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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
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Show. hlPo t h. tlcal . -.ples of ~lfiennt ~~en Of : .

1Dc:t......-d v...cular n"U1~t.y SNll 1D dose~_~poIls.~ · aan ;

(A) sttow"s s t.eper .lo~ and iover ED
SO

1D ,U.~ b~-rteu.b .
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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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