AN EXAMINATION OF THE HYPOTHESIS THAT
STRUCTURAL CHANGES WHICH OCCUR IN
HYPERTENSION, ARE A RESULT OF THE
INCREASE IN ARTERIAL PRESSURE
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: »mrphbloglcxl changes occurring in the ]e]unal arteries of .

- SHR. Aand - nozmtensive m(! dnring developnent vere mpaxed -
-m:h those occnrzing in jeJunal uta:ias tzansplnnted
"in WKY in ‘which the.

bstvean the: two atninl

" had been elevated by renal artexy constriction, ., and in sHR

which had" been rendered normctenuxvd by cnpsaxcin\

r.zaatmenr_. Alt 1 ugh it 'is still, prematu:e to' draw the final
cszncluu!on on the cuuﬁas ‘of medial hypertzophy in jejunil
axtexiels of the SHR, ;he resultd of the present stndien

suggest that the medial hype:t:rophy is neither: the result

of 1nherent geneﬁic flcto!n l.n the artarlal v&ll, no: the.

5 ¥
terial’ pxessuze ‘but due to some other

. in¢rease-in :

factors Such as innervation of the arteries or circulating

Hormones in the blood. - . i s

1o0d pressnxe' s
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ﬂypext_ens-ion. as xecomuded by tbecl!on.d n’ealt.h

ngamsa.t;on €2y nh’ould B aenned.n a llngle. sn.unq ox,j' 8 S

:ec\uhenb Blosd presgn:a oF the patient mghe: han 160795 .

mng (uq/w in nom.u persoﬂ) Hl:mevex, ‘it ‘is well nown -

nu,sleadinqt Despn;e these pchlemsL h: is necessary, £or o Kr Sl

the p\lxpose of cumpnnm, “to'defite a _réference Solat) TA pod

hypertqnslon zeuu-ch In exper mental hype:cennon,'

5 25 L 4 m:u\ez discussion ei ms suh)ect, ‘the term "hyp £ eensiver RARE|

uu be uud to de-c:rbe Indivldunh wi:n/tyuouc punun g
i R




, a'n!lnls ’l‘he

of tne clo-e ralatioruhip between hypertenaion and pr erial

hypaxtropny, x: has boen \poﬁtulatad d:hlf. the alte:ati n ln

TaE the arterial

; whigh >eeut in attai\lhu in hypertan!ion, are a Fesult Yop. e e

.the'xncreqse fartex‘hl__b}ood _pressure, yrt Mty f

- In order to .promote: betr.er unde stnidmg and £un:her LI
. 7 it
dl.lc\lsslnn on_the arterlal ay\ten \lhlch '111 ;be- sub)ected N v

\
to hypexcennon, ‘the normal gtructure a and function of the.

Tk s : aﬂ:e al sysg‘em un be ;elxeuaa in’ this aeeciun,




Uther information relevant td
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"aifterent appreaches used - in the présent dnvestigation will

1
be revxewed in“the objectxve and.ratmna}e.sectwn. -

Notmal strdcture and"function of the arterial 'system.
2 o Bar o . it s ok i
: s 1 . i
_One of - the most remarkable ch\aracteristics ‘cyf mhe B .
.
\

metabolic’ requxrémene‘s Thﬂs\can ‘be .}cmem Byl o i

3 - con\tncung or auatmg the ngin- *feed ing” artery to that

5 vascular “bed These’ goritrol mechamsms are beheved to' be

. .\ located at the atterlolaza level! Slnce artenoles ‘are, the

sxmplest ‘on‘ﬂ\ of ar}:erles and, ax.‘e mpoxtant in controlllnq i

blocd flow, the presdm: dlscussloﬂ 1ncludes some of these '

" control mechanxsms whereby the Lunen dxametex S arbenules e

of a partxcular region xan be mcchfied wmch in turn alters i

the micxocuculanon te that region.’ Althongh reglonal

gow L o varxatxons and specles differences of these ccntrol

n\echanxsms are appa:ent, the’ pnme cnncern of tlus revxew

will, focus: onl ‘on, £he general principles rather Ehan:

e distinguxsh these variations: 1 2

ok D'efi‘niéions. - gt g e E 5 §

1 i The vascular pertion uf the cardmvascular system is » J

: ::a séries of tubular. Gonponents ‘through’ which the ’




g " and iyge blood are carried to and
from various orgar;s, respectively to. fulfill the local
metabolit needs. By definition, arteries are vessels which
“ Garry the bldod away from the heart, wereas veins are

those that do the opposite The space of: these vessbls

through which the blood 'is being transported, is terméd the. -

lumen .

S
re the smallest arteries of’ the arterial

systam Accordlng to.the classical definition, these' are
vessels with lumen ‘diameter ranging from 50~100 microns
(10, 11). Depending on its ‘state of contracuon and

dllatatlon, as well, as\the mode of Elxatlnn, f.he v.easel

. diameter varies greatly in fixed specimens! It :has been

suggested that arterioles should be cl'assified according to
"the vessel. wall components rather than the lumen diameter .
(12). In’this context, artezlcles are referred to as smatil
axtenes vhich consist of only 1-3 layers of° smooth muscle
cells in the tunica msma Thus,” arterioles (10 termmal
arterioles (10); and pzecaplllary sphincters un 14, 15)
described in the literature are all included in this
categoyr}r.

\II. Arteriolar wall components. \

“Encircling. the lumsn of ‘artérioles is the axterlolar ¢
wall which is composed of both cellular and fibro-elastic

componeuts. 'K‘hese components are ar:anged concentncally




o OFf the tnnicu adventina is filled with bundle{Kf

ey 5.

and ‘can be ldentificd nicmécopxculy as' three distinct
tunicae. The tusica intima consists ot a single layer of
endothelial cells and a thin basal lamina, and generally -~

lacks elastic laminae (14), although some artericles xn

certain species do conmm a delicate internal. el-!s

. Laming, .45 glomedlat aEfirentacteribles 5 ks idney,
of the rat (15). The tunica media contains 1-2 layers. of
circularly arrunged smooth miscle cells with collagen

fibrils occupying the xntetcellular space. Close cpntucts

bet een the endothelial cells, and the smooth muscl‘e cells’

are found more freguently in arteriolés thnn other vessels . \

(10, 15); these are called myoendnthellal junctions. Most. e

1anqxtudxnally arranged collagen fibrils and sdattered
~ibroblagts, Nerve terminals £ the non-myelinated type are

rich and present near the adventitio-medial Juaction (10,
12 15),. S g >

‘Prom a functional point of ‘view, both the endothelial
cells and smooth muscle cells are the active components in-
the arteriolar.wall which are ‘capable of altering the lumer-

'diameter of arterioles. By yirtue of its structural

fistics -and ile ability, the ‘smooth .muscle

cell is'considered to be; by far, fhe most important bt
oandidate ih com-.*z"éuing the lumen diamster of arterioles.
Thus the core of the ‘present discnulon will concentratb
fainly on. the smooth muscle: cell structure and fenctions.

The possibility that the endothelium may be involved in * :




I structural characteristics.

Like Sther muscle ce].ls, the vascular sue is

characterlsed by the presence of "filamentous structuzes
which cccupy a lazge fraction of the cell volume. & ‘set of
“organelles and inclusions, common to most cell “types s
nsually present and gathered at the two Foles of a A

flattened and generally centrally located nucleus. Only-

:ho;e sbrlioraben whlon Ere directly related to the ptesent‘.
discussion will ‘be considered.’These are myofilament dense'/

‘bodies, sarcoplasmic reticulum and surface vesicle

cell junction.

A. Byofilament..

Three types of fllament can be'seen in transverse T
sectipns of properly’ flxed vascular SMC. These are thick;

thxn and intermediate filaments.

Thick or myosin filaments of vascular SMC are

approxlmately 15518 nm in diameter and about 2.2 ml%rcns in’

length ae). Althcugh myosin filaments of vascularstC dré.

1onger than those of the striated muscles Q. 5-1{6 :

microns), they. are indistinguishable microscopically froﬁ




myos}.n molecul consxsts af a 1 ght and heavy meromyosm L

‘subumt the latter is. compo 2dof 2 globular s- 2 and |

fxlamentous S—2 subfragn}ents “The exact packlng of . myQ 1n .

molecules' to" fm:m the thick fllament‘: is. not clear,’ nor ‘is

'the precise Arnngement of thlck £ lall\ents 1n :he vascula\r

3 noted (19, zo). . B St

Thin or actin fxlaments ar abundaut xh vascul . SMCL

ThE ratm of thin': bhl.ck fl.laments 1s abnut 15 Y0 | (].9). ‘v ) _“
These filaments are of 58 o in diameter and unknown
‘length; the latter has not been’ successfully fieasured, -The
G-actin moncners and F-actin’ fxlaments are 'su\ular to those
of ‘the skeletul ‘miiscle (21). In the skelatal muscle. the 5
regulauory proteins, tropcmyasin and’ ttaponln, are lbcated
on the, actin fxlaments. Although mmunnchemicauy distinct

+1 “tropomyosin has beén isolated,. the Gomponents corresponding

}é&o the skeletal muscle ‘troponin were absent in vascular SMC

Hctin filaments. (22), Without the _presence of troponin, the .°
funcmon of tropomyosin in the vascular smc actm filament
' has €0 Be re-defined. ' :
&y A '
Intermediate ;f.ilaments, sometlmes refer:ed to asu 10 nm
fxlaments are readily found in yasculer SuC, surrounding or

“making qontact with the dense bodies or, areas\ (16).




s, o 3 found in many othex cell types. However ; Lntermedlute

filaments’ ‘from:SMC.are mmunochemxcally dmstlngulshable N

from those cf other cell types (237." For example, L . '»\

antxbodies to. gizzatd interme te - filament’ faxled to stam

those c j:he ﬂbrcblast’s or: nerve cells. Th.\s demonstrates ) *

i'elate tol contractl n (16), 7 Its, functxon a8z cytoskeleton M

w s s b has besn suggested c24). &

5. Dense bodiss: .

i o gz free—- loatlng type and Ste.found 1ymg among the V-‘

. myofllaments along he longxtudmal axi’s” af the vascular

e U smey whexeas dense areas ‘are those atta(rhed 5 the plasma
g membran :and_are usually found alternatan Wwith rows of .-
sirface vesicles along the cell periphery. Dense bodies age

~ B commonly surtonnaed b3< intermediate; fxlaments, whereas

'sertmn 6f-thin fxlamemts 1nto both: dense. bodma and . z

- areas. can xeaduy be demonstrated

s The funcuon of

. "dense bod es and\areas is no!: kncwn, althouqh the analngy

bet\veen these stxuctures of the vascular SMC and the * Z

lines of the stria:ed muscle has been drawn ( 5) st =




‘system S bades hus been' demonstrated with extra—cellular

: enter the, Sk " i

‘The, sarcoplasmic reticulum (SR), usually :gferréa to !

‘as’the sioQth type- in-striated muscles, of the v‘aécular sme

‘is not: as well- developed as in the strlated muscle and ‘is

'.usually present in close xelatlon with the ‘surface vesxcles

'along the sarcolemma: That ‘the SR is a true 1ntra—cellnla:

markers such as: ferritm, colloidal Janthanum and

Tbe R+ of ‘the vascular SMC 1s thought to ﬁunctian as a

x:alcaum storaqe, release and uptake site, as’in the
struted muscle usmg stxonti\m\ as’a. substitute for

calcium, the divalent cat‘.icm-accu.mulatlng abllxty of the

has been demnnstxated €297, Although*calclum binding
prommi such \as calsequestnp, which hre present . in the 5
erninal  cisternae of the skeletal muscle (30), have' not

beenudentxfxed\m Ehe Vascular SMC, ~paxticles

cctrespondmg to. (:he calcx.um ATPase, have been demonstrated

«‘Naf“T»" uibules oz.‘thei; equiualene haye been S




s
|
\

has besi suggested to be ‘an:analogue’ of |the triag in

T ¥ i skeler.ql muscl
= \

\or diad in cat\iiac musclf (26). p
As in éndotl’}elxal cells anﬂ\ fxb:abﬁscs, flask—shaped

o .surface ‘vesxc'les ar\e present u. the ‘vascular SMC. These = .

R G A vesicles are 50~ e r\m ‘in diametet and appéar. to be

wvaginat;ons -of tl&é \saxcblen;ma. The fu:esence of these

. vesicles In¢reases the suiface néhbrane area per cell”

vesl.c].es af the vastular SMC are’ also known to be

29 9210 T E
P A

assoclated wl.th the SR and mxtcchondna

The funcnon of suzfam’a vesicles is not Glear: Tt has

3 been squested that these vesh:ies ‘are enqaged in don i

Lransport (36)% However dxrect ev:\dence has not been. ', - i

obtained an. That the' surface vesitten of the vascular
srac are as the analogue to the transverse tubular system of

suggested 3y~ Althongh

T the stnated mascle has also bee
thare were ‘structural fgsemblance of “the fused surface

PR o il & ‘ vesxcles to the "’l""tubuwes of emlzryonic skeletal (38).and .0}

caraias (39) muscle, functlonql demongcracxpn has not been’

« . attempted. : &y PN » 7

"“Cell ju’nccion'.

e T R =N B vasl:ular suc, a spectrum ot el Jungéionis;

'nngmg £rom simple ‘cell- to—cell apposition’ to .




" desmodome~Like attachments,’ can be: identified (40).

‘,ﬁ Slmple app‘o.sitit‘)ns are found in the‘vaseu‘lar sMC (405"

closeness (about 10 nm). of cell membranes, there is' no

specialisation “hoticeable in this junctional:aréa. No

function has. been ‘assigned to these junct 'on»s. ! ’

Y obsetved in’

11ke ;axe

- the vascular SMC (4(!). The intéer— cellula: space “between two

‘Zgacent membran;s is usually 50" nm wide and “there is an

o creased,cymplasmc aensn:y in the region of attachment.

Although the function of this Junctxon in the vascular SMC»-

~
is- not clear_,\it is possible that the desmosome 1£ke <
attachments nay serve. to hold:the' “sMC together, sul\xlar fo

the desmos mes present ‘among the epn.helxal cells in the

fascilar, SMC (40), and are often mistaKen as.tight B

§ jungtions s.'n osmicated materials. With both electron

/mxcruscopy and freeze—f:acture technique, - it ‘was

‘demonst.r ted that there is a 2*4 nm gap hety’een the two

‘adjacem; membranes of this junctxon (42,°43). ises are

Jmplxcated -to play. an important role in ‘ionic cell“to-cell

cmmnhnlca‘ti,on. It was shown that nexus can provide’

inw-reslstance pathways “for rapld spread of ele\:tru:al
g signals (44, 45)%;@an thé adjoining cells. '!‘hus the

\' apkxe@tgance of large amount of gap ‘j'énctxons in the

LA S 2




;1-‘“‘,,,41 ‘ o -‘_'". 7"
' ‘\

myomatnum dunng paxtunmo xepqrt d by Dam.el's group

)’ (46) may illu ézace the, 1mpon:ance of nexuses in the

‘ ccozdina:ion of musale cnntracupn dunng 1abour. Th1s

~study also ﬂemnnstxated the dynanup nature of the gap :

‘ ]unctwns.

-'.;




concentntion gr&dxent ofions across the membxane of ,the

_vascular SML‘ varied f:xom vanous sx.tes, as well as from .

different species. This may ieora the bam for. the g

Aifferences observed ‘in the :es,ting .membtane potential in

. Sl
by which ‘the: acticn po(tehtial varids anofig the'SMC from

\ﬁWOd “vessels 'is. not clear. 1t has heen sug‘ges«:ed

trigdering contraction. However,

“pormally’i
i “action pbtentials are certaifily not thé Gnly heans by-which—

cum:ractmn i B muxacea oF, natpatnad, For example, f\

Uvalis “and Johansson (53). showed that-a sustai.ned active .|

tension can be evoked in the portal vein ‘evén after the -

blockade_ of action potentials. . Furthe:motE. there is -




evidence ‘suggesting: that the action potential 1tself as' an

Y AR ¥ 'electx.u:al phenomenan, does ‘not” triTEr*contractinh

dxrectly but thrcugh a chemical mediatq:, trus mediator is

B \7 T The e enerﬁéﬁﬁrement for contraction “in both 7

3 TS stnateﬂ and stoth m : le.appears r_o derived ma:nly from~

=l I magnesxm—k?? (54)." Like the skeletal muscle,_the,

liberation of ‘energy from this, camplex molecule in the SMC'

. 15 ST
mvolved the hydrolysls of ATP by an enzym “nmpa’se.\unlike
che skeletal md he ATPase actunty of: tbe vascular z

muscles,’the sip€ for: sto:age, release’ and uptaka of

\,caicJ\seems to reslde inthe SR. as pointed out earliar,
R .~ 'the SR system \:mw is. ot ‘a8 vell- developed




tsgulutcxy pmteins, tmpomyosin and troponin. No tropnnin

alent has been béen identifed.I€ a a,ppeau that
& wosin_ interaction a
from:- that of

- s
= wa? = 1 the striated muscle; it may not require tropomyosin and
T ~ %
i fponin- Furthen ~+t-has b that the
system of actomyosin’ interaction in the SMC
o L ﬁ—%’ ‘n ﬁe—>~<.
xesxd?d on one of tfie -yusxn light chains (61, 62). e

‘“_" O ' mo].ecnlea into myssin filaments Ll dig_fetant. In stz‘ated . i

muscle, the myosin molecnles are oriented in.both, .

% '. d wnwmme\mk ﬂlment (63); wh}.réas those af- ;

. the vascnllr sm: nay be uxgma_:?w fashion , *
. (su. This may mcreaae rlnfy;. distance of guméntg




b < : .physinloqy as well as.in v-scular

3 nthex s¢ la:oli s.

: 5 In the arterioles;: endothelxal cells are ﬂatgened and.

y _ elongated, and cﬁntaxn 4 small nupber of ofganelles and . .. .

inclusion

Incluslona suth as’ the welbel—!alude quies ax?

i Vi unzque in endothellal cells: and can be nsed to ldent £

\ thesd cells in cnlt\u:e @), Orgnnelles luch

plnocytotlc i
vesicles and merofllnment which are dl:ectly elated koi S FY

i b the ‘present discussion will be comuae:ed in det.nl 'l'he

ial cells are con by simple ition and by

B ) diéﬁezent types of jusction, (107 66, 67). In the

o ute:xaleu, a co-plex ‘of occhunng and cun-unicau

(nexus) unctionu are nften laan uuular to thosa of the/

Sty larger angeries- (67). In uddiuon, tight junstions axe ‘also
; -, larger Ange: ‘1 J» .

mere' '

o » fxeqnantly Ln art.exioles than in {ugex atteziel (u). ,nue




dlation to the smooth miscle of ‘thie arteriolar wall, the' |
v
em{othelxal ceélls may play a :ole in altering the Tumen - [

rioles: mrectly Filated to these

N
-'ccntﬂﬂcme functfion of the endothelium.

. , |

cont bl mechan).s:\f aré the’ transendothelxal transport ar{d

‘As descrlhed

E the Vascular sndoth Huscle, Catd

..section that 1nnerv tion to the blebd vessels is usually

restricted to the, adventitiotmedial area. However, recent

i “electron. mi¢roscopid. évidenc ‘showed: that netve’terminals,

|

are present {f-close proximity to the endothelium'and . .

£ braip

someblmes ab\n: dl.rectly ento the endothellal cells
iy :

caplllarxes (68):

P
Functional chatacteristics .

o o

B circulating ‘substances such as amines:and polypéptides, and

the, underlymg tissues. This is well, documented in the

cerebral Vasculature and. rgferred to, as ‘the blom‘l-bral.n

S * barrier.® “This- baxner, even in: the cerebral vasculacuxe, is [

by [no’means complete; substance " are: known to pass throu

' this membraneous barrier by special transpurt systems.

Chambets and. zweifach . (I

‘proposed the "two-pore® system

of' tzansendothellal transport. - ' v + J .
: g

y o " ! 'Blectron micms.capic-méaies provide evidence for the :

v . % o

i




\
exxs‘te ce ‘of theh D-pore" System. Usmg trace s such as

se (mol wt_ 40/000, diame eé ﬂbout 5

SO - horsér dis\j‘parcx
2 om) anfl £egritin g\\nr “t. 500,007 ‘diamecex aPout }1 mm),

were found mainly wit‘x‘n pinocytotic vesicle

provide evidence for the of ‘the h ical’

pore"/‘sys(ems in ‘transendothelial transport, ‘viz the o

* éndotheHial ‘cell Junctxonlcorrespond to:the small- pores i

o \ L and. the | nocyh\otlc vesic

he 'larg pores. The ituﬂy by

et al (70)‘ con rmed these, results:

simiories

b~

ua,menta of 4 7 nm in diam er are ofte,

foung .

» bqrdles is'alsa abaezved (71.7. Althawgh the Euncthn of 18

N these microfilament bunﬂles is' not known, a.t has been

suggested ‘that' they may be ralated t6 ‘contraction (72, 3,

74), or increased permeablllty (75, 73) of the endothelium.

Recent Ln\munochemlcal st\ldy by Becket (76) demonstrated: the s

of actomy6sin and’ 9in in'the endothelium.

i
Of these ontr: ‘H

nents ‘implies ‘that the®




+

III. Possible role in vascular control mechanism

. As pointed out earlier thé endothelial cell is ome of
_ the two active components in the arteriolar wall which is

capable of altering the lrter[olar lumen’diameter. The

of the 3 lo in the ium

uuqqested that' the: cens can _contract upon stimulation.

The don'of ‘the er ium can be con throngh i

the lnyoendothelill junctiuns to activate tha ldjoilung

w7 e vascular SHC..Direct evidence that the’ endothelinm may play . °

in alkazing vnuculaz tune is demcnsttataﬂ by Pascual

and Bevan (71)‘ Pur\:hexm!e;.\:he contrncnon of the | Ly

B g of mnoanines “(76). rhe penetntion of monoamines may have
' an excitatory nffel':t op-the nnderlyinq vasculari SMC;' this
" may lead o a vmconltricticn ma. in turn reduces the' ' R

blooa —rov to the ssochtad area.




$ N o T % g
Mechanisms involved.in the control of artériolar lumen
e L n

diameter. sk o~ :

Vascular SHCs are mostly confined to thé tunica média

and arranged in a spiral or.helical.fashion’with the 2

déminant: oriehtation being circulaf (79, 80, §L). Tn’

general,” the angle between the helical turn and

1Dnggtudxnal axis l.m:xeasss with 'the’ decrease of arter d

degrees"ln a:terioles (83). Thus, the angle 1ncreases il

m small arterxoles, the . SMCs. axe a:ranged .ina truly AL B

. with each ol:her in the medxa by a w).de range of

cell junction. Stl.mull., such as those Otig‘inating from the

- activities to: both- "1nnervated" or. "non- 1nnerv&ated"\




the ‘extrinsic influerices such as ve. néy 1oor

horil»dn'al ‘subs:’.nces. This concepc was p:omoteq and proven

bl concluswely by Folkow (84, 8. Further experinents from

"+ . the'same laboratory- demonsttaled ‘that, the basal. vascular

tone {s. myogenic. and \is confined’ pstly’ to' the precapxllary

x resxstance vessels (86). The machanism whereby the basal

by B vascular tone, is produced is not knuwn. It has been

suqqested by Johansson and Scmlya (51) that the basal

T vascular tone 1b probably a cdnsequence of the’ :hychmc,

spontanecus vamanons lof m embrane potential ‘in the

v\a'scular S When (:hese va:lAtlons are pxunounced enough

AT, vascu]_ar sontbl machanlsm.

cardmvascular system 15\ challenqed ith the problem of

»sausfying the nguy vaz\xable circulatury denands of “the

\ carjia\; output ahdassure regi
a




““of aifferent organs

ST R

Many factors can’ alter “tie vasqulaz tone" resul.tx.ng in

either vaso-constriction of &dl«l_atatxon “Bxtrinsic Sadtocs

. which nkiginatsd from” sites outside the vascular tissue,

whether they ‘are vasoactive, ‘neurchumoral o hénmnai J

Substances, are classified as the remote con(:rcl mechanism,

whereas. intrinsic factors are those originating from the -

vascular tissue itself;'the latter is.referredito as local . -
-controf meshanism. ol e

Neur‘ohumoin k:ompoﬁent F xemo'te entECl mechaniam.:

Although many substances such’as. sqbstance 5, GhBa,

5] HT histamine, ol!latostatl.n, endatphlnes ;nd bradykinlns

have been sugqestea tc be neuxotransmlttux and/or neuronal

modalator ‘substances, the ul\portang:

' Of these putativé

substances inyolves.in’ monitorlng vascular cbntrol cf blood

“flow'has not been xmplxcated Thus, only the sympathetic

~adrenetgic. fibre system, the. autonomic. cholinergic vasod).l—

ator fibre systen and " the autononic ‘purinergic vasodilator.

) tibre’ systeg\.will be consigerea ih’tnis sections . - .

»Sympathetic aarensrgie fibre system.

J
The mamalian véscnlar sy"sten(' is innervai—.ed

.predominantly by \pastganglionilc’ sympathetic¢ adrenergic

" fibres.'(87). The texr(i/nals of these fibres usually form
i

tial andfor advent:t‘

-medial region

plexuses in the adverft




in A, are released

from the -axon, terminal “'The mechaﬂisl‘l\ of how the NA is

F /teleased fs not known. - Hovever the’ presence of calcium

T '+ ions is a prerequisite. The modulaclon of the reldase of NA.

is also present through’ many types of presynaptic

:eceptnrs. For exampley NA wxll, after release. act 'on the

“to ‘reduce, or even inlubxt, transmltter ;‘elease (89).

2 e The reléased NA then diffuses acro/ss the synapuc ¢

Ny : . cLeft and ‘interacts with the_receptor sites, on the vascular

P suc-memhraneA There are at least 2 types of adrenexqic

receptor on ‘the SMC membrane, viz alpha 1- and beta’

T, b 2-adrehergic r'ecep'to:s The acuvatxon of 'these xgcepto:a' 4
jproduces different e aita ﬂepending on, wmch type is_
doninating: the receptor populatwn

A F?b:ane..b' G s s \, .

/;} + 'rne"a:r_ivar.ion of a’lpha 1—adrehe'xgic' réctptors on the

I the vas‘cular SMC

5MC menbrane produces a depolarisatinn or “inc eases the:

; fteqhency of acuon ‘potiential; when p(eaenc, _esumng a\p

‘ontraction 6f the wvascular SHC)' The meqh nisn wheteby the
& S elethumechanical coupling is linked Jis not ‘clear. Howéve:,\\
ity to

1. ‘sodium, potassium, and chloride fon simultanegusly in

N \NA s’ capable of mczeasan menbrane permeabx

‘presynaptic, alpha— adrenerqxc (aLpha 2-adrenergic) receptor .,




11*y. th:ua i"_ duce: the concept of actxvator

calc:.um on -as tng Link for electromechanical coupnng

R L .. The ipcreased activity; “either pléceridal-or’

£ mechanigal, "of the ascular: snc via' aleh 1-adrenergic

ey eptor is coupled mh ‘other ‘sucs pree bly thraugh

(chxefly chlcride "and ﬁ?tassl\m) and/o/: aivalen ious such

as Galcium has been:pro ,‘ (90): ' Fhe’syn nised

relaxation o ar:e:iolax‘ SHe Tesults 'in vasodilatatien of 3y ey

the a:\;erlole %mxch fwill, Tead’

*.8 ubsequen

int:ease of Jugidng e

blood flow to the related vasculat bed.l

‘At' gh encugh concentra‘tion, the NA,

“known’ to ‘act. . © .

‘an. both, alph- and




he greatest (94, 95, %6).
- = )

. términation of NA activihies can be achieved by -
actmns of both MAO ‘and com', uptake, both uptake
t @nd uptake’ 2, mechamsnv ‘as. well as bmdmg to connectlve
‘viz-the collagen, and lelastin. The interaction b

g:‘wee‘n;,m“a-na réceptors can also be considered as a means’

. ace;yh:hélgng m:h) as the neurotxansmitter and can be
uientified*in biood vessels of ‘the skeletal muscle (9705

kidney (wz). ,THose, wes wluch innervate the blood

y v_ssfels of the s«keletal n\uscle are of, ‘the sympathetu:




The‘ inactivntion of Ach is bellgved tc be the result‘ & sl

nf thskenzymatxc actlon cf Acetylcholinesteras‘e whlch has

been 1oc:

s’ed at. the neuromuscul.!r jnnctlen of the L. 5

"autqnon}ic iervous system, there

whlc.h appeaxs to be




scmulanpn of  these Exbres a ﬂ\e nucleotide, probably -

T
e, \és r\e%easeg, tk‘us :nesé neryes are classxfi\ed as
Y

parindrgs éé pba 109). Kthough® £he o exar:t\
\a e
\g ribition of the purTHergic. f,;_bree in the body is fot

s
(111) anﬂ pulmcnary {110)

'\:he ccronary (110), skeletal

clrculaticn The ongln of 'these fibres L.! also not - cl!ar. s

_,punne nncleatxdes are potent vasoduators <112) dnd
0 have ‘been *proosed B B 17hya;ologxcax reguxamn of blood
s ke

flow (108 109). When ‘the p\u:].ner

c ‘t‘.l:bz& is, actlvated, a

¢ purine nqclenudg, probably ATP; is xeleased The mechamsm

of “how’ ATP i released is.not clear) altho};qh S P

through exocytpsxs has heen pzoposed (1089.

- iThe l|\6cha|ﬁsm of Hoy the hyperpolarl atisn GF the SHC -

is. produced is not xgnawn

adenosxne l.s ‘kriown” to

have a du:ect &ffact on- the’ calcluin ion permeablllt

Of the | '




fz—s.,\

‘leads to a ptodnction of| cycl\f—m The cycuc-mb niy
e S U
then lo llt the Ivlillbxlﬂ‘.y ‘of nttmllu‘l’lr

“Tony-thergby rgsu].ting a change- u cuninuwlcy

vasouctive uubutancqs can reach the nite of acclo‘

<through the uxwunon.“i\n drdex. for these bloéd-borne L e
o vasgactlve agents to react with the vascular ‘sme o pxodnce
,an-effect; they ‘must pn/u I:htuugh the blood-tissue barrier
of the endotheliu; the:

" ana’ e f&

exe.rt lll L-pnr ant vigoeon,str!ctoz ffect on the veua.l at

s r.he site of vasculas injury, there is’no indication txn(t



S Y
oy nunng resung o
noradxenalxne 9R), are ‘deleased” from the adrenal medulla

ATTECELyinro-the blood ‘stream, thus they are, by \

tlcn, buth adxenaline (a) and

» co..smeLea as hotmones. Ach spparedtly ©

=i Bl . modulates this reléase as in the ganglion.: The: amoun: of \A

Sy . 3
N released is usnnlly much hiqher l‘.han that of the NA. Durinq %

ol the Exght and flight reaction, ‘the amoum: of catecholam).nes 2

’releued can ‘increase to 20- 30_ :mes the restmg value

G (117). Although this: a.mount As Felatively small in

compari son with those releasedv £rom the nezve‘enax’,’ngs

Ol vasqconstrlcticn due to adtenomednllaxy hormonea c'annot be ;

overlooked

Indeed, anl i

£ .. produce vasoconstnctmn in many vascular beds (118, 119

'However, xnfusmn Sf A to \the™ yascular bed ‘of skeletal

pireieradt s muscla usually Gostitedi- i vebiliatory. response (120-a

x:evmew). Tms result jested  that’ 2 ‘eptors are
. localised predom:na.ntly in fhe vascular beds of the

dkeletal niscle:.

The mechanlsms by which \catecholam.\nes exert their
Aeffect on the ' vasculature has“ already béen diséusseﬂ (see:

syn\p-sthetlc‘ hdranergl Fibre, system) .

2 )
1. The renin-angiotensin System.

\

\

Y
\
A

auring vasodontrictor ferve sumxﬂacmn. the eihancenent of .




elevation of sodium ion concentration’ and/nz umimlaxxty of ‘
{-_he fluid ln the distal tubules of ‘the kidney. These' i\‘, it £

»changes aré recogniséd by the specialigéd epxthelxal cells

. of the mcula densa which in ‘turn initiatd the. relaase ug
‘ renin, from the juxtaglnmerular cells. The renin converts an

alpha - 2—globu11n, Qngio:ensmogen, ‘present ‘in the bload@ - #¥. . = \:

plasma -into angmten in I. The cvnveraion of ang:mtens.\n u\

usually takes place 1\! the' pulmonary tissue by'a

‘,dxgepndaae. 3 \ :

Angiot'ensin, in; parr_icular angxotansxn 1, isan;

I .suc (120) In physxoluqtcal concent

also induces constrlctur respe in intadt

(121). However ‘thesa responses ‘are relative shall when

compared with the alpha adxenoceptot mediated i %

vasoconstru:tmn a2 y.

“the anqlotensln II is not known. The atlmulateiry efﬂect QF

electrxcal actxvity of the SMC. by the L hqlotensxn II, in the %

vessels hus b&en proposed (123) altho these chanqes

_cammq relate to aléernfion of l:h! 10"1

Au v 125) 5

sMc! gnen\;brane

i iqos:” pair

15\ theh’ .\.nd).zent




L

S0 . NA from the s&mp‘aq;hetic poscgangu&nic nerve endings (126,

enhancing the'response of ‘'some vascular SMC to sympathetic

“merve stimulation (127), and mtexfenng with the
Jinactivation’ of ‘postganql\xon_ic nerve ending-released NA by .
inhibition' of th neuronal\utt'ake process for this amine
(127). A .' v B4 :

[ the renin-anglotensdn systen wn:h respect to- the

- e ‘vasomotor control systemm: However, its praductlon is

dependent on the release oﬁ renin f:om !:ha kidnéy

mdxcatxng that its pr{maty functlon may reside in the

i klﬂn o O R w R, R

|13..The neutohyp hyséal hexmorall systens
98

ppropriate anpd

AT “The vagopressin; or- more (g'étic

\ hormone (ADE), is one of “the hnrmones secreted in the

neurohypcphys1s. The st important. role of ADH in the. b3ay 5
is the regulatxon SE wates ¥eubEorpELon 1b tha renal
v ubules. Although somie arterinles can constrlct ‘in the B

" presence of hDB,‘xn partxculax 8-arginine’ ADH (122), itids.

genexally belx.eved that

st arteriolés are relatively

ingensitive to_thia hormone (128). i
: e hormons a8l




SN

phenomenon. . The £61lowing discussion; encompasses 'some

'vascular tone, and this tene is ukely to be’ the result of

_Mellander (131) 1nd1cated that the .application of either Ve

Mention has been made earlier that the presence of
basal vascular tone'is very likely. due to a local myogenic
response. In many ‘in vivo Studies, autoregulation of blood " \

flow. has been observed; autoregulation implies that despite .

" the alteration in arterial pressures, the flow gmins‘mre
<

or; less the same. Thdeed it is true in the vascular bed of

the bratn, mydcardims ann\ kidney. Of the.many mechanisms

pmposed for autoregﬂano\. the lobal myogeruc respcnse
ana’ the alte:atlcn local ion concentration telated LR : 3

metabolxsm cffer a' more comprehensible explanatmn for this

_evidence' which supports these theories.

NS VY Vo
1. Local myogepic responss.: »
" As.mentioned-earlier, Folkow and, coworkers

demonstrated Eairly conclusively the presence, of the basal

spontaneons acnvxty present in most” arterloles. :
Eutthetmre, 1n vitro and in situ- experiments by Sparks

(129), Jnhansson and Bohr'- (130); .and Johansson ‘and

short or sustained force to vascular SMC may ‘produce an

active ‘response. ‘This response appears ‘to be‘myogenlc

because pretreatment wu:h catecholamine-depleting agents

. ‘and alpha—ad\renerglc mmm:o: (130) or prefusion with an

oxygen-rich mixture (132) does not-abolish the :esppnse_.




oy
There i also an. increase in both 'mechanical and electrical

a}t{vity during, the response (131_ 0

" The mechanism by-which the myogenlc respohse is

produced is not understood. Howevex‘, the alteratlcn Of

‘sodium ion permeability, ‘edther through direct streteh

" (133) or through in xzect hethanoreceptors. of the vasculax

"SMC_ (134), -ist a possxblllty An.indrease of sodium ‘ion

ion “(88). LR RN
5 3

2. Altération of local’ion concentration related to
metabolism. "~ . . T o Lot o

* _An 1ncrease in potasslum don concentratxun and:, in e

osmolarity, .dnd'a decrease of oxygen” tension are produced. -

dutiny e)%e!cl.se in skeletal m\lscle These alterations cﬂn

cause’a w}as_odilatlon in'the gkeletal miscle, vasculature: -

Each ‘of thase factor,

 will be considered ‘individually

ithe skeletal muséle. this uu;rease is at least partly sdue

to the lxberatidh of inorqanic phosphaee, The levatiof; of

osmalarlty can lower the 1oca1 vascular leslstance, thus

the blood flow to the region is i’.ncreased. This respunse is’

'apparent in ‘skéletal muscle, corunary, pulmonary ‘and xfenal

citculatinn., .

’l‘he ‘increase of osmlanty ¢an influence. dxrectly on

the suc or lndlrectly through interruptxon FOIEERERG

During exercise, there: is ‘an increase of ‘osmolarity in;




P4

“wall in response to. the change of.oXygen tension cannot be

“vasculature. |

21 | K 34,

‘meurotransmission’to produce the vasodilatory’response. For

example, an' increase of osmolarity can’decrease the NA
release from the nerve terminals (135), and reduce the |
myosin-ATPase acciv\ity in the vascular ‘SMC (136); each of _
these cgn lead to r;laxa_,tion of the swe. - :

\
|

“The requirement!of oxygen for the generatlon o5, ATP.

through oxidative phosphorylation’ pathway is well’knows. e

is logical to -assume that the maintenance of tensidn in ‘the

SMC via the contractile mechanism requires oxygén. Thus.if

there is & deficiency Of oxyger, the SMC will relax because.

the ‘production of ATP is'irterripted. Ifideed, vasodilator
response -due to oxygen {deficiency can'be demonstrated in

man'y vascuiaz beds (13 135)'. <

* Although the direct\ effect of oxygen on the

contractile process can explaln the wasodilator response,

“the" release of a vasoactlve substance thhin the' vascular’

overlooked .

by the. skeletal muscle during exexci'se. In vitro,
xntta—a.rten.al infusion of mgh potassiun ion solution can ?

lead to vasuﬁilatlon in the dDronary and skeletal‘muscle
\

| 5 : -~

. ,''The mechanism by which the increase of potassium fon
produces 8 yasodilator: response s similar to those

\




proposed in the increase of gsmolarity.
2w 2 S .
{D- Interaction of control.méchahisms:.

-
: . L ;
In this section, many of 'the important vascular

" ‘control” ‘néchanisms have bee'_ considered. These are ‘the

g 2 ?remote ana local -control mechamsms. An actxvatium oF. these,

control systems.pxoducea a yasodilator’ or " vasoconstrictor ‘b

response ‘through. a-direct ol an ‘{nditéct - influshce on’ the
contractile process of 'the vascular §HC. Depending‘on e’

local conditions; vascular SMC'may ‘be exposed to inflnence

£rom s‘éva:a]. control syatems: Thus’ synerglstxc or

antagonistic xnteractxons are expected, which can leaa to.

modified effector respanses different from;those mentioned

in this Section.

Stnmdry and conclusidn of vascular contfol

‘The present ‘discu'ssio'nv highlights some of 'the" concr’al

.-mechanisms. by whxch the lumen diameter of 4itheiotes uan be )

‘altered. 'l‘he complexu:y of these( cnntml sy,stems is also

‘evident. i 4 =

The netrohumoral remote coptrol nechanisms \offer the

modt ‘power ful- control dominating over many vascular beds.'

The hormnal remote control mechanl.sms dc not | seem tQ exe!t
an lmportantvalteratlun to the, vasculax tone” under the *
vzestlnq conmnon, However, their enhancement. of the effect

zesultlng from the neurohumoral - remote control mechanisms




_‘transpozt mechaninma are capable of altering the Lo

"diameter of .zcer;oles

) it is obvleuu that the nechnnum of actioen in most Jof"the

¢ viadiiar pontcal mechaslsmmantioned 14 not Kasdn. Thus™* et

S St A :
dlu::.nq the ﬂght and El1ght xuctxon cannut be werlooked.“

dog, W & &
The lccul bontrol mechanisms serve as the fine tuning

Bechln.lln for the ussive Xeactﬁon Kclult ‘from !‘.ha e

“activation:of the'remcte ~control mechanisms. These S {

mechanisms take into ennsxae;acmn the ldcal metabolic

requirements Of the affected vascular bed.”

the importance of the endothelial function has also‘

: been Jevl.ened. The contucnle ubzlh’.y and~ r.ranuenﬂotheliul*

\ g

From the results reviawed 1 'Che yreaeneadiscusnon,

#s premature to try and compile an overall scne-e for'a 4

complete Vascular control mechanism.
< 3 . - . =

stics” of ‘the’s 1y hypertensive rat.

Research in &hfonic diseuas, “such as hypextenélon

L

cqndxtions. Thus, in th}vpiast few dacadeu, much of 'the <

effort in hypeztenuion reseurch has. been directed ‘to

finﬂinq ah animal mndal which reuembles humn sssential kil




hypsrtension. As a result, many experinental models were

pxoduceﬂ S.n qenetxcully nctmotensive animals by intervening

T " in’the normal arteriak bload preasure control mechanisms

using chemicul, mechanical and other means These models
s -are generally teferred o as’ the unxtary models of -

: hypeztenswn. Althm}gh these unitary mmiels have led to a

better undefstanding of nany types _of sscondary

At

hypettensian, they. Bave: proven nat o be gooa models of—=

The discovery o »ger\eacauy inked hype:tensive |
_animal: modela imarked the advance in tha present )movledge 3

cf essem'.l.al hypettensxon. In. the ea) ly 19505, Blexander et

.al ¢4, 5 attenpted to- isolate a cclony of spontaneously
,,‘hypertensxve rabbsits. Unfortunately; these rabbits did not

mamtam a suffxclently mgh and steady bloed preésure to

N LY spontaneously hypenens ve rats ‘vere developed by various
. . ;

L ‘ ‘gtoups. which are’ considersd tb be Yaluable models of %

" 2. sprague D'awle’y xookhaven strain of

T B hypertenslnn—sensxtive rats "(iSK) developed by Dahl's group

(llO 141) “in the United states of Ame:ica,

N




3. Wistar-] Lyato strain of spanca(neouhly hyt@rtensxve
rats (snm xsolﬂted by Okamoto’s group: (7)

rats (MHS) developed by Biancm.‘

Ttaly; -

59!1"

strain of

'sensx ive rats (SBH) davelope_d by Ben<

,mxsxael. e " i

exceeding 200 mﬂg 4t .aboit, 35 weeks of age. _7:. -

Furthermore, the' SHR has been exposed to the. most extensxve

investiqatian and. is widely alzcepte 3 s the hest animal

model so far knuwn for studying human essentlal » Aty

hypertenslon (146,. 147_ 148, 149, 150, 151, 152, ].5-3)_ =

Although the main abjectlve of the ‘present l.nvestlgat&on i

not concerned with' the det,ermlnatxon of the,cause of

hypertenslon in the SHR, because of the s.everlty and the :

spontaneous develapment of hypet(’.ensxvn, the suy’ has beer;

chosen ‘as the expenmenta1 ‘model in this st:udy.

Cmractexistics of the SHR will now be: comsiaered in EE o R

detail. - L oty




'Thé rate S rise m‘ B

iong the nistar s oc' ma.l.ntai.ned \xn Kyoto Unxvarsity,
nateﬁ that ar male

hypertenslon spdn ar(eouuy

'f

yst‘b i¢:blood preasure “coRtinues over,

(a-systolic blocd’ pressure of

‘over’.a monthi, by thexr




o e, ’l'he lnheri:nm:e of hypertensxon in the SHR :is Well'.

: doc\lnvented and.; n;s ‘méde .of transmssmn ‘appears to be?

polygenic in nature (158, 159, 151)‘ Tanase efal (160) 1. :

‘reported ‘that isuch an nheritance ok hyperte isn- in. the

o iaas L sER xnvclved :elatxvely few majar qenef_ic companents which

in bcth malaa and fema}.es. waevér, the 1eve1 of ¢

- ey, de abpeared that'y netxc fa tord play “a-domina

Ty rola hut that the cours;

of hypertenslon can. be mddified by

R envuonmental factars (151,, .154, 162). This ‘s ﬁvident by,

4 .. the faét that since the'isolation of the SHE in Japan, mny

*SHR calomes thave béen estabhshed in many, paxta of the

diffetent env ropmental factors involved, nlthouqh Bofie of 'y .

e them developed a somewhat lower maxium arterial b‘lood

: B 1ri. uémoce’ﬁﬁ‘qe‘_coﬁ:ml'for;s_nin‘ e B




.studies :eyeued m the literatufe \;smq ‘the” srm as the
)

expexulental -odel utilised: eifher fthe wu:n—nmrxca “(WAR)

or the uu:u-xyoto (WRYY rzu—.s as qha ‘controls. The Tatter:

i is the clouu, noxmtens.ive proged‘ltu from which’ t.he snR

. 165. 166, 167). Ior example,- cllngschmldt et al (163) Xy

1
strdin is derived. Huvaver, it nas _nlo .beén zaported that. -

even the WAR and WKY do not have. che ame physical, -

physmlog‘xcu and'biochemidal charact, 'n-ucs (63, 184,

reported thnt both sensitivity and contractility af aortic

.strips” 1soluted (from the SHR were simuaz,_co “those- of the

wxy, whea tested with noxadxenalin A, whateus aortic

stmps from the" WAR tanded to be'more , sensitive tas NA. 'and

developed higher tension o ‘the sHR, Thus, At has.been:

suggestsd that Both  the WAR and che WKY should be, used as
inyolying the SHR'as r.he

Lve controls ‘in
experimental nodel (164). ‘!he results of Pang and- Scotb
(163) xndxcatad that the body velght ef WAR is lméh henvxel\

than tho!a of "the WKY and SBR. Thls uque!ts that_ €l

5 is a he:cu controL for the_ ssm 4n mzpbolet.uc anatly is 10F %,

the vasculn systen, especxally whu the genesis qf




L. .0 7 < 7. sine the isolation of the SHR, -uc'n -un} has been

T < devoked to uyinq to. ime the ptlury canaests) of tne "

9 S . . spontunacua hypextension in ﬂ.\ase animals, hapxng that such {

. 7 La dxsccvary may shed sa-e llqht, ‘on ‘the \mderstnndinq of t.ha 3

k aetialoqy of hunan hypertenslon. up to now, the primary 3
TR “* areas ccnsidexed to be 1nvclved arc -the ‘netvous syutem,

. renal. funcclun, hoznonal functlon .nd the cardxovascuu ¢

(151 170, 171) 1: appenru ‘thae bhera are

- . ‘, batneen the CNS' Df the S’HR and the normotensive ccntrdl 4

2 e concernlng ﬂgeir eiierenc nervous’ system and t.be 2 S s

metaboli!m. For ex.mple, nucluut and callulur siza oE,




in the

cular, arcuate and

& EOrs vaqal dorsal motor nucleus were larger “in, r.he SER as

: " compared with the controls..Recently, Lehr et al .(172)

: i - showed hat the SHR have.a larger mtfncephalon, ana
: k! o lsmalldr nesenceph*lon a diencephalon than the WKY .- ' -
3 g
centralu. : | i o O s ;
i e B EE R g ] 3

Yqun7 SB‘R a!e knmm to react more to hoth chtonxc’('
(173) and” acute’(162) stress. than their nozmtenuve Tax

G contxoli

auch an actYity appears te subaldg-vith Sge

noradzenal i ne (Hk )

uuuug lovasa lar -

s e s the » tnxnover in’ é_he ‘heart . of young SHR showed an
incrense in activity (171, 153) ‘and_such an activity seemed
# ‘to dscrease in mature ‘anizals @, 175, 176). Similar 3

i / results were. zeponed in studies on plnn NA-levels (177).

. . hemical omy, by ‘6-hydroxydopanine at birth

prevenl'.a hy'paxt.nsion {n the snx, ,lltho\lgh the blood

+ 'pressure in these animals suu remains higher than the -

treated control (17&). Thus theae l\lt.horﬁ concluded that

;just, the n'hypez—zeacti.v;ty" in.the BBR due to-the

-hype:-acnvxty"‘of the uymp-thetlc nervous system alone

cannut tonlly ucconnr_ for, r_he elavuted blood. pressnre.

Recently, Johnson and Macia 179) teporcad that the SHR'are ' '

. compartments’ mm:ner ,a»ppoxt this cbesryation: For example,'




=X rowth factor. Thus, the discrepancies of thb’
A\ 5

% the iR, the baroracer funcuox‘: i o exxu it. the

“ how the baroreceptors. are.reset is ‘ot known. Fzom the work

resistant' to’ guanéthidine-induced chemical sympathectomy e

which can be overcome by a treatment with antibody to nerv g S

'A ."°~1nducizd = omy in the SHR and < |

nomtensive controls re; n—,e% by Polkow et al may weil be .

avé. to such* a\\unxque wrami c)ece- in the

Brbraceptor :uncé* nkhas long' been recognised to bea

a claue relat onship t6 bypextensxon (180) > xt is*ggner; uy /R

_peak response at & bual mean blood ptebsuze of 160 ﬁnﬂg, i

whereas thése of ‘the normotensive Thitcole howed tha | i

greatest sensitivity at 100 mmHg (I50). The mechanism of ° -

of Rees etal (182) on c_'akotid- sinuses in experimental : 3
hypertensive dogs, Structural defects seemed to be confined !
to the intimal-and/or medial. areas of the sinus wall. In

the SHR,. histological Statiee ahoved = close m:xeigtxon 4
Batuesi thkiaostle hypertrophy- and baroreceptor resetting . - +
as3): A ! S : ;

lntim«ately xeluted to the buoncaptor reflexes 15 the

“.vasomotor - ragulutozy centze which u 1ocntad in the' meguun )

cf the bnlin. Ths exact structuns and thelr func!:lcna

invelved in. the régulation of bloo_d pressure are yet to'be




e 1 dafmed. From the. results’of recent expen-engs. the centre

appears to ifclude the micleus. tractus solitaius, the
" pucleus locus eoexule\u, the ‘area pmtrena, the

hypot.halamns and: the zeticular formatxon.
\ b :

rea and- theh: Euncttcn(x) Iithrt\cl/p:ct to the

cazdxovalc\rlar Tnuu uchanhm in’ order to have full

o an ; ., understanding of the function of the vascular syltam..

e ot v ‘Less efictt s been cengentrated on ‘the renal

_appears to’ be no ‘indication of renal aigturbance in Yousg.

. SHR: rhu" clude normal blood and plasma vnlhle (184), as’

- Il!lLu thg ‘sodium tontent and’ balance (185). 'l‘he Iesnlu

«.on the plas-a renin actlvity (FRA), hwever, are .
cunfluctan. Koletsky et-al (186) observed a noml' or even
anbnormal PRA in the smz, while Sen et al (1“) upozted a

subnormal lsvel\m naults. such a dlscrepancy may be

expinneﬂ by the differenc: in age of ‘the uni.maln used.

Fur(:hemnze, thd pbaérved tue in the ‘PRA in ymmg SBR nf
E s Sen's. gzpup -may be Accounted fnx hy )nhe hypar-actlvity af

“the" dympathenc nervous uystem in ymmq SBR, ‘since renin’
Reuis

teleaae is mdlﬁated/y a-a ic recept

functan "of the SER. With the mfor-auon ‘on hand, there )

‘modest ‘rise din the PRA in ymmg san and a noml oy g




** isolated perfused kidney from the SHR (138, 189). Hwaver,

' -concerning. the morphology of the kidney in the SER,

as7). - . i 3.

< _Enhanced vascular :eactivity vas demonstrated in-

the inform{:mn of struc ural changes in the kldney of
adult SHR is fragmented. ccoxding to Okumoto (151) and”".
Prels (190), changes such as fibrous hype:plasia and

fxbrinoxd nec:osxa of the glomzzulx, 1ntinu1 hypezpluula of.

‘arterioles \uth areas.of fibrinoid neczouis and

";prm'.exnncious material in tmles were co-nnly found in - i

adult SER. Furthermore, these changes appeatéd to occur
nore rapidly and séverely in the SHR which fed with a salt

or'a fa':-cnoles_:eml‘-aalc aiet (Hazama et al, 191): Limas

et al (192) showed: that st:nctnraL chunges such s medx.x
thxckening in the 'intrl-\renal vasfulnture appear d ut‘. 10 ot 5

: weeka of age. Bouevez, judgmg from, the mic:ograp 8. ol

-.published, it is obviouu r.hnt he intra- xuul vucnlature SN 5

was. not fixéd by perfusion Tl;us. the results they

presented.were doubtful. lio;e'?stuﬂie; need to be done
3 : b

especially in the pattern of thé remal vasculature. From 3

the work of Ljunggvist (193) on kidneys- of patients with

essent.inx hypertension, it that a isation

of the intra-renal vasculature Gocurs g that the blood: | 5
.supply to the’ -renal cortex is. reduced ?

whereas ‘that of the: . . ¢

‘medulla’is improved.

B



the normtensxve “recipient. . This result stronqu suggested

|SHR." Using this techniqus, Kawabe ‘et al (194)- ‘shoved ‘that :

the hypertenswn was t:ansfezred w:.th the kuiney gzait to

that the kidney is important in maxntalnxng,u Af) not

1n1t1at1ng, the elevated bchd pressure n the S R. The e =

mechanism of th tha elevated ‘blood pxesa,“re 111 the SHR is

maxntaxned is' ot jnown, although some-pmﬁh‘pertensxve




p sprague—-nawley ratsy i L)

48.

hypertrophy“and deczeassﬂ extensibihty of the partal veins -

obtained. fx:mn the m. This suggested that venous

bypertrophy. ir the SHR may have! resulted from the action .of

. clrculatl"g factors buE not “the elevated arterial blood

presauze on the venous sméoth m\\sc],p since the blood
pxessure 1.n the pon:al vein nf the SHR .and WKY uuea in" -

their study vas similax a study by Hdllurtry ot al (196)

further indigated that: circulating) factors may induge ‘the

elevation of ‘arterial blod pressure in the SHR: They-

3 observed that genetlcally no:mntenswe spragne—uawley rats
4

nursed by SHh foster moélers developed Sustained high:blood ;

pressure. The transm:ssxon of these factors is.likely .

through the ;nllk. Mokphometric analysis of the- vaseulature

of)'.‘ne "hypertensive" Cross-—. suckled rats has not been
performed, :thus it is nct knowr whether medial hypert:ophy
of the‘vasculature, Ls present in. these hypa(tensive

O




" A larqe body of. tnfoyauon is preuently available-

,v-xn..Ca_xé_to‘}ucula-: Mst’e_- of SER.

Goncerning the cudxovascnlar system of the SHR: Mich of

infs information supports the ‘hypothesis-that the® =~ - . x
cardiovasclar system is important inm initiating the

elévation bf blood pressire in the SHR.-As has’ beer . ihit
escribed earlier, the main cbjectxvg of 'ehta thesis o760, i

‘use thé vascular system of the SHR to exumine the i

: hypothesls that strﬁctural changes in the uztery Ln - ; X

hypertension- are a, result of the elevated bldod’ predsure. =

The _caxdinvascular system of the SHR.will now be sunudgred

A
g

in detail.

A. Heart.

Cardiac hy;exizopny is the most .go-:cn finding ~ .
associated with many forms of hypertensidn (197,' 198; 1§9,A~
200, 207, 202), including that of the sER (147, 148,.fas,”
203, 204). In the SHR, as in otbet foras of hypertengion,

the cardiac hypantnphy is chaxacte:iaed by an increase in °

- muscle fibra diameter, muscle cell vol\lls fraction, and— .

myuhbtil volume fraction, and a decreaae in litm:hondrhl

vulum% fraction and clpxllary denslty {147, 149). From the

; zeport of Rawamura et al (148) and. Immura ‘(147), it

appears that the cardiac hybertrophy in the SHR is the

result of both the hypertrophy of myocardlocytes and the

prcliferatmn of intarltxtul txsauea The hyper trophy “of

| myocardiocytes appeared to be an addition of sarcomeres, ! -




* % both in seri
g (205). -rms s alse evident in caz' iac hypertruphy of tbe A AN
% ~ d ¥ o
- 3 srm (147, 145). The' exact locatxon ‘of sarccmerogenesis m al ‘)

e myucardmcyte is not known, aowevez,, it haw Beew pcstulated

" thal the new" sarcometes’ are laid down at the intercalated’

- aise (208) or gt th‘e "57. bands " (2077 or both (147): "

s —The ca:dlac hypertraphy :associated yuth dxfferent ;

fox,ms of hypertensmn including’ that of the sxu is thought -+ - e

to be the :esult of ‘elevated blood’ pressuze. This is
S e S :

Substantiated by the. fact: that thére .is a .gradie

‘. Location" of hypertiophy in the heart, e.g. ‘in the SHR. the:

‘ehanges’ in the' left ventricle are'more pronounced than in

other parts. SFtha heart (147, ETTIN Furthermore, i
4 5, o s1gnif1cant changes indicative of cardiac hypertrophy, in
the SHR appeared at the age GE, 11 weeks as compared o the’

cuntrols.. The authors’ concluded that these changes were the

7 results of the elevated blood pressureé, because at.the age:

of 7" weeks the systolxc pressure of the SHR was ke g Fa o
s1gn1fxcantly hlqhsr than the’ nornotensive controls. On the

contrary, ‘Senet al (203) showed. that cardlac hypertrophy

i .. 'intthe. SHR appeared at the age' of ‘about 3-4 weeks,

preceding the elevation of blood pressure. H'owei/ex, thei:
xesult was baéé‘d on the ventricular weight which does mot
aistinguish betisen the coripective tissue and the

a2 ] myocazdiucytes and’ it §s, therefore, less reliablethan the _ .~

! . " electron mxcxoscoplc analysis that fmamura (147). and..

Kawamura et al (148) used R




b " cardidc hypertrophy in rat (197, 200; 208), cgn-t (209)
dnd ‘man’ (210) can'be reversed at various stages ‘after the
mductwn of hypeztrcphy by relxevxng the pressure-overload
’to the heart ’l‘he regressmn is charactenaed by the

reduction of myocardl.al mass. The connective tissue

hyperttophy, on the othex hand," does not regress as readlly

“ (zoa . Howeve:r, the development of, cardiac hypertruphy

perslsts despite the lcwerlng of blood pressure in the SHR—
by antz hypertenswe theiapy (211) and peziphexal :
sympathectomy (146, 212). Thus, lt follows that cardiac:
hypertrophy in ‘the SHR Tmay reaulx: frum more than one

mechamsn\ rather than 3us\: pressure alone.
.‘ 2 : . o 3 i : i of
% while the~cause of cardiac- hypeftrophy in. the_ SHR is

ot Kiown, ‘the possibility of Tedrdiggéndc®, hypertension in

these ammals has not been rulad out’ From the studxes of

" Frohlich's. group- (166, 167), the! cardiac’ output appeared to

b 'elevatea in ym.mg SHR, whereas, that. of -the .mature SHR

seemed tc be at a normal to s\.\bnormal 1eve1 This transxent

gncrease of carduc output. in young 'SR may:be: of “great
m;po:tance in:defining the process involved in the
initiation of hypertension +in the SHR. ;
8. Blood vessels. . -, ; .

Recent haemcdynaxuc studxes 1ndicated _that in the

o stablxahed stage. of hypen:ensmn, the SHR exhibit a ‘normal

to. subnormal cardiac Ouf.put and an elevated total

€l
pezxppezal resistance (166, 167, 213 214). There seems to

e,




: T : 3 £o: the hxgm periph&ral reliltlnce “obsevved in

hypettenslve putlentu (23(, 134) and-in t—he SHR (166 1675

§ L F intima. an increase in vascilar - connective tissde, 8

% S .' e nypertrophy lnd/ot byparplash ot‘ the. vuwlar uout:h

ening of the xnhm oi arge. a.n;enes‘ 'h one o

T8y ehe :ypical chm;qes of hypermuve disuae, in 9enenl “




/ \endoplasnic reticulum

1 ‘appears that g

the 'ubendotheual layer and ‘an manas

Srme: '1m,, :

lial

“the -

époéted 5

'[of the

Unforkun tely }us aescnptmn on. the snb] ct m % aPue ana

‘. creade of ozqanelles,‘ especlally o H

!
4

ibosomes, Gol; o

1
v;rp‘it’och‘shqii_ (238, 239 2400, ¥ \r
; (238) reported the- presence of miom %.m
assoclation thh the, Eaxly stages c?f i .‘, \\°
these mlcrof ament bundles are alse i i }‘ .T in no ma]. \rm

when the !.ntima was, ser:uoned tangenth‘ll (%41, 249). %t %
I W
Bl :

mode of seetxonmg fo[ -mxci‘dscnpy \s i

u 1mpottant 0 demonstrnte the!e microf lamenq L\mdlss
unfoxtunacaly, ‘the fomer “authors-did nut me(n e kL W

sectioned the endothelhlm fex electron mlcroscopic




: 243) of .the endcthehum B

b\mdles is not k.nown (243), lt has heen suqqested that thay

may- be related to con:rac:mn (2445 245, 2467, xncreased

pexmeab:.hty (245, 2473, and support or structu:e (242,

Hyper:mphy and hyperplasia of. the endothel).al cells .

are, saxd t0 be, assioc ted vith many tipes of experhnental

X fxxataon in®th ir

thymidihe labelling 1 : s -mus i

fortunately,

‘they did noc :enorr. che perfusmnl pres&éze used dnrinq

‘compzeh nsive

studles 2

tudy . Hore

perhaps uaing siexegloglc techniqneS/, are tequired for such

a conclusmn.,ﬂyperplas:.a of the ndnthelial oells is also

_narrowing of the renal” artery




- Thickehing of subendothelial “layer.

The thickening of the fal layer is- one 5f

tfie prominent findings of many typel of experimental . 1

. hypertension (238, 240, 249, including that of the SER

; ¢ be no increase in caj illary permeabuicy 1n th SHR 2 b

:(250).. The mct 'ceuposltion of this, progressive

acculmlatlon ot' connectxve tissue mtxix ln the”

aubenaochen,l layer is e known. Tt appears to be a

-like a (239, 210, 250) nnd very

s rarely elastin (2407, 'l‘he axgnificande oE this accumufatlon

xs not “clean; it may be meortant in mintaininq ths % B

elevated blood pxessura Ln hypsrtension of both

experinental animals and- tha SBR. 3 " 5 P

slial _ ""nw, & -

As pointed out earlier, resulfs obtained by Gabbiani
6t al°(238) and Huttner et al (239) provided evidence for

the presence of hypothetical. pore" system in - .. .

S P - <
tr ial t. In on; the node of

transendothellal L!lnsport does not leem to a].tez althongh

'the rSaction products are much higher, ‘in patticular, the

amount of ferritin tn the sn:ﬁce veuicle!, Jndicative of .

higher activit‘y (239)

B.lpps zmd Folkow (251) reported that the: appeared ko'




Recently, mich of the vork sn‘ [ {ianthag beén Eocnssed

: on cullaqen meubousn. Based on biochi auay on- the

, enzyle pmlyl hydxoxylue anﬂ txium— hbeuad ptoune

3 1ncurporar.mn -tndies, it is 'vell accepted that an lncreas7

¢ ucconpany uny foms of hypertensson snch as DOCA—ualt

hypertensmn (152, 25], 254, 255) 1nc1uﬂlng thAt Of the SR

changes can be reyeraed by treatlnq t‘he hypertensive (’ 3

animals’ with anti-] hypu;ensive drugs such'as chloxotluaziﬂa

or tessx-pme (255). In addition, thare ‘is a deczease 1n
blood press\u—e and a reduction of vascular collngen s
turnover in DOCA-salt hypertensive ‘rats treated with |
‘ beta-aminoproplonitrile, a _speciltic: inhibitor-of the snzyme
'1ysy1 oxxdane \'Mch mediates I.he first step in the %
czossqinmg of callagen and of élastin in thylamve

deumnatxen af 1yuina‘nnd hydroxylynne (258)- The lattex ’v

" two sxperimants have nct baen :epartad in the EHR.

It: appe:ra Lhat ‘the xncre-se uf couaqen iym:hesi.s 1n

tbe vasculatu:e of hypertenaive animals including” that of

the SER- is rt ‘for €he mai of the elevated

‘fn‘h_or.h ». aat. ‘.

controls. i AT




TN

blood pressure. This is: supported: by :héev‘idenée,that

treatment wm a coﬂagen synthe inhibitor such as

beca—amnopxcpionmue..can Prevent the elevation nf ‘blood

X
pressure in BocA—galt ‘hypertensive Tats (254, 259). In‘the

SHR;” khe incresse of €ollagen- s'ynt?gxs‘aues not appear \

until 23 weeks Of age‘ following the elevation GF, blood

pressure to’a ‘significant level as’ conpared‘vith: the”
‘normotqnslve contxol “{257). This is substantlated by (:he

résults. reported 'by Pang and Scott (168), wluch shoved by .
‘

stereolch.cal analysxs that the:e is no xncreaae Of

. ,ranal artery of the BHR, at:least up to.'the age . of 18
wesks . Furthernore; it’ has also Best reported that the
xncrease in collag\en gxosynthesis in both r.na\ DOCA—salt

ghypertensive tat and the. sa‘n is present in arteries blat not

“in veins (259)., Tms-fuzther 'supporta'the notion. that'
collagen synthesxs in the vasculature of- hypertensive

anm\als is préssure dspemient.. ? &gy

: .mthnug')i eheré is ennuqh evidence to beljeve.that high
- > [ -

blood pressure’can s:imulm‘tha' colligen blosynthésts and

| @eposition -in hhe essel wau xésultmq in.d ‘stiffening of

the artery Whlch nay be one; of the determinants for

f“/maintailung the ele'vated blood pressure, At is stlll

necessary :£o, define the origin and locatlan of ‘the




) hlachemlcal methods, WWnlinsky (227, 228, 229) obsex’ved that

and/o! hyperplasu The reP’ultlng 1ncreased vascildr ’W&ll‘"

"hyperténsive rats. Autozadlagtaph.l.c studies,-uéinq 7

Ctritiated thymxdu\e,

auggest that there is' an lncrease in'SMC contint in the f .

veéssel wall of many “types.of hypsrtensl've animals. Uslng ;

the ancunt of ‘non-tollagenous. protem, intetpretsd as the, !

skc

ontent, wadincredsed mth -renal hypertension. This

xncrement of SMC content may be the result “of" hypeztruphy .

thickneas in hypertensive patients (232) and hypertensive

xats (260) lms been clalmeﬂ to be' the result ‘of SMC

hypextxophy This is suppoxtad by wiene: et al (125) who.

reporced that there was a 58-60% 1ncrease in sMe

Cross-sectional area ‘in- the thorac.’lc aorta of renal

shoved. “that .SMC- m:.tcsis is pxominent ;

in ‘experimenta:

hypertension (223, gu,»m, 2627,

especially in the earliz stages (225)..

Limas ‘et al \(192) reporteﬂ r.hat medxal thickenlng was

pz‘esent m the. r,ho:acu: aotta at; about 10 ks oE ag'




segment of, artery used in the analysis: Studies 'n'n'- small
arteries exhibit ‘conflicting results. Ichijima (263)
repo:teﬂ that the luminal diameteér' of .small arteries in the

snn was generally smaller ‘than that of the. controls.

Mulvany e(’r al (256) and Wa[shaw et ‘al (265) found that

" there was an' i in wall thicknéss in the <

arteriesof’ the SHR. On the contzaxy, Bohlen (266) and

"Bohlen and Lobaclr (267) 4id. not detec(: any«;hanges in'the . °

fos J :
i i l lature of, the e muacle n.the SHR. This .,
i labrapEngy Hap.ba dne o the aisrakent vaa%ea B

tudied. | :

Althouqh medial hypettropﬂw in large-and small '
“arteries of ‘th® SHR at the, early stage of hyperténsion is
still in dispute;.this alteration in the tunica media of
fJ.axge and small arteries-of the SHR in the éstablished :
stage of \hypertenslon i well documented. Results reported” L

vby Owens et al (268) recantly, suggested that smooth musele . .l

Ffom che'mfomcmn pxesented thus” far, it seens to

the vascular nystem n'the SHR when it has cccurred, s &

eaial hypertrophy ‘seems to develcp aft{r he elevation of b:

rhetial blood predsure. Thus, it is possuue even in the' v

R chat fhedial hypertxnphﬂf arter:ea \is a result cf the

4 .h?y:xeased arterial blood’ pzessure. Emtever, from the




v . + . 4 '//

infozmué}. obtaingd so far, it is. impossible to ule out
the pogsibility that such change in the. arterial wail is:
not ‘related to the qeneuc of the aztenal wall structuxe, \
ive: medlall hypertrophy in the rrasiie Ge the KR \;s

| ¥
genemcauy\ predeternu.ned. A T

l i )
24 ne'activﬁ'y.of' blood vessels.

The xeactivxty of a blood vessel fo.a qwen vasoactxve
agent' is-déefined as the response, either aue to'isensitivity
,-or contractibility, of that blood véssel. to. thit given

vasoactive “agent. 5 Y i

Studies’ have shown that the basal vascular resistance:

and the Vascular.reéactivity afe increased in”hypertensive

patients (269) and experimental animals (270%a review)..

. However; moré recent studiss on»thﬁtreaétiviéy of. the SHR
"-vasculatyré present many conflicting results. ‘Generally,
(feactivity sfudies are perforned on, isolated vesdale or ¥ :
Fascular beak by perfusion with a physiological solation,
9% on strips|of various types of arfery and vein by’

. xncubatxng the vesséls. in.a nssue bath to which vasoactive .

EIE Y “

dgents’ can; be added;

bedS,

xsolated from {ous forms of hypertensl.on, to
»uo:adrenaline (271, 272, 273).. In ‘the skr, thi's
‘fesponsiveness. appears to be px:eaent in ‘young | (265, ‘274,

1/




resisr_ancs in hypeztansxve annals is due, to the.

"‘than the normotensive controls when chailanged by

275) but ot ‘in mature (276) animals. However, results on

- the responsiveness of the vascular system to

—hyd:oxytt’ptllina (5-HT) indicate. that there i regional |

& differem:e “anhiung et al.(277), and Haeusler and Finch

(278) reported the hindqnaxte& vascular’ bed of ‘the SHR and

of the nonnﬂ nlive cem:tols Here inuenu‘tﬂle to 5-HT. No

mgmfmane «difference can be ‘detected.between the two

groups. Furthermore, Ahlund et W (277) observed cua: the

'SMC of "the aorta and of tha portal vein ln the sax were X

more (sensitive to S—H'.l‘ than the contzola. ‘Although ko ®
perfusion ‘staaies can be qseful in de:arnlnlng the R
reeponsiveneas of the vaachluuze of the hypartsnsiva

animals, they cannot disting\liah whether the increased

" reactivity is due to structural,changes. {frthe vasculature

qi— the byper-reactivity OF the sMC.,

5 In ordar to test the possibility that the mcrused
hyper-responsiveness of Hhe S0y, 18aLatell vesctlac rings ;}\
strips have ‘been used.From the information available, it
seems that different vessels react diffespntly to la'given
vuoac'tiva agent. The results from the aorta of the

hypezten!ivavnninals are. confusing. Tissues from aifferent

. forms' of hypartanllon bave' been shown' to pzoduce less (27

280), similar (163, 281), or !llore (282) contractile force
@ B 4

noxadxenaline (NA). In the SHR, dortic ahzipl axpossd to NA

appear to produve 1ea¥ 1333\ 284) or similar (163, 281)

3¢

O %




“eats anstzated'mat' the' reactivity of .the SMC'to NA wA
" xncreased, ‘whereas the contzactlllty was decreased (285

. zss, 287). Purthermnre. the SHC) from the sun appears.to,;

" feact diffetently ‘to manqanese ,and’ lanthanum (288),

the Femoral-artéry from-renal .ahd DOCA-salt’ hypertensive,

»pzostagxandlns (2899 and potassium, indicative ‘of

X sodxum—por_assium aTPase acuvuy (290) when,’compu:ed with'.

the contxolﬁ. o . < bioe
“In s\mmary, there appears to Ee an "abnormal"
responsiveness in.the vascnlature of the SHR. tu ‘}asoacuve

e 15 due -to .

‘agents’. The.cause of this abnormallty, whethe
structural changes in the vasculat\xre ‘or’ intrinsic actxvity

of the SMC- Df the? hypextens).ve an.unals, is uncertain: It

has been pnstulated that tl ete is ‘a Gefect in the culci\m\ o
transpart mechanxsm i’ the sMC (291, 292, 293) and ulso the
cardiac muscls (294) Fron: tha: SHR.. Direct evidénce

has been obtaxned by-Kwan et al

supporting this hypothes L

- {295) using a plasma membrane fractxnn Lsolated Srant ¥ha

SHR. They observed that enhanced alkahne phiosphatase I» N

N activity and reduced’ ATp- dependent calcium accumulation

préceded the development of hypextenszcn in the sHR.

" although the eievacea perxphetul‘sxstunce observed

‘in the sun can be a. result of either st:uctutal chanqes Df -

" the vessel wall or altersd zesponsweness of the: SMc,"'the

possibility of the ‘alteration of the overall des).gn of. the




vauculubu:a cannot be ruled out. Hutchini and Darnell .

(IQ’N) :epottad that there is-a daqrease 4n t.he numbar of

i L.t smalliarterioles in the er

er mll.uc].e of th!! E:

. §7, 'Sumry‘a'nd. ons of :x;e chuzacgr’x.cicspf the SER.

biow . 'L'he SHR is e.onude:ea £ be the best, aninal m.odel thnn»'

e . -faz kneun _for studying human’ s ential hypertenslcn. Due to ¢

the iseverity and apontmaous developlent ‘of ‘hypertension in

iy . these rats; the SER n.y also be 4.good nodzl £ot studying
" the zeuuonuhxp bet'ean the ﬂevelapnant of uminl bload

pressufe ‘and_ artarial’ o 1ge; such as medlul hype:tzophy,

‘n\ hypertenslon, ¢

R S “ihe gansy of hypartension in u:e\smx is un.knuvn.. 'nhe A

areas \'lnch--ly be involved in the. xuitxltxon and/oz

: -alnnnance of hypercanlion in the SER are r_he mervons

*. systenm, “renal function, hurmunal function and _f, s
TR ey vcn;ciiovasculaz sysf,em.. .lazqe body -of !‘ntormatinn wan
W L presented and squéit'ed the impo.rtan; “role pluyed by the
. v‘hlcullr system in the. qenesu and nalntenlnce of 7

" hypertension in the sm\ Although’ therevdl a’ cmu relation

between the development of- the- arunal blood conmnte and

arterial hypettzophy in the SR, direct: andence has not
A3

been ﬁzesen;sd o demonstraté ‘the gnvo1qqment of arterial

pressure. and.genetic factors of, the arterial, wall on the .

. development of medial hypertrophy in’ hypértensive' arteries.
. * 2 <n W i N pe <
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Objective and rationale of the present investigation.
= 2y T

as_pointed out earlidr, medial hypertrophy has been

demonstrated-in the vascular system of hypertensive humans
and_ éxperinesital, animals, facludlng that of the SHR. This -
‘Hlteration in the arterial wall s closely related to the

devel ¢ of hyper This, it has been suggested -

medl.al hyp.rttophy in hypertenslve lttetisa “is the result

of hypertension. In exper&mental model‘! ‘other: than the S'HR, "

“thia pasﬂlbuity is very lxkely. Ho\vevax, in the ‘case : nf

the EHR, thla possibility is furthbr compll.cnted by the »

fact that hypertension: is hezedltuy. Then, 1t is possible’

that the changes of the artexlal- ull in the SHR is ‘not

relamd to hypertension, but rather a-genetitally i
pre detern&ned structural vaxxatxnn. Thus, " the fullovinq

'series aE experiments was desi.gned to determine whet.her tha

* medial ‘hypertrophy in the arterial system of the SHR- is

‘préssure dependent or genetlcully. predisposed. The, 3 «

rationale of these s{pexunantl namely con(u-auon study,

':\txanuplant study, renal 3 on ‘study ana o’

[ study will now be’ ccnsldered indiviadally

in tna,vum,uz wall.is thonght to be one of the P

x.'bonﬁxm’;non ‘mury.' SR e

L 4

d neuax hypartzophy has been, demnutrated .én varigus

,vasculat beds of Adnlt SHR (193, 753, 296). \This nltetation

s o
ible for the “elevat a perxphaxax restatinca in thale




animals (297,.298). - -

ey 5 % Ichijima (263) reported that the brhnching pattern of
i . . " arteries from'the mesenteric arcade in the rat is quitel
{ consistent; he, and subsequently Mulvany-and coworkers

264, 2651 Gemonstrated that n\edl.al hypertrophy Gf

4 |
i : mesenteric. resigtance veasels is present in both young and

adult SHR as compared mtﬁ ‘the “normotensive dontrol,

. "Bowevei; the youngest group' X6 weeks) these authors bamein T s =
te—

had already shown signs, cf increased blood pressure (263,

w2 i 265). In brder to decermne whéther ‘or not the alteratlon g

. of vascular wall structure is pressure.related, it is

" nécessary to: study animals yourger than § weeks of age:

"There is no det“iled Btudy of these vessels in ‘the SER ¥

ey - during the eafly postnatal development, especially ‘when the

, v -7 . essels were fixed in situ. Furthermore,” it;is wen knnwn :

" that substralns

£ gER do'exist in different research )

\‘\Cént\res (161 .

. the SHR from vaﬂ:ous centres can only be frade when full 2
have beert reponted. . . o

studi S

- %t imhe _present study is,designed to correlate the | I 1

I B developmm: of jejurial- artéries m:h the elevation of :
drterial blood,pressure in the.SHR. & sl S

,f_)“ B e o




. Lhe n.u of incxuued arterial pressure,; it was propuued
that if a .aglem: f-genstically hypeitensive artery is
rom l SHR . und u!nsplantld lqto a WKY, then by

changes” in ‘the tzansplantbd artery of the SHR.

IIT. ‘Renal’ hypertension study:
Hypertension can be induiced by partially ‘constricting
ona of ‘the renal axteties /in genetically normotensive

anx.-n.ls (299). This has been xe!e:ted to u Goldblatt renal

hypette sion and used as one of the models for studying-

: humn hypcxtqnnlon. e h : x .

.\The altsuuons in ute!lqi of Goldhlatt zenal

‘both -large.and small arteries of hypertensive anirals.

‘Wolingky (227) reported that 'o_z::e was an increase in
non“collagenous protein after thé imduction of
bypertension; this was interpreted s an increase of ., smooth.

muscie componen!: “of. the- atterial‘ wull.. u‘he latter. was

confirm(by mrphmtric analysis| (225). ‘Slmilu results

“Bas He.re xoported in small mesenterl.c arteries: af zeqnl




- prgseqt in ;ejgnal ‘arteries of eral hyp»rce,ns;ge wkys. - j

»

Iv Capsaicln study.

pepper and Hungarian ' red pepper (paprl.ka), whethez hy ey

mtmvenous or subcutaneous ad.miﬂ’lsttaticn, is the o

deplktwn of substance P ftom ptmaty sens & neurones

" (302). In-adults, administratiom of capsaicin produces ;

functional _tmgaxment of. the prima.ry .sénsory’ neuronas .

without uauslnq ‘their- degenetation (303) ‘ana lowers blosa
ipressure of, ‘the animal (302); yhereas Administration, of

capsaicin‘ 4n neonates induces selective degeneration of a-

| %

aistinct populatlon of primary sensory. neurques which are

xnvulve

the develcpment ‘of hyper:

naiqlT in the :SER (305).

effect of |lowering. ‘of -pressure’ b je;v '_
san. i o

m medxatxnn of chem?sni: pain (303) and prevents ‘-

¥




The four diffezent studles in the present <3 0

anestigation utilised the jejunal ’grtery as'a mcdel to; e

he

o " ccrrelaf_e morphcmetric data of this vessel “with
devélopment of hypertension. Except’ for the txansplan&

[
£ study, all ‘the ex 5

ments req\ured preparatxon of Jej\mal

2.0 1 artéries for. mi ic’ examination and.measurement. Thege '
procedures’are; described in datall in \the cbnfxxmation et T |
: stuay Meaautement of arterxal blood pﬁessﬂre was made . . ‘,‘;
through the' femoral ‘artery in each expétxment, these $
7 g iy . procédures are considered. in the.same study.. EM exsminati;nv
. and stereolégical analysis of " the jejunal-arteries were 5
employed only in the conﬁmamn sbudys, o B e

i,

I. Confirmation study

A B The development ‘of the medial-thickness.and luminal’ - -

dlamete:, as well as ‘the.medial composxt)on of Junal -

arteries were' conemted with the elevntxon uf arterial

“bloed pressire during. the t‘urst 20’ weeks of poatnatal i

‘maturation inbath the SHR and WKY.. ' G L * i -

Experxmental anlmpls 5

o Wistar-Kyoto “(WKY) rats, bred from tle stocks maintained at
‘the Memorial University animal caire facxllty, were £




sacrificed ‘at ths, agé of 4, a,_u, 16 and 20 weeks ‘of -age’
‘ for light and eleccran micrdscopic. analysis: Original

b:eedmg paus of 'S ® unﬂ from' the

Charles River Bteedinq Labcrntorles )\nlmals were kept

plastic. gages; Thod (Rarina rat chidw) and tap water: were’.

prcvxded ad lxbltum “adult rats vere bred at nndom B
. Redning was joarzied out-at thé age of 4 weeks. at- 4—wee'k

l.,ntervals betwaen I and 20. ueeks of aqe,‘anlmals weze
sacrificed an,d the, jejunal axteries were cosegues fox £
ical ‘\ nn'and analysia.

'stud:'gea., The wna aezved as ',

I‘he n\nchxnery was ‘n]-

blood préssure’ gatge). prior to cach set ‘of measurements, [soi,

) that euch millimeter dlsplacemenr_ on'the’ fecording chart

éorresponds to 5 mmHg ranging from o £ 225 wHg . 'lhe Hase

1lne was checked’ after the campletxen of each set of.

~,,,', »',(s Mes‘




. anaesthesia (dosage: 35-42'mg/Kg). The arimal

weighed and the ampunt ‘of 35 mg/kg of undilutéd anaesthetic
was ‘injected intraparitoneally. The animal vas then placed,
in'a sipine® posltxun, onto ‘a heated small animal “operating” |
unit (no.150, Harvard Apparatus Campany The.) mairtaining 'a
core temperatute of 37 degrees C. Before operatlon, the

depth of .anaesthesia was: tested hy both- corneal and tail

reflexes; surglcﬂl anaesthesia was :judged by thg absence of

the . femoral fascia -until.the i

<both’ corneal and ‘tail.reflexés. Supplementary dose of

anaesthetid ln 10% dilution was given ‘to those whxch .showed

slgns of "ltht" anaesthesLa. For'. animals of 4. weeks of -

‘age, all of the, anaesthetic was given. in.a 10% dnutinn.

. An nblique incision was made on the ventfal suzfaae of -
the left thigh along ‘the longitudinal axis of ‘the ‘femoral

neucvasculdr bundle. Blunt’ diasection: vas used to separate |

iinal.liganent: vas visible.

‘The length Of the femoral artery befween the. inguinall

‘was released and the pulsatilé blood pressure was allowed :

“ligament. and the‘origin of the superficial epigastric

vessels, was. 1s”o1atea £rom’ che've{n and ne’rves. ‘Three pieces.
of 50 ilk suture were 'then passed under the artery. Thie
most distal one-was Exrst tied and the most proxxmal one

was_used. to occlude the artery ‘while a transverse incision

.was made closést to the distal ‘énd. The cannula,: filled

wir.h 10 U/ml heparlnised (Hepnlean, Barris Labo.rator‘ies)

saline; was chgn ‘passed into the lumerg:f the,, Jartery and

was_stabilised.by the.middle suture. Te proximal suturé.:




. perfusion Exxatxa

| £irst-opéned. by. a

to stabilise for 2 minutes. Measureuent ‘was’ then made at

the last 2'cm of te tracings the highest ipoint vas .

recnrded as the systolic pressnre‘whlle thé lowest the .

‘diastolic pressure. e

Q\ Tissie px‘epuation and 'sé}:fpung.

N > v

After: the complétion of blood pressure- measutement,

the an?m was removed £fom the ¢ aperauon unit for:

A mxd-—lule incision was, made and the

fuLpeeled away ' so that the musculature ef the antexior

thoracic ami- abdon al region were visible. The abdu‘men wasv

ncision along the linea dlba to ekpose .

‘the, abdoninal viscera. Aftex’ the jejunum’ was reflected to

the left, the ‘inferior vena cava was 'sevel‘eﬂ Just beJ.Ow the

_renal vexns.»an lnciéian was made alcng the left side of

the! sternum ta expose the he&rt AfteY openxng the g

'perixca:dxum, the left ventrlcle of the ‘heart was punctuted

w).th a cannula. _The cannula was

Eehe

which were connectea in parallel 'l‘hxongh‘ this lnfusxon

o).ned to 2.0r'3 syxlpqes S

" :set,’the animal was, perfused at room tenperatire with a

f£ixative containing 28" pazahzmldehyde and 2.5%

'glutaxaldehyk(BOG) in 0.1M: sbdlum csccdy!.uca buffer

(BE=7.2) at a pressure of 120 mﬂq (kppendxx B): Thé

2 pezfusmn i achieved by a syringe pump (compact syringe’

. Pump, Model 978, ‘Harvard. Apparatus), “and. the ‘perfusion.

- pressure vas' measured through the. femoral arterial cannula.




in tota, - Lo SR X S, A e

after 50 ml of fxxatxve had gone thraugh.

Besidea gwinq xise to a mnczagtica—duoﬂenal, a colic

and: an 1ilgo~caeco-colic branch; there dre.14-16 jajunal e i

arterids which Branch from the sup94 or mesentenc artery
(Appendix A); thoss ‘arteries anpstomoae with ‘each other on:

the mesenterxc slde of the smﬂll Lntestlne to fotll\ azt.en.al

arcades.-’rhe first 5'mm of the third; fourth ana fm—.h an e

jejnnal axteries were exciséd far Eurther im’etsian

f{xatxnn fu: 2 houxa 1n Ezesh fxxativs. Whils in the’

fixatxve, the peuvascu‘lax £ t was trimmed; the Je; unal
7

arteries and the snperier mesantexic artery were pxocessad

"'The

Ssues Wwere theh washed with 0.1M sodium P

‘cacodylite Batsar éontaining 5.48 sucrose,. sttfixed m.th o

1% osmium tetroxxde in, the’ game huffer, stained ‘en bloc SRR

k uh uranyl acetate’ saturated in 508 ethanol,‘dehyd.ra edmi‘n’

- A graded series of ethancl.'cleared in acetone, dnfiltrated’ . .

" in" acetone ‘and Araldite 1:1 mixture for 8 houzs and ",

__sepa:qeed and. the brqncheé were .labglled.v

polymeriseﬂ in” pure Araldite €or 24 hours at 60 degrees c

Prior to the polyme:xsatlcn the ]e]unal arteries were-

DL Medial thick ngé'l\m\eﬁ ‘ai




¥
Je]ml axtarin which were obuxned from I, 8, 12,.15 rand’
The 20 week o.'l.d Snx,and WEY by Light sicroscopy. i

T R SR one—half—nicron sections were cut petpendiculu to ithe

1angsma1nx11xn of - the' ;u—taugs. ‘The sections were thien i
S D collecte‘l on a guu slide, s‘talned With: toluidine. b1de and
" 2 & 7
P exanlned‘ under a ‘light nicznscope (wild) "L‘he lunen a.nd"

tunica ned'h of t arteries were- photoqxqphed at 30 and

7 400 ti.mes mgnlfi et:l.on, rupectively. llauurenents ware

mada on tha neqatives. The di ete: of ‘the 1

X nlcnlat d from the internal cuuumfezence, and- the width
of u:e thinneat pnrt of the media was recozaed.. cr “each
aat of microgzlphs, the uicxoacope was calibzuted vxth a
nucxmleter allde (Am:lcan Opticnl l:ompany‘ luffllo, N.Y. ).

B stereology and" elect:on micxosc&py. b

\

. The thlx‘d And flf&h branch of )ejunal atterieL of 4,

um o “light gnld (60-90 nm) intuferénce 4

colour, sectionl were cut gu a Hﬂxley-Lm ultranictotone

om these blockl

*’?Y colleeted on 30!] mesh wppex grids s

(ma) an;i staine -en !nce‘\l&th\alkulins leud cltrute Vs




" a square which' wa:

.-photographed withih

ocuupied by the arterial wall; no

stx‘uctural detéll could, be absexved in thxs mO!

T
N
thus |
{i

visual blas was mxnmisad Ten mxcrographs were

the. ‘tunica media’ at a, magntficatlon of - l

11, 660 and prxnted to 35 OD txmes. car.e was taken s0 that

these mxcroqxapha d.\d. not ove:lap anﬂ were sampled frcm the

tunica media Volume\ percent of smooth nuscie cells (suc), 4
‘collagen: and elastxn were estxmated from the prints by a

-lOO-po.\.nt sampllng gr:.d mod.lfz.ed fxom Weiba]. et al (807).

g X
e’ sum of the pcints ‘obtained’ from. he ten micrographs, ;2
'expréssed in \tema uf percantage, was considered to' be the
'sample value for that specitieni ‘in ‘each anm\al The mean‘of T

the - exghr. sets of estmates in each q:onp was calculated

and’ compareﬂ with those obtalned from ‘the; thex grotip’ of,

the same uge. Thaoretlcal consxderatxén Of sterenloqy and - . :

o

in Appendix SRtk

mxmber of micrographs used Eur estmamnn vull be outlmed ¥

After the stezeological Sampllng had been completed,

the sections were. éxanined in more aecau with emphaaxs ‘on s




e was\perfo:med at ‘the age of 4 weeks. ‘At the, age of 4 weeks,

ctHe axterial b).ood pzessure of the SHR and WKY wére

S g ) simllar. o

A. Animal qzoup

i The rats used n thls stndy were male saR\and WKY.

‘Arterial’ tranplantatlcm vag. perforted in the £ llcwu\g

\ cambxnaﬂons . 3 .t

SHR tq.SHR~= SHR‘artery trans

intéd:.into SHR host;

. : WKY-to,'SHR = WRY artéry' transp anted into. SHR host.

me, “the transplaht between rats| of the same ‘strain’

Soihage i
'Pzelimina:y re!uh:s. 2y :

ary Studies showed £hat' the transplanted

artary‘ j'survxved' aﬂ:er the sutgex Qnd the xnflalmﬂatory

e
a; socxated ‘uth t\le surgery seem d to subside by 4

operation (see Appendix D) Thue.

w5 By weeks following .t :
3 )
morphumetnc analysia ‘was petformed cn tzansplanted gtz

: the surgery .

3 5 arteries at 4 weeka aft

o ity

" . T e. op‘erati e prccedures ar\e summunsed im Piqure Ty

L Animali were " an esthetised in pa‘izs thh a combmatwn -of

e to WY =.WKY artery transpldnted into WKY host; ."

; " . SHR to WKY'= 'SHR artery transplanted into WKY host;’




éther, folloved by'an {atrapacitonest. Snjection of - sodfin

pentobarbital ;t 20 n}q_/kq- igd an additionu‘. vinhalation of '
ether for another 5-10 niim;r':u maintained the animal at a

s:u:gicnl’ anaesthesia for about 1-2 l":our's. ytetid

ci—an‘spla'nuuon began with ‘the ‘isolation of 2 jejunal
!

‘rarteriés frnln a donor. rat which would be transplanted into

P 2 reclpient :nta one after the other.-In the -donor zat, the

y was by 1 and the third nnd fifth
branchen of the jejunal att:ery weze dlsaccted Eree from the

petzaxteriai fat gnd vein. ' An' incuion was made'in the

L5 femoral region cf the uclpxent rat, to expoue ‘the ‘segment

of " fema:al vepselu hatween the lnquinll 1xgament and- the

erlgl.n of the supe:fxclal epxqrautnc artery. A aeqnent of
8-10-mm oi the ﬂ.fth jejunal hnnch of the " supexiar =
uesentenc aztary ,vns then 1solated from the donor and
perfused with vnn hepuuused saline. The Eenoxal artery

of the recipient was ocv:luded‘ a t.n sverse -incision was
made on the recipient femoral artery neprest _to the uxiqln
of the superficial epigastric artery and an end-to-side
anastomosis was ‘pegfoxmd to jnkn _the jéjnnél, lagtexy' to the
femoral artery with 10-0 autyres unlecs ap! operating

-microscope. -6 interrupted sutures were required in this

anastomosis./After the completrz{n of the .uteno-a:t.erial

anastomosis. the, occluamn of the a:tery wu zaleuaed to

check the patency of the mosis. The arteri

anastanosn tas begun by’ occluding the femoral vein; a’ i
uanavézse inclqion was made 6-8<mm ,p:oxsm to mauoi the




ey

uxterxo—utzriqx u‘nutmm:xu and the ah\-,-l end -of the
jejunal utery was ankegi into the lumen of ‘the femoral

vein. The lncl'liop on the femoral vein was then closed by’

A8 -3 o= 5 o2 =
1-2 interrupted sutures. A few drops”of 3% magnesium e
sulphate 'solution were applied onto_thé t}ansplanted artery -
to promote vasodilatation which is essential for the-

success of the transplant. The. t lanted artery was ‘then

pcsitioned in the grouve between the faun:d vesselu, this

sllo'ed easy lacatlor’ of the tranaplunted artery duting

s
"samplinq. After the skin 1ncision was closed; the unimul

was -injected with h!p!tln (500 U/kg) intrupentoneuly. The

I:hird sbranch of jejunal arteries was tnnsphnted into

another reclpiant rat. using ‘the procedures -identical F°
_q'mae aescribad abows. The time required to complete ‘3 st
of two arterial transplants was on the averaée 105 minutes:
The anastomoses of each transplant usually took 30-40 . *

minutes. " S 35 =

* The animals were then gacrificed at 4 weeks after the

surgery . and sed for -light micrc i ination

D, Blood pressure neasntefnut.

~

At the age of 8 ltseka. 4 ueeks after the aurgezy. tk\§

arterial blood ‘was measured 1n the d rats.

. under sodlum pen! obnhttal unaeutheaia hefore aucrifice. ol

The proueduzea used for ,blnod prelsuze nusuremene through

a fsnxal nrr.az.lll cannula were, 1denc£cnl to t.hoae

X desc:lbed befoxa. Care was taken. so, r.lut the t;p 5 d:e




< cannnln was .nearest and- distal" to the arterio—azterial

“anastomosis of the shunt. ]
-E. Tissue prepa‘xation and salpl_.ing.

At the time of sacrifice, he tranaplantEd arteries”

‘were. pe:fusion-fixui and proces-ed for' ligh czolccpxc
" examination. The fxutx e and ‘the pzocadure used were

identical to those de.!c:;ihed eu'uex !efore emheaamg i,

Aruldite, the tnnsplanted «ute:y with tha femm;al vessela

was cut t:unsvenely 1ntu ‘two halvea. ‘The cut was made L
. nnd-way betwesn thg 2 anastomoaeg. ) 2 3

F. Medial thicknass and: l\men dlmetez_ meaéuremgnt.
Balf-n:lcron t:hick. ttansverse sectiona vere tnken from

Lhe end nearest and distal to the Mdﬂle of the

= transplanted ntezy, collected onto’ a qlluu slide, stained’

with tolnidine blue nn’d‘em!ned under a nght Mcmscope
only. ledi.!l thickness and lumen ai eter of the

“ ttansplanted ute:iu were. msnred and compared’ with othe: -

e uf.hods ‘of these naun/renentu were' -

-tE‘ansp ynted groups’

£l é _as those delcribed befor

\

AT : :
T g,\-eliminary raaul,ts indic\ated :hm‘. ‘the” transplanted

AT s:\:ery showed conuideruble vuiat\lons thua the followinq




T visibid; 3 = gl ! .

changes of the Jejunal arteries wers. correlated with the

study. Hyparf.\enslnn was.induced -in these aninals by .

\ v, ¥ E Jat =
The transplanted”artery was accepted for morphometric ":
analysis “if ‘and ‘only ifx\-

a. pulsation’of the tianaplanted artery yas dlearly: - .
‘ 5d 8 =

b. absence of mflammatory x actxons, snch as i

2 thxckness and gxanuloma i\n the ea suxrounding Lhe!

g:xansplantea artery;

c. nbsence of clu

in.the transplanted artery; 5 a «
4. absencé of-lindulation of Ntéznal elastic lamina. = . .. |,

in perfused specimen. - ° 5 AP Rt ™

III.. Renal hypertension study.

"Hypezte.nsicm was ‘induced in" nor;wtensive‘ WKYs and. ‘the

\deveupment of hypet!ensiqn in these zats. %

: \\ A, 'Expe:imgntal a’nimals and opetat;ion proqeddzes. ' e 1
4 7
Male vm‘ls, bred frém our stock were uued inthis | & A P

* 2-kidie -1—cnp “Goldblatt ptocedures‘ I : o

“at the’age of 12 Yeeks, rats were apernted unde: ether

anaesthesia. Aftez ‘the abdoml.nal co tent was exposed by

laparotomy and retracted to the r;ghg the segment of the - ' i \

deft renal artery between the origin Of the inferior .

‘free .frol eriarterlal

IEHK axtery and. the hilus of th* kidney was'. dl.ssect&d

the /renal. vein and ne:ve, and ; other:’ f




| tissue. The remal artery was then tied onto a curved needle ./

. I'9f 0.3m in diameter with two 5-0 sill sutures.. After the'

sutnres wg:e secured, “the kldnay appeazed to be.

1ndicated

itie ‘redness of thel ki dney wag resto:ea when “the needle was

s B with\ixawn. After the azompletlon of ‘surgety,. the abdcmlnal

musc(nlat:ure was closed by 5-0 chromc catgut - sutuzes and

| the .skin by 3 ‘gilk sutures. = M G A S e

&
B Selecnon of ani—m\!{s and bldod” pressure o g

measurement y

% 3t A )TFour weeks atte: the! surgery, arl:e:ul blood ptes

of the opezated animals was checked by .. femm:al arterial ..

cannuuticn under ‘ether naeathes;a In hnlﬁ of thoge WEC A e

‘an:.mala whu:h shoued signs, of hypertensxen, the mcuiun in Lt g

o 3 ;o itne femaral m:exy Cisonls which: the artenal blood "

' presauxe was, measured’ y;\repaued‘by 10+
S A g " gutures and ithe ;aninals vere: allowﬁ‘mve for .ancthek‘

manofxlamant 2

eks. ‘At the time o{ sucriﬂce (x e. 8 weeks after the e

surge:y), che u\—.enal Mwo@ ptessm:e was neasured again

through a femo d utetial cartnula under. sadxum




through & femoghl arterial cannu&n _under sogium < | .

pentobasztal unneur_hesxa (dosaqe 35 12 lq/):q), tecluuqnu:

uued veu 1dent1ca1 to those de' ribed earlier.. The other-

spm-qpexacea animals were t‘ir'eited similarly.

* &, vissue sampling and micrnAqaﬁ

i | ‘At the end Of the 4~ and ‘8-week period a‘fter the

surgery, the opazaced animals dere killed and. the Je;unu.

% ‘ ‘ax'taxxen vaxe prccelsed for mictoscapic anuysis. ,The
3 nedial thu:knuu and lumen ‘diameter of the 3zd, 4th and’sth:
branch of jejunal arteriea obtained fzon renal hypatenuive

_rats were oonpnxad with' Uwse obtained i-ron the - -




<5 | : . 2.,
capsaxcxn tréatment were measured and cozrelated Wlth ‘the.
=== development of ‘arterial blaod pressure. ey .

T Egpez;menta; anima;Ls,amL"amg admini'stm‘tionl ;

- Only male, rats were used in this stuﬂy. Capsaicm,

7 (8igma Chemical icoi, U. S: a.), dxssoved in'a solutien er

Eo containmg 1 part: of Tween 80, 1 part of ethanal and 8

parts of ‘0. sa salxne, was 1njected subcunneously on the'

]

’ back of 2-3. day cld wms or SBRs witha- single' m]ectmn at

a dosage of 50 mg/kq. After the lnjection, the rats were

i wxpea clean and returned to 'the mother. Rats" were then o

sacnf ced at; the age'of 12 weeks. e L

2 moéa p;‘essure meus‘p:‘efne7'flndv tissue. genppliﬂq.

arterial blood pressure of AR

I\t the age of ‘12 weeks 1

the capsaxcln treated at mmzwas measured thrcuqh W v ks 5 b o

essed ‘for. . ghf. mi i ic examination and B
meusnrements. The method-s used in blood pressure L it i







3 arter:.al blocd pressure xn tha snx and’ WKY rlunng

The Aevelop‘m.ent oF the th kn(fsa of w;—,n_ sna. diameter *

£ the
the first .
.20, weeks af poatnataul mar:.urat.i.om EM stereoiogiqal analysls

was also employed to estnnate the Yolime. percent-of smooth
b in. the azeenal 1L of * these I

simj ax’ tu that uf th WKY see Tuble 1)- Tha MAP of "tHe

‘onward . The synolic bl.ood ‘presgure of the WKY ‘was. hev




E i o SN
never higher than 125 mmHg in this study.

C. Medial thickness and lumen diameter.

A : Medial thickness “and internal lumen diameter of the
jejunal arteries of SHR and WKY. were measured at.4, 8, 12, = . ° | |

16 and 20 \leek.! of age (see 'Elh].e 2). Examples of sl %

micrographe u'ed in f.his -tm-ly are presentad in. nguxe 2 -
o Vi 5

and 3

o

S ght nicrbacopic Analysis cf ‘the * jajunul nrter.les et o

g showed that thara were no dxffarancn in the mam

g4 i ; u:x::knass aiid* Tumen dxameter ~of the SHR arteries at 4

ke ved:a, as coupund vith the WKY controls. At 8 ueks the

ledial thicknuss of hypertensive arteries jas - siqnxficlntly 5 ‘
thicker than that nf the normotensive onesj whersas the 3 |

lunen diameter of these irteries was similar. 'mm' 125 3

weeks onward, jejunnwmenu Of -the SHR had a thicKer ',

; sedial and smaller lumen than those of the WKY. The' h\micl i

! ndm of. j’ejunal— a:teries in~the SHR at 8, 12, 16 md 20
Tt Toveske WS r.;icklr by 17, 33, ,35 and 2s, mpece valy,




A' was: a’ ttend thnt the muléﬁax component. cf

g b;twéan the. j‘ejunnl‘

it iinn,

*“shown’ i thure ‘4. The results of electron Iicrompxc x

stezeologxcll lndynia xevealed that there were mo

s}.gn;ﬁcunt dlffq:ences between the hypertansxve and -

nermtensive vessels at. the ages atuﬂied, Although there

e vessel nn' : i

. and. the ive tllsua

with ‘.ge. Thut -t 7 uesk- the mn ‘voL'ume percent of
v

respectively.

B Ultrastrugture “of: develu 1ng ‘sMC.
[ 3 § :

- oot hemasicis’ cells, ’-Mc}. Site Boatiy arranged in

lhyers and 3 Tar to “the al’ axh of u:e

exiel v Werg conﬂned

the media of" jeyn.l merleu.

- Al o\njh the Aumber of “SHC lnyeru zelnlned the ale ‘during o

development, there vas. aifference tween the sm; and WKY.
\

al axhxias. !’hexe ue:e 4-6 ahd 5+ 7 llyers of sMcin
- \

ia. of jnj\lnul arteties oi the WKY nnd sml
reapsctively. i

e i

the process of, m

lncluded ‘changes , in myofilamen

and cell-to-cellj(tactn.




' 3 % 54; .

1. "Immature" SMC. f

"Imature" SHCE were characterlsed by few myofllament
bundles and rate dense bodies (see Figure' 5). These bundles

Were usually organised aiong. the longitudinal axis of the

. SMC just below the céll membrafe and were in close relation

to dense: Areas. - Dense areas were rarely seen along the cell
membrane of SMC at sites of close cell apposi';ion. Most. of
the ‘volme of- "yourig" 5MC was occupied by iorganelles. These’
‘included’ rough-surfaced endoplasmic reticulum (RER) , ' free

. g o a
ribosomes -which were usually organised into rosettes,
' - R i "

. n(icocnimdzia, Golgi’ complexes; oceasional Lipotusgin

granules and a pair of centnoles. Extensive areas of close
membrane appcsxtxcn with very few speclalxsed Junctional-

stiioturaal vasa shaguantly ehnotngarea.
2. "MatureM,SMC. W B .

In' *mature” SMC, organised myofilament:buhdles filled
most of the cell .except the areas which were wbeapked by,
:hé'nucleﬁs, the periniiclear organelles and foci 68
organelles along the cell periphery (see.Figure 6).. Dense.
areas were'also plentiful along the cell menbrane oceupying
the areas which were not filled with plasmalemmal vesicles.
The changes in the amount of organelles were obvious in’
nature sMC. A decreased amonsit’ of RER -and mitachondria and
an increased amount of lipofuscin granules together with a
sall solg_x ‘complex were usually located at the poles, of '

gl 3 . ~ %
the nicleus. Many short cytoplasmic processes were extended



86, e

£rom mature SMC to make close contacts with nsxghboutlng
cells. Occnsionally thee junctions were specialised into
desmosbme-like structures. Nexuses of the SMC in jejunal i

arteries were rarely seen:, v

II. Transplant study.

Out Of the 50 transplanted’ arteries, 27 had patent
Lunen m’.; only 16, 4 in each’ group, were accepted for
morphometric analysis using the criteria set ui: baged on”
the results of the preliminarys5tudy. As expected, the

number of animals required in order fo obtain-a group of 4

successfully transplanted.artéries’ in the, cross-transplants

was ‘much higher' thnn that req\ured for the ‘same strain. The

numbe.r of transplants requxxed in WKY £0.WKY, SHR to SR,
WKY to SHR and SHR to WI(Y vas-8, 11}36 and 15,
tespectxvely. The appeaxance of succassfully transplanted

nrterles in-either strain ,was slmila: to that descrlbed xn

. “the preliminary study (Appendix D).

A. Body weight. PRSI t

At the age of 8 weeks, 4 weeks after the arterial °
transplantation, the body weight of rats from either strain

was about 170 there was no significant difference among

all four groups studied (see Table 4)..

B.Blood pressure.




Sy =
B - o
The arterial blood pressure was measured from all
animals through a femoral arterial cannula. The mean
arterial blood pressure of 8-week Old WKY, 4 weeks ‘after '
the surgery, whether the trunsplantad -::sry was from the

SHR or WKY; was about 80 mmHg; vheruu that of the SBR was

Aabout 105 mmHg (see -r' le 4. 'l'here were no Significant

differences between the two groupe of .the same strain.
However; r_he mean arterial blood pressures of the 2 snx
groups were significantly higher thng thote of the 2:-WKY

groups,
5, i  Medial thickness.and lumsn djameter.

The medhl thicknes! and - lumen dlameter of the .

tzansplanted arteries’ wéu measured in half-micron-thick;

toluidine blue-stained sections by.light microscopy.
Examples ‘of milrographs used in this study are illustrated
in Figure 7 ‘8. . :

At the age of 8 weeks, 4 ‘veeks po.:—operauon, the '»"

medial thickness and' lumen diameter of the f.ranspla.nted 5

arteries in the 2 WKY recipient groups were similar (see

R ¥
_Table 5). These parameters were not different between the 2

SHR host groups." However, when these figures weze compared .
Between the recipient groups from Qifferent strains, it vas
evxdent,/that the transplanted-arteries in the SHR hosts had
thicker ‘media and smaller lumen than those in the'wky © . C
recipients. Thus, at the age of 8 weeks, 4 weeks ‘after

arterial trassplantation the mean medial thickness and



_side..The'size of the k}dne{sp/ the operated side was

weight of réenal hypertensive and' the corresponding

90.

“lumen diameter of transplanted arteries. in the WK hosts

*a

' weye'about 10 and 370 micronsf respectively;- whereds those

of transplanted arteries in the sHR recxpkents Were about

13 and ‘310 microns, . respectively .

IEI. Renal hypertension study. F e

Two-kidney-1-clip Goldblatt procedures were employed

" ‘to produce fenal hypertension in 12 Veeks om.'genet'icany

.normotensive WKYs. The operatea ra«;a gurvived quite well

after ‘the sutgery. Our nf the. 16 renal artery-tied vrats,

8 showed signs of hypeértension at the' age of 16 weeks, 4

weeks after the surgery.

_0f the renal hypertensivefats, studied in the present . -

experiment; ‘all had.a well -perfised kidney” on the"operated
f 4

smaller than the contlalqteial one. in ‘most cases (6 out of |

oy

thexe was no sighificant dlfference in the size of the
kidney on both sides in the other 2 renal hypertenslve

rats.

A. Body weight.

i There was' no significant difference between the body

" 'sham-operated rats at 4 weeks (16 weeks of age) and 8 weeks

| (20 weeks ‘of age) after the surgery, although that of the,




20-week. old’ reral hyper:enawe rats vas a ucue smaller

_(see Table 6). % 15 oo - B R
- B. Blood pressure. y
-

at ‘the age of 16 and 20 weeks; 4 and & wetks affer the :
* surgery, respec$ively, the mean utexi’al pressure of the
- renal hypértensive rats was significantly higher than that
of the cozrespondxng uham-ope:uted WKL (see Table 6), Thus

at the age of 1% weeks, the mean arterial pxessure of renal

Loy

hxgh!!‘ th!n that of the controls.

c Madial Lhickﬁess- ~and lmn‘diameteli.

The muuu thxckness and’ lumen diameter were' eitxmtad
i the jejunal arteriés of renal hypertensive and
sham-operated control WKYs unqax the light microscope.
Examples of micmg':aphs .used in this study-are shown in

‘Figure 9 and 10. 5

The mxn thicknees and lumen diameter of the jejunal
¥ arteries ebtatnedlfrom 16-week old renal hypertensive rats,
.4 wecks after the surgery were similar to those of the . .
'; Sooreaponding ahln—ol;'etated controls’ (see Table 7). )
Howéver, at B weeks after the surgery, the 20 week old

 Tenal hypertensive ‘WKYs exhibited a 35% increase in the




of, the experimental and -control groups at t:he age o 20}

weeks, '8 'weeks after the operation, |was Similar:. e
Y % 0 B Y gt it
3 Iv. Capsaicin study.: . @ . e

" Y

Capsaicxn was Ln]ected subcitangously, o the Back, of

WL and SHR neonates,"Z 3 days after birth.:

Almost immediately afte_: cne‘ injection, ; e rats
‘became cyanotic: quite often artificial respiration was
required to. restore résplﬁtxoﬁ and -redgess, z;ﬁ‘ the'

capsdicin i.njeé:ced rats. The, latter nunoeuvxe was’ xequixed

more” frequently l.n the SHR than WKY neenates. 3

There 'weze ai ésin gréss" p betueen SHR

~and WKY after: capsaxcln treatment. The tteated WKYs, ns\lally

Tost whiteness of the fur colour by 12 weeks of age.
'However ;. the fu! colour of the L'reated SHRS was comparable
to.that of the uncreated _W!(Ys. Very pften, ulcerated ' argas

' vere seen in the capsaicin treated WKYs but never in the

treated SHRs. Theser'areas were usually confined to the head'

region nea'x'est to the s‘ame of :ne,eazs or the fdtehead.

’mu‘w\ of the capsaicin treated SHR and ww ]
“showed ‘& reduction in artenal blood prgssure. ‘only those
aninals which showed a reductidh of: arter 141-bTS0d press\lre

<vere ‘included in Ehis study and their jejunmal arteiies
processed for. microscopical analysis.‘ % L)




Body weight :

: Aftez the capsau:m tzeatment, the budy welqht of xata Y

% nsed in'this. study-wa: out SD g at 4 weeks and 210 g.at

12 weeks of age (see 'J.‘ahla 8. Thee wera: o significant, - i7" X
¢ . : ditterences. detected betveen the :body wexg}it of :h' txeatedw

* . WKY ‘and 'SHR wheh compared with the carresponqu age

B.'Blood pressure.

'azte:ial'blood‘pressuze- was measured in 4 and 12, week -

old WK‘I and ‘SHR aftex‘ capsatcin. treatment by femxal .

artérial canulation. These résults weresummarised ‘fn-: | ..l it

“mablai'e; - s Sl Sl S R

At4 weeks, the mean axtexial pressures of both % e B

treated’ SHR (79 2 3 5) and WKY (62,3 & 6.3) were: 1owet

than those of ‘the untreateﬂ rats (SH’R 82.3 t 3 0) WKY 8l. 6
+ 4.8; see Table I). Thus, the reduccion in mean blood

pressure .ln the trea—ted SHR- and WKY was 4 and’'24%,

*.respectively as compared with: the intrante, ‘groups: At 127

“weeks, ‘the reauction -of mean arterlal préssure ‘in the

t:eated SHR: and wx! was 26.and 32‘. respecuvely when v o ®

““compared with the untreated groiips: at thé cizresponding

A % age:’ At both ages, th& meap arteriai-préssure of the
ireated SHR was slgnificantly highet than, that of the"
treated wrY. ' : a T

yiog 5 ey i Meadal ‘thickness and:lunen. dianeter. : ' <
1 : P e B g B .
|




~only the Tjejunal arteriés £fom 12 week old capsaicin . ; ’
) 't;e}zced aninals were processed for micrascopic exauination ] [ﬂ 3
and mlnzumt (see Table 9, and uquze 11 and 12). Aftet £
e capsaicin ;xe;mne the ‘jejunal artaiies Taiaar sm, were

.~23| thicker than those of tbe wa There was no nignitxcnt

|. .+ difference in. the dhlutct of lumen betmn the jejunal
o ‘arteries ‘of ‘the treated SHR ‘and WEY. at t.hn age.The, iy o8

jejunul nnerin of th: cupuxcin traat.ed snn hnd hxgez H

““Lumen a

thlekar madin than t‘hole of t:ha untsntad m

There wlzu no alqniflannt diffezgnces ln the wal]. t_\ﬁckn:iu fhmeg

, of the jajunnl larteries between the c-.n-ted A nteatin «

| WKY; although, ‘the jejunal arteries of the t:r-.tad vy bad’. T

smuer l\mnn ~than those  of .the untzeuted. S 7




: Tables and figures.




8 weeks 12 weeks

> e cie wTE S
Body ~ - .+ SHR 52.942.9° . :172.843.2 -  270.6x11.7  313.620.3
3 S s . r = < < z
sweight (g) . WKY S4.621.1 '  169.0£6,9° 273.5£15.3 . 314.4£12.0 - 346.2:8.2 -
4 AN S S 4 H . o
“Mean ur.ex'lal. SHR. 82. ;*3 0 . 120.085.1%" 136.03.4% ' 143.65.1% . 141,0£13.6* s
pl,uum (-:sg) wx& 81.6:4.8 84.841.5 - 91.2:4.7°.  93.342.4 83.85.7 v e i
*Bach valué' (mean & 5.D.) was obtained frém four ‘male rats. R
* indicates the mean value of the SHR is -anxncnuy )nghax thu th-t [of the WKY at a S
aignincucq level of F" . i p Un N o A R :
‘ : - : i %
; { A ey e i
. | !
£ 25 S L 5 1
] : i 3 . I
= X s 27, o
% i 3 ‘
» 2 oy

16 weeks 20 weeks A




" parameter 8 neaks'

e
" 16 Taku

4 ‘weeks 12 weeks '
" Medial thickness SHR 10.2:0.6 ~ -10. 9:1 o* 11.3£0,9% 11 14,841, 5%
(micron) .~ WKY | 9.6£0,8 . " 9. 450,65 8.5£0:8 . ©10.740.8
’ : ’ Ry : L SN
_umen diameter SHR [194.242646.  238.7421.3 ' 223.029.0+73257.2436. 5%
WKY 194! uzs 0. 238.2420.7 . 309.7:26.3° ' 329.8420.7

(micron)

Ban:h vn.lug (mean + S.D.) was obuln.d from 12 menanxements (3 per lnlnll)

* inc 1cates the mean value of the SHR is significantly

uignizicance level of 5%.
; il

"ghez than that of the WKY at'a

20- weeks . o

15.0¢1.6% ,
10,6412 :
73.1427.9%

373.3+48.7
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we
N -after artetial traﬂsplantation.

" Bach value (mean +6+D

" * indicates mean valué:of the SHR blood .préssure'As

- SHR. to SHR.-13. 5+1 6* . e A "x 313, 4+69 %

Each vdlue (mean +8.D.. in micron) was .

Table 4. cna:acteri'smcs of 8-

».ni{nay o }qc{ay' weight. ()" Mean artemial ngséure'smnq) -

WY, to WKY| 191.7,+i‘1;3 Tl e y - g

"GHR ‘to WKY| 1“70.03'.1, L B2.980.8 . i

SHR to sm:.{ 166.247.8" 107038 ;7 Ak T8 - A

WKY, to6HR ' 163:7628.5 1 Tos 0x2. v &
el "l :

VES ‘ % fge? g 3
was cbtaihed from four male rats.

significantly higher ‘than' the blood; p:esauze of, the" HKY
bost st a- sxgn;f ance level. of :5%."

A S
obtalnad” £ron S-wesk “old sHR and” WRY hastu, <s m—.ez : .
‘the arterial transplantuf,xcn. - i . :

animal . Medial thickneSs . - TLumen dxameter fagird Lt s Bl
wxz',to wxy. 1053413, 372 0425, ST L SR et
S SHR” to WKY 10. 369 0435 ]

WKY - to' SHR. 12 5+1 3% ) 309 8171 5%

bmn’ed from 4:,

measureménts (1 per aninal)..

* indicates mean. value' of the: uansplam:ee artery ‘in the
SHR ‘host “is significantly different’ from:.that of the 3
transplanted artery in the WRY host, :at a’significance level
‘of " R ° T e .




| (4 4 i i ’ ) < . !
4 _Table. 6. ctm—act@suc- of ren&hypertensive wWKY. ¥ ., - |- .
} ' : B Animal’ . Body weight (g).. Mean arterial pressure (mmfg)
; 16-week ‘old, . o2Kle 0 .294.346.0 106.046.0% v
i 4 weeks postoperation  Sham 208.7431.7 . 1 2 '92.581.2 ., 2 RE ¢ o
* - . ~ s o o7 :
i : : 4 # y ot 3 18 . i
| " 20-week old, ,’7’/ 2K1C © . 253.6£37.5 . . 131.7:11. L
- o, & 0 v S - b %
Lk 8 weeks postoperation  Sham . = 289.1341.0 -, '92.515.9 : k.
g v : ; shy e 3 & g
. Bach value (mean + §.D.) was obtained from 4 male Am_(‘{'s. o N : § :
¢ % indicates the mean value of the 2KIC rat is, significantly higher than that of the ¥
+ sham rat. % ' > kL % ' ¥
2KiC = 2-kidney-l~clip Goldblatt renal hypertensive rat; ‘Sham sham-operated rat. ' 4




Animal  -Medial thickness = Lumen diameter - °

16-week-old, . 2K1c 11.641.5 * 290.3+30.4

4 weeks poutepe:atixl Sham v 10.240.7

20-week old, 2KIC | 17:633.6% i 348.3339:2
8 weeks postoperation  ‘Sham 11.540.8 32:.7:2'6.2

Each value (mean + S.D. in micron) was. obtained from 12 measurements (3 per animal).

* indicates the mean value of the 2KIC rat is significantly higher than that of the

sham rat. 2

‘2K1C =

2-kidney-1-clip Goldblatt renal hypertensive rat; Sham = sham-operated rat.

“for-
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‘Table 8. Characteristics of SHR and WKY after capsaicin
treatment. W

. s . 3 3 .

 Boay weight(g). Mean arterihl pressure (mmig)

"4 weeks ' SHR ' 52.7:4.8 79.243.5%
WKY © 54.042.5 62.346.3
' 12 weeks, SHR 202.0432.9" 101,045.2%

WRY 217.5$#20:0 - 62.1#6.8

“"Each value (mean +'5.D.) was obtained from 4 male rats.

* indicates the mean value of the BHR is significantly higher
than that” of the WI(Y at a significance level of 5%.

Table 9. Morphometric data of jejunal ries in 12-weék old
WKY.

capsaitin treated SHE and

Medial thickness Lumen- diameter

'SHR . 13.2#1.4% o . 281.1#20.1
WY 10,142.0 61.0+19.9

.
Each value (mean 4£.8.D. in micron) was obtaxned from 12
measurements- (3' per animal).

¥ indicates the mean value of the SHR is szgnxﬁcantly hlqher
than thaf of the WKY at a significance level of 5%,




Pigure 1. Surgical technique of arterial transplantation: -

Arterial transplantation was begun by isolating’ jejunai .
artetus from a donor rat A bzanch of jejunal arteries was
excised and dissected fzea of perxan:erial tissues. It was
then perfésed with warm hepuinised saline to wash out the
blood and anastomosed into t;.h_e femoral vessels of a

recipient rat as a shunt. F .
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Figure 2. An example of micrographs of jejunal arteries
used for measuring lumen diameter in the confirmation

study. LM. 20-week SHR. Calibration bar = 200 microns.

Figure 3. An example of micrographs of jejunal arteries
used for measuring wall thickness in the confirmation

study. LM. 20-week SHR. Calibration bar = 20 microns.
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. Figure 4. an example of electron micrographs’ of jejunal

arteries used for stereological‘analysis

in the i

confirmation study."

The volume percent of sic, collagen; and eldstin were.
estimated by laying a 10 x 10 point

ting grid onto the
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2 ﬂgute 5; Imture smomscm oen

Imacuze SHCB were chaructezised by few myofilament bundles

% aud rare dense bodies.. Hoat of the volume “of young SHC lﬂs !

. occupied by czqanelles. ’l‘hese mcluded :augh-surfaced

oxgpnised ‘into S ‘,. *hond
a’pair 6f cernhxiiovleve_ EM.. d-week WKY. . i

)

CaliBrS\tion‘ bar' = I ‘micron, ’

; Exgnre 6 Ma\:ure smooth muscle cell. .
In mature SMC, ozganised myofuament bundles were Eilled
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Figure 7. An example of micrographs of transplanted jejunal
arteries used for measuring lumen diameter. LM. 8-week WKY.

WKY to WKY. Calibration bar = 200 microns.

TA= transplanted artery; femoral artery (A)
& wvein (V).

Figure 8. An example of micrographs of transplanted jejunal
arteries used for measuring wall thickness. LM. 8-week SHR.

WKY to SHR. Calibration bar = 20 microns.
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Figure 9. An example of micrographs of jejunal arteries in
renal hypertensive WKY used for measuring lumen diameter.

LM. 20-week WKY. Calibration bar = 200 microns.

Figure 10. An example of micrographs of jejunal arteries in
renal hypertensive WKY used for measuring wall thickness.

LM. 20-week WKY. Calibration bar = 20 microns.
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Figure 11. An example of micrographs of jejunal arteries in
capsaicin treated rats used for measuring lumen diameter.

LM. 12-week SHR. Calibration bar = 200 micronms.

Figure 12. An example of micrographs of jejunal arteries in
capsaicin treated rats used for measuring wall thickness.

LM. 12-week SHR. Calibration bar = 20 microns.



. .period. The" lnnen dhmetex oi SHR Axterlea uas mllez than

“to that of the WKY during the dariie: abiation 1a iy F

" neithez the xeault of elevuted arterial pressure nor of

° The results of the’ pzeaent lnvutig-tian dmnst:ate .

mat)-sdhl hypertrophy ‘ia jejunal arteries of the smz is’ 2

~
L
| ) e oS SN S R

genetic pxadl.upond factors inulnuc to the arte.ual vau. #

LR

T Conﬂmtion study.,

between 4'and 8 woaks) ! An 1nc=eau 1n medial: micgnesa oE

jejunal a:tarlel ‘Jn the SHR algo took place’ during thu

that of the. WKY f!al 12! weeks onhrd.

s Body'-eight. .

. rats’ (168). ) = pr el

‘Bl 'nlood piessure. "

with an earliet repQrt fxom this lubotato:y which shewed
that the mann Axterlal pressm:e of the SHR was .
sxgnificlntly higher f.han r_huc 1of - the' WKY - by 5 weeks qf_-ge




significantly higher than that of the WKY at 8 weeks and s

tortnosxty iri.the arteries’Sf the SHR as compared with

50-week old SHR' mesentet,lc arterxes (265). These results

’ were obtained after the, vessels were studied phArmadoTog~ -

r_hat study.

s hy) ive arrm—m

114,

(168), The mean arterial pressure of the-SHR was
ey St
was maintained at a hypertensive level from 12 weeks
onward, These data were comparable to those of the .parent

strain of SHR in Japan (7, 151, 263).
c. Me}lial thickness’ and Lunen diameter. ©

[
By observing small mesenteric a:tenes in vivo,

Ichl]lma (263) noted that there I.s an -increase ln .

those of the WKY. Recently, electron mxcroscoplc anaiyaxs

lndicated that medial . hypertrcphy is ptesent in 6— and B »

ically in vitfo. Purtheimore, it is not'possible from the - . -
dav_aj présented to dece:m(;‘x:e whether medial hypertrophy
occurred before or after -the increase in arteri bln‘od.
pressure; since the blsod predsure of the sER wils

siqnificantly higher. than’ that of the WKY at 6 weeks in

‘Thé first appearance of medial- hypertrophy of jejunal

arteries in hypertensive’animals’was presént at 8 weeks: of

dge in ‘this study; “this finding confirmed that medial
hypertrophy does occur in jejunai arteries of the SHR, and

that ‘the degtee of severity of medial ‘hypertrophy in

i with age, at least up to
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Electron micréscopy and stereological analysi's.

Electron microscopy showed that the development OF . SMC

junal ‘arteries from both strains was .

in the media of
characterised by changes in the.amount of" myofuament and
intra-cellular: oxqanelles, and in cell to- cell contacts.
These ‘were similar to those in the ‘development of SC in

the media of the abdominal aorta and renal artery: (306).

_EM. stereological analysis'indicated. that medial
hypertrophy of. the a_r:eri}_s senaied wis ‘the vear ot
increase in both muscular and connective tissue components.
The increase ‘of the Gnkenta- Enponsht nay be #ie Fo

hypérplasia and/or hypertrophy of vascular smooth musclé

-cells. A recent report by Owens et al’(268) showed that

medial hyp?rtrophy in SHR arter).es, at least in the aorta;

is due to vascular ‘smooth muscle cell hypertrophy, althouqh'

thare was no mention about the -age of animals used.
Hypertrophy of vascular- smooth l}mscle cell” in the SHR is
most  Iikely due to the increase in'the amount of
myofilaments present in the smooth muscle such as' that
described in ﬁ(:he cardiocyte hypertrophy (;45, 148, 149).

o

E.. signfficance of confirmation study.

© The results of this study showed that redial

hypertrephy is: present in jejunal arterids of the SHR. This

increased.SNC mass may explain the increased basal vascular

‘Fesistance and vdscular reactivity in:hypertension (297,
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The cause of medial 'nype:uop\h'y in the SHR is at
present unknown. The results of the present study suggest .
that-the alteration in'SHR arteries may b¢ a result of the
increase of arterial blood pressure, since the arterial

pressure was elevated before the medial hypertrophy

appeared. These results fit with those reported.by Mulvany -

et al (307) who showed that there is no sign of medial
hypsrttophy in. the SHR mesenteric resistance: vessels at 6

week.s, That e.levuf.icn of arterial blood pressure can indnce

changes .in vessels is well accepted vascular changes were

" reported after the artificialinduction of hypertension in
genetically normotensive rats- (227, z_zs,vzzsx. Hovever,
other posnbuiuu such as vascular spooth nusclé defects
(295, zan, hczmnul influences (195, 196) and syapathatic
xnnena«-_mn (308, 309) may play a role in altering ‘medial -
structures during the course of hypettensxon. These require

further investigation.

II. Transplant study. . -

The most important finding in this study is that
irrespective of their origin, jejunal arteries transplanted
into the SHR zec_ipien_tsvdav:alopefi medial hypertrophy;, .
Whereas SHR jejunal arteries:did not show, medial

hypertrophy in the WKY hosts.
- \
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® A. Body weight, ‘ 5 g A
3 b N i . S

| Four weeks after arterial\ﬁramplant;tvxon, the body

weight of ‘8- week'sld rats From either strain was about 170

g whlch was similar to that - Of \:he unoperated rats. This

suggests -that arterial transplantation did not produce any

i1l effect on the operated animals resultinq in a reduction

in body weight.
'B. Blood pxessuré.

The mean arterial.blood pressure of 8 week old WKY, 4

. weeks after the surgery, whether ‘the tramsplanted,artery

was from the ‘SHR or WKY, was about 80 mmHg; whereas that. of

. thé SHR was about 105.miHg. Thése éa&a were comparable to-

those of the unoperated animals reported in the
confirmation study (see Table 1), although the mean-
arterial pressure of the operated SHR was slightly lower.

C. 'Medial thickness and limen diaméter.

The “results o Ehe. predeil sty Whived theb
brrespactiveror their origin,, the transplanted jejunal
arteries 'in the SHR hosts exhibited'a thicker medxa and
smaller lumeh than those in the WKY recipients. Sl it

thickness of jejunal arteries transplanted between the same

’strain was similar to that of the unoperated jejunal.

arteries of the' corresponding groups reported in the
confirmation study, although: the’ luien diameter of the

transplanted arteries was much larger. This is most likely




n 8. &, = s
due to'the chatbe 4f Tunction ‘and lacation’of the Jejunal.
arteries to a higher pressure segment, such as the femoral
art_ery,'o_f the vascular system. i

- : E°E ® S } N

Ks pointed out earlier in the INTRODUCTION section; the SHR
Vs [isolated from the WKY, an ifbrd Wistar strain in Kyote

. University, “Japan. It “1s logical then to ‘assume that the

*jenetica®. of the 2.strains aresimilars Thus, 1ts Tikely that *

™ - _cross-transplantation of t{s'sues. (inthis case jejunal arteries)
; hetween the tyo ‘strains will. be SoRPALIENL,. THe tasul ke oF KiNeba..
ot a1 (188) 'wno stidied the effect of kidney cranspun:'mon‘
‘hetween the' SHR and HKY.) and vof Hermsneyer and co-workers (CIEN
320) who studied the efféct of :ross-trnnsp\untanan of tatl
arteries into the mterior chamber of the eye beueen these 2
Strains suggesl that there is no si gn of Muna rejection.

e & Indeed, results of the preliminary study (see Appendix D) in the.

present investigation Seem to support this contention. Although

_‘ho detaiied anilysis wa's perforned to quantify the rejection
process in the crosi-transplantation of. jejanal arteries between
the SHR.and. WKY, the fact tnat th!rgl!re over 50! of the :
trunsphnts were succassful in, the preunt study suggested tlssue

e 9 rejection was not a major problem. Therefore, the use of

s immuno-suppressant drugs was:not necessary.

N o Tt is bossibh that surgical intervention may induce changes .

in the tran'sn‘lanted'urter(gs and that the'se changes may be
_different in the SHR than in -the WKY arterdes, The fact that SHR
and WKY arteries transplanted into the SHR recipients developed

. - c &
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medfal hypertrophy and that those transplanted into the WKY hosts
did not indicate that the suspected alteration did not occur in
the present study. . . # - .
e Although direct arterial blood pressure had not been
" measured in the lumen of the transplanted artery, it is aSsumed
-~ that.the blood pressure fn the transplanted artery was similar to
that of . the femoral. artery since that femoral blood pressure
obtained |n this study was recorded very near . to the nuening of
the transplanted artery; Clotting which-may have obstructed the .

Wumen of the transnlunted arteries ’as not evident. This A& ai'se

supported by the results of Zweifach's group.who showed that

h1uod pressure of 'the SHR remains elevated even in the arterio\es

of 40 microns in diameter (310).

M. Significafce of transplant study.

The.present study was designed toi:dc!eruine whether the’'

" medjial hypertr’ophy which occurs in the jejunal arteries of the
USHR s due to the result of increase in arterdal blood pressure
or to genetically “predisposed” factors in the arterfal wall. The
fact that 'SHR jejumal arterties did not develop medial ‘
hypertrophy in WKY hosts, and NKY jejunal arteries becaiie thicker,
in SHR recipients strongly sug‘gzsteu that the aeternhnants

governing the development of.medial hypertrophy in arteries of -

-
the ww are resident in ym ‘hosts. Since. the mean arterial 3 H

‘yressure of the SHR hosts was significantly higher than that of

the wxv recipients during the devélopment of medial nyp:rtrnphy




Ciqin the transphnted Jejunu'l a teries. it 15 logical to deduce
o5 T that this change may’ ‘have been the result of -the :'leuted
arterial- blood pressure. ‘I‘he influence of vther factors such as

'mneruuon and »ir:uhung horlnnes on the dnveloplent of ledial

= nypertrophy in thé tramsplanted jejunal arteries has not been

ruled out and will be discussed later.
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IIT. Renal hypertension study.

The results of this study indicate that hypertension
can bé induced in genetically normotensive WKY by
2-kidney;1-clip Goldblatt. procequres. Associated with the
elevation of artetial blood pressure insthe renal
hypertensive rats was the thickening in the ‘media of

jejunal arteries. . . iy

Body weight.
The “body ‘wei.qﬁts of the operated wng,s\béth, oih
hypertensive and sham-éperated contréls ‘at 16 véeks: of age,
4 weeks after the induction .of hprtieahstcl e aaniiars ‘
these giguxéu were equivalent to. those of the normal WKY
presented in’the confirmation study {see Table 1).. Thus,
both ine operation and the slightly elle.t(atéd blood pressure
in the'renal hypertensive rats did not affect the -body.
weight of the ‘operated WKYs. However, the body weight of
the 20 weéks old WKYs, in particular the renal hypeitensive
rats vas lighter than thdt of the npr;nal unoperated WKYs.
Although the difference in body weight in the sham-operated
and normal WKY was.not known, it.was most likely dne-to.ths
long term body reaction to the operation. The lighter body
weight of the 20-week 0ld“renal’ hypirtensive Wivs s most
likely the result.of both the surgery and the 111 efect’ of

hypertension. ? ¥ N i

4 “B. Blood béessute. . ey




5 attiflcial zenal attezial stenosis appsared to be gxudual .
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“irhe ds\velopment of nypeztensmn ‘resulting Erom’

At 4 weeks after the opérition;. the; -incréase in. mean

'anenal blood ptessure o( the ‘renal hypertensxva sl

slight, although statlstxcally aigniflnant as cumpared vith

that of the, shan-Gperated WKYS.. This' i sase of ‘artérial -

pressuze ‘in t:he renal hypertensivs mq(s "continued :to’ tiae

:in the fext few weeks and ‘became nyﬁ"eztens ve by .20 weeks

of age,’ 8 weeks post-openmon, 'l'hsse resulc- wete smulaz

to those of Mulvagy et al 1301) um{ _Ten Berg and De Jong

'tzu), althouqh thei time ‘quued on the- d elcpment of

nc:eased blood pressure ‘in those studxes wa’ much sho:ter.

o0 Medial t}lick{ness a4 xumen..,dianie;éz. o

The thickeiing of media in the jejunal azteries of

renal’ Hypertensive'rats was npparefrjﬁ by-8 weeks after the

operation, althéugh thers vas n “detectable rhffaxence i

; the medial thrckness of the 16- Heek old reﬂal hypertensive

“arteries of gUeically i motensive: WKYs by © -

Jand sham opexated WI(Ys, 4 weeks after the opsrutwn. 'rhus,

it pnssxble to lnﬂuce lnedlal hYpettx‘ophy in the ]E]unaL

-kidney-l-:lip Goldblatt ptocedu!es. These results were

camparable to those repcrted by Hnlvahy et: al (301).
g o K
D signxfacance of renal hypertemuon study.

Although neaial hypen:rophy of the jejunal arteries in

the renal hypertensive rats is likely to, be the ‘result of '
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credse; i gEtatifl’ blood pressure as suggested by

others (311, 312), the possxbility that this alteratlon in

“'the, arleries of . hyperEensive ani.mals in due £o. gome’ obiier
“factors\such as ‘sympathetic innervation (310, 313) ana

hormonal ‘furictién (195;.311) has not been ruled out. . ' -

n}.’ Capsaicin study. )

The, mnst important .fifiding of the present study is

-that:the anc:.—hypertenslve actiof of capsaicxn treamem:

“aid: fiot prevent the develepment of ‘medial thickening in -
jegunu arter!es of “the SHR.' B
A.. Body'weight. =t +
o A \
“As pointed out earlier, the main effect of capsaicin
" is the deplétion of. substance P from primary sensory
neurones .which are 1.nvo‘1ved in the madxatxnn of chemngenlc
pain, e:g. q,orsal root ganlion cells. In addition,
* administration Df‘capsa_icln in neonates induces selective.

degeneration of a distinct popnlation of these’ neurones.

effect of capsaicif treatment in the. neonates ofrthe
development of body weight “was an interesting ome.After -
o dimicin, theakient; the body(weights of 4 week o1dSHR ‘and
WKY were sxmxlax‘ to those of ‘the untxear_ed ones (see Takle
1), Hovever; at 12 weeks:the treatad anxmls were Lighter

than the untreated. Since the intestinal vall céntains' a

| although it was.not well documented in . the literature, the g
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large amount of substance P. (3l4-a review), it is possible

that the capsaicin b: in the may

produce a permanent impairment in the gastrointestinal -

tract of the treated animals, This impairment was not’

apparent before weaning (at 4 weeks of age) because the .

" neonates were still’ depéndent mainly on the milk from the

“‘mother rat.

B., Blod pressure. 3

i~ The anti-hypertensive effect’ of capsaicin treatment on.: .

' the mean afterial pressure of adult SHR and WKY was i
Tl reported’ by Virus et al (304) and séot‘é’ and Pang.. (305).
il « Scott and Pang (305) ‘in ‘the same report: furthdr
Qemonstratéd ‘that’ caps‘xcxn treatment .in‘the ‘neonates can
prevent ‘ the dévelopment of ‘hypertension -in ‘the SHR. At the ' -
age'of 12 weeks, the mean arterial pressure of the SHR was
slgnificantly higher than that Of the WKY after capsaicin

treament in-the neenatal stage; although the mean arterlal " -

pressure of the SHR' was.by no means hypertensive. The mean

9 . -artefial pressuie of the 1li-wéek old WKY after capsaicin
. treatment was hypm-.ensxve-.' In fact.the ‘méan blood . pressure
“of capsaicin treated SHR * (101.0 + 5.2 mmHg) was' compadrable v
to_that ‘of ‘the untreated WKy (91.2 £ 4.7 mmilg) |atthe age : 5

T oF; 12 weeks (see Table 1)..~ e . .

i
i b . !
‘€. Medial thickness and lumen diameter:’ ) 5
" S ] ! :
The results of morphometrical analysisof jejunal’ - ' |
|
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arteries obtained from 12-veek old SHR and WKY -after

capsaicin treatment showed that these arteries” still
developed . medial hype!truphy, At the ‘age of 12 “weeks, i
s | -jejunal artéries. of SHR were 238 thicker than those of the ", t
e B, o WRY afzér treuﬁnent. similarly, in the untreated apimals,"
jejunal atteries of ‘the SHR were 25% thicker than thcse of
" the WKY at 12 veeks of age-(see fable 2). Althouglthe mean
_arterial pressure. of the capsaicin treated WKY was ;
3 hypotensive, the medial thickness of ‘the Sejunal’ arteries e

from these animals .was cnmpatable to that of the untreated

o e WKY. The. jejunal-arteries of * the capsai_cin treated SHR had Y
170 7.+ “larget:lumen and thicker media than ‘those .of the untreated sk
G | SHR. i i

D. Significance of capsaicin study.

The finding that the anti-hypertensive effect of
capsaicin treatment in ‘the SHR did not prevent the::

develnpment of medial hypeztrcphy obtained from -the pzesent

s different from those of Mulyany et al' (301) and
Watshaw ‘et al i(315)  who -showed that anti-hypertensive
agents such as Felodipine (a pyridine derivative),
reserpine, hydfochlorothiazide and hydralazine’ can Lower
‘arterial blobd pressure as well as reduce medial :
hyperg:tophy‘in mesenteric arteii;as of 'the :SHR, In'the

.latter cases, in order tohave an effective treatment,. the
therapy has to be.admipistered repeatedly.so that the
coicehtration’ of thd drtg is malitainéd fn the aninal for |

" B P Zeds




the whole treatment. Such a lengthy exposure of the |
anti-hyperténsive agent to the artery of interest is very

likely to produce a direct effect on the structure of

arterial wall.

It has been shown by light and electron microscopy .

that ici on results in
degeneration of a distinct population 'of primary sensory
neurcnes in the, central nervous. ﬁyntem of the rat (303',

316). However, there were ho signs ot Qegenexation oE

Ceither myelinated ‘or ‘umyelirated fibre- in acxatxc nerve

of adult rut! aﬂ:er l.ocul applicutiﬂn e! cnpsn‘uin (317)

These results attongly uugges:ea the effect of capsnicln is

mainly cent:al . 3 s,

Although the.direct effect of capsaicin on the -

e

‘structure of jejunal arteries has not been. reported; it is

unlikely- that this "damage”, if ‘any, will have a lofig term

especially when the analysis.was

effect on the arteries
performed 12 weeks after the capsaicin treitment. Saria et
al ‘(318)- reported that 17 hours atter subsutaneous

injection of capsaicin; there was on1y 2 trace. amount of »

the dan detectabla in the blood.

"‘Reports by others (303, 304, rﬂ, 317) have

. demonstrated that' there was no unéeunble'enect proquced

by ‘injection of vehicle alone. Thus; u; is. unlikely that ;
the, injectioh of vehicle' ‘may have an eftocc on the wall
structure of the jejunal arteries. As polnted cut’ earlier,




acuon .of capsaicin.on ]ejunul arcenes, bu«: rather to us
capsaicin’as’a tool to. study the eiiect of ‘lowering of
blood pressure’on the ltructnre of jajunal artexlea Of - the
SHR. Thus, even if the anti-] hyperbensive effect. of
capsaicin treatment was due to ﬂle vehicle,

the. conclusion
made from-this study would not be. altered. E . )

V. Overvxeu and ovezalllccnclu!ion of - che

investigation.

The clese telationship between e.levntad aztetial

piessure .and madial hypert:zephy in expermenf.u

hypen&nsion has. long been xecognlsed. Although the’ exact

mechanisms whereby the hypertensxun 4in 2-kidney-1-clip.

Golrlblntt hypertenuve rats-is Qeveloped is not. clear

(311), it ds ganerally agreed that alterations. such, As
medial hypettrophy in arterles of these rats are a zewlt

_.Of the increase in a‘:terial pressu!e (312).

:!'he discavery
ot‘ the SHR in:the eazly 1960's provided as interesting

A mdel for studying- th cruss nd. effect relatxonship.v. -
: between elevated afterial pressure and jarterial alte:atiane
\
;¢ in a naturally occhfring situation. Stwaies of thia-birain’
|

. !/may provide insights into sthe mechunisms involved ‘in the

> pathoqsnesxa of hypeftension in the sxm.
3 et N e
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' ‘suggested. that this alteration in WKY arteries may be

] i = .
4 128. 198 K
hypertrophy of mesenteric arteries does occur in the: SHR,
and that thhe development of bypertension and arterial
hypen.xophy in these arteries are closely xelated These

sf.lldies however do not distinguish between the influence of

“arterial pressure -genetic factors on the arterial wall

in the development Of medial hypertrophy in SHR.arteries.
It has been suggésted that the latter may be-one of the
Enctoz: Anvolved in thg uuuatxon and/or mintanmce of

hype!tenslon in- the SHR (161, 217).

“When ‘the mo:phometrlc data of unoperated and
transplanted arteries are compared it appenrn that ‘a_
qeneru increase, in‘medial thickness ‘and lunep dulml:exi
uccurred in tranlpllnted aktenes. ngspite t.hene increases,
which may havhbegn a direct result of transplantatioi, the
SHR arteries transplanted into WKY hosts did ot thicken, '
‘when compared to similarly transplanted WKY arteries into
WKY hosts suggesting that intrinsic genetic factors in the
arterial wall cammot dictate the development “of nearg-’ -

hypertrophy in these arteries. :

Although the influence of other factors such as
circulating sibstances (195, 196), and innervation (319,
320), have not been considered, the fact that transplanted

WKY ‘arteries developed medial hypertrophy in SHR hosts - .

related to the higher arterial pressure of the SHR. Indeed, . -

the'renal hypertension study provided evidence that medial
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’
hypertzophy can be induced in Je]unal arteries of

‘genetically normotensule WRY. Hovever the antlhypertenslve

effect of capsau:m treatment asd not prevent . the
development of medial hypertrcphy in jejunal arteries’ of
the SHR, indicating that ‘this change is not related to the

increase in’arterial pressure,

Due to various problems assqciat? with~both the
transplant and the capsaicin study, ad outlined earlier, it
is still premature o draw the final conclusion on the’
Gauses of medial hypertibphy in jejanal arteries of the
SHR Overall, the results of the pl'eseﬂt xnystlgatj)on do
suggest. that’ the development of medial hypertrophy is fot
related to infrinsic genetic factors in the walls of SHR
arteries, ‘and that the increase in arterial préssure is.not

a prerequisite for th¥:development ‘of medial - ‘hypertrophy.in

- SHR arteries. This is'in accordance with ‘the conclusions of

and coll 2 (319, 320): By :ransplanting

' segments oF tail artery u'n:o the anterior chamber “of ‘eyes

between SHR and wxy, they demonstxateﬂ thac alcerauon in

“vascular smooth muscle membrane properties of the SHR is

Jependent .on’ the reinnervation’ from the hosts rather than
from'thé original arteries. The. second conclusion from the
presént: study further supplements the resilts of the ‘latter
Studies’ which aid' not také arterial .pressure into
consideration, ‘in that elevated -arterial is not one'of ‘the
determinants’ for the development of medial.hypertrophy in

SHR arteriés.

3
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The results of the present. investigation support the
is that Chﬂ alterati il ill SB‘R

is a result
- of some factors which exert trophic influences on arterial
structure (319). The finding that denervation can influence
both the functional and structural properties of e tee
R sautat t&puuxmve rabbits (223) also suggests
{ ‘that these trophic, factros probably oviginite from the
ldrenergic innervation of SHR axteri.el.
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Appendix A : Jejunal arteries of the rat.

I. Latek injection study.

Latex injectlon wak: used to “establish the htnnching
pattetn of jejunal arteries in the tat Animals £rom each

strain of SHR and WKY, were inaesthetised with sodiun

" " .pehtobarbital.’ Latex (Vialtex,.General Latex Ltd.) was
. . N ;

injected’ into the animal through: the, heart; prio. to the:
latex injedtion; the animal was' perfused vith warm saline
to. wash ‘out the biobd:, L -

After éhe latex.was Set, the mesenteric vascular bed

including ‘the.part of the abdominal aorta from which the -

" superior mesenteric artery ougmatea, was excised for

further dxssectxbn under an operating mxczoscupé The small

arteries which branched from the superior mesenteric artery .
_were dissected free of all periarterial tissués; the small
intestine was then removed by cutting the small arteries at

o .
© the position.nearest to the mesenteric side of the gut.
7 - x "

. The results reported in this-study were based on 10
digsections, .6 from WKYs and. 4 from SHRs: Besides giving

rise to a'pancreatico-dwodenal; a colic la. colica dextra)

. and an’ileo-caeco-coli¢ branch; there were 14-16 small

arteries which branched ffom the superior mesenterit artery °

(Fiq'uxe 13). Often another colic branch.(a. colica media) -

| was “found branchxng 6ff from the superior meee-riteric artery

before’ givinq rige to, the caudal p!nctautico-dunﬂenal
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artery. Although there is no unity of definition, according
to_Hebel and .Stromberg (321). the jajunun in the rat is the.
Tongest segment of the small intestine. Thus, the 14-16 - 5
small arteries which branched from the -superior mesenteric t
artery were termed jejunal arteries. This déginition is
different from that of Furness (322) and of Wei ef al
(323). el 5
There were no. differencés observed between the

branching pattern of jejunal arteries of the SHR and WKY..

4 R i The first jejunal branch was defined. as the artery

which supplied the segment just distal to the emergénce of -

the small intestine from a ) toneal position. It was _

ais that the bifurcation pattern of the first 3-6

g branches of jejunal arteries was relatively consistent.
Because .of their location, it was decided that the third,
fourth and fifth jejunal branches could easily be

accessible and would be used for the present investigation.

II. Thickness of wall and diameter of 1u\-an of  jejunal

arteries.

" In order.to detexmine sthe variation of wall thickness
and lumen diameter of the jejunal artery along ita length,
jejunal azteries were processed for ml‘olcnpical

! .examination. Sevén half-micron-thick sections were taken
Srom thie SVERE 8 M or- Kb JOIGRI AEGERE lins pes wel

starting from its origin at the superior mesenteric artery.
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The thickness of wall and diameter of Iumen of jejumal
"artery in each section were then measured and compared
| ‘consecutively. For eximpls, the wall thickness of the first

-6 mm of a jejunal artery from proximal t6 distal were ‘8.6,

S ! 7.9, 7.8, 7.8; 7.6, 7.7, 7.4/microns. Similarly, the

7+ diameter of lunen of jejunalgarteries was guite Gonstant at
‘least up to 5 mm from its branching point at the superfor
mesenteric arteries. For exnmpin; the lumen Alanetdr of the .
first 6 mm of a‘jejunal artery from proximal to distal were

342.2,7317.1, 3152, 317.1, 316.5, 384.4 and 289.2 microns.

S " Thus, it was decided that:jejunal arteries would be sampled
X ) at about 5 mm.from' their origin.
¢ ; s Ptk t o pSem
E -
o ¢
‘
B ( B o
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Figure 13. Branching pattern of the superior mesenteric

artery in the rat.

Besides giving rise to a pancreatico-duodenal (PD), a colic
(C) and an ileo-caeco-colic (ICC) branch, there are 14-16
jejunal arteries which branch from the superior mesenteric
artery (321). Latex injected. Adult WKY. Calibration bar =

' cm.



Appendix B : Fixation technique.

" perfusion fixation has'been used in studying large
arteries such as the SHEEREAEL. TR W0 RAHAL At bery 68
«{ne rat -(168): In order to' determine the suitabilit§ of the
established perfusion technigie on the fixation of the
jejunal atteries, the following studies were performed.
I.” Perfusion pressure.
From previous study.(168);" it ‘was demonstrated ‘that
i Sinnton on. Yascutee ‘tissies was satisfactory with half *
 strength-Karnovsky, fixdtive’ delivered by a'syringe. pump. to
the animals throtgh the heart at 80 mmg. However ; blood
clots wers’ frequently! found in the mesenteric'bed,when
’ theae essily ware BESPUGion cirad at rthid pressure.’ Thus,
various perfusion pressures were tested and it vas
discovered that o blood clot was found in' the meserteric

vagcular- bed ‘when the perfuaion pressure vas higher.than

‘tzo muHg; the latter was measured thirough'a femoral
-arterial cannula. Presetvation Of arterial ‘tissues was also
satisfactory undér this pressuze; It was decided. then to.
' fix j{;unal atteries at 120 mm (szetfusinn pressard ‘in thé
present investigation.
: 3 L v -
II. Perfusion fixation at 'different age.
The present.investigation involved studies of animals

4 it varinua age qruups. 1t is well known that. periphéral

resistance chanqes with age, In order' to standardise the
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perfusion pressure used, WKYs of 4, 8, 12 and 20 weeks oOf
age were studled. Animals vere first cannulated through the
femoral artery for continuous pressure recording, and
perfusion fixation.was employed as before. The fixative was
delivered by a syringe pump at various flow. rate. By -
adjusting the speed e:'éne syringe pusp, the flow rate can 2
be determined for- animals of different age so that-the
preasire through the femoral ‘artefial cannula remained at
120 mmHg..The results were. summarised in Figure 14 and
- applied in the pzesént investigation 'a_:corazn'g1§4

IT1. Perfusion fixation with vasedilator.

To determine whether or.not a vasodilator may improve

the perfusion fiXation, papaverine was used according to
the method reported by Folkow et al (324). The morphometric £
& data of jejunal arteries perfusion-fixed at 120 ‘mHig

pressure with or without veri n “to

be aimilar. The vall thickness and lumen diameter of
Jejunal arteries in adult WKY (2 dnimals per group) were
13.5 aid 406.7 microns respectively with papaverine -
treatment, and 14.0 and 389.6 microns respectively withint

papaverine treatment; these figures were not significantly

_différent from each other. Thus, it was determinedthat

vasodilator treatment does not improve. the

perfusion-fixation techni and is ‘not ary in ‘the ¢

present investigation. - Fonl . s




‘.of dxffeten: ‘ages. . ¥ ; 4

Animals: were £irst: cannulated through' the femoral artery

for. contl.n\lclls pzeas\lte recol’dlng‘, and perf\lsloﬁ flxutlon

was ach).eved by half strength Knrnovsky fixativé. The

Eixative was aeliversd by a syringe pump at varicus ‘Flov

rate. By adjusting" the speed of ‘the puitp) the flow zate: was
determined for animals of different ages, so that-the

presgure ‘through the feua:al arterul cannula ’x;gm\ainad at-

120 muiig. - . y
‘Each -value (mean % S.D.) was obtained from 3 rats. "o
5 o ;
Pl e . : .
st .
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Appendix C : Stéreological

I. Theoretical coqsidétation:

d <
The development of stexeulog.\cal methods incytology
was based on-the Delesse Principle’ (325-cited in:307) whick
i - statés that the planimetric fraction of a section occupied

by ‘sections of. a given component corresponds ‘to’the

fraction of the Eissue vglume cccipied by this component.
o, This principle was modified by Glagoleff (326-cited in
o '307), chalkley (327-gited in 307) and Attarai (328-cited in
'307) ‘as'a pulnt‘ Sunting volumetry, thus the. exaorion Jobi
test points enclosed.in the ‘structure X could be consxdared

: as,an’estimate af the volume ftactlon Dccupied by x,

ile. ”vx/vt= _Px./P t;
= where V, = the velume fraction'of .component X;
g b " Vi =.the total volume of the organ containing X; -

= thie number Of points overlfing the pmfues

of X' - . "
2, <. the totglv number of points overlying thé A
‘section of the offan containing X.
= i Samplir;g 'éxid. <
3 P
i The sampll.ng qgrid used in the present study as a 10 e ol

by 10 zegular pmnc lattice which ccnveniently gave direct
: percent ‘values for volumetry ‘and was ‘modified from Weibel .
st al (307) to fit the .8 X 10 inches phatugraphxc paper ‘on

B . which the slaUtien microqraphs were printed. :




r

covered an area of 24.8 cm X 19.8 cm = 491,04 sq. cm, thus

i [ 7 A h
III. Number of micrographs used in stereoloqicsl

ana1yalE, . .

Since the medial components. in the artery.are
ciganised into lamellar unitsy random sampling téchnique

used in the present study may create high variation in the

.estimates. If the.-nmber of miciographs used for ‘estimation .

) B
is few, this variation can be very large’ or very small, as.
-compared with the "frue" value; the "true"-value can be*

reached by increasing the number of micrographs used. The -

‘minijun fimber of micrographs at which the variation of the

eatimatea was' stabilized was determined by plotting the '
numbst of mitrographs against the standard’ deviation of the
estimates (Fxgure 15). The standa:ﬂ deviation of the
stimate of SMC, collagen and elastin reached their plateau
at about 10. .Thus, 10 mxcrogxapha obtaihed from each
specimen were used. for stereolbgieal analysis: in the

_present etudy.

.1V. Pointdendity of sampling grid.
g % :

In the present study, the 100-point sampling grid ' - .

the point density is 100/491.04 = 0,20 point/sq. cm at the

magnification of 35,000 times. %




g estlmated by a lﬂo—point sampling gri

2 micmgraphs. By plotung th

> '\

‘1_pezcent of medial ‘components in jejunal anep 5. of - the. ra:

with micrograph’ nnmpez. =2

The' volune percént ‘of sue, collagen, ‘gnd elastin’ was

+the - stﬂnd' d 2

Geviation was, calcnlaced with mcreasln number of

mmbar of! mxc:cqtaphs against

* the standard devlation, the "{nherent® variation of the

componenta in the vessel wnll can be estimated. As hown 1n~

the graph; thé standaxd dev: txcn of ‘the esumacea of sMc,

:cellagen, and elastin’ reuchsg its platenn at nbout 10
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s Appendix D' : Preliminary study on arterial transplantation.
e T . : ]

. Fahee - S
g S _Art'eﬂ/ayalxp_flntltion.‘ 5 ol w, WP s s
: Rt : ” g ¥
BB xn\eniuf %o Gctermine whether or not arterial W s
& trahnplant is a,{eanb!e mdel for ltndyan -:xphologlcll .
nl_texauons of the vascular system in the sn" jejllnal.

Rt AT arteries ware nansplantad between the SHR and WRY. . . - i ‘_ o

Dpe:ative prucedures ware 1dent1cal ‘to thole dascn A
‘the u-nnsglunt atlldy. " 3 - -

' AnfmAls vexe' killed 1-& weeks: after -sufgery nnd the
t:mplnnted .arteries were procesaed fnt lxght lnﬂ elutron

mictoucupy . o N B

ER . nm;pi:elogy of transplanted arteriesl” | ; ¥

Ouf. of the 21 uanupunted\utedes, 14 vexe putent. 3 .

‘These txnnsphm-.a -lmted a hugh variation Ln mrpholagyc
ranginq from mll to- large lnnunal dhmeta as well as

vaxicun dagxee- of vuscnluiaatwn ln the tunicn

SILLN aﬂventitia. Thus,"a list of cxiteril‘ as dalctibad ea:ller,

was get o to eliminate some of these vuht‘ions. ) i;

J . " one ‘week aftar the surgery, the intfima of the. v
7

~y ; G txnnlplnnted utery conuln!d many layers of ce,llg, some  of

vhxch vere ;rmoth mnscle-like (ngte 16). The: .lnter- $

5 cel-lulax apace aln? increased, t.hul intima appsued to

‘be ‘thickened. By'the third week, the/iatina contained a o

... 'single 1ayer ‘of endntheu-l cells; thgua cells’ appeared ;to




|

R mature and| nligned in a classxcal helical or cixculux

. ’ s, 4 A .

pé immature, y were seen pen ing

through the intima (Pigure 17). ' 7 .

“The smooth muscle cells of the media first became

disorganised with an increase of ‘inter-cellular space.

Occasionally, "dark® cells were seen in light microscopy;
_with the electron microscope,. these cells appeared to be

imnature smobth muscle which contained; foweW nyofilament
.bundle (Plgnu 16). By the third week, the media resumed’

its nornal Appentam:ey the nedlal smooth muscle cells’ were

fuahion (ngure 17). : J N - i

i’g.lk_arin strands and other-debris were prominent inythe
aaventitia: of en'e"_uanspl_anu& artery one week atfpr the -
surgery; ut‘::api:aqel were also plentiful (Figure 18). By =5
the third v;ek‘ ‘aft;x ‘the suigex’y‘, a mature granuloma was

formed lnnoundinq the Lrnnsplnnted artery, thus the

* “adventitia_ was- fulad with -nnonuclux phagocytes (Figurg

17). The granulomatous inflammatory response then seemed to

L vascularisation around the transplanted iz:ery

¥

trausplanted Arter&el qsemed ta survive well xn the
recipieént ntu, at; least up trl weeks poltoperativelyjl

- Thus, “it was concluded that this pruplratlen is'a téastbla
“ model for studying morphclogxcal altetations of the

vascular system in ‘the sHR.




e e ]

* Figure 16." Jejunal artery, one wiek after ‘transplantation.
; ; y .
a. Vessel wall of “the transplanted artery. LM.* c;:lxhratien :
b'ar‘= 20. microns. : * :
b. Smooth muscle-Tlike cells in the intima of "the
transplanted ar/éezy. BM. Calibration bar = 5 micrond.

Immatire smooth muscle cell in: the media of the

trapsplanted artery. EM. Calibration bar =.5 microns.

‘Abbreviation: I'= tntima; M-= media; A'=.adventitia;

L = lumen; 'E = endothelium; SMC = smooth muscle cell;

7= .immature smooth muscle cell.’ " . F

AT =S s » %







Fi’gux‘av 17. Jejunal artery,”’3 weeks after transplantation.
N a. Monocyte lnflltrauon Siiroush ik nmu of the o e
trmplanted axtery. EM, calibxaticm bar = 4 lil:rons

b. Vessel wall of the cnnsplnnted artery. L. caubm.‘xod'

B = bar = 20 ‘microns. et s 5 :
N ‘.’ Mature smooth muscle call in ‘the media of the .
transplanted artery. EM. Calibration bar = 2 microns. -
 Abbreviation: I = intina; M = mediai A = adventitias : £ &
L = lumen; E = endothelium; SMC = smooth muscle cell; g :
* * Mc = monocyte. e T 2 2 *
: s Py 2 {iap VN 8
R 2 X
4 o ; . g (Y i
; 3 b &t ; g
52 T -
3t 5










177.




L TR \
" Appendix E : Statistical analysis. .

. 7 Qstuﬂent!s "t" test. -
Results from b?e confirmation study, the zenal_'

hypextens:.on study- and the cnpaair:ln study were . analyaed by
.a-Z ~tailed ‘Student's

“t" test at a signifl.canca level of
5%." The procedures were demnstnt_ed in tha: following.
- exdnple: :

The mean arterial.préssure of §-week ld rats were

119.67, 116 33, 116. 67 and 127 33 mmHg for tha SHRs

A - (denoted by X)-and 85. 00, B'l 67 864 67 and 83.00 mBg foz
= - . ‘the WKYs (dendted by Y).

LR o R R i R R

To' test ‘whether or not the mean arterial pressure of

the SHR was' significantly différent from that of-the WKY
“the following broéeduxep were
. 4 )

o S@t the hypotheses. " s L] .'

. S/‘t_/the null hypothesis H

gl SO
S ‘and’ r.‘he alternaﬂve hypothgsis Hy ot X=T.
. .S Obtain "t' value ftoln tablé::. - 3
i i Ch : P
4 is.. aue,) %

0 025 6= 2.“57.'

;That is, the il hypothesu will be uccepted when the,

calculated "t"'values are within the intazval fxom =2.447

to +2.447 Th\l!,alf the nalculated values, are exther

.4
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hypothesis will be rejected and the alternative hypothesis
3 accepted. -
g c. Calculated values. 5 -
s ] K : A
120.00;
>

The mean of X, or X

and \the mean of Y, or ¥ = 84.84.

The value of "t" was calculated from the formula:

and in this cgné t = +13.20.

2 ; Since the calculated "t® value.lies beyond +2.447, the "
null hypothesis is rejected and the alternative ‘hypothesis
nccept‘ed. That ' is, the mean arterial pressure of the SHR 'is

significantly higher than that of the WKY. - ' . o

s, 5 o II.-studant-Nemn-xeula' ‘mult:ipla—xf:nqe test,

4 S 70 compare “the

lts' of 4 groups of epergtej nnimll
<

3
1

) i in the transplant m(a* N 157, miltiple-

range test vu uued. The pzncednrgs ulad were au follow




RES

a, Calculate the mean value ‘for each group:

For exa.mpie, the mean’ arterial pressnre of 8-week old

rats, 4 weeks after the surgery was.

WKY to WKY - SHR to WKY- SHR 'to, SHR' WKY ﬁo Sm,
U Bl.er [ 83a33c 1130.00 106767

5 86.67 81.67 7106333 .106.67 \ X,
8000 ...~ 83i33.. . "10L.6F, 101.67.°-
Bl.67. 883 101.67 ;' 105.00

mean ' 82.50 84.17 . 104.92 105.00

b. Bank the méans in‘a descending order.

WKY to SHR SHR to SHR. SHR to WRY. WKY to WKY

105.00 - 104920, §4.17 82.50
"c. Calculate, LE (p, ny) Sg o, il . i
L where :skl.eue’l nf slgnificance (5\),

= humber of means;

n, = error degree of fteedom, hi ;
sg= (error menn-sqx_)are/r):)‘.l s o .
g o P :
1, -g! (?, "fz). = "u.os"‘f" l?) s in'the pza‘sent studyy
was' determined. £rom“the table of "'thé _uppér’ percentage

" pm.nta of the 'studentised‘ :anqe" (308).‘

2 Spwas calculated from ths rmuld

S—= (erroz nean square/r) 2, b e
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where r = nmnbéf-bf aninals in each growp ( =4);
error mean aqunre =: error sum'of squazes / 12, e

3. Error sum squares -(Error ss) waa calculated from ::

the formula Exror Ss = ’I‘Dbnl ss - Tteatmem; 8S; L e g ” {
whﬁ_re Total SS = the sum of the squax:e of all.values — C, L e .
S " Treatment S§ = (the sum of the sqiiare of the' Goluii suw

d3v:ded by u =y i o
= the sqiare Of the sum of all ‘values divided

In the present enmple the s-

and " qp g5 s 12) "= 4207
Nes > 2 . therfore wp= 5 (p, ny) S; »
E LT ="4.20 X 4.82 : 5

=20.25

The difference between two, means can_be either.greater ..
than 20.25, when they are Eignlflcantly different from- each
f’ocnez, or snaller than 20.25, when they are ot . AR G
. 'sxgnlfmauﬂy different from each sthet, at a signmcance

1ével ‘of ‘58

From the data presented in this example, the following

. compnnsons can be mde.

| G 5 .. ‘WKY' to SHR vs  SHR to SHR =

| WKY to SHR'vs SHR'to WKY = 20:83;. @, .

to WRY ‘= 22.50;

WKY to SHR'vS - WRY

|;SHR to SHR, vs ‘'SHR to ingy = 20.75;

o o et SHR fo SHR 'vs 'WKY toiWKY




$iie ; . .
a5 2 . SLoae2. ) a g
’ <" SHR.to WKY vk WKY to WRY)7.1:67:
“7-'.. . ‘Phus, it can Be concluded-fhat the-mean arterial blood
ik pressure 'of the SAR hosts {s sigh

of the WKY hostsj flher_e is
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