a r Ca _. ', Alter- _

~~ti~~lY , La~'~y ~Dt~~ 't~ '~lj ' ati.d db~,l~c·e·boun~ intr,c~i~ul~i:-'Ca~_a~'
ac t di rectly .on t be c:o~ttacti\e proteins 'a nce. inside th e ce ll .,



, " , ,, ' " , ; ' ,, ' :
intestinal SlQOoth muscle' has been illlplie,il f r~ t he s t ud ies of Tr ig gle

. , ," J+ ,'. , ', ' '
and Tr igg le (1916a) . st.Dce La has a greater ' a f fini t y for ca lcium

blJl~in8 d~ea than cl+'(Le t t vt n e t sl :.1964), i t is likely t ha t the

intracellular en;ry of ' La3+ would diB~i,~ce Ca2+ .frOlll. '1n t Tac ellu14r

'bound poob. and i~cre8llie' t he f;ee ~tt"lcellular Cal"! coneen trat iOl\.
3+ " ' , " ,,", . ,

La bas also beeu sho>m t o cross t he mitochond r ia membr ane an d ent er

ths ll.lItr1X ' in ·isQ.l~t'ed lIlitoehondtta (Pice'iobi et a~., 1915') where It

could' ~isPla.ce '-b~'~d IC82+• •~3+ ,~as'been ~h'~ to'dispu.:e CaZ+ from

. " ' ~ :

~ " .' " , , ' .
La , has bee n reported t o cross t he r a t ,ut erine lIlUse l e _br ans
. " ' ,, , , ' . " "" " 3+' . ' ,

and enter th e ce ll (Hodgson aDd Dani el , 1913) aDd La so t ry into '

, 131

I

" . , . ,

sl:.elet4l muscle t roponln (Fuchs , '191i ) , - al t hough It sho uld be ,noted '

't ha t 'thet~ ' 1 s ' n6 dtreci: e~idence that in~i'~~es th~t La3+ c~: ~t' l:1~e
2+ . ' , ' " ' . , ' , ' '. . ' , .

Ca and mediate in aetin-ll.yoa~n;1nte:actions in ,ske 1:..e t a l or amooth

muscle • .

" , ' " , ~~ :" '~ .
'):h8 pa r adoxieal con : r act i on to ~ .oce urs DIlly in SHR VSM to liD)'

signific~t ~~8Tee snd a tg ht . Tefle'c~ ~ 'f1mctiona l .deet'a t i on: l n' the
VSMme~br~e. '-If th~ V:;M D.eIlIb~;ne i n SH.R ao~ta i~ ' leaky t o CaZt ' t ben

3-+- ' , , " , . : •
La ,an ion of dcj.lar unhyd rBted i onic r a di u!I; _, be ,abl e to cr OBS ;.--

thl! 'Ili:ellbr an e thro~gh t ho's l'!" ca 2+ leakage aites . However . t herea1dual '
" " •. ' 3+ :" .. . ,:' . ':', .' . '

con traction to , La . l n BKPES.-Kr ells l olutitln was ~l.l r.ompared t o ' thttt

recorded in Krl!b8 ,soll:itio~;1mplytn& , t ha t t be IIl3jcit' port1oD o f ,.the

C::0~~T&et1~ie r~sPOlls~ :t o saa ~~ita ' . , :ea3-+-, a~:'Tepo~ e"ed 'b~' Bo~t' · '( l!llll)
. , . .. " .. . .+

and Shibst~ et a l . , (1 973) "~Ii medi&t~d through ll'.
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-: 2+', " ·
3. Reactivit.y t..o Ca .

a) Respo nsOl in ' non-depolarbed '-..ort..

The SUR ao rta (Yigurea 18 and 24)'reaponds to c.2+ ad ded ·s t.e pwise

. \11t.;OU.\ previou~. d~~Olarh.at1o~~ ",hile t.he WK':i. aorta d.oeanot(lI"1g.ure .' .

25). ' ~8 Undlng was aho r eported by Noonet a!. , (19 18 ) and suggest8

,~be sRR ~~K 18 ' Wl.abl~· 't o regulateCa2+ pem.;abllity ,as ~eli a. t.he .
~ VSH. :tu.1sed ..,.tracellular ea2+ 1eve h 1s gene 'rally t.bo,ugh t t.o

prolllOte stab:hit.y of the ;"elllbrane (aee Triggle and 'Trl&&l e ;'i 9Uib) . but

~tl 'SHR VSN t1~~ue , tendon dl!velops on the. a.dditiori. ot ea%+

extra~allular fluid . ' ·

. !bete are several 'explanations fo r tb ia responae: (1 ) Thera may ba
. ' , ' , .- . 2+ " ', \. , ,. , , :. ' , " "

more sites f or Ga diffusion in t.he SIlR VSM, membrane " {i).. The po tential-

s en sit1';eCa2+ch~.la -(se~ Bolton , 1919rl~t'~ StIR may be . open ~e

,·ofte l> o~ a ~robabii. 1stic bas 'is at a . g~ven .. embrlll..q.~ potentl~ t ha n a r l!

sim i lar ' ~~~+ ~ha~els in theW':i VSH ~e1llb~~ne . :(j ) Ca2f r emoval ·

m~~ha~l~ms m8.)- ~~.e. illiPdred in t.ha Sll1l,C1ae~.. . ' , Ta.hI e ~.v fl~~a t ha t aort/

fr olll SMR. elaxe d : lIO"te 910>;1y in reaporise ' t o vll9odilators an d after r elllOva l
" , ' ' , " , • ' , 2+ " ' .
, of agoni ,.,c" . This data . ugge at a th at: relllO"ral of C. ', , o~cu• • wi th greater

difficulty , in SHR ~SH. ..ThiS ' hypot hes16 will .bed f.scua.e.t in t.he ·cont ex t:. :. ." ., ,+'. .., .
of .t he d1s~usl!llo'n ~f the ouaballl end low-lla . el<pez::~menu • .
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van'B~IIU*n a t at: (1919) -r evi ewed ~he ev i den.eoi· {OT s pes.i~ ·

Ra+_ ca 2+ e:sch.tng e ·'i n~i_ a~m' ~Cle: 'He ~esaon~d '-that i f .

+ . . 2+ . . . -'
Ra . in flux _s coupl. d co Ca e ffiu:s. tb _ t ha r c s houl d be a hypo-

r:

, I

·i
r.

I
i

i

I-

I
L---

. :.~ , ....

I
1J)

, .
b} Eff ec t . of Ouabain' and LDv-'Ila Solutioll

'; + . 2+ .
5 a -c« ax dlenge

. ' + ; ' '_'. ' . ., . 2+ .
l'.as s ive 5a l n fl wt b_ been .hawn to becoupl ..d to C. e f flux

. ., .
ill • ..nUllb~r of nerve an d ....de prep a r . t i on. (Aee : Bi . .... t e :II . _1914) .

The collpl1na r a tio _y var y .from tb"ue to ' t b ,,_. but it 1a gen ..r a11 y
' . . , . ' +. ' , ,- - .+ '

be1 1e~d t hat th r .... or four N. iona ente ring th e ee 11, doom the Na
, - , : . ..... ,.

eoneent r a t 1oD gradien t suppl y th eeDe:l'gy fOLth.. ca nler-medistedrea.aval · ·
• ,c - 2+ .... " ' . "., ., ,
of one Ca ,i gn . f ro m t he c6 11 ag e1nll t i t e j:on ClmUati on gr a di en t ·

. . , ' " - . , . . .'
(Bl~uste lll ';d Bcto:l', 1976) . ' Thill exchange sy stRlll ie' s · pa r t lcul"rly
.. -, . • ."2+ ' ; . " .

att ra e t ive hypoth". i , for Ca r ellOval froll slll<>(l t h _ ele (Bla~teill. ·

1916) ; SillCIl -t h i a t h ;IIJe has very- H ttle aa r eo plaewoi e ntieultJlll . it i s

mil~l< <0 .",'at. """ ,~",:v.i ' f::2+ .".. ;...;~ ,:;"",-, f" G
th e IUlntenan ce of • hlp l ""Ard Ca gr adleut 'ie accoa:pl1.~ed vi1:hout

a highly ac t ive ATP-depen dan t ea 'J+-ex~ru.ion pUllp , o f the ty pe eb ara d e r l u d

ill r e d bl OOd . cali. by Schat-;n (1966 ) .

I
slo~e of ' th1a , 'ral.tio~ahiP wb~n Plot~d aho~ld · boI prOldlcta~~ from\" 'e ,)")" _" ' II

r:at·~~ 'Of_ th -Oi nUlllbOI r ': f N.~ ~OIl8 OIxeh~n8e.d for' o~o' Ca2f• ,'. u e f~un./t"'e ' <, .

avaU able data 10 t he li t er ature on vai:iou6 8l11OOth .. ... d c s dld no t fii \

aD)' of' t he ~red1cted eurve,,'• . He ce,m.duded N.+,.':'~;;;ied Ca~ "excl!ange .: .:..- .,._..,
i
\
;.

:-._-1



. . .~ _ " 'It :. Z+
" " the .r: ..echanb.. t8s,pon8ibl.8 for remo .....l of ,t:a frma · "

&llloot htliu 9c leeel ls .
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,. "+ '" : , 2+ '" -. . -. .' -,' . -. •
HO,wever"Na -dependant ell efflux ha" been de lllonatrated in smooth. . .

muscle {Brad1~g a nd Widdi~OmbeT'i916: Reute r ' et, al • • 1973) . The foiiiler --'""'"
. - " " ... + .' 2+ "

. a u t ho n alao f ound an int.rac ellular Na - dependant Ca uptake . using

,« - " : . +" 2+
r adioactive ,iso t o pe s . I n furth er sUPPOft of a Na coupled Ca

' ._ , - .
excha n ge mech anism 1n 8~oth musc1e Br e ~hef lndlnga that ulaxati.Oft

: " , - . - +
f ollowin g c ontrac t io n 1s I mpll1r ed in the eha enc e of el\.tracellular Nit

in ':g u;,n~ pig ileum (JUdah anc! Wl11ough~Y . 19 7" ) . gumll~ pig taei:l.'ta c0 11.
. ' . '.

"(Ka.t 88e and Tomita . -1972 ; Ka and 5ou , 1977) , r e t uterus CMa.and Bose .

1917) art~r:ia1 (Boh r. Se idel a~d S~bl~8ki·. 1'969: Re,;,ter .. Bl.a~SteiD
" , ,-

an d HaeuS~e~, i9 7J ) and ~enO~5 (Biam.!n o a nd Jc.hanaaoo, 1970)' _nth

muscle .

I'n , co ntrast to.the se fin,di nsa, Dro ogman s a nd Casteels (1977) found

t ha t La 3+ U:du~ed a r~laxaUon afte r ,K+-i~du~ed con t'ructlon :(p ' Na~-fr~e
" . " , " : + ' 2+

. solur l~ . The se a uthor" ,,, ugg"'sted that No a nd Ca I may C01Ilpe t e for

the sa "" c ha nn e l , b ut t ha t Ushtl}! coupl~d exeha nge loIa8 unlikely •
. ' " . ' , . " . : , ., ,, ', . . ' " ,'4S 2+
' van ,8re emen .(l~76 ) fO=,: 110. " " "". in e.xeh8ng:oh.le eel1.~ar' , Ca .

in rabbi t · aort 8101hen Li Wall 8ubstitu t ed for Na ill the extraeellul.ar

proe a9 a ,fo r VS.M.

11. "' The' ae~iorl of DUll-bam ' a nd 101ol-Na+' so lution
, ," , "

On~ poisiblelll~thod ~f re801V~~~ t~~. i mportance ~f N,~+":Ca2+ ,;"xe ha ng e. '. , ' .'
is to ,s t~dy th eaet,ion ofoua b.a1O on s mooth lIl~scle eontrae~i11.tl . OUabain.

1L .:..c.
:::::"'-. - -. - . c -~·-
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• '" : - - - " -+- +
. ' and other , c a rd i ~c g lyc.os1du, p r ev ent ,ATP fr~ b1~d1ng t.o Na -K

ATPase ( Ilans <'!n' e ~ 'sl . • 1 971) . proh'lb l ti~g t h~ ec ewe .,xt~lon -~f N~+

against -i ts con·c~~tration g~adlent . If eletTacellular Na+i8 -ex changed

for ' i~lracell\l lar Cii2+ .. the ;~~ib~uon of the Na+- K+ pu mp by oua~aln
+ " . , - " . . -- +

- s houl d allow.Na t o ac cUIIlulatc 1n the 1:",11 , deereasi ng the inward. Ns
:., - : . .' .". 2+ " _ + - 2+

dr:l~ingforce &ri,ll. c.,ot\t;equ en tly Rlowing t he , r emova l o f Ca , via II Nil .- Ca .

, ' e xe hllnge mech a n i sm; 'I n slllOoth mU9cle ' llcc UIlIu l a t i o n of i';t'racel lu lal:"

.f'··.·..'· ·
-i.

, .~

I
Ca2+ will r e sult· in II conlrsl: tlOn.

Howeve r , stud i es o f t he a c t' lDD of ouab a"t i:r. a l on e ,ha ve 110't re"~lv,,,d

t~e ' q Jlell t10~'Of wheth~r o r not. Na+'-Ca2+ eX~h~~/l:e 'occu~~ 1n slaOOth ..."eele : ,

" ~t:th e.~s · imd S~t:~-;r '( 1967) ~I!Po,r t l! d · a o~b~in-indl1C ..d con traction in

. . :,' 'guine a pi g ' tae~ia ~01 1. and 'r a bb1.t ' atIter~~r mesenteric · ~~i~ : b~t va n BreetlleJl

(197 6) -IIu gges t~d the " ~onU',ac ~ion ~hat he and previousin~est1gat'ors

, fo~d ' t o eith'e r r emo'!'al o f ~+ or ' a f t e r , ~reat_nt w1thouabafn .wa s du e
+ + " " . . . .. '

t o 'the in hibition of the deCtrogenio;:Na - K P""'P (He nd r1 c kx a nd ea"t ee l .. .

1 97'. ) . He 'sl,lgges t ;"d s~b ll equent d~polar1:i: at1on probably aCl:'oun ted for the

L
t ,,0" 100. dev elopme n t . ,. Thi s coo c lu,,100 wa s a lgo r eac he d by Oza k i et· al.

. ~n ecnere ae , baaed 00 , 4'ic+ fl~ studielil. B'~sdiu~ ~nd tlidd1c~e
( 1914) calc?~s ted t~t th e: e lectrogenic Na+-K+l'''':' '' : 1u bieni" eel! m1f,ht

genera te a ~te~t1al of J t o' SaV; a va lue which is ' :ln t he ,o r de : '; f

mag.,1tud.e oft-h~ depOla.r1U~ion ch~racter~l"ed i~ s qu id gt8nt aXoo.

. . .
depola~izaUon <,in the o r de r of 1~2OmV);oI"uat oc"""r' befo r e co n t ral:tion

1II 1l:litiated .

Howeve r , ' the data of ' Dr·oogman . and· Ca ilt e c l a l so s ugg ests t !'ia t a l a r ge

Oua~&in doe s depolarize smoot h mua<:1e •.;., Thi s was deroo~8t rate;d ' h i

" gUi ne a pig taenia coli ' ~~d ..ese~t~riC ,~ein by ~.~~hew8 an~ sutt~r, (1967) ~

. , ..
(1 978) h op si:fl~la:r exp erililenta in. g\,lin ea ' p ig t ae ni a c.oli . , _

I,I 'j

I . I
L~~ ""C"~-':=~~ ""~ ':"".,_~;;'L.2.~~~"~.:1



-, " ~ '. '+ /~ ' , ' " :. , " " :. ~6
,~hen the electrogenic Na - K plmlp. is inhibited (1)elole,,! ,3nd , Ge dul..d i g,·

. ,,' " , ,.
1973) . This suggests t ha t. t he ,conttse tion ~~e.P\l rted ,on th e , add ition of

', .' " ' , .: '. ," , " ,"', -+ +
.ouaba in ~y not be ' due '~ t311r to .t he i nhibi t1 0ll of the N~ ,- X:

-. ',The a1ternatl~e eXPlanlltio'n for i~e· :ecintr';"e~e ~et1oD of·OU3bd U. ·

~smootlimu!ilcle. that inhibition ~ f th e Na+-K'!"" ,~~p .. 11~, the '~+ . .
. " , , ~ ', .- .

gradient ' to run down , slowing the retaOval of , Ca '. has b..en dif f i cult to

. t e s t . Th~ Frennt stUdy :pr~vided sn op~ortunity t o i ....t ,th~ Inv~~~':'t -. :-
+ 2.. > . . . " .

of Na :-Ca . exchange . It hIlS be en postulated here that the increllSed
. + ' ,' .,' , - ,'. , . "..... ..

liea;t~:~t~ "seen to K '. i n t't~,S1tR ao r t a i a due t~. in <:r,e a sed avaI1~~1l1.tY

of Ca . in t hb t1s s ue ; s uch t ha t a 811\811 de po larizat ion pro d=es a
: " " , ,' : " , " ' ' c· ' . .' : +

'_,r e l s e i ve1y : l a.r ge cont r a,c t i on . 'When _t re a t ed wit.h ouabain ,or :low-Na

80,luti~; the RensHi,Vi~y of ' WKY ~1. 86Ue t o , l amM'K"" ,W5S ' in<:reased ~

el1JDiuatiag the Dign1.fi<:a~t d i ffe re nce between ' SIIR and liK'!"ao rtie t i a llue
' '' ' ,':. : ,' '- ' " -- . ' .' . . .. "

at tbelo" end 'o f the daRe-response CliNe (Figurell 22 and 23) . Ouaba i n
.. . .'. . : -. ,, "" + + . " '.

",ill inhi~1t the e lectro genic Na - K pu"p · .a,:,~ ' indeed wl111n1ti~te a

depolariz,,1ti~n '. 1t~Var ."lOV-Na+ solul:i.on should'~' t~e na+-K... ·

pump lIioce , '~ ,l/ an~ K+ c';'~pete fo r tM K+ binding dte on th e ou tside ' of
: . ,,' , . \" + ", .

t he 'ClelIlbr ane (S j od i n, 1971) and :(,p.cre4aed K availabili ty t o ' ex t ra-
. . " "

cellul~i s tte.'lsUlil;' l at;a .t he pu,"'P (lIaddy. ·1979) i n 5~th 1I.U8~le :.' J

Con.ee 'l.uently ; lO~N~+ 'med1a aho'uld rillsul t, in /:I,hYl'erpolari.zation. ' It b

therefore difficult 't o r e cOIle:11e the ..ugge ~ l: ion that ouabain induclll 8

a 'con:t ~llc t ion ' throu,ll;h; ~t~- ' ~epOlaridng "ffeC~lI on 't'he ' ~Jlbraile" 'll inCe

low -Na+ ' .olu~ion ' and ' 'ouabaU; have . iDl:11a~, no t ~p~site effects o~K+. ' _
+ , - ' 2+ ' ',\ . ; .J

B. -:- an d Ca - i n ducilld contractions i n th is a t udy .

". ':'; ~~l

G

I
I
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pump. petmi t Ei t hl" Na+ gradh~:-:l?'be r i.duce d, . The De; _~ e~~lt ,' is chat

' _" t,h~ " l~waTd driV~ng "f or ce · f .o r' : :N~_ ~~ re duced: Thi s e j.s e ,occur s when

the ex te rnal Na ;is r educed by an order of: magnitude . t hrough

'S ~b6 t it~tiDn" of · ch6li~e '~hiorid~' fo~"most of the NaCI ' hi ' the l ow:.Na+

s ol ut ion'. If one . postulates aN~+_ca2+ exchange in which ext~~al'~a+

diffusing d~ tts c:onc:e~tr~tio~, gr~~t~nt i ~the dr~~~ng f orce for t he
2+ ~ . :, - ". '+ ...

r emovd of internalCa . ' when slie i ):IW8l:"d- Na._driv ing fo rc e ' i s s-educed ,
21' '. ' _ ": . " " , ' " ," ... . . :

ea will ' accumulate in t he ,ce ll " pa s sively by diffusi ng down ' i t s

c:onc:ent ratlon -gr~di,~t. ' ,Thi s could be the 'belli s .f or l~erCa"ed '

co ntractility seen"~hen t he VSH in '~ h':i'~ a ~ ;'lI!Y ~s tre~'t'~d ~itb oua ba iD.
+ ",: " ," . . , .'

OT wen 8. IOIo'-N'! ex t~~8.1 so lution . is s pplied .

..~
, .~.

~.

!
j .

.' : ', --- . . ' " . : " 2+
an atgoni.st, or by rencvaI of the ex tracel lular Ca •

,
I

~....c.....c.-,-.,-~~~~. .j

I:)

' , 'Q, '

Thill exp l an a t i on of , ,t he contra.ctil,: effects ' of ouabain b . i n "

agree~nt Iorlt 'f! t he .observations o f Fleekenatc1n .ct, a .L, (1975) that
2+ · '- . . : - ' '. ~ - ! . , .. '

ver ap amil , a Ca antagoni.st, i nJ.lib1ts t he contract i on in,duc ed by
~ . .. . , ,':' . :

ca _r diaC: g l ycos i de s in pig coronary a r tery st,rlPB , bu t ,t ha t this i nhi b itio n

c'a~ be over~olDeb; in~~ea",~~g th e :extr~~el1ular, ea 2+ ~onceritcadon ,
S~a~es ' de ~i.oura . et a1. . _(19'19) foun~ t hat st roph8ntln- t nd uce d cont;~ct lon

in 'gui~",a -pig ileum cou l d be i nhi bited by veTapa~ll . a ca ie'him chan nel

. , - , .
to r uo d,~ ~ The dlff e.~en,", e i 'n t he-' tijlle eecese Qf ~be~e " events 'ma:y b'e-

.- . '. ",. ._. ,. ' . . ' 2+ " "-
. refl~cted in .t~e d1ffe~enl:.~,8 iQ ::;1 r , eff~CtB.oll, ,~b~ Ca : ,::se-reSPOllee

curv es (F i gures 24 ·ll.nd 26 ) wher e th e' enhancement of the , Ca. -induce d ' I:
te~a{on 'deWloPIll", nt ' was '~uch: mor ; striki ng i n ~~-N~+ 801~tlon t han' in
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, ; Reacthicy toa"
a) The .cti.,~Of··~ .

H OO. Dr methe:r;y ...,..,ra,,_il , "t a "coaal de r ecl t o be • aped.flc .
. - . ." . ., " - ," Z+ "· . . : .".

a:l.t.gOD1a~ of t he trtroc!oto7.1u"1D5en.iti~e C. . curren t • ._ t he ,b..fa "

of e l ec:trophyslo"log! ca l dau ob tained £I'0Il c.lr cliac _de pre parat iaaa .
. - . - ~ - . " ~- , . " ' " " .:
atld .con se quent l y , haa been l abelled. a Ca -.::lumll.e l anta&01l! Bt: . .... . . c; .
(Fleckenatelll . 1911 ; RoaenberSlr aod tdggle . - 19~8) .

I · t.~1s agen t' .is u~'ually .e rte ct ; ve 10 t he r an ae of IIl1CI'Qmo~.... .

coa ce n t r a tiona • . For t Olunee ; J)...600 wa. 1Il411blli lly "flee tlYe .in

S~~ft1ng thelllee:h"niealac't;~Btl~ thre~hold in eros ':~r~~riU& ~c:l~

.<~ C.OD~entr~t1On .ot .. 4~1~~.~14 · (~n.c~ei.d~-x..~er; 1917) ,~>.n _~id l~
,:",:sd.~ ~t ' ~ ~:mce:ntr.t ion ~f 'le.I . ~hU I O·'M. it crea t l y redueed Ca

2
: :, .

CODcuctanc:e ([ohlha r d t et aI ., ' 1972 ) .
" .-. . ' .,

. ~poru of iU .pot~Qc:.,. 'lII PlOOth .u~~le :,,&17; 1n u bb lt eu -'

a~te:ry Ui'e It-50 to Il~radienaulle-indw:ed eon tnc:.t i on8 v.. gre.t~r ' t hul

:o~:{~. {GQ1~~f~ ~d \le~~'c:m . 1-976 ) . whi le 1D ra t. ~r'u . ' ;Lo-IK '45

t h .. 1D-SO for t he .p ....l:rc lc: e ffect of 0- 600 oa lIOl'adte.:.~l:lDe-Jndueed ,;.

" c:.ou.tra~uOQs '- {H8•• t}lgham. 1973) . ' B1i~ c t .r. "CI" j4) ~~ S~O:"SH..

ve :r. PG in .,."'....: t he I0-50 ' fot lI~r':dt~~~"d" ~~nc:.t1Oaa J.n n t

ao r ta• .-

In Figu~e 28 . l a cl' e a'abl g 't he conc:en t r a t 1on a o f l». 600",ahift ad . t be

, -. dO~te~~~5e ~,t U~~ ~~ ~+ t; _~~e' ~lght ~~,~ ~ .~~·[~~ r ,·.:~o~e •.•~~~~ ~" : '
. dec r eaaiD8 t he~ r"po1J.s e . . , j, d plftcan t l y de cre ased .aalliaUIII.

, respon s e la,~l)' _ ~c~~ev':d ·.t ~ - c~~~~ir~·~1oD ~~~·. -lo:'3"· , ~600> na-..'
,.-.: ~r.ilel Ih1f t .".t.,ue~ ~ tO~~~tlti~ -~~aWi~• • ·~.~·. ·~C~a8iD&

(.
I)
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"_. . " , I
:\Daxi m\U1l _ r~ !Ipon !le s -Wi th higher concentration," ! s .atypical- of compet1tive

anata.gO[ll~ (Goldstein ,et "d . • .1968). ,..:)

. ~ . .
~1s_ f aised the p~!Is1bll1ty th •.t 0-::-600 .. ay ha ve a l ocal

a~csthet1c actl~D on SlJlt VSM a t r.be ~eiativelY high f~nc'en ~ raU0ll8

n e ce ssary t o .a n t agonbe t he ,H+ "r e spon ; e . , Proca~~e . a loc"al anetlthetic • .

anta8onl~ed ' t he Tellpon se ~f ra~bl~ ao rta to _ norad~~na'l~n~ -~t - a ,

.,c oJ ent r a tion of'llll!'! (Hud gi ns an d, ~e:i: s:oi. 1968) . : D-: 6(~; ~!l8 a i~~~l
~estheti~":like ' s tructure :" .Fi .g••I~e 30 shows', t h at ~,~oo be;ra~ a .atr.~ng ~

f1tructur6~. resemblance to lloothe r lo.ca l ane8t!,e~ic: . 11d~calne. w1t~ a~

.. \
allli ne bond ,bat~een ' t~e ,a t olDll c l c S;oup .and t he IDtennediate ..s:ldechaiu.

. '. -. • . , " ,'. ' 2+
I n an '.attempt t o ,diff erentiatebetween the.ef.fe~ta 'of a .~a

c'hanDel a>l~~zonlst and tlu" e'He cta ~{ ·a ' locai' a~eilT lietic on , t he R+

~06e-resp'on/; e c urve; , t~ eiperiment recotd ed in Figure 29 , was ,ca r r i ed, .
out. Pr oeaine; at a con:een'~rat1on of '3m.'{ significantly l owerec thla
" ': " " ,' + ,'. 2+ .' " .~ . "
lII8x! IIUl1 resp cnee to R i n SHR ao rta, as did the Ca channel ant agonist

'. ' . ' , " , . " . " ' - 7 ', . , , "
nifedi pine (Bey 1040) at Il con c ent ra tion of 10 M. Thus, ,i t wae .n ot

POSS1"b~e t d dlst"~ng~lSb e '~-Len~stb~ tlc-type '1~h1~~tion fr-oll 'cue

that '~ 5 clearly lt he "cuo~ : of a~ ~2+ ch anne l an t agonist . \101:kin 'g "s t " •
. . '

c.once n t r a tion ·4 or dero o f. 1IlSgn1t~~ ·1~wer • . Tbe r l\fore . the mechanis m-

. ac.·~ ~o~ ~~ , ~,600 a t a conc~trat~~n 'of lO~\. rema~ ~~e~olvet

',~e ~.a·tu~e o! t~f.:' ,do ae:"~e8Ponae \.u s~ ' Sl ~,~: be '.ta~~n 1n I:O .con~1~~~s~ion,:

H+ SB well a a CaUaln~ t: e"alon developIlent ~ alDo has cffe~tB ou.-r~e

effica~y' of "an t Il;8oul s t s 'by virtue ,of the , cha nge a 1~, 'pH th8t,' Ocsur ,on

1.t~ add~ti~ ' to :'Krebs ' 801ut1~n (a~ d~~~~~ted , inT~ble ,V) . ' ~ S'tepwi~

( .
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D-:-'600. ' n i f a di pi ne and proeaioe . · whieh .e r e V(!ak bases . Loe8 1 an estbetiea. ~ , ' - . .
beco';'~ l eEoS effe'~tive- i n i nhibiting slItOOth lIu'sele ~espo,,:~lIl.~ as the pH

i~ l oi.oer ed ~~Ant03t~ et 'a 1. .- ,~ 9 70 ) . ' Dil,t . on t he effe-';ti~~e~ ll, of ,

the eve Ca channel an tagon,tsts at l ow pH h 'not ava U able. ..:tIlus .

Figur e 29 ,i ll diffic,',.lt to i n'terpret" aince th~ antagonistD lIight be co..e '
.. " ..',' - ' " , .:.-
IOOre or l e a D effective with each additional doae of H •
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b) H~. d06 ,e-response, curves

Aeidosis b u~ually a'S9oclllted with va sodUat1.on cFo lkoW' .nd Nell~. . ,- ' .
1971c; V:M B're~.,en at .al :. 19 73) . It has bee n "U&&~ateo:t. th8t ',.r l1i.ai n.&

the extra"'ellui~r ,lconcentra t ion. results i n protonatj~n of t he cell

· me';b~ane.. screening of cation bi nding dte~ Illld'a consequent ' inter­

f nenee v1th ~~_ b'lo,ding a t the C~ll IIIftlbr~e:".md 1nflax ~f Ca
2:"

i n to t w eell (D'Arr1go , .'1974: Landau aDd Nac'h?beO:. 1975) .~

. . +
Lowering th e If cOQceotraUonof the extrace l lalar f luid bas . been

· ahown t o ~nh~t:e ca~dum i nflux in veiitr1cui.~~cle" ~hl~ ~d
' .... 1 .- , .... ' .

Hasp , 197 6) . Rahing th e B concentration resdts 1n a negative

' Chrono tropl~ (Hughes and eore e , 19 75). and a negat:1~e-1not~i~__actiOl1

(Lotkovtc , 1 9 66: PannIer -and Iltutsaert. 1.968) 1n c:.atdiac / llll'sde.• . _Hi gh
.-t:' I , " ' , ', ' , ' . ' ' ' " ; . , ' , ,

H concentration' r educed neu.rot ranSlll.1tter release , (Landa\l. and Nachshen.
' : , ,, ' 2+ .. , . '

~97. S ) and d"crea8e~ , Ca, " influx in rabb~t:' aorta~v~ '"?" ee ~I-. .

U 73). " '. \. '
. . .

Th e ' surPris ing ' find1ng that. incl:ellaing "xtra~elloI:al: . ~+ ·concent~at1oll.
" " ,' , , .. " ' , , ', " , "

C&UIII.d a s q-otig cnn t n ,e t i on , i n SUR, aorta but no t i n W1star (F1g u re a 8

and ,9 ) or '~ (ngur~ 17) 'aorts' could prov~ 't o be a U8"fU~ ' to~i ' l~
" . '. ' " ' " ,', , " ,

deren:.ining the ca us e of the i ncreased r<!!llctivit:y seen in this mode1"

'of hYP:erten~10~ ~ It seems t~~t tli":actt~"df K+ o~ 'tbfl ,SaR'aorl;. , ~ ~

partially de pendant; all. extra~~l1~l~r 'CA~ ' s~nce' the ~+-in~llee;
contraetton appears t o 'b e ant8~onlzed bY " D- 600 ' ( Fi'g~re 'l~) aad ' b y . '

· n~~ed'-iP1n~ : (~lJure "2.9) ." '- ' A.1a~ . ' th e '~tr~cti~~ ~esponlle t~ a+is

. •,;."y "'1.1';'~ 1•• eaif_f'.' ....... ( ,~p," ......;:.......

~J:g~r~S;;iand B ). Sin ce H+' e~ ' dlsPlac~ c.2+ fr"", -'blnd:lng sites

.(se~ : . BaIlIl.O~ ,~r; ~ 19(6) ; th""e j1Ddl~g; :~U&8~~~: that ~+"~ght
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di s pla ce extraeel,lular, lDembrane-bound Ca i nwa r d ; t h r ough t he .. ellbrane
' , U ' - ; .

sites t hat 1 eak Ca ' . a ll p t"evi ou",l y .disc ussed for t h,e.mode of ' aC,t lon

of La 3+.

. . - -,2+ _. ','
1£ t h i s in",a~d dhl!lace"",ut . of extr ac ellulat" Ca ohme ,feretbe

' + .' " +
IllIl! <;h anill1ll of action of U . • one ~uld expect ' lov-lfa sol ution or oua,b .:[n.

~n.1P~a:l0nll "" . 1n crease con~ ra l;t1,l:l.ty . to ha w trn &d4itl~ d~ect

on t h e H - :1nduc,!:d 'conc-rBc t l on. I.na tead. t be o ppos ite occ urs : l' i lJ'lre
: ' + .' - ,, ' : .

...-. 21 shows t h a t bo t h l OIf-Na sol u t i on .ndouab.:l l n treatlllellt wi l l an tagoaJze

t 'he "e ife.ct - · c f ~+ "~~ the SH\l. aorta ',

A lXIi e ' ·p~US:l.ble hypoth esis . l~"that ' fj+ il18o.has an 1ntr.ce~~ul.r .
, . .- ' ' - " . .. , .

IIt t1on " .n: could enter the SHR VSH celJ. via the ..-me sitea In t he

' lIIebb~8n~' thr ough ,Yh l e~ c a 2: .ppe8:~'s to l esk. · Lea and ~h1ey ("19 78)

r eported that , rais in g the 1~ternal Il+ concen t .raUon of barDllele ''.,ulBe l e

r'e.bJted in «D ~u'~~ease"111 ' f r ee ' l n t rBc o;;.llular : ca2+~ .s, :.ea:oured by

l uminesce nce of a~<iuot'in. 11Ca2+-aendt:i'li~ pbo toprotein. , S inc~ th is

does .nct . OCCur 'i n , squi d ,g ia nt ":xon (Bak e r an d Honer'jage r . "1978 ) , theae
--.-. . ' + "", '" ,' . " 2+ .

' . _ authou au ggasted that H 11.&1 act by d i s placing Ca frOlllan lntra-

tellua~ '...~urte ...hi~h 1.6 absen t '!n 'nervo; ,·~J{on . ID<:.reas1ng U:;'
. . , " ', 2+

to?ee:ntr~ t: 1oll- haa been 's how t o p r OlDOte lDito<:hondrlat Ca rel e.as..

(~ddanki et ~l. I 1976; Akerman , . 19 76; Schwartz . 1914) . :u+ '~y ac t on

t~~. ::am"VSM to l r.cn. aae f-t~a . intrl!.Cell.Ular_Ca2+,conc~tr~t1..on thro~gh .
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(1~174 ) c:o,~f1Tmed tha~ the OPt1~~l~~.j.pa$e ~'~t1Vi ~Y ~f Datural s ttOlJYo a i n

~~ , ~ he' s.a,~e '~iS&Ue ' oe't u n ed at - ~H 5.6 . These val ues c or r up,OUd wel~'

t o t he pH ' r aDge a t ~hich pea~ t ~nsion :;r.~ve1opment 'oc c ur s -ill t hlt SHIt VSM

- i n t his' "study (Flgur~ 8) _ , n~l'G line o f re ss oning su ggest. t hat H

+ - • , . ' . , . 2+ .
H i a a l l O\led f ree IIcce BB t o the 1n~raee:aula't' 81'aee vis Ca l eakage

. sites ._VSM ten sion could develop .j un . asa result of inc:re.as1Jtg the

i n t ra ce l lula r H+ ' coo.c.ent~li.ti<:in .
I . ' .

It , reNin s difficult to .ec ccunt fo r the app arent antago,trlp·betW;eeD.
+ :, 2+ , - '. ' , ' ' " " . '; " , , , ' ,. . .

H and, Ca " ,. s s utl.1ng a s eltJlla :1.n ed i n t he. pre~e~ding d ia eus s i on..,., t hat

' th~ ,ef 'f e c t oi o u abai n'. and l~__Na+ ' solutlcn ,~ee~ tUFiglll:f! 27 ar•
. ' " , ' , " i , . ' 2+ ' , .
'lM!diated t hro ug h an fn e rease i n iIlt raeellular Ca • • Fig ure 27 see\llS'. ' "-:,. ""' " ., .,'. ,,'. .-' +,, ' 2~ •
t o r~reseat an in t r acellu l ar ··ant agoJU.s m between R . and Ce .' . Fuc hs

~~ ~ .'(l910) haSS~~ that '~+ i nhi bi t:s bi n ding of' .»to · tropon:1D..

Pel"nsps ea 2+ an d H+ 'a r e ' COlllp~·ttn~ for 8e~ es~ to ~hC .cont~.etlle' prouba

in t he exper imel1 t teeor ded i o F1 gute 2 7 .

The pos\li.bil1ty t~t .~+ 'ml~ sct . b y dlma tud ng the ~tnu:tl~~
or memb't'.lWep rote1na Clm not be ~ ubd , ou t, a& t he t i s s ue l os e s

r~8POn91vene'~~ a f t er . a p~looged ~osure , to ~1~ , eontentl:at 1on of

U.f:'( Table VI) .
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. Cone l uaionfl

1. .The,..echanisll (If alter 'eel reactiv ity'in SRR e eere. .
The al,lered reapollsi venl!68 of SRR aOl'h ap1M'srs t o . at elll -f r oll an

j impaired ~bil1tY of the 't .h 'lIue to r~ul,:,'te ea.2+ pera>eabllity . , The .

datapl"e",iol ed h';'l'e wt-;h re sp ec t . to 'the .a ction s il ~ ~3+. H+ ~nd K+

OR' ~ h1a ~ is9ue are consistent wi th thb e.mc~usl011:

. ' , -: Thi", "conc l us i on i s a hQ cDns.~sta~t with ~ repor t;: b~ othe r

au t ho r s \tho ha ve studied ,t he r ea c t iv ity of 'S~R VSM t o Ca : Noon et . 1 .

(1978) found that SHRao'~t8 bu t no t sor t;' from li brar "talll c ontracted

",hila ~al~l= was .rei';Itroclucl'!~ after ' a 30 ' aJ.nu~e..in.cub~tion per~d.~'

calc i um....! r".' p hy s i olo gical aolu~lon. F i e l d e t d . (l. 9 72) ,fourid SHR

· 2+ · . ... . . .. ', + ';
a or ta in Ca -Lree so l u t ion conta~nlng &o.tI it . a~ed 110I!Aagg.e rated

llllx1inum r esponse w~en Ca2~ waS added to the ' sol ution .

Th is com:'luslon ;1a also compatible ..dth t he f1~.unga\ r~ported :1n

Tab l e IV tb atindl Cllte re1autlon o f t he SIIR a orta t o v~rio~ v u o ­

dilator's i s llr.p~ired Y Pe'derson e t . 1. , (1978) lIhalled t ha t r .. la~lItl~
' :. .

, of th e SHR. ao r t a h ec r e comPlete t ha n ' i n Wistar ra t aorta in re&ponae
' . 2~ ' , . . ,, ' .. '

t o nHeel!p1ne pr a Ca ' -free meel!ulD; Bu g geat i Dg t hat tendon d e velo pall'n t

in ' th~s t!s&",e is I"u~h ' mt>ra depe~dant On va~laUon9 i ll ' the ' e x t r a ce l l ula r

c~~+ ' c oDcent r a tion , . . .

, " .
A; W. ' Jane .. (1974) " r epor t ed t~i: th~ ra tea of turn over of ,4~"' . .

, 36C1- a nd 2.4Na:" , 1I~ ~e h1~her i n , S~R ll<I; t . t han .in fIK't" or w~at'~r ' r at ' aor:~'.
~t 111~.nce1vabl~' t hat in 't his ~is~Ue. ~ Na+ ' .~d i:a2+ C:OIf>pet! . for the

leaka ge 'cha?n~l ll th at lia ve be,; n a t tdbuted, 'he r e t o ~he saa VSM~r..e, .

In t h i .s c~e. the t urnove r of Na+ . lIOuld be' ~igher,due to leakage , The

I



+ + ' . , ' " ',' ; , . ~ .
Nll -K , ATPa lle pu mp wtIuld have teo be ecr e active to _int81 n a lltable

, " ' -, " ' , ' ,' +'+
, .' membr ane pounte.1al , by TeJftOva l of ac,:um ulating 1nt r a c e U llI llT Na . K

tutn:;~er '-~u1d t here f o r e be hlgheras would c i " t u rn(lver :1-£ t h i s ' &Il1~

paadv~lY f(l llo~ t'he · ~atiQn9 . This h;po~~esi~ is supported by se';"~ra1
-:" . ....+ ., . -. ' .
r epo rts of increa sed 'Na - K ATPase activity in SHR V'SMaa d l!t ermin ed

... . - ' ,
by t he t"a t e of K -induced relaxation i n i solated t Olli! arteX-Y 'lltri ps

(~~bb and B(lh~ . 1 919) . th e ' t~~ '~ 'tIf , l1benti'on of' inQrian ic poo.aph.;.'t e by

, au~e.~ i.lu1ar fracti~~8 frOIl ~es~ntllril;; .. rterie ll - (Wei et '81 . ~' '1976~~ •
. - - ".: ,.- ' . ,.-. .' ' - , " ' .

teg, perature dep "ndant 'diffe r en ce,a in memtrar.e·potendal"l!a8UreEllen t~ 1n
. , . ' , - + .

:lllo1ated tail artery ' (HerllSllleyer, 197 6) and by eeesueeeeee of Na . lUId... ." " , " _. ' , - ' - '.
K" in - i :ilo l a t e d t ail ' aTt:ery VSM,cells uaing ' :lon....pec1Hc electrodes

' ( f r1e~ ~~d Fr1edlOan. '1976) .
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. 2 . The. .r ..~~ionahip be t ween hypertens~cn and .vaa cu1a'r . reactivit y .

Aa out lined in t he firs t chapter . t here a te 2 oppo s ing ~ypothellleB

to ·a c count . f or dUfer;n~eB in 'vallcular r eac '::lv i ty , o bsc rve"d 'i n hyp er­

te os100 . One pr !lpo ses t~t the Be d i ffe re n c es afc the- conBeq~nce of

" VSMhyp~r trophy devel.oP1ng secondB~ ' t o tll e onBet 'o f hyp~~tenll1on.

The other s ug ge.ste that t ile , changes in ve scula r r e acti vity oblle~ed ' i n

hype r te nsion r'~fle ct: tI ;ue d ii fe r encell in lu:nsii:lv:l:ty .pd that Increlllled .

Ya llcu~.lIrieacti~ity . may' be a ellu:.~tlve (actol' 'f~ hypertension •

. ' .
The d~t .. pr esented ~ere 8h~B that di. f f e re.nc", . 1n 1r1.. . c U v1 ty a re

evident, in SHR VSM chat h~;'" ne~~r-' be~~ ,sub j ec t ed to hi~h' b i ood -p r e ssure

and , c ouse 'l.~ntlY . ' i t IPllat, b; ~oncluded t hat' ,a l t e r e d re ae ,t ivIty ,precee.'ds

the , ~n g e t of ; bypertenBi on and t he r efo re i s ' not a ,e Ol'lgequ e nce of '

h1e rtroPhY'•. ., .

, - . .
Thia.concluslon 111,sup,,? t t e:d bY ,t he Ob13"rv8t i oIl9 'O£ othllTS wbo

h8ve fo und al.tered reactivity or d i fferences in i on p~rnoeabil1ties i n
. " , .

non-y8 8cul a r ths.ue f rail the SIIR: 'Cor hett ee ea , (1980) J.!-ave dBcKlnetra t 'ed

t ha t ':'as defe~fm8 .fr03 theSHR 8110,",saignif'ic~nt l.y higher re~et1v1ty
+ 2+ 3+ + ' . , " ' ..

to K • Ca • La , and H . Caulfield e t al. . ,(1977 ) "rep orted incres sed
' . ' i

. responsive ness t~ n OTildrenaline i~ SHRvas " def erens . Al tman ; Da ' Pont e

and worce i ' (l9!,7> f ound ' IIt~lP8 of amoot h muacl~ ' f ro .. th e fU~dus of th e

SRR stom..cb ah Ololed e~hanced reaC l:i';tty to es2-t. These s t Udies lend
. " ' " . ' " ' . ' ," (

sup po r t t o the conclusio n tha,t l'Il t e r ed rea c tidty i n the SHa s orta i a

no t a ~onaeque'llce of hipertenaiO~ , a nd hyp e rtrophy. Furthenaore . they .- ' " .
imply 't h~ t tbe ltl'lllbrane ' de fe c t re apoll.aible ,f~r' the apP8l:Cnt leaka~e

of Cs~ . ~y .not be. HJlit~d to- V8s ..::ular s~ot~ 1IIUSele.

'J'
; . '

.,

i
'J .
j
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~s and ~hn (1917) repo~t~ . de f ec t 1~ ' c." t rana~Tt in

ca r "Use ...... c1e I rolll tlla SH1; bplying J:ha t t.be l .,.l r .. d ~ontrol of c..2+

parme..bUlty .., hQ~ be I I . l red •t o pOO c h -..sc I e , ~_~her. n l d-'na

lugge~t. · a s l .lIa r defll ':'t ..,. be pre sen t sa r ed blood ' c d l . frc* SHR;

· Us i n g lon-speci fi c el.ct.rod.. · (;rle~ e t ~1 • • 1971) _ t.df~ct1ve

borop". (Pos tn ov et d • • 1916) I t has b e u s hown t ha t SRI e q t brocytea
:'. ' . + . ' + - . . .. ,

· are more per.eable tel Ifa and 1C - t han a t"e atyt hroeyt• • froa S p r ague:-

· Dawl ey .n~ wb u r ' 'ra t~ '( i n ~h .. latt~r s t.udy ) o r 'fr om WKY and _W06dl yn

r.!:"& ' (111 t h!- fo nne r ' t"'d~) : ' ~ese data 1IIPly' the SHR ee y bave , .

&en e"r alhe d ltleo~rane de fect .

I t s h o .. 2d be aUulilcd th at the ea usal lin k between in cre a sed J.on. , '. " , .
penlea b:lilt y Ind h ypas t end on I n t h.. SHR u u 1 na t o b e ucab l 1a M d .

.: it~:ver , lnc~~~.ed p.~ablUt~ _to ·;;'2+ .~nd. ~rh~p, t~, ~tller2:0nA Bue h ~ , 'I
lIa / jp. SRR.V~8h t r e .ult 10 h i gher f ree In~'ncdlular Ca .. l~la · b,. ' ~

d i rect in ward dif"~ualon of ~2+ .o~ 1>7. :l<m~ltlDCnt o~ a n ~J:t;ae·ell ...1~r ,
Ra+-dep~n'dant ' Ca2+ removal ,,.; t e • • Tb:ls 1JI tum would n su l t :,in _ . hi gher

resthg ten s l o.r. o r a r e d.uce<!ca pa city f o r rel.xatlarl ~ If tb:l a proceea .

ia not l:it:d.;~ to 8Orta~ ~ut '.a i 80 oc:c:ur~b t h e r~~i8tan~e Ye a" d s of

~KR . b~ood pn ..ure alght r iM . 1_1,. 8. hl,h p e r i pheral realataDC:e , r e ....1t .

In a ', n dual reset tina o f hororecepto~. ( Me: SaprJ aDd Vans. 19'6) a Dd

eventllB11y ' to VSH hypertrophy. f ur t he r :lncrta a 1tl, pe r i pher al. r uiatance

an d t he blood prell,ure in ' poa itive ~ee d.back IIIoInn~r .

In support ,o f t~i• .h~othe .is of t:~e etloloS)' of h1P~teeod~~ , in. ; .
t be SHR18 the Ptudy bf ~1s' e t .1. (1 911 ) t h a t ,hQWB t~t 8 S e8r l y 8 a

. ': . .', ' .
· 3 weeh o f silO b 100dpre aBllrea t f COtded f rom' ,.t:be fe~n1 artery o f

preVe.anl1~8 SMa' .wer e his he r than: ~hose r eeord_1i f rom \IK! ...t B.



. \
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10 l~d _~~ _ aup~~t . to ~.M. hYPO~beai''' ' 1,t ~ul.oI be ln tereaUna

. t o ( Tea t the M 8tl1_h! fr_ cao ce pU oa \l i t h roi Ee 4.1p:lD.e and dete~.

", whe ther or DOr reac:tl;"\ Y - dtfferftlce a a re pr eaear . ' I f lI1fedlp~• .

"c:an _t.goQl~ c.2+ habge , pet~p" both hyper~._iOD _ d re.c::U:,lt:7

alteut1cma Q D be p revented in tbe SHll• •Anot h-e r .pproacb CD u~.t1n•
. ' . . .. " " .

t~s.1II bypoth...ta lIl.1a ht be through ba tkcroul1l8 SBI, to WKJ (_: - J~"
. .

a t a l • • 1979) . A.s.u:lI~n. -ora t~ ODS S8ne 1 . tDloool_ d La produclq "

t his melllbrane datact , i t ..y '~ pD8dbl~ ,to produce a f b pr ina: with e ,

degree "of ln eu8s·e.d U"~ttvitY t h. t _C on~8~~'d . wit&: ~' i,e~~lt;
~ ' .

of t heir blood p r e a sur e ehvat1on,

J'

'4'

~:~. ' -. .



." . "
ther e is some evtdenee that a Il";"b ;r:a ne de fec t of the t yptl described he~e

• " , ' J . •

• The SHR 1s probably ~he bes t aniul model of burnan eS5~Dt:lal

': hyper t en sion : The 1mpl~cat :l.ons of the ' f iDd i n&s of ,'st ud:l e ll. of tile SRR

f or t he t'r~atment an d pnve~tiOD.of ellsen t i81 byp";rteQll:1~ vn~ depend

on j ua t bow well hUllLIlnhypert~n~ionls modelled b y the , sm. Hovever •

. 1ll8Y be pr es en t in ' huma n es,;;.ential J'Iyperten~lon : :PostDOV e t ~~ . (197~)

~eportad ' that ' r ed blo od ce l ls f rom hypertensi~ patien t s sbc;" h igh ex-
" ,,+ ' , .

paS9ive perm~,IIb1lit:l' t o Na .. ', Ga r a y and :.Meyer . ~ ~9~n fautJdt~~~roCy tes

f rolll pa.t ients with essential ' hype r tens i oo " s hoWed a id gher K influx

+ .
, , " anil.,8 lower Na ef f 1 ux . , Th ill might -be interpreted ss ev1d~nce ,, ~ f

. ,,' " , +' + " , ' , . ' , ' .
1

3
,',.,' , . h1&be r l's ,- K ' IlUll~ ,a: ti~it:y . ·Interest~.lIgly , these suthan f~~d 10n .

. . flU>;es wer e normal in ery t hrocytes fr om rena l hype'rt ell8:lve pa t:lents but

., " ~. .. · ". i" l<~"'. , l n e.;', ,,ooy, ce f<O~ eo""i• .nSi~e ~ff~~d~g of pa rents :V:l~h
. es ".mttal hn;' e r re ns:lao; lIugges~lng thst a m.....bran.. dllf ect.1a :lnheri t ed.

. .
. ' Should tltud :i.e llo of th~~ nature veri.&1 t he eX1:stance DC an :1nher-ite d .'

mel]brene d e f ec t 10 , h yp er t ens iv e h wnaoe , t.his 1:ln e 'of rea... rch .1 p r ove. " . - . .
to be a useful dlag n Q8tic tool. _l'u.hyper t ena1v es coul.d be 1d~dfied ~•

. ~he basis of t he i on flux properties of t heir ' r ed blood cells _ ,' ' Once

dUlPOS~~ ' p rop hYla t iC:pro c~,~dr-re8 may ' be l i ll:lt i ated. -. But ,t o da~e. .
only p-re1:lIl:l1nar y e v :1.dence oC a 1IIf!1JIbrane d e fect :1.r:- hUlllSltl ,~)'llert~don

exreee , I t llltls t be '. pr ?ve n 1Uld.,,,harac:t er1zed bef~ie tre~bI~t, ba'sed on

this hypothesls ,i8 :1t:dtia teed • . 8o pe f u.11,Y. t he f indin p " oftb:1 s ~e.. :1s

• may 'p r ove to be ~pp lici.ble tDthe diagnO'; iB aod p r eventio,1lof b.....,ri

e"8 enth l hyperlens:lon •

I'J

..1.
I
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1 . hKt i.vtt, of" SIll.or ta t o La va s t ow,,! t o be l' r1&IrUy due

,." " .' . 3+ '
t o , dr op in pH tbe t e eeceree 0I:l the &dd.l.tlon of 4 . t o bl~rt>oNlte-

b~rfered Ir~b••ol.tl0n ~ La ~' Ilad ' ~ d~rtCt _e e L.... .mea .. R~ES-. -. -.
buffere d aol u t-1 o ft .........c1 t.o keep t he pli .~.b1e. but tb'~ aapf. t.ude.

of the La J+_inducd contncti~o was grutly c11d nl..~.

+ , ", , " , , .
2 . ": II i a d uced a c;:ontraetloll'in SllR. aorta fE'OllD. WU o r Vie t.a r rats .

The a c t ioll of H .ppea~~ to h ave bo t il ~~t~a.c:.l1ll1.r ud ' f.lltne~1.;~r

~ . , ~ , .'
3. C. 1 n . ftOa -<\epo .L.aridllg ..edta :lnd.~.d a conc r8ct l0.'i" .~Il SIIR

VSH. I~ vu POlit llur.eCltn.r. - th er e 1~' "1i flaw I II t h e con trol o~c.!t
.' .'

pCt'ftab iUt y 1 n th e S HR VSK~ ·.uo:li'" that this 1011 leab aerOU t h e «ll. . - ," . - .
. . ...craoe . This .p,.r.e nt aembraa .. d e fec t v a . ,",pos H 4. !:be un d er l ying . · · .

lIedlaU::ts:. fo r ' I:M r . a c tivi t Y to La3t-••" , s ael rOT t be lnc:r~a~d _ 1 t 1... 111

+
. • " U :! t~ K .

4 . !be Te aet iv:l:t , alte t"a t ions ...RP?"• ••1t i~ SIlt. i:lY:t had Deft t"

.. hen h yp er t e·n.S;l ft, havi1l& bee. t t"e .. ted fror. eOIl;~aPt!o1lo v1:tk a ~dt'e'l'erBi~

··· - b ll1eUng 'agen l: ~: t1zo~nl . I t vas c:oucl~ed tha t al t~u t ~o~-in " aseda r

n,et i v i ty in · t il . SHa "'~t ta pn ceed tbe Orul" t of h i p b,l ood pre.ll'III"'. ~nd •
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APPENDIX A
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