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Ausm\'c'r ’ - . ) .
The elevation of arterlsl blood pressure in the spontaneously hyper- -
tensive r:t (sm) has been pnscula:ed to be the result of increased vasc—
ular resistance and that sych an augmentutiun of vascular resistance may
be due, at least in parc, to changes of the ‘vessel wall. The p!:;em:
sturly is designed-to examine this' hypothesis. : .
Aniuals fron ea:h strain of SHR, WAR and WKY were sacrificed at 2,
&5, ag 8,12 and 18 weeks of age! Blood pressures. from each group
.were obtatned by -dntra-arterial unmmlation
collagen and elastin in the media of the abdontinal aorta and.of - the left
renal artery of 2, 4, 8, 12 and 18 veeks old animals ‘were estimated by
u:e:eolog}cﬂ analysis at the M level. : The estimated values of these
components in’the SHR vere compured with those obtained from the WAR and

the WKY controls.

The systolic blood. pressure in the SHR rose to a signi'noan:-lml
from 5 wecks ‘and further incréased to a hypertensive level by 18 weeks
of age, as compared with the cirtEols, AW Weveslad by pretaciogieat
anaiysis of the medial conositicn of the sbdontnal aorta and the lege ¢
renal artery of the SHR, no slgnificanx dlffez:nce was observed when

_ comparing these parameters Witk vhoseof Fhe controls.

The results of the present: study indicate that:the medial components
e ahtertas phdtel ey significantly different among the three
strains o’f rat\, up to 18 weeks. of age, while the systolic blood pressure:
of the SHE was cievated significantly from 5weeks of age.

Thé elevation of arterial blood pressure during the developmen: of
itie SHR' therefore appears nbt-to be the regult of morphological changes

in the edia of the abdominal aorta and the renal artery.

The volumé fractions of SMC, '
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- betveen "hy er:ensivas" and "normotensives”, because, except for its
P ot  excep G

INTRODUCTION, . « ~ -~ ¢ g . o e g

I. CLASSIFICATION OF HYPERTENSION

Hypertansiun and its omplications claim many ‘1dves” every year. It*
can'be defined asa condition with an abrormally elevated arterial blood

pressure: in'a well definéd population and has beerr classified as either

"privacy” (essential), where there 4s no single apparent causative factor,
or "gecondary", where there is a definable’ pathological abnormality. The
iomer :cmprises up to 901 ‘of the total "hypertensive" popuhﬂon (Geneat,

1977)

II. DEFINITION OF RYPERTENSION

It has alvays' been s"con:rnverstal 1ssge as to how to’ distinguish

Wigh drcerdal pressures, buch a so-called "disease” fs virtually, at

least in its early stages, 1972). - Accc to

the World Health Organisatisn, hypercension. should be defined as-a single,
steting or recumbent, blaod pressure higher than 160/95 ity (ior1d Heslth

1959).. The yaek of such a , in clinical ap-

plications is; however, questionable, ‘since arterial pressures are: known
to *be highly varfable under many influénces’ such as pain,:cold, exercise, |
sleep, ange? and fear (Pickering; 1972).° Despite ‘these problems, it is

necessary, for the purpose of conparison; to define :a reference point

in hypertension research. Okamoto and Aokl (1963), in developing their

spontancously. hypertensive rats (SHR), considered a systolic pressurd
above 150 mllg to be hypertensive, below 149 millg’ normotensive, using

the tall=c (.ﬁ as’the mmu:ing'dwica.' These criteria were in agreée- .

ment with uther workers (Almnder et al, 195 1956‘ Grollmen and

Grullnun, 1962‘ Phelan am'l Smirk, 19603 Phela.n et al 1962). In’
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further dscusston of tils uubjec: the tem hype‘rtznulun wiil be used
to desgiine inrlividuals with systolic pzassure over, 150 g, unless
otherwise ata:ed. 3 o i E
III. MODELS OF HYPERTENSTOY < S iy P
Research 'in chronic diseusas, ‘such as hyyer:znsinn, with ‘human, =8~

subjects 1s né-c and oft to control.

Muimal models, on the otlie:‘hand, provide well controled and time-

b n :h}p.st fey decades, mich of

the reasearc'h in I\y‘percenaion has been directed to finding an_animal

model which est on. A a resilt, m.;’y' exp—

erinéntal modela vere produced by intervening in the normal blood prés—

suré control mechanisas' using chemical, mechanical and other means.
IV, UNITARY MODELS DF mmsio“ ’

* There ‘are at least seven key mechanisms involved in normal blood
pressure homeostasis, (Guyton et al, 1972).. If any one of these control
mechandsns 1s diatirbed; 1€ will promptly elicit complex adfustments of

. ; i -
virtually all the others; and a hypertensive condition may occur resulting

in a unitary model of k s Thesé  control are:
X | o .

1. corti bulb: u a1 influences; 0
2. the baroreceptor, reflex me\cn_anxsm;.
3. cardiac and suooth muscle’ design, function and intrinsic.control;

. 4: 'zehal function; 3 Loy ¥

the” renh\-snglotenai.n system;

e '

6. aldosterone and othér ‘hormonal, regulation;

7. the weflex volume cdntrol.

By interfering with one’or more of these: control mechanisms, experimental
3 ? : 7

" models. bedring some similarities to essential hypertension, have been




ot i

y produced £rom genetically normotensive animils. “Yor” examﬂe, a.per-

i slsr_ent elevated blood pressure has been AC—

w_  1.in dogs be:clamping the renal artery with sn udjnsub silve;

clamp. (Geldbhn: et al, 1936); . iy |

¢ 2. 4n rabbits by wrapping the kidney with ‘cellophane or itk

(6rollaan, 1944; Page, 1939); . ¢ . o
g ; [T o
3. 4n ‘rabbits by infusing crude renin intravenously (Blacket et’

al, 1950); - )

in xats by infusing anglotensin ir sly (Dickison and

Lawrance, 1963; Koleteky et ‘al, 1966; McCubbin et al, 1965);: =
Wk E 5. in chicks by using’ deoxycorticostérone acetate (Selye, 1942);

b

*. 6. in dogs by disrupting the sindaortic nexves surgieally (Herfng,

1917—=ue¢i in lhlaky‘md Warig, 1972);

7. in dugi by placing bilateral lesians iu :I\e nucle tractus

solieariy (Carey et al, 1979).
Alr.hough these unicary animal midels have ledto a hetter underatanding:
eE e snea’ ek secondary hypertension, “e.: 1o ‘are ‘related to renal |
hjpertension, they have proven not o be good models of husan esséntial’
 hypertension. o . W ‘.

V. GEN'BTIC MODELS OF BYPERTHSION

" The discovery of the ‘genetically linked hypertensive ‘animal models
marked the ‘advance in the present knovledge of essential hypertensicn.
In the ‘éarly 19508, Alexander et al ‘(19543 1956) -:m:p:ed to isolate t

0. | .
colony of i s rnbb:(.ts.. these . .

rlbbits did not- mainuin a aufﬂl:iently high ntendy pressure to bc l'e:cg—

\ nised as a model for X '» during the

.pexlud from: r.lll! late 19505 to the early 19705. four diffe'rznr. strains,




of, biypériensive ‘rats vere developed 'by varlous groups Which are considered

“éo be valuable models of essential bypertension. : Thead ar

L. Eprégue Dawdey Khaven strain of {tive rats
(HSR) - developed by Dahl's cgroup (Dahl et al, 1962d; 1962b) in
the Unlted States of Amierica. . . £

e e, HSR are’ pogtly normotensive rats when sub;\ec:ed to a low sale.

intakes huc on a. Mgh salt diet, two spruins, salc-sens_ltive and -resistant,’

L . - 4 £
are recogaised, "0n’ an 8% salt intake, for example, the salt-sensitive
PR P+ . ;

‘rats exhibit.an elevated systolic pressire well beyond 200 maflg, while

the résidtant fabsrrensin relanively nofyrensive (Dahl et al, 1968).

):n sdditinn, young. xsx appear to be'more sensitive, i.e. the sevérity

nnd Tate of rise : m préssure, to a given salt-load than mature HSR.

2. mgm-num strain of spuntaneoysly hypertensive-rats (ms) -
developed by Bianchi's group (Bianchi et al, 1973;1975) 1n ' Ttaly.

‘The MHS repreSEDt a x&lativaly wild form of hyper:ensic\n as compared

= © 0 et o and SHR (see below). - The, systolic preesure in these rats k ’ x_v
et B oy o . % usually rises fmm l\umal co-ahout 150-170 mmHg. by ‘the fourth to the 3 )

. Ry sw§nth week after birth and "renains at this 1ivel thereafter. . 3 B

! B e e 3. Wistar-Otago strain of genet ‘ Ly | perte ’ rats [CON ;

= v develqped by Smirk's xrnup (Smirk 'and Hall, 1958) in New Zsaland. . .

“The GES vas the first’ strain of spontaneously hypertensive rats

ls;alated' The systolic pzessure of mese ‘ats begiis to rise fn early

life and reaches 1ts plateau of 165-—175 wmg at abou( 6—3 veek.s.

4 y scgain of sporitancously S Tats (SHR) ®
d

T ' —_ 1so1.:ea by Okamoto's. group (Okamoto and- Ank! 1963)- in Japan. *’

The sm\ represent the most_severe form of Hypertenston among, the.”

i : Fere: r— ously rat; many SHR show a




: study. The SHR will now be considered in more detail.

Lot . "% 10
mmue pressure zx:mung 200 mmilg at about 25 vaeu of ngz (mu-nm
and Acki; 1963). e : ¢ ’

Among the four straias of hypertmxn rat, the SHR has been exposed
to the osty extensive investigations, and 1 videly sccepted a3 the bese

-ni.-{;ndcl 50 far known for studying ::.jzm hyp:rtensim (Citilletta

et 21, 1977; Tmamura, 1978; Kavazura e 19761 Lund-and Tosanek, 197a~
Nosaka and Wang, 1972; Gkamote, 1969; Vexler, 1979; Yamori, ‘1917) Tor
Yese easons, the SHR has been &bosen as the experinental model in this

VI.. DEVELOPMENT OF BLOOD PRESSURE TN SHR

Thz SHR ‘was ilnhteﬂ by Dkamutu and Qﬂd (1.963) 11\ Japan. Alwng tl'le

B Histnr stock maintained in Kyotu University, they noted that a male rat

had ! (by their defi , a systolic
pressure of 150 mllg persisting over a month). By mating this rat with
a female which showed a systolic pressure lightly above the average range

(130-140 mmfig) and subsequemt brother-sister matings.of their offsprings,

a strain of rats which invariably developed hypertension was isolated.

The elevation of blood pressure in the SHR is gradual but at a fairly
' :

early agé. Usually, st the age-of 53 weeks,'the systolic pressure of

“the 'SR 1s sguificantly higher than the control (Lais et al, 1974;

Okamoto n al, 197!) but 4t can be as early as & weeks (1.-1; et al, 1977)

" or gs late as 12 veeks (Holl et .1 '1975) of age. The rate of rise in

 the systolic pressure continues over the mext few vecks and reached its-

- phtuau of IDD 210 mmHg at “about 12-16 veeks.

VII. .Imnmmus OF SHR L f

The inheritance. of hypertension in the SHR and its mode appears to

be polygenic in nature (Hansen, 1972, Louis et al, 1969a;. Okamoto, 1969) .

i
i
|
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Tanase et al (1972) repoxted such an inheritance in the SHR involved
rd.;tlvgly few naj;:r genetic components which seemed to act additively
and were transmitted equally well in both maleg and females, however,
the level of hypertension in-the latter was somebhat lover th;'oql\m:
their 1life span (Okamoto, 1969). . Although the development of hy'per-:znjian
“siny well b doe 'to the dnteraction betwsen genetit sad envivomsatal
" factors (olkow and Hallback, 1977) it appeared that genetic factors
play a dominant role but that the course of hypertension can be modified
by environmental factors (Hallback and Folk?w: 1974; Lais et a1, 197;
Okmn&; 1969). . This is substantiated by the fact that s it 1s01-
"ation of ‘t‘.he SHR in Japan, many SHR calonies: have beer established in
,many parts of the vorld; they ail mv-riubly develop hypertenslan déspite
different environnental fctors 1nvn1vud although some of them appear

to'be milder (Folkow and Hallback, 1977). A ¢

VIII. -CAUSES OF HYPERTENSION IN SHR

Since the isolation of the SHR, much work has been devoted to trying
to find the "primary" cause(s) of the spontaneous hypertension in these
animals, hoping that such a discovery may shed g gt on the under-
standing of the aetiology of human bypertension. Up to ngw, the yﬂnry

. areas éonsidered to be involved are the nervous systeis, renal function
and the cardiovascular system. The follgwing discussion will mataly
include dnfornation about the SHR. For those areas in which information
concerning the SHR 1e not .vnmu_, but may bé tmportant. in initiating

and/or maintaining the hypertension 45 these annale, Tesults fron othe:

" forns of such as  hypertension will be
o amup: will be made to cotrelte these data.vith the typé of hypert-

ens!nn. ”




“NERVOUS SYSTEM OF SHE s

lnvestigation of the nervéus system, especdﬂlly the cem:ral Tnervous

system (CHS), is often the most confusiug and Irnstratind by \rhzne of

the complexity of 1ts function. From the results obtained by Okamoto's

group (Okamoto, 19695 1972; Yamord et al, 1972) it appears that there are
differences hetween ':thz CNS'OS Iv:he SHR and the noxmor.enSl‘;e control con-
cerning their’ effuent nérvous anrl horaonal. contSl of the organ Systens |

and the metabolism.- For exnmple “nuclear and cellular size of neurones

in supraoptic, paraventricular, arcuate and vagal dorsal motor nucleus

were larger 4n the SHR as compared with the controls. Tn addiclon, they

also showed that there is an 1ncrease in activity in the’ syopatho-adrenal,

¢ systems in the! SHB as campared

the ACTH-cort: and the
with the control (Okamoto, 19695 1972). -Recently, Lehr et al (1980)" showed
alon and smaller and

" that the SHR have a larger

diencephalon than the WKY controls.

Young SHR are knwn to react more to both chronic (famori et dl, 1969)

and acute (Hallback and Folkow, 1974) stress than their normotensive con-
- erols;" such ‘an activity appears to subside with age (Folkow and Hallback,
1977). This reaction is associated with a higher heart raté, an increase
of cardiac output and a ﬂ;odérately raised mean arr_'eria'\( pressure which

1is characteristic 1n zhe pattern of increased sympathetic dsschnge.

Studies on the noradrenaline (W) turnover in varfous cardiovaseular
compartnents Eutther support this observation. : For exarnyle, the NA ¥

turncver in the heart of young SHR showed an increase in actlvi(y (Yamori,
“1972; 1977) and such an activity seemed to decrease- in mature animals '
(Louis et al,-1969b; Nakamura et’al, 1972; Vegadzokoska et al, 1972),

$inilar fesults vere reported in studles on plasma NA levels. (Nakamura

anid Nakamira, 1978). . * s
. ‘

i
B
i
i
i
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Chemical by at birth prevents hypar

tension in' the.SHR; alzhough the blood pressures in these animals 5:111

remain-higher than the ‘trea:Ed control. (Folkow et al, 1972). Thus these

authors concluded that just the "hyp y" in the SHR due to the
"hyper-activity" of ‘the sympathetic mervous system alone cannot totally ™'

account for the elevated blood pressure. Recently, Johnson and Macia

(1979) ‘reported that. the SHR'are resistant to guanethidine-induced chemical :

sympathectomy which can be.overcome by a treatment -with antibody. to nexve’

growth factor.  Thus, the ‘of the
sympathectomy in the SHR and normotensive controls reported by Folkow et
al e WL e e 261 sk & unique "resistance" in the SHR.

Biroreceptor funciion has long been re;ogniged to. bear a close rel-" "
ationship §> hypertension (Hering, 1927); it is generally accepted that

the carotid sinus bardreceptors are reset to maintain a higher blood pres-

sire in chronic Tenal hypertension (McCubbin et al, 1956) and in hyper—

! tension. of the SHR (Nosaka and Wang; 1972). -In the SHR, the”barareceptor :

(unctien aypearcd to exhibit’ the peak response at a basal mean blood

pressure of 160 mmHg, whereas thuse uf_ the normotensive: controls showed

the ‘greatest sensitivity at 100 muflg (llosaka and Wang,. 1972). The nech-
antsri of how the barGréceptors are resét Ls moc known. From the’work of
Rees et al' (1978) on carotid sinuses h‘\ expexlmem:al hypertensive dogs,
structural defects seensd to be confined: to the intimal and/or medial’
areas of the sinus vall. In the S, Mstalogical studies shoued a close

correlation between the dortic nnd

:(Sapru and Wang, 1976).

Intimately related to the baroreceptor reflexes is the vasomotor

[ regulatory centre which is located in the medulla of the brain. .The exact

structures and their ‘functions involved in the regulation of blood
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pressure.are yet to be defined. From the results of recent experiments,

vy .
the centre appears to include the ndcles tractus solitarius, the mucleus : 5

locus coeruleus, the area postrema, the hypothalamus and the reticular:

formation.

1. THE NUCLEUS. TRACTUS SOLLTARTUS' (NTS)

The structure of the NTS and lts connexion to or.hsr areas have been
described by Palkovits and Zaborsky (1977)4 Experimgntal evidence shows
that the \sfferenr. cardiovascular infomu:im\ is relayed, either d‘itel:[ly N
or irdirectly, té the nucleus ambiguus and the dorsal mucleus of the vagus

and to a number of reticular nuclei through the NTS (Calaresu et al, 1975- 4

a review; Joy, 1975). The NTS appears to exert an imhibitory effect on -~

_the system; stimulation of the NIS produced bradycardia
and hypotensdon (Barnes et al,.1979; Crill n"d Reis, 1968; De Jong, 1974;
_Gunn: et al, 1568, and Lestons of . he NTS Teaulted in hypertension (Carey
et al, 1979; Snydex et al,-1978). * Furthermore, 'Strujker-Boudiet e al

(1975) reportéd ‘that Injection of noradrenaline into'the area of the

NIS results in a fali in blood pressyre and heart rate.
In young SHR, both the dopantne heta—hydruxylase (DBH) and phenyl- ' -

-ethanolamine N—nethyltxansferase (PN'MT) nctivities in the NIS did no;

dttfer fron che young normotdnsive c_onmls. Whereds in adult SHR, the .

- DBH activities of (he NTS was uignlfium’.ly elevazed while .the PNMT act-

ivities remained um:hanged as cnmpa!ed wlth the con[rnls (Nukamuta and

Nakamura, 1978). C

. THE NUCLEUS LOCUS ‘COERULEUS (LC)
The LC and related nuclei are important in influencing cortical

(Anden et al, 1967), cerebellar (Auden et al, 1967; Siggins et al, 1971),

medullary (Anden et al, 1966), hypothalamic (Dahlstrom and Fuxe, 1964)
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 related pressor responses associated with increase heart rate seen in the 1

» 10. .
and sp‘h‘\al (Sasa et al, 1974) flinczions, as well as_in modulating arterial
pressure coutrols (Ward and, Gunn, -1976a;,976b) .  Recently, studies showed
that ‘there may be abnamliclea in [hE LC of the SHR. l(am!murn et al
(1978) showed that electrical stimulation of the LC pgoduced frequency—
normotensive controls were mot present 1n the SIR. - Nalcamisza and Nakamura

{1978) also reported the DBH activities {n the LG 'of, young SHR vére siga-

ificantly elevated, whereas that of the adult, and the PNMI activities. in

both young atd adult did not change as compared with the controlsX O ‘the

contrary, Renaud et al (1979) found that the basal and the reserpine-induced,

elevated tyrosine hydroxylase (1) activities of the LC and the A-i neurones

(catecholanine nucleus lies trolaterally in the medulia) were smuar to.

the con:mu, in both young and adult SHR. However, reserpine failed to .

1m:rease the TH activities in the A-z teurones (catecholamine nucleus lies

“in the dorsal mzdullary tegmentum) of mature’ slm.

3. THE AREA POSTREWA gAP) N
The AP is known to have a close: rela:!.onship with various nuclei

Tethesy

which involved" ii $ contral L
the'AP and the ipeilateral (Brizzee and Neal, 1954) and the contralateral -
(Morest, .{967) NTS have been observed, Furthermore, Scroop.and Love (1968)
1 artery i of very Tow doses_of

that

" angiotensin 1T caused an, lncxesse 1in heart raté, blood pressure and.cardiac

" butput of the dog; these responses required the integrity of the areas

postrena (Joy and Lowe, 1970), Thus Joy (1971) put forward o concept of

the angiotensin-atea postrema axis as a neurohumoral vasomofor.centre
afferént pathway. Most recently, Barnes et al (1979) showed that the
electrical stimilation of the AP cqn elicit responses siminlar to the
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The function, “ith respect to cardiovascular control, of the AP and
1ts comnextons with other eatn structures in the Tat, in parcicilar the
SHR, deserve more attentibn. . "

4. THE HYPOTHALAMUS

The hypothalamus has been suggested to be an.important area in the
central control of blood pressure (Calaresu et al, 1975-a review; Folkow
and Rubinstein, 1966; Nathan,and Reis, 1975; Philippu, 1975; Philippu

et-al, 1970). 1 Sf the

'\) elicits a rise in blood pressuré, whereas such a Bandpulation in the ant- i
extor hypothalanis results in bradycardia and hypotension (Nathan and Reis,
119755 Philippu, 1975). Statlar réaulta were obtiined by injection of mor-
" adrenaline ‘tnto’the anterior hypothalamus (Struykil-Boudiss. et al, 1975).
These Tesporses seem to be mediated.tlirough a masaive release of catechol-
amine elther from the’adrénsl medilla’ (Rathan and Rets, 1975) or the hypo-
e (Philippu et al, 1970) and the main nucleus involved appears. to
be the nucleus interstitialis strise terminalis (Lindvall and S:e}:!vi,
. ".1978). The information concerning the {mctlun. of the hypoghmms in
blood préssure coutrol of the.SHR s not“myailable-at the presnt time. |
5. \THE RETICUAR FORMATION i
" he: reticular formation contains many intercomected muclel and its
location extends from the medulla to the mesencephalon. By virtue 'of its
diff\ll!\ anatomical _l!tlngellant, research in this area is ;zhtiwly ﬂif—‘

“Fieult.  Miura and Rels, (1969) showed that during carotid sinus nerve

can be recordéd in virtually -.all tl

* nucled of the reticular’ Thus its i

§ control has been proposéd. . Although -projections of the primary cardiovasc-

ular fibres to the NTS are well accepted, there is limited amount of




12.
1n£!mtlon concerning projections from this nuclc\u (Callleﬁ'u et'al,
1975-a review).’ Froa the eIecr:tophysinlugxul studtes by Calaresu's

g€bup (Calaresu and Heary, 1970; Calaresu and. Thomas, 1971; Heary and

Calaresu, 1974a; 1974b) and Reis' groufA(Crill and Reis, 1968%Wlura and
Reis, 1968; 1971), it appears that the nuclel .lllntucalluhrls, p.m- >

cellularis, reticularis ventralis and reticularis lateralis provide an

Anput to spinal neurones.and that the paramedian
mucleus, the ventral nucleus of the medullae oblongatae centralis andthe
raphe ruclel provide an 1nhib1tor'y input to the same meurones. Relatively
little msom.uen has béen obtained about the structurds. and fungtions
of the reti:xﬂ..ur fumlt!un ‘ln the SHR. ‘.

Al[hmlgh ﬂm CN§ 1s not the toplc of thil thll&i, il‘. is stlll nt
ptinavimporunct to recognise the relation of these structures and their "
function(s) with respect to the cardiovdscular control mechanism in order
to define the cause(s).of hypértension in the SHR.

X. RE]AL mﬂﬂ OF SHR

-~ Less effort has been concentrated oi'the Tenal function of the SHR.
With the informatiod on hand, there seeams to be no lndlcltim of renal-
disturbam:e in young SHR. 'l'hese im:ludn the normal blood und plasma vol-
wme (Sen et al, 19722), as well as the sodiuk contiat-and, balance (Baer
et al, 1972). 'n:e results on the plasma renin activity (PRA), Mozver,
are conflicting. Koletsky et al (1972) observed a mormal or even sub-
normal PRA in the SHR, while Sen et al (1972b) reported a modest rise

in the PRA 1n fousg SHR and a normal to subnormal level in'adults. Such

a discrepanty may be explained by the. in age of animals used:

Furthernore, the observed rise in the PRA in young SHR of Sen's group -

may be accounted for by the hyper-activity of the symp nervous
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system in-young SHR, since xenln release is modulated by beta—adrenerglc .
receptor mechanisms (Freeman and David, 1977).

‘The information of structurnl changes in the kidney of adult SHR 1s
fragnented. According to Okamdto (1969) ‘and Frets (1972), changes such
as fibrous hyl;e:pla'sia and £ibrinoid necrosis'of the glomeruli, inttnal
hyperplasia of arterioles with areas of £ibrinoid necrosis and protein-
acious materjal in-tubuled vere| commonly found in adult SHR: Furr.'her- ’
more, these changes appured to ,‘encur more rapidly and severely in tHe '
SHR which fed with a salt.ofza fat-cholesterol-salt’ diet (Hazama etal,

]
1972). More studies need to be done concerning the morphology of ‘the

Kidiey in the SHR, egpecially in|the pattern of the remal yasculature.

Fron the work of Lj\mgqvist 962) on ksd'neys of ‘patients with essential

hypertension; it suggested that there is a reorgantsation of the tntra-

* renal yasculature so that the blaod sypply to the Tenal cozzex 1s reduced,

whereas that of the medulla is improved

Kidney transplantation has. also been perforned on the SHR. Using -
this technique, Kavabe et al (1973) showed that the hypertension was
transferred with the kidney graft to the normotensive recipien:; This
‘fesult .strongly suggested that the ksdney is important in maintaining,

1f not initiating, the elevated blood pressure ix the SHR. The mechanism

of how the elevated blood. pressure in the SHR 1s min:aine,d s not known, "

" although somé pro-hypertensive factors other, than renin release frém the

hypertensive kidney were pxnpoaed (Kavabe et al, 1978)..

' XI. CARDIOVASCULAR SYSTEM OF SHR . ;

Allarge body of inforaaticn is presently available concerning the

<

‘cardiovascular system of the SHR. Much of ‘this lnfamtion suppokts the

hypothesis' that the cardiovascular systen’is inportant:in initiating and/
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or maintaining r.he elevation of. blood pressure in the SHR. " Ks will be

described later, [Esting this Tyfothests is the madn objective of this

theli!, and for thls ‘Teason the cardib‘lascu\at system of the SHR will

nw‘be discussed i’ “detatl. .’ 7 3 , o
a. HEART .

Cardiac" hyperr.xnpl\y i3 the post common £inding associated with many

s_nms of ‘hypertension (Beznak et al, 1969; Goldstein et al, 1974; Grant,
1953; Hall et al, 1953; Malik et.al, 1974; Page and McCallister, 1973),
including that of the SHR (Inamura, 1978; Kavemura et al, 19765 Lund and -

Tomanek, 1978; Sen et al, 1"9“; Takatsu and Kashif, 1972). ‘In.the SHR,

as in'other forms of hyy the ‘cardiac 1s
4sed by an increase in musclé, fibre diameter, muscle cell volune fraction,
and myofibril Voluhe' fraction and a‘decrease in mitochondrial volume

Lund‘and Tomanek,1978).

fraction and capillary density -(Inamura, 197
From the report qf Kawamura-et al (1976) and Imamura:(1978), it .appears

that the cardiac hypertrophy in the SHR is the result’ of both the hyper-

trophy of and the prol on-of interstitial tissues.
'The hypértrophy,of Ayocsrdiocytes appeared to be.an addition of sarcomeres,
both in series and in parallel, to the extsting myofibril (1aks ef al,
1974). . This 1s also evident in cardiic hypertrophy of the SHR (Imamira,
1978; Kavamura et al, 1976). The exact luuue"n of sarcomerogenesis tn a
myocnrdiocytz 15 not, knovn. However, 1t has been postulated,chat the "new"

sarcomeres are laid dowm at the lntercula[ed dise (Adomian et nl, 1974)

or at.the "z" bands (Legato, 1970) or both (Imamura, 1978).
The cardiac hypertrophy associated with different forms of hyper-
tension’ including’ that of the smx is thought to be the Tesult of elevited

blood pressire. This 15 substantiated by the fact fhat there m a
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spadfant-of the Tocdtion of hywetirodly buitid heachiiein: ‘in the SHR, the
changes inthe left ventricle are more pronounced than other parts of :ha‘
heart (Inamura, 1978; Kavamura, et al, 1976). Fucthernote, :stgnificant
changes 1n the SHR, indicative of cardiac hypértrophy, appeared at the
age’of. 11 weeks as compared with the contiols. The authors concluded
that these changes were the result of ‘the elevated bldod p!essul'e, be- . |

_cause’at the age of 7 wecks the systolic pressure of the SHR vas signific-

antly highar_,:mn the mormotensive'controls. On the contrary, Sem et al

1974) showed that caxdiac hypertrophy in the SHR appeared at the,age of

about 34 weeks, the elevation of blood p: “However, Hody

thelr result was based on the ventricular weight which does not distin-

guish between the tissue and th and it is,

thergfore, less reliable than the e1ec:{cm alcroscoplé analysis that i
Toimura {(1976) and Kawamura et 'al (1976)  used.

‘Cardtac hypertrophy in rat (Bezhak et al, 1969; Cucilletta et'al,
1075; Hall et al, 1953), cat (Carey et al, 1978) ‘and man (Kempner, 1948)
¢an be reversed at various stages after the induction ;i hypercro;';hy by
arhsudai dhb resbiesnerliat the heart. The regression is charsct-

erised by the reductfon of myocardial mass. The connectlve tissue hyper- 1

_trophy, on the other hand, does not regress as readily (Cutilletta et-al,
1975). .. Hoveveri, the-development of cardiac hypertrophy persists despite
the lowering of blood pressure in the SHR by anti-hypertensive therapy

(Sen et'al, 1977) snd 1 ‘tomy (Citilletta et al, 1977;

bk | S
Page B"‘ld Oparil, 1978). Thus, it follows that cardiac hypertrophy in the
SHR may result” from more than one mechanisms rathef than just' the pressure .
alone:, "

While the cause of cardiac hypertrophy in the SHR is not:known, the




.tuled out, -'mm the studies of Frohlich's group (Pfe ind-Frohttch;
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possibility of - "eardjogenic" hypértension in.these animals has not been

1973; Pfeffer et al, 1974), the cardiac output nprpe.nred to be elevatad

in young SHR, uhgreus that, of the, mature SHR seemed to be at a normal’ to
subnormal level. .This transient increase of cardiac output in yourg SHR
nay be of great importint in defining the process iavolved in the init-

\ the SHR.

iation of hyﬁ?r:ensio‘n
geceiu ‘haemodynamic studies indicated‘that in the established stage
of ﬁj’pettensiox‘\, the SHR exhibit a normal to subfiormal cardiac output

and ‘an] elevated total peripheral vascular resistance (Iriuchijima; 1973;

Pfeffer and Frohlich, 1973; Pfeffer et'al, 1974; Tobia et al, 1974a).

There seems to be a uniforn rise in régional resistance in yoing and |

-maturé ‘SHR (Tobia 6t al, 1974a; 1974b), as,judged by’ evaluation. of the .

distribution of cardisc ditput: The fncreased vaseular resistance can
be. the" resule. 6f variois Satbors which 1dclude dncressed syipathetic
accivicy, vedsel aAi hypererdity wid neieat veibeasisamene e dirsetials
anthes by vascular ‘siooth muscle (Folkow, et al, 19693 19703 Hueching and
Darnell, 1974} Jellinek et al, 1977; Sudy ot 41} 1976). The Lagter tio
4111 now be ‘considered in detail; the increaséd sympatheric activity

has been discusséd carlier, L -

1. VESSEL WALL HYPERTROPHY g : e

. It is well known that the vessel wall be:nﬁes sl:vﬂfengd AhA thickened
1in hypertensive animals' (Aabs, 1968; Berry and Gr‘ezmald' 1‘976- Bevan,
1976, Bevan.et al, 1976' 1980; Wiener et n]., 1977; Hounn‘ky, 1970, 1971;
1972) and patients (K.lrsner. 1938; Naeye, 1967; Pil:k&ring, 1968, Cook

and Yates, 1972). These changes 1in the blood vessels may account for
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the higher pexiphnxn]. Tesistance ;\:smd in hypertensive patients- (!nlkov

et al, 1958; Sivertsson, 1970). and in the SHR (Folkow et al, 1969; 1970;

Iriuchujisa, 1973. Pfeffer and Frohlich, 1973; Pfeffer et al, 1974; Tobia

__ et al, 1§1h um). 'nnu and appear

to be the result of :he zu.-.km:.ng of the intima, and increase . vagcular

tissue, and/or of the vascular smooth

€
muscle or a combination of all three. ) 4K
a. TUNICA INTIMA g TN

The thickening of the intima of large arterd

16 one of the typleal

dunges oi hypertensive disease, in sanetll (Robbtnl and Cotnn,'1919).

“This intimal’ is chara by Sty cl\-nggs of the

cells, of the & a1 layer nnd an’ increa

of tr.nns_endr;:hdhl ‘pemuauué. i b ) g e g
1). STRUCTURAL CRANGES OF JAL CELL S e R
Very few studies cuncetlﬂng the motphology of the ntind of the SHR

bave been published. Still (1979) reported that.the intimal, thicKening

in the thoracic aorta of 'th.e sm did not seem to be organised in‘;ni

aita ‘Unfortunately, his description‘on the subject was vague and frag-

mented. More effort 14 réquired to describe the tntiza of the SER, with
't to the audo;-n: of hypertension, in full detail. 3 ok
| ‘Endothelial celly in the early stages of vlriou forms.of h,p.nmm.

other than that of the Slll exhibit an increase ol nxunelhl, upecdally

o y Golgt complex and nitoch-
ondria. (Gabbiant et al, 1975; Hutener et al, 1970; Susuki et al, 1975).

m:hermr:, Gabbiani et al (1979) feported the presence of wicm;ﬂ-mnt 5

bundles 1n assoctation with the early stages of hypertension. umuur, these

: mcz_afugmen:‘hundm'uu pyesent in nornal rats when the intina vas:. . . -




’tha!: the ode of sect: ing for mic is

* associated with many types of experimental ‘\hypu[e.gsi'on.

':egressian -ppeared to be'varied with different. types of hypenensien

* measurément of the mean [hickness of the endothelium. -

bectioned tangentially, (Bick, 1979; Gerfity and.Clff, 1972). Tt appears

{mportant to these

micrufil.!mznr bumlles. Unfuttunatdy, the: former authors ‘did not mention

how. they ‘séettoned the endotheliun for electron microstopic examination.

‘Although the fmcr_ion of these microfilannt bundles is not known (Hamersen,

1976)," it has been: suggested ,:Ilat t\xey may-be related to cannactxon (Becker

and Nschman, 1973; Majno et hl, 1969; Rostgaard et ‘al, 1972), 1mreased

pmmbuuy (Cabblant et al, 1975; Majnn et al, 1969), -and support or

stx‘uc«a\re (Gerrity- -and-CIiff, 197 1972 Hammersen, 1976) of the ender.halium.v

 Hypertrophy and; hyperplasia of the endothelial cells are saird to be
: Gabbiani et al ¢;

(19‘79’)‘ réported that the thickening of. the ‘endoth‘elium, an bl-ndicalv:ion_ of. ’
endothelial ceil_ hypertrophy, was apparent 1;. the early phases foiﬂ:uin; ¥

the fnduction of hypertension and regressed by 40 days. The degree of

Their conclusion 9 the thickening of the éndothelium was based on the

Sich a Heasyrement ¥
Ls-very duch: ‘dependent o the pezfusing predfsure during fixation for micro—
schsy, akoktiiaubaty iy a1a bt Fagact the perfusing pressure used dur-,

ing fixatin in their study. More comprehensive studies; perhaps ustng

stereolugin tec!inlques are required for sych a conclusion. uyg‘erpxasu
of ‘the ende/thelial cells is alsa known to accmﬂpany.{ng hypet:ensinn.

Schwarts aml Bendiu (1977) fmmd that there was an 10-1 fold increase ln (

the ¥ate of replication of P_udothelium in hyperténsion produced by curct—
ation of the rémal artery in the rat, uéing tritiated thynidine labelling

This wom:mn in and of

techniques,

thz endor.heual cells has ot he&x ,acquired for the smz % B

v

\
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;,i); THICKENING OF SUBENDOTHELTAL LAYER <= " g S

“f1indings of many types of experimental hypertension (Cabbiani.et 21, 1979;

. Butthér et al, 1970; Suzuki et al, 1975), including that of the SHR
(nehunii: and, Kahoel, 1976)8 The exaat composition of this progressive.

-ccumhuon of connective tissue matrix in the -nb:ndo:h-lxal layer 1s

not known It ippeizs to be'a Dasencnt wesbiaie-1ike a\tbennnce (Behcendt: ©

" and; Kuhael, 19765 Glbbilni et al, 19795 Suzuki e( a1, 1975) and very :xrely

elastin (Su:.nki. ot al, 1975) Thz significance of this nccumuhtion is nuz

elear; it Bay be g,mpqr:-n: in -uinéaini.ng the .kv-na blond _pressure 4n

hypemnnon of both experinental aninals and the sim.
i11). TRANSENDOTHELIAL PERVEABILITY . 3
At the carly’ stages of experinental bypertension, it appears chat

there is an increase of r.nnsendol.hdhl permeability (Gabbiani et al,

1979; Hutcner et al, 1970). Using -tracers such as horseradish peroxidase

. (mol: wt. kﬂ DOO, dhﬁezn about 50 angstroms) and f:rritin (mol. HI’..

1500,000; diameter-about 110 uultzo-s), Huttser et al (1s70) found that 1n
normal rats,. the peroxidase reaction product appeared fn’ -u'rti: endotheltal
7 cenn Juactions and within plassalemsal vesicles, whereas the fmiu.n
: ‘molecules were teuna sainly. vithia phsuu—n vesicles. nes: provide
5 eviaenm For the ' presence of the hypncheuul "pore" systems in- transendo- -

thelfal transport. namely the endothélial cell juncx‘xan. correspond to' the

small pores and the pum1-m1 vesicles the large pnu-. In hypertens:

the wode of fransendothel il tramoport’ does not ‘segn to be altered although

:he reaction products are nuch Kigher, in particular, the amount of ferritdn |

in the plasma é—1 vuiclu. mu;a

Five-of ‘higher actiyity (Hubener et al,
. R

1970) B - 2 3

: . o
o . The thickening of the -is one of the prominent . |.

i
i
i
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Rippe and Folkow (1977) reported that there appeared to be no increase

L T in capillary permeability in the SHR. However, the less pronoinced edema: s
, :
‘\\h"‘\:“lin their SHR hindquarter preparation may indicate the overall
' increase in tran 1a) trs a5 compared with

the normotensive’controls,

b. CONNECTIVE TISSUE IN VASCULAR WALL

Both elastin and-collagen are said to be lncru ed in the vasculature. .~ 7
e of renal hypertensive rats’ (Wolinsky, 19705 197151972). Recently, much

"of the s rk {n this are has been focussed on collagen metibolisn. From the

: 7 results of biochemlul assay for the enzyme prolyl hydroxylase and pritiw-

RS ‘1ub=u=d prnl{lne incorporation studies, it is vell -c“p:ed ‘that an iner

in astitar collagen and depositi 1 many forms .

o . ¥ ni 2 such as ension (Nissen et al, 1978; Ooshima, - - |

1977; Ooshima et al, 1974; 1975) including that of the SHR (Iwatsuki et al,

-1977a;. Nevman and Langner, 1978; Sheridan et-al, 1979). In DOCAsalt = %

these changes can be reversed by treating the hyper-

. \
hypertensive Ta

tensive animals with drugs such as or

34 " reserpine (Ooshima et al, 1975). In addition, there is a decrease ia"blood
pressure and a reduction of vascular collagen turnover im DOCA-salt —hyper-

RoaT ot tensive rats rreated with K 1€, a specific

“of the enzye 1ysyl oxidase which mediates the first step in the cross-

U.nld.ng of collagen and af elastin ih the oxidative deamination of lysine '

" and ‘ﬁydmxylyllne, (Iwatsuki et al,-1977b).

The latter two experiments ha

“riot been reported in the SHR. ,
It appears that the increase of collagen synthesis in the vasculature

of ‘hypertensive animals including that of the SHR is important for the

ure. This is supported by the

maintenance of the ‘elevated -blood pre
4 a .
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evidence. that treatment uich a collagen synthesis inhibitor such as ‘beta-

aminopropionitrile can yravenl: the Slevation of blood ‘pressure in DOCA-salt

“Tn the

Hypertensive rats (Ooshima et al, 19743 Ivatsuki et al, 1977b)
SHR,, the Shicrasns 08 collagen synthesis does mot S}zpear watil 25 veeks of
age tououx’x}g the .elevation of blood pressure.to a significnnz1y 1ovetian
compared with the normotensive conttols (Newnaii and Langnér, 1976), 'Fur-
thergore, it has also been reported that the increase:in collagen bipsyn—
thess 4n ‘both "the mmi-sau hypertensive rat and the SHR is present in

arteries but not in veins (Iwa:suki et al, 19775), 4This further suppérts

the nozlou that collagen synthesis in the of
animals is pressure dependenf.‘ ) 0 y :

Althuugh there 1s encugh evidence to support the Belief that high blood

- pressure can vstimulal:e the collagen biosynthesis and.deposition in the vessel

. wall resulting in a stiffened artery which may be one of the determinants for

P " €
waintaining. the elevated blood pressure, it.is still mecessary to define
‘the origin and location of the increased collagen: This requireg mgre
direct morphological and q\lan:ir.ative studies.

. VASCULAR suoom MUSCLE_(SHC)

Mainy S eEGELeR EAYS, besn EETOEERNINe LA EeREELSE OF €D BUCILh expere:

7 imental hypértension. ~These reports scem to suggest that there is an

inérease in SMC content in the vessel' wall of many typ=5 of hypertensive
aninals. Using blochemical methods, wolxnsky (1970, 1971 1972)\ebserved
that the amount of mén-collagenous protein, interpreted as. the SMC cortent,

was with renal .. This of SMC-content may

be ‘the result of hypertrophy and/or hyperplasia. The resulting increased

vascilar wall in' hyperteiisive patients ( 1968) and
hypertensive rats iatirnie and Fischer, 1978) has “b8en clatned to be.
the zesulr. of SMC hyper[rnphy. This ‘is suppﬂrted by Wiener: et al (1977)

who reported that there vas a 58-602increase in SMC ctoss-sectional area
. o
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in the thoracic aotrta of renal Tats:

using critfated thynidine, shoved tha' SUC mitosis is prominent in exper-
inental hypertensicn (Svan, 1976; Bevan et al, 1976; Crane and Dutta,
1963; Fernandez and Crane; 1970), especially in the early stages (Bevan

et al, 1980). These results suggest that “large arteries such as the Laorta.

in experimental animals.
There f-u been no study reported on the structure of large arteries
! during the development of hypertension in .thc sm{; the information con-
lcg'mxng-:he SMC hypertrophy and h.yi:erglisiu has ot hee‘n published. Hou-
. evef, studies on small lst::ia‘i exhibit confiicting results. Ic)\ij’ﬂna o
(1969) reported that the lumtnal dismeter of small arteries of the SHR
vas geﬁetallfmuet than ‘that of the controls. Hgl;lany et al (1978)
and Varshaw et al (1979) found that there was an increase in wall thickness
. > in the mesenteric arteries of the SHR. -On the contrary,’ ‘Bohlen (1979),
and:Boklen and Lobach (1977) d1d nof detect any changes in the microvase-
phaiSus of tha ereasetur mubcls, fn ‘the S8 ThdR discrépancy may be dee

to the different vascular bed studied.

nm'u seems to be not enough the
of the. suc in both dxvuuping and adult SHR 3t the present tize. It is
of prime- important to -cquue this 1nxun.mm , which forms ‘the 'hasin
of comparing the cardiovascular”systen of the SHR with the normotensive
controls, fa order to défine:the ca:ise(a) of hypertension in these animals.

R z REACTIVITY OF m.oun VESSELS -

o ’l'he raaczm.r.y o{ a blood vessel to a gx;an vusnicuve ngent is de-

f4ned as the mner of 1ity, of that

s blood vessel to that given vasoactive agent.

studies,

may play a role in initiating and/or maintaining the elevated blood pressure ~
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Studies have, shown that the basal vascular resistance and, the vascular

r are in ive patients (Conway, 1963) and exper~
imental aninals (Falkow, 1971-a review). However,.more recent. studies on
the reactivjty of the SHR vasculature present many conflicting results.
Generally, reactivity studies are pecformed on isolated vessels or vascular
bed bY/r.hg perfusing the tissue preperation with; or on vascular strips.of
various-types of artery and vein by incubating the tissue pzepmtmn ina
phiysiological solution to whil:h vasoactive agents can be added.

. Pértiston studtes indicate :m: there s an.overall increase in resp-
onsiveness of blood vessels and vascular beds; isolated from various foras

of hypettension, to moradrenaline (Hink, 1965; HeGregor. and Smirk, 1955-

McQueen, 1956). In the SHR,. this, responsivensss appears o bé present
1 young (Boblen; 1979; Lals and Brody; 1975; Okamoto et al, 1966) But
not in mature (Shibayama et al, 1967) animals. Houever, results on the

* responsiveness of the vascular systes to S-hydroxytryptemine (5-T)
indicate that there 15 regional difference. Ahlund et o (1977) and

Haeusler and Fiuch (1972) reporced the hindquarter vascular bed of the . &
SHR and of the normotensive controls were insensitive to S-HT. l) sign-
ificant difference can: baidetec el Hitiaa (e t40 groups. Furthermore,
AbTiind et al (1977) observed that the SHC of the aorta and of the portal /
-vein in'the SHR were more sensitive to 5-HI than the controls. .Although

- perfusion gtudies can be useful in‘'determining the responsiveness of the
vasculatire OF the h{wzc;nstée aninals, ey oxitot distingedal sikthir

the increased ré 1s- due to chahges in the vasculatute

or ‘the hyper-reactivity of the SMC. - ' 3 3 R
In order to test'the possibility that the increased resistance in
hypertensive animals is due to-the hyper-responsiveness of the SHC, isolated

vascular rings or strips have been‘used. From‘the information available,
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1¢ ‘seeng that different vessele resct dtfferently'to a given vasoactive
agent. The results ézqn; the aortd of the hypertensive animals are con-
fusing.  Tissues ‘Fron different forns of hypertension have been shown to
prbduce less (lelojl, 1959; Redleaf and Tobian, 1958), similar (Clineschmidt
& al, /19703 Hallbaik et al, 1971) or more (Gordon and Nogueira, 1962)
contractile force than the normotensive controls vhen challanged by nor-.
adrenaline.. Tn the SHR, aortic strips.exposed to noradrenaline appear

to ‘produce less (Shibata and Kurahashi, 1972; Spector et al ,1969) or
 sinmilar (Clineschiidt et al, 1970; Hiallback et al, 1971)- contractile force

ral artery from renal

than the controls. necén: studies using the fe

and D0CA-sslt hyperten rats that the of the

SHC to moradrenaiine was increased, whereas' the contractility was decreased
(Bandick and Sparks, 19703 Bohr ad Sitrtn, 1970; Hoklowey et al, 1972).
3 Fuxthetmare, the SMC, f;om the SHR appears to react. differently to mang,-neae
and lanthanun (Bohr, 1974), prostaglandins (McMurtry et al, 1979)
and potassium, indicative of sodium-pocass‘im ATPase acmuy (Weébb and
Bohr, 1979) when coipared vith the controls. . Y
Tis waimasy, thive appeirs’ o be anivabibtuald Fespoistvstens 1n tha
vasculature of the SHR to vasoactive agents: The cause of this abnormals
ity, whether it-is.due to s!rnctml\'nl changes in the vasculature or intrinsic
“activity vxn the SMC.of. the hypertensive animals, is unb;);[ni}l.‘ It has
been postulated: that there s a defect in the calcium’transport mechanism
1n the ‘SMC (Coldberg and Triggle, 1978; Noon et al; 1978; Zsotet et al,
1977) and alsd the cardiac nuscle (Limas'and Cohm, 1977) fiom the S
Direct evldence suppurting r_Ms hypothesis has been’ obtained by Kuan'et nl
(1979) usiug a plasna membrane fractlon solated from the SHR.  They observed
 that en\mced alkaliie. phusphatan: activity and reduced ‘ATP-dépendent calcium

| accunulation preceded, the development of hypertension in the SHR.
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Although:the elevated peripheral resistance observed in the SHR can

be a result of ‘either structural changss of the vessel uah or altered
 responsiveness of the SUC, the possibility of the alterationof the over-
a1 ‘destgn of -the vaseulopire canmot be ruled out. - Hutchgns and nm.eu
(1974) reported that-there ic a décresse in the number of small artertdtes
in the cremaa:er muscle of the SH.R '

XII.V IIYPOTHESES ON THE CAUSATIVE FACTORS IN HYPERTENSION OF THE SHRS.

Based on the results obtained so'far’ fron studylng the SHR, thé

followtng areas havé been implicated in initiating the hypertension in
these 4nimals. 5 . B A ‘«‘
1. ABNORMALITIES IN THE ONS (Judy and Fnrrell 19795 Judy'et al,
19765 1979; Okamuto, 1959 Yamor, 1977).

Many auchots have suggested that nsurochentesl changes in the ciis’

Skl Saaba e e sympathetic nervous system facluding those of
the vagomotor centre may lead to somé adaptive changes in the nrteriu]..
syst;en: resulting persistent elevated blood pressure.  However, substantial
evidence sqppo;ung this theory is freagnénted. .

2 »2. CHANGES .Iﬁ RENAL FUNCT2ON ,(Guyn‘m et al, 1974).

In trying to formulate the blood, pressure control mechanisms with

i s
* computor programmes, Guyton et al observed that the volume control function

of the kidney can produce an infinite gain. Thus they postulated that

changes in this 1 may result a high blood-

Unfottunntely, only a limited amount of information is available at preueat,

tn support this motion.. \

3. ALTERATION IN VASCULAR DESTGN (Conway, 1963; Folkow, 1978; Folkow
T G

and Hallback, 1977; Folkow et al, 1970; 1973; Pickering, 1968;
'1977; ‘Sivertsson, 1970). :

It is generally accepted that there is an’increasein basil vascular -
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résistance and vascular reactivity in hyperténsive patients and in hyper- ;
tensive ‘aninals. The cause of these alteration 1s not kndwn.

.As described by standard pathology textbooks, arterioles in TS
tension exhibit medial l’mypertrnph)ﬂ Many factors may be attributed to
this hypertrophy (seé above). Folkow and coworkérs speculated that mor—
phological ;_h:mg:as such as hypertrophy and/or I\yperplasia of the SMC can

explain the incressed hasal vescilax resistance and vascular reactivil:y E

in hypertension. Firstly, the mcreased SHC content canencroach the

l\rmen of "the blood vesxel resnlti‘\g in a narrowing of the luminal diaméter
and thus increasing the vaseular Tesistance ever when it is maximally
dilated. Secondly,. the increased vascular reactivity can be explated

by the increased SMC mass, without anyalteration in the sensitjvity or

+ " Teactivity.of the SHC.- In response to & given stimulus, the outer most

muscle layer 'of the normal vessel wall; whereall the constrictor neuro-
effector junctions are located, contracts and pushes the Pemaining SMC J
mass towards the lumen.  However, in a vessel with medial hypertrophy,

an_ increased bulk of SMC is pushed inwards to produce‘an.exaggerated

‘reaction. This may be interpretéd as hype ity of the ulaty

of hypertensive anipalg and hypertensive patients. Simflar theory has

been postulated by Comy% Pickering and Sivertsson.
Although many experimental results nppea!ed‘:o support thiis theory,

fio vell-designed experiment has been published to verify the involvemeat

of medial in and/or maintal the elevated blood
pressure. ~ Furthermote, most of, the results ohtatnadytor the formulation
of this theory ee based on either patients or experinental animals

with established hypertension. It is impossible to decide from this mater-
1al whether the changes observed initiated or were the result of ‘the

elevated blood pressure; or whether they are responsible for maintenance
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| of an.already elevated blood pressur

to mtphnloziul‘clungea 1n the vesul w-u.

27.
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OBJECTIVE OF THE PRESENT STUDY | :

The present study 16 designed to test the hypothesis that the elev-

ation of anlxhl blood pressure in the SHR 15 due, at least in part,
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MATERTALS AND METHODS

The arterial blood pressure was measured during development in WAR,

3 F . O |
P WKY and SHR, and lated yith volume s ‘of SKC, collagen and

% @ g i :
elastin in the media of the aorta and renal artery, and with wall thick-
; A

ness and luen diameter measurements of these vessels.

| ‘. 1. EXPERTMENTAL ANTMALS

The W - 2" (AR), i yoto (WKY) and the Okamoto and 1 4

i Aokt strain of spon:u\eausly hypertensive (sm) rats used in-this stady S
" vere bred from the colonies maintatned in the Animal Unit of memorial

“University of Rewlc&;ndland; Canada., Animals vere kept in plastic cages;

food (Purina rat chow) snd tap water were provided as libitum. Young

i X o) age of four weeks. For each strain, 32 animals
vere assigned at randon into 8 groups, so that Each group consisted of

2 males and 2 females.  Aninals were sactiticed at 24,5, 6,7,8,12

and 18 weeks of age. A.tut'al “of 96 animals weré studied. - The WAR and, "

the WKt seived as cnne‘t:ls.

¢ -II. BLOOD PRESSURE MEASUREMENT

: Blood pressure were renorded on 4 Becknan dynogxa})h recorder (type
R-411) via a pressure transducer“(statham P-23AA) through a cannula made

. from Intramedic polyethylene (ps—;u) tibing and a Yale. (zoc.dj') hypodermic -
needle. . Brior to cach ott’of measureacars, the machinery as calibrated

ch milli-

by a sphygmomanometer (5. Hes blood yrt’_ssure sauge) 50 that

meter di onthe "chart corres to's lhnﬂg, rnn‘ging

+rom O to 225 mmlig. - After the completion of each set:of meﬂéxr,ements,

! the base line was checked to assure the accuracy of Lhe,ré:ding.

In each of :he 96 animals, blood pressure were measured from ait‘her

the 1&ft femoral (all-except 2:week o0ld animals) or the left:common carotid
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artery (2-week old animals only) under sodium ‘entobarbital (Somnotol, -

M.T.C. Pharmaceuticals) anaéSthésis (dosage: 30-40 mg/kg). Animals vere

welghed and the amount’ of 30 ng/kg of undiluted anaesthietic vas injected

. intraperitoneally. The antmals wre then tied, In a supine position, to

a heated. snall antnal operating unic (4150,  Hatvard Apparatus Company
Ine:) maintaining a enfirsnpeiaee jof 3 anses G pebave ovevacthis, the
depth of ansesthesta’ vas tested by both-corneal and tall refieres. - Supple-
mentaiy dose of anaesthetic (107 dilution) was s pivén:te those which Ahnued
signs of "light" andesthesia, For animals of 2 aid 4 veeks of ‘age, .u

of (he anaesthetic vas given 1 a 10% dilucion.

An oblique incision was made on the ventral surface, of the left thigh' .
along the longitudinal axis of the femotal. nevrovaseular bundle. Blunt
issection vas ueid to separate the Femoral fascia.until.the figulnal
1ligament was visisle. The lengch of the femorl artery Bec;deen the in-
guinal 1igament and the origin of the swerficial epijestric vessels vas

isolated from :he vein and the nerve. ‘'Three.pleces of 5-0 silk suture

- were then passed under the artery. The nost distal one was first tied

. and the most proximal one wi's uséd to occlude the vessel while a trans-

vexse :anis'it;n was made closest t‘o r.he‘ distal a’ml. The rannula, filled
with'10, U/ml heparlnised (Hepalenn, Harris Laboratories) saune, was then .
passed into :he lunen of me artery and was suhused by the middle suture,
The proximal suture wvas then feleased and the pulsa:llev blood pressure was
alloved to stablise for two m}t}mtes. Measurement was then made. at :h;'
last 2 cm of the tracing; the highest -point was recorded as the systolic

pressure while the lowest the diastolic pressure.

In. 2-week old animals, the left common carotid artery was cannulated.

A-mid-1ine incision was made on the ventral surface of the neck.region




near the sternum.

|
Blunt dissection was used to separate the two salivary

glands. The left sternomastold muscle was. then retracted laterally to expose

thé common’ carotid artery vhir;h could be seen pulsating under the sterno- =
thyroid and the ulr;_o)\yoid muscl;. The two muscles were separated and the
length of the comon carotid artery below the lével of the: thyroid gland
was bluit-dissected rus neé}ially from the récurrent laryngeal nerve ‘and

laterally. fron the vago-synpathetic trunk. The rest of the camulating

procedure was similar to.that. for the femoral artery.

" TII.. TISSUE SAMPLES AND STEREOLOGY

The abdoninalaorta and the left renal artery of 2, 4, 8, 12 and 18
weeks old animals were ‘used for stereological analysis at the electrar’
microscopic level.

After. the completion of blood pressure measurements, the animal ws -

removed £rom the operating unit for fixation. A mid»nne incision was made

in the thoracic reglon and the fur peeled avay o0 - the puza!aus

major muscle vas Vistble, The'sternal head of the pectoralis major muscle
wag then cut to expose the rib cage. - An incision was made along the left
side of the sternum and care was taken so that the internal thoracic art-

ery remained undistirbed to ayoid ek before

After openirg the pericardium, the apex of the heart was hoisted by .a

pair of forcepts and the needle of a winged -infusion set (Surflo; lsc—il
was passed into the left ventt!cle Through ‘this infusion set, the animal
was perfused at room tempetac\lre with s Sixstive eonvaining 28 peraions
aldehyde and 2.5% glutaraldehyde (Karnovsky, 1965) in 0.IM sodiun cacod-
ylate buffer’ (pH:7.2) 4t a pressure equivalent to 80 muig for 10 minutes.
To ensure the £low of fixative, the inferior vena cava, exposed by lap- 2
arotony, and the extetral jugular vein were cut. After the 10-afnute




block 'and the middle segment of the ‘redal artery uf each anfmal. . Thin,

% Ta 1. . s J{ v g

Perfusion period, clear: fixative was seen flowing out through the severed
o S ) g

veins. .
7 : e
The 1&ft renal artery, from its origin to the hilu of the kidney
and the abdominal ‘Borta, just below the right remal artely to the’biFur-

,cation of the common iliac arteries, were excised for.’ further .immersion

* fixation for, 2 hours in fresh fixative. While'in the fixative, the arteries

were trimmed so. that they contained a’miniml, amount of fat and the

vessels were then “cut ¥ into 5, . equal length;

segments. : 5 : 5
The tlasues fwere them. vashed with 0.1 sodiim’cacodylate_buffer con-

‘taining 5.4% sucrose, postfixed with 17 ot mx‘m}ide K 1 cacodylace

BuEfer, stalned en bloc with wraiyl acetate saturated in 502 ethqnol de-

hjdrated in‘a serles of graded ethanol, clesred in acetone, infuzrated

in acetone and Araldite 1:1 mx:};re for 8 hours and polymerised ‘in pure

Araldite fro 24 hours at 60 degrees.C. = »

‘analysis.vas on'a ﬂndomly !elec;ad ao:uc,

stiver to iight gold (600-900 ons) etice: cofour,
sections vere cut ona Huxley—LK.B ultra-mtcrotone from’these blocks,” col-

lected on 300 nésh copper grids” (TAAB). and stainbd an fate with] nlkn_linz :

lead citrate.(0.42) solution.. The sectTons were examined 1 a Philips
B4-300 electron microscope at 60 KV. The microscope was calibrated regularly

vith a-calibration grid (cross grating réplica, 5,000 lines/inch): The

grid + vas scanned. to locate & square vhich vas ‘completely covered by a

section; mo struct\lznl details chuld be obisacved tn £his mode, thus viaual
blag tas miniised. Seven micrographs, one from each corner and. three

from ‘the centre field of the choosen square, were photographed at a set

{




b i, magnif:lcatiun of 6,400 ad printed.to. 19,200 times.  Care vas taken 0. A
' that chese nicmgraphs 4id not overlap Sed wiee, danpled Fobyiohertaton

media. Volume'percent 6f smooth muséls bells (SMC). collagendnd elastii
were estimated from the prints ‘bby. a100-point sampling g7id modified

= ‘fmm Weibel. et’al (1966). " The sum of the points from the seven micro-

7 ) g:aphs, ressed in'terms.of e, was red . to be the sample

value for that specimen 15 eoch smiml. The mean of the: four sets.of

; es:imates in each 5rurup was calcylated and compared wm- those obtatned

fmm other &Eoups of the shme, agg. A

el it Aftet the sr_ereolagical iampllng had been conpleted, the sections

SMC.

< were: exaumed 1n more defaii with ‘emphasis on the development of the

e w0 0.7 IV WALL THICKNESS AND LUMEN DIAMETER,
“Frod the rardonly selected segaént of the sorta and the middle segment

o0 ot the left' renal artery of eu:h anunal, tme—half-micren—thick sections

were ‘cut dn'a p].vane, as close as ppss!ble, perpend!.l:ular to the ves!el .
3 ua]_l The sections veré then couen:ed on glass sndes, s;amgd with ..

SH LR g i toluidine blué ands examined ader & Llight micrescope (Heerbrugg, Hild). g

ﬁ“e Tunen and vall of the veasels vere phutcgraphed at 30 and 400 dmes o e

y ely.” nents ‘were made on r:um'.ac: p!incs. ok
; Tha"suullesc diameter-of the fuien and the thinnest part off the vessel: W
4 3
4 mu were fecorded. For each set of ‘micrographs, the mlcrascupe Hla cal— -

ibxa:ed with a miciometér sude “IAnerican,Optical eompuny, Huffnlo, N.¥.).

=" Sections were fas put o the renaining blocks, atatind and exanined;

the. number of the e layers, the elasuc Lantnae dnd mitotic fgures

* ‘were roted. o : ; 21 s




oléd from & animals; 2 males and:2
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 Eachr value ‘as
i

ties aré expressed ‘ai mean

‘. ‘standatd”deviation. -

‘Data From each age. group, werc analysed by §

" miiltiple-range test  (Steél

example 6f detailed statistical snalysis’wili.be consldered in "/




'old female SHR, had an auxiliary left regal, ar:ery. 1n.those cases, the

" larger of ‘the two unul a:teries was used for ax\nlysis. In addition, an Y 2

2 to 4 veeks, tripled frém 4 to 8 weeks and by 18 weeks, each rat; on

RESULTS

Aumong the 96 rats studied, two, a h-ueek old’ m.lle VAR, and an B—week

18-week old mle AR was replnced due to the presence of &
the pasterior medizetinum Just below the dpex of the heaxt, p:essing g

ag,ains[ the descending aorta and related structurea, fhe rocordsd blood

préssure however, did rot seem to be different from the rest of the growp. L

BODY WEIGHT

+" " In general, the body weight of the 3 strains of rat doubled frpn

: 3 : o
the average, was about 10 times the weight at 2 weeks(Table 1).. Both

the rate of ,growth dnd- the maximum body weight, at least up to 18 weeks

of age, were higher in males than in;femalés. At 2 weeks, there was
P i
no significant.difference betueen males and females, however, by 18

weeks, the body weight of the males was sbout . that of the females.

This is reflected by the value of r.he standard
deviatinn with age. ’ !

The' rate'of increase of body weight in the WY gppeared to be quite
similar to that in the SHR, although the WKY vere someu'hut Larger chan
the SHR from 4 weeks onvard. The AR, on the other hand, seened to- grov
_faster and to a highet welght than thé HKY and’ the SR, At 2 weeks, the

WAR were already, biggér than €he WKY and the SHR. '

II. BLOOD PRESSURE ~ , - - [ ; =

!Blood pressures, obtained through intra-arterialamnulation of the .~ !
left femoral artery, except in 2-week old.animals (through the left common = %' . .-

carotid artery), were recorded as.shown in Figure 1. M
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.The'development of - systolic pre;;sure (SBP) 1n'|:.h= AR ;nd the WEY
ejcmbu_ed a similar pattérn (Figure 2).' In' the WAR, ‘the SBP rose-from
shonligrat. iNaks, So 100 watgnt b Gevlen, dreiped Baeh yu 6 saig ne s
weeks and gradually ‘iicreased to 128 miig.by .18 we:eks. The SHR, on the
other hand, appeared to follow a different pa:r.tex:n:. e .2 v;aeks, the' SBP
Gf the SHR was significantly higher than thie ‘éf' the 'controls.  There was
‘.m difference anong :he- 3 .strains at 4 weeks. Frun; 5 veeks onvard, the
i SBP of the SHR were sxgniﬁcancly Figher' than. the controls and at 18 weeks
r.hete was a Eurl'_her increase to a hy‘partensive level (159 mmHg).
The' dcvelopmenl: of the diastnlic p:essure in the WAR, the WKY and
‘the SHR appéared to be quite similar to each other (Figure 3). Except v—
at 2 and 18 weeks, in which the mean diastulic pressure for the SHR was
significantly higher than that for ‘the WAR' and. the WKY, there was no' sigo~
setiant (ifrcrbnos batEveR among the ¥ a‘uains‘duung the first 18 weeks
of postnital development. | - .. 5 v

-~ I11. , STEREOLOGY *

analysis was med on a total, of 840 electron
micrographs; the estimagion of, SMC, collagen and .ela'sth? components, i
. Spressed 4a terss of Volume paxce’m, of the gedia in the abdontnal ‘aorta
and the left renal artery of the SHR yere compared with those-obEathed
. from the VAR and the WY controls. Typleal, exssiplas-of micrographs ob=
tained from the aorta and renal artery, ‘overlaying by a sampling grid,

S whevas Figure 4 and 5, re;spective.ly.
" he volute pércent of SMC (Figure 6), collagen (Figure 7) and elastin’
v (Figure 8) in the media of the abduminal’ aorta of the SHR varied fx’nm

57, 18 and 23,respectively, at 2 weeks to 60, 21 and 19 at 18 weeks: 4

No significant difference could be ‘detected among the 3 ‘strains at any




- elastin (Figure 11) in'the media of the left renal artery of the SHR

U ' 36. .

age. group up to 18 weeks in this study.  Hovever, there was a tendency
that :he,vnmme' percent of ‘thé SHC in' the abdominil aorta of the VAR and
the WKy deczeued and that of the SIR ‘increased during the £irst 18 weeks

of ‘postnatal develc;menl:. The volume percent of callagen content also

tended to incredse with age. 4

The wluqa p‘euem of SMC: (Figure 9), collagen (Figure 10) and

ranged from 67,22 and 11, respectiyely, at 2 weeks to 61,26 and 13 at

1B weeks. . There was no significant difference observed when comparing .« -

these pu:: éters with those obtained from the controls during the fifst
>|a weeks of postnatal development. B
-Iv. ' ULTRASTRUCTURE OF DEVELOPING'SMC - i
¢ The development GF the SHE was éxamined qualitatively under the

electron microscope.. The process of SHC maturation appeared to be similar:

among the 3 strains of rat studied; this inciuded .changes. in myofilaments, /

1lular 1les and ‘cell e :
¢ i s

1. MYOFILAMENTS i B 5 .

Tmmature SMC were z;hsracte-rised by few filament bundles.and rarity of
dense bodies (Figure 12 and 13). These bundles were organised along the
longil'.wﬂinal axis of the SMC just below the cell nembran: and were in close
telation to dense areas. Dense areas were rarely segnralnng the cell membrane
at sités of close cell apposition. In mature SMC, organised filament
bundles appeared to fill the entire cell except the aress occupied by
Fetedivan, thevoertiicl s organelienyind foct of organelles alorg

the cell pérIphery (Figure 14). Dense boddes' were.common’ and seen most
frequently in cells/of e renal artery. Tense ateas wers also ylentiful

along the cell — > occupying,the areas which vere not £illed 1ih,

plasmalembal

1el es wete found among the filament .
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bundles;' these i Bast wekn § EEatyatas sese1ons of tha MG,
" 2. NUGLEUS AND TNTRA: ELLULAR ORGANELLES o
. ‘The elongated nucleus was usuéu\y 1ocacéd in the centre of the SMC.
In );oung SHC, it vas swoth 4n contout,:whereds in mature SHC a few folds

vere présent.

. Most of theé volumé of the young SHC was occupied by organelles.

gh-surfaced endoplasnic reticulum (RER) jand free ribosomes, organised

f3to rosetes, vere apudant (Figire 15~ Blectron opaque matertals

“ere. often seen within ihie clsternae f the BER in'the SMC of 2-weck old

animals (nguu 16a). .THe REE vere slso seen in close. relation to

aced :ulun and plasnalemdal vesicles just below

" the fan membrane (Figure: 16b), Mitochondria were plentiful and’interposed

among the RER. Many Golgi complexes vere present usually at the nuclear
poles .(Figure 17). Occasional lipofusein granules and a pair 6f centri:

oles were also seen gathered at the nuclear poles. Changes were obvious

in'mature SMC, * These included a delcreased amount of RER dnd mitochondria, '

an increased amount of lipofuscin granules and a small Golgi complex,
usually located at poles of the nicleus.
3. CELL CONTACTS L K -
Yau’n‘g SMC were elngpu:eei, lying parallel to each other, ;.x:h very
few branching processeés. Exvensive areadiof cluss umbrans apposition
weére: apparent ‘with very few. specialised junctional structures (Figure .18).
Mature SHC, -on the other hand, were highly branched, with the tips of
br-n:}.es of neighbour ing cells making clése contacts vhich in soms cases
were nexuses’ (Figure 19, 20a and 20b). :
Based on ' the above description, the vessels.of the 2-week old animals

can be listed according to the order of maturity, from the most mature to
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T Pl artery.of the SHR, Ien;'l artery of the WAR m\d
the WKY, aorta of the SHR, and aorta’ of the wm and the WKY. ~The detzrm—
tnation bf the m;\r.urity of the vessel is only relativé because not all
the SNC in the same vessel were at the sane stage of maturity, There
w‘é"\:g no ;ie:;c:a“sle differences observed in the aorta. and renal artery of
18-\keek old animals., P -
V. LicHT HIGROSCOPY .

Oné-hal-micron-chick secuons, stained vith toluidine o Blon; faim
ckanined undér a l1ght micfoscope.. The structure.of the vessels vere
observed and the nimber of SHC layers, ‘clastic laninae (not including
‘ehe’ taternal elastic Tomins) and mitotis cells, the vall thickness asd
the Iumen dismeter of the vessel were recorded. Typical éxamples of the
aorta and renal artery. stuc;iéd .uerve‘ Lllustr;ted in Figure 21 and 22.

s deviloptine it tusrvesseinibos tHA 3 sceatnd abtta s ot
ilar. . Vascular SHC from young animals were .arranged almost entirely spiral
to the longitudinal axis of the vesssl, although it uas's{a‘pmm- that nop
all the SMC layers were arranged in the same plane (Figure 23). This
deviation vas more pronounced in mature vessels. Longitudinally arranged
SMC bundles were also seen outside the external elastic lamina in the
mature renal artery. Among .the 600 specimens examined, intimal thickening

appeared in three ;c:s{sMns: an 18-veek old VKY aorta, an 18-veek old WAR
and an 18-veek ‘old SHR renal artery (Figure 24). :

There was no difference in the number of SC layers ‘and elastic lam-
inae observed along the ‘whole lengch of the abdominal aorta. In young

aortae, 5-7 SMC layers and 4-5 elastic laminae were arranged alternately

across’ the vessel wall so that the number of SMC layers between two elastic

laminae was fanged from 1°3. The number of SHC layers and elastic laminae
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were increased to 7-9 and 4-6, resp&cti\vely, at 18 veeks. ‘In young reral
drterics) the most proximal segment consisted of 5-6 layers of SMC and

2-3 elastic laminae,, whereas those of the most distal segmént were 4-5

and 1-2, respectively. No change was observed in remal arteries of 18-
¥ 7/

.
wveek-old animals. : % s .

Mitotde cells, presunsbly mitotic'SHC, were seen quite frequently
in the medfa of vessels from young adtnals (Figure 25). In aortac of
the WaR, :the WKY.and the SHR,. the nuaber of mitotic Figures séen were 21,
13 and 10, r’espectively, at 2 weeks and 4, 3 and’3 at' 4 veeks. There

were o mitotic figures seen'in 8, 12'and 18 weeks old specmens._' In

renal ‘arteries, the corresponding figures were 4, 1 and 3 at 2 weeks.

There was no mitotic céll seen in 4, 8; 12 and 18 weeks old vessels except '
in one specimen from an 8-week old VAR.- !

VI.. WALL THICKNESS AND LUMEN DIAVETER

During development, the vall thickness and lumen diameter of the VAR
abdontnal aorta increased from 3 and 486 ym, respectively, at 2 vecks”
to' 57 and 789 jm at 18 weeks. ‘There were no differences observed vhen
r.hese parameters were Eump.ared with t‘h&;se_‘ od ;n;e'm and ‘the 'SHR except
that the lumen di—ameter of the abdominal aorta obtained from 12 lnd- 18
weeks nld WAR were signi.fic-!ntly llrger than I:Imsa of the WKY and the
SHR (Table 2). g . :

In the renal aftery, the wall thickness and lumen ;umeterrni the
VAR increaséd from 17 and 243 ym, .respectively, at 2 weeks to 32 end 447 jm
at 18 weeks; there vas no significant difference seen among the 3 strains
of rat. studied(Table 3)..

VII.' SUMMARY OF RESULTS

,
1. The VAR grev faster and to a higher weight than the WKY and the.SHR,
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at, least during the first 18 weeks of ‘postnatal life.

‘The systolic' pressure of the SHR'was significantly higher than that’

of the WAR and the WKY at-the age of 2, 5, 6, 7, B, 12 and 18 weeks,

‘whereas. the diastolic pressure of the SHR das significantly higher than

that of the WAR and the WKY only at 2 and 18 weeks.
Stereological analysis indicated that there vas no significant difference
in'the medial contents of either the abdomtnal aorta or the renal artery -

of the WAR, the WK and the SHR during the first 18 weeks of postnatal

" development. o

.  Electron microscopic examination revealed that the maturity of the

vessels obtained from 2-weeks old animals was in the following order,
frou the most mature to the least mature: remal artery of the SHR,
Trenal artery of the WAR.and the WKY, aorta of the SHR, and aorta of |

the WAR and the' WKY. There yas no difference observed ‘in: 18-week old

. Light microscopic study showed that during the first 18 weeks of develop-

‘ment, the vall thickness and lumen-diameter of the abdominal aorta and
the renal artery obtained from the WAR, the WKY and the SHR were similar
except the lumen diameter of the 12- and 18-veek old WAR aorta was

larger than that of the WKY and the SHR.

R




Table 1.

- deviation in more mature rats reflects the body weight of

Body weight o‘f_ developing WAR,HKY and SHR,

Each value (mean * standard- davi\ntim\) was obtadned:
f£rom 4 animals, 2 males and 2 females, It is apparent.
“that the WAR were bigger than the WKY and the Sn‘-A

2 veeks omvard. Furthersore, the high valve of standard

‘males was greater than the females.
Y ]

a <'mean a value OF the WAR 18 sigatficantly highst ‘thin the
WKY'at a significancé level of 5%.

" b_- mean value of the WAR is significantly higher than the

. - SHR at a significance level of 5.

.- ‘mean value of the WKY is significantly higher than the
SHR at a significance level of 5%. -
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Figute 1.

i

Blood pressures of 12 weeks old WAR, WKY and SHR.

‘Measurements vere made on the last 2 centimetérs of the

eracings the highest point vas recorded ‘ds the Iyﬂ:olh:

pressure, the lowest the dlnstollc yv:esuure.

i i
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Strain: WAR

Age: 12 wégks

Sex: male

Body Welght: 301 gm

Blood Pressure:  130/87 mmHg

"~ Amount of Anaesthietic : 10:0 mg

/

Strain; WKY

Age: 12 weeks

Sex: male

Body Weight: 246 gm

Blood. Pressure: 130/80 mmHg
Amount. of Anaesthetic : 8.6 mg

Strain: SHR*

Age: 12 weeks

Sex: female

Body Weight: 166 gm

Blood Pressure; 145/100mmHg
Amount of Anaesthetic : 5.8 mg

200

100

200} .

100

0

200

100;

0
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05
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Figure 2. Systolic pressure in developing WAR, WKY and SHR

Excépt for 2-veek old animals in which the left common’
catotid artery vas used, the systolic pressure was '
recorded thirough an fntra-arterial camnulation of the
left femoral artery. 'The systolic y?essure 6: the

SHR vas signiticantly higher.than What of the VAR and

the WKY at 2, 5 6, 7, 8, lZand 18 weeks ofuge. *

Piguré 3. Diastolic,pressure in déveloping WAR, WKY and SHE.

.*The pattern of diastolic pressure in the 3'strains

of rat studied was similar duiing the First 18 weelcs

of devel t. The pressure of

the SHR was slgnlﬂ:antly higher than that of the WAR
and’ the WKY at the age of 2 and' 18 weeks.

* - indicated the mean’ value for the SHR is significantly’

higher than that of the WAR and the WKY st a~sigh-

ificance level of 5%...
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" Figure ,;. Sei mpln of electron I!.zm:rlplu obnhed !:\-

- Raval rtesy, l?-w;ek SER:,Caldbration barie 1 ‘wtéion
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'VOLUME PERCENT OF SMOOTH MUSCLE IN
THE TUNICA MEDIA-OF THE ABDOWINAL AORTA_IN
DEVELOPING SR, WKY & WAR..
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| Volume percent of collagen conteat in the tunica media

of the abdoninal dorta in developing SHR; WKY and WAR..

L

Volume percent of elastin content in the tunica medis’

"of the abdominal aorta in developing SHR, WKY and WAR. '
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»VDLUME PERCENT OF. COLLAGEN™ CONTENT m
01 THE TUNICA  MEDIA OF THE ABDOMINAL AORTA IN

§ DEVELOPING SHR, WKY & WAR.
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VOLUME PERCENT OF ELASTIN COMTENT IN
THE TUNICA MEDIA OF THE ABDOMINAL AORTA IN

= o . DEVELOPING SHR, WKY & WAR.
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VOLUME PERCENT
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VOLUME PERCENT " OF : SMOOTH -MUSCLE IN

THE TUNICA MEDIA OF THE LEFT RENAL ARTERY IN -~ 7

DEVELOPING SHR, WKY & WAR.
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Figure 10.: Volume percent of collagén Yontent in the tunica media

of the left renal artery ‘in.developing. SHR, WKY and WAR.

| “Figure 11.. Volume percent of elastin content in the tunica medla

" of the 1ft renal artery in developing SHR, WKY and WAR.

gl
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Figure 12.

Figure 13.

‘ W i B )
Young SMC were characterised by relatively ‘fever myo--

° filament bundles, oriented along the longitudinal axis

' of the cell, with most of them lying just. belod the cell.

Mi ‘rough-surfaced endoplasmic - :

reticula and d. into ttes, were
pleatiful ﬂlling sost OF the- cell voluge. | EH.

Aorta, 2-veek wm. Calibration bar = 1 micron. 5

‘The SMC musn—md in this microgtaph were more mature
than thége in Pigure 12, Judgtog by the relattyely :thickat

myofilaneit bundles and lesser area of close apposieian.

EM. Renal artery, 2-week WAR. -Calibration bar = 1 micron.

Abbreviation: Mf = myofilament|







Mature SHC were highly. branchied, wm. nost ‘o m cytwplas‘m

Fiitea with well organised myofil.ament ‘bundles um\g the g

longituﬂllul axts of the cell. " The:nucleus vas usually

presenced with few folds. Intra yuépxunic otganelles

o K5, e T yere uspnsad usually at the iTued ‘poles, although . .° .0 T -

ciar " focl of ‘these’ o:pnzlles were ftaquently. found along SR T 4

. " . the cell periphery. Collagen fibres and some disorganisdd

elastin were pléntiful filling most of the rmaﬁ.xng

extracellular space which was mot. ocgupied by jthe elastic’ . 1.

“laminae. EM. ' Aorta,'18-week K, Culibtul’.iun bar = 1
it !

i
[ E e ket
i e

C = collagen '

E =clastin ]

SMC = emodth mmustle cell
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' Figure 1'5. K fafge fxu'.cioy\ of the cyto‘pl-sm in immature SMC was
L oceupted by orgn'ne].les.» The most prominent oné‘; vere.

3 - s 8] e sosettes of rlhname

md mimchmdr’.u. Myofillment bundles were nrgunlsgtl —
. along the cell periphery.. Microtubiiles (arrow) were

v v Rl.!o ahundul\!- and” 1uterpos=d aang oxgmllaﬂ and nynﬁ.lnenzs

) m; ‘Morta, Z-Neek WKY. Calibration bar =1 mcm..

o L ~Abbrav{.:1°n. Hf -myufxumnt i v

Hit - mi\;ochondria

Il‘ﬂnuciekls . e Sty ek

"RER = rough

urfaced, endoplamic
r:tin\llmn.

'
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£

“Edectron opaque materials wers often”seén vjtl‘\i’n’:‘he ]
cisternae of rough-surfaced. éndoplasmic zet_@lqn ’
(atrow). of immature SHC; this may.bé fndicative of
high activity of the SMC in manufacturing contractile
protetng and/or comnective issues. y
M. Aorta, 2-veck WAR. Caltbration bar= 1 micron:

.

h-surfaced" end 1 vas found -

near the periphery of the SHC in &lose relatiod with

lasmalemnal yesicles and

. - A .
. ‘reticulum. The latter is known to be continuous. with:

the réug faced’ lun. - EM.  Renal

artery, ‘2-week WKY."' Calfbration bar = .1 micron.
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Figure 17..

‘Many Colgi complexés were frequently found rear the

nucleus and interposed among othér organelles of
- ; w o

immature SMC. . Each Golgi complex consisted of 4-7. .

sacculesand many {ated el High

activity is indicated in these young SMC.which

‘possess many Golgi complexes. EM. Renal artery,
¢

4-veek SHR. Calibration bar =1 micron.

Abbreviation: G = Golgi complex. -
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Figure 18, "Extensive.sréa of close membrane apposition (arrow) with

no & 2! were

‘found among 'young SMC. Dense areas were seldom seen”

“along the cell membrane at the sites of cell apposition.

EM. - Aorta, 2-week WAR. Calibration bar = 1 micron.

Pigure 19. Mature SMC were highly branched with the tips of branches .

“of neighbouring cells making close appositions (arrow).

EM. ‘Renal artery, 2-week SHR. Calibration bar'= .5 micton.
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Figire 20a. Often the highly branched, mature SC (sHC)) extended
its cytoplasmic process to make close contacts with

i the cell proper of another S (SKC,);, Sometises,

these i were 1nto

nexus (arrow). EM. Renal artery, 4-peek SHR.

Calibration bar = .5 micron.

W 205, The nexis iTibstrated n this micrograph sppeared to be
! a pat-lnl.n.ll structure with the outer leaflet of the.
nu-m;': SMC fused to form thé thickef middle lsaina.

Trangjucent regions (srrow) vere seen along this lamina;
these vere interpreted as intercellular chamnels (Campbell,

et al, 197); Uehara et al, 1976). Often these “channels"
/ ‘extended through the whole thickness of the nexua (arrow
" head). m. Ien-l astery, 4-week SHR. Calibration

b-r-.l'nlcrvn







ter (LD, in pm)

Table 2.  Wall thickness (WT, in jm) and lumen diame
of the sbdominal acrta in developing JAR, WKY and SHR.

* - indicated the mean value for the WAR is significantly
" higher than that of the WKY and the SHR at a sign-

1f1cance Tével of 3%.° -
i : XA

Table 3. Wall thickness (WT, in pm) an
of the left renal artery 1n° developing WAR, WKY aud SHR.

d ‘Lunen diamétez.(LD, in jm)




" WALL THICKNESS (WT, in. pm) AND LUMEN DIAMETER (LD, in um)
OF THE ABDOMINAL AORTA -IN DEVELOPING WAR, WKY & SHR. *
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. tFigure 2F.  Typlcal micrographs of the abdominal aorta used for

" .. measuring lumen diameter(s) and wall'thicktess (b). |
e E M Aona',.é—week VAR, - Calfbration bar = 100 mi¢rons.
5 g BB 5. TM. Aorta, 2-veek SHR. Calibration bar = 10 microns.
Figure 22., Typical micr}.grapys of the left Tenal artery used fo

: measuring lumen daneter (a) and wall thickaess (b).
i .- - IM. Renal artery, 4-week WKY. Calfbration bar =*

, « 100 microns. * %

5 bi.LM. Renal artery, d-week SHR. Cilihrﬁtinn Yo
' 37, " 10 mtéecns. R
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Pigure 23.

Figure 25.
N

“The SHC of the aorta vere mostly arranged in a spiral |
fashion‘along the longitudinal axis of the vesssl and |
alternated with elgffic laminge across the turica medta B
of the vessel wall} although ;mmg of the SMC were dis- ) [
posed 1n‘. .diilezu\c plane. -IM. Aorta, 2-week SHR. -

Calibfation bar = 10 microns. . R

5

s
1L =¢lumen of the vessel.

Abbreviatio

£ . g
il R

Intimal thickenings were seen in 18 weecks old animals;

the SMC-like cellular comfonent of these thickenings

were ublally aligned along the Tongitudinal axis of the

\vessel. LM, Aorta, 18-veek WKY. Calibration bar =" .

10 ‘microns.

Mitotic SMC were often“sgen in the vessel wall obtained -~

‘‘from young animals.. IM.: Aorta, 2-week WAR. Calibration

‘bar = 10 microns: .
]
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DISCUSSTON ' -

Despite a significant élevation of arterial blood pressure in the
SHR, as compared with that of the WiR and the WKY, sorphgloglcal analysis
revesled no indication of medial Fypertrophy in A
the remal artery. e ik . i,
I. NORMOTENSIVE CONTROLS :

Nost of the studics reported in the literature using the SHR as the
experinental model utilised either the WAR ox the WY ‘as the control; the
latter is the cl'aa‘est normotensive ;Jrogenitur from which the SHR strain' '
is derived: However, it has also beén reported that even the WAR and the

hem{cal charac-

VY. do riot- have ‘the same physical, physiological and b
teristics (Clineschmidt et’ al, 1970; Froh‘h\ich, 1977; Frohlich and, Pfeffer,
I 19755, Peeffer and Frohlich, 1973; PEeffer et al, 1974). For example,
‘Clineschnidt et al (1970) reported that both sensicivity and “contractility
(see Imonucrxbn) of nortlc.str.(ps isolated from the SHR were .similar
w'-. to those of the WKY, when tested with NA; whereas'aortic strips from the

‘WAR tended to be more sensitive to NA and developed higher tension than

» 5 thé SHR. Thus, it has been suggested that both the WAR and the WKY should
o be used a8, normotensive controls in research involving -the SH as the
. Foie-a ! L g

S @
experinental model (Frohlich, 1977). Other strains such as the Sprague
Z e - e 7

Dawley rat have also been used by a number of investigators: (i.e. Gorog
and Kovacs, 1977).

: ' . Both: the WAR and the WKY were used as nomotensiys controlg Ja ‘the

present study.. Since e, veignt 1s vhen  card-
> t'd ; 3

lovascular parameters, At appeared that the WKY may be a better normoten-

siye control for the SHR thin the WAR, judging fron'the rate of increase «

PR 16 body weight of the 3 strains during’ the #irst/T6 veeks of postnatal




development. Due to the larger body size of the, HAK compared to age
matched SHR, findings from mprphnlogical scud;as of the SHR using the

WAR'as the' contol should be i'nterpreted with_cautiop.) | N

II. AGE cnaup . . .
The' hlnod pressure in the s;m his been repuzted the ucem'nre‘,
bo.elevate to a aignificint level than. the fiormotensive sohtrols s carlye
as G weeks (Lais ét a1,1977) or as late as 12 weeks: (Moll et. al, 1975).
: . The ‘present .study was designed to test ;h( hyz)othgsii that 1if mmnlggml
e e e chlnges in the blood vessels of the SHR had contributed to initiation of -
" the elevation of blodd pressure, then stk changes sho(lld be detectable
hefore or durlng the period during which the blood pressure of the SHR
ok sxgnmcan:ly Ifigher than the controls and manifested to @ even’

higher degree when the blood pressure is éstablishid”at a hypertensive

state. " For this teason, aninals of 2, 4, 8, 12 and 18 weeks o'n;e vere

utilised in-this study afd subject:d to sterenhgical analysis. E

Tn comparipg the Flood pressure measutemut with the sterealogiv.al
pa‘rametsxs 10 this study,. it was soted that the blood pressure of the
v, " SHR became significantly thher than the cont (o1s at the age between
*4 and 8 veekb.. In order. tc nfine this lnEcxm:icn about the elevation
of blood pressure 1o the sux for f:mr: raferem:e. “the hleud préssures

of S 6 and 7« ueeks old a%imls were glsn recorded. - 'l'hus blood preasuus

. were measump in & total of eight:groups of fat fron each strain! ¢

oop FRessuRE

. ‘Many. methods have been employed to ucoﬂl blood presiuxe in ms. %

" These include tafl-cuff," acute aml chironic inlrs—arterhl cannulation |

s
The ull-cuff in | n\z most ir:quantly used _method in

& ¢ and nlclopipette

- hypertension séuddes. |Altfough syspplic pressuze vai’ thé‘only paiamater

e
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reported in these ‘studies, one of the advantages of the catl-cutt 4o that
1k doen sio reqitts any surgery. For a successful measurement in.using

the tail-cuff, it requires warming and Testraining the animals. The f\uv‘grv

process is used to promote vasodilaticn of the tail artery of the rat so

| that  the pressufe can be detectable. However, both the warming (Wright

et al, 1978; Yen et al, 1977) and restraining (Kvetnansky et al,-1979).

process are known to affect the blood pressure measurement by the tail- °

cuff. '

. Many .cuam have been perforlned to evaluate the nu—cuu ue:hna.

. In attempting to measure the "Lrue" Blood: pressufe, a chronic lncn-nrt-

erfal camula was {mplanted nto the aninal and the blood pressure’ vas
recorded via this cannyla without dmmmg or anaesthetising the antmal.
P(eife_r et al (1971) uud chronic carotid artery cannulation .to evaluate

the tail-cuff method. They reported that there was high degrse of cor-
relation between the tio methods. However, unilateral cantulatton of the
carqrid srtery is known to increase blood pressure in the SER and the wm,
(Hsllback, 1975; Pang and Scott, 1980). Furthermore, . the error in the

blood pressure recording pﬁ:.:néa fron carotid artery, cannulation appearéd
o be” the result of the neck l\lege‘ry used in the preparation for cannulation -
(Pang and Scott, }95-0). Bunag-(1971) r‘pors.d that the blood pressures re- -
corded by the tail-cuff were higher than those cbtained from the chronic
aortic camulation by 50 mmiig in the SHR, 70 mallg in’ tuo-kidney Goldblate
hype;te'n itve Sprague Dawley rats and 18 milg in nornotensive Sprague Davley

rats. uun; a chronic tail arterial’ unlmll, Chiueh and Koptd™ (1978) re-

pm'ted Mlﬂ.ln' results, llthaugh the dii(srim:e in blood p:elnure tacu:dad

vas ‘Lower than those obtained from the tall-cuff énly by. 25 imflg in the ‘SHR

and 10 mfig in the WKY. They éur,r.htt shoved that the difference in blood
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pressure was reduced when the blood pressuré was recorded from pentobar~
bital anaesthetised animals by the tall-cuff. Results from these experi-
ks strongly siggested that the tall-cuff'method doss raise the blbod
pressure.to 4 much higher level than that obtained from chronic.arterial
cannula. The degrée of increment in blod pressure is depandent on the
method em'plt:yed and sometimes hard to' assess. '

Because of its accessibility, cinnulation of the femoral artery in
maesthensed :nlmls vas uged in the present study. Although changes

in the bldod, preasuze in-an, sluesthetised aninml, due to the anuatlwtic,

Jare also hard to a stent blood fre; x vas,

1y same level of surgical

obtained by ng animals to.a

. Surgu‘al n a wag échleved by 1n:m~pmcronu1 in-

jection of sudiuin pantnharbital at a dose of 30+

0 mg/kg and was Judged

> by the sbsence of both corneal and tafl reﬂ.exes.

As 'the ‘reeqlts’ from this study show, the SBP of the SIR was signif-
icantly higher ‘than the WAR and the WKY at 2, i 7, 8; 12 and 18 weeks.
With the ekception of the waeek;old lni.mals in which the comon. r.lxur.id
nztery% used these" reaultu were obtained by a femoral artery clnnlllat—
~fon. As 1ndicuted sbove; there may be a possible eryor ‘in the _blood pxea—

sure measurement obtained through a common carqtid nt!etinl cannula and

t\lia error mﬂy be difietent anong the 3. stralns. Therefore the signiﬂclnce B

of the higher SBP 1in the SB'R at 2 veekn, as wmpared with the t:on\‘.ml.s, is

v and R

l'l\ere was no, d ice observed in §—ve=k
614 rate in the present study, althoygh the level of the SBY was much
higher than that of the Srweek 01 antsals; at Teast tn:the AR ‘and the

WYL This vas. thought to be the result of weaning; this nuy be the nost

drm:ic chnnge the ueunlings had Erpuiendad u{nce hirch qu-:themre,

SP—
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the Tevel of SBP of A-week old anisals in the present study (104 ity 1n \
the SHR, 100 mmHg in the WAl‘i and '1(16 ‘mmHg in the WKY) was lower than that.
obtatied by Lais et al (130 muHlg in the SHR and 120 maiig in the WKY; 1977).
uge The higher SBP ‘reported by the latter authors vas likely fo.be the Tésult
of ‘restrainiig and dissecting the aninals under local anaesthetics during
bi}a‘oa pressuie recording, although the possibility that ithe ansesthetic used
10 this stidy may lower “the blood SEeRaTis a marly GAAAT ’au;es:héfms
. do, cannot be excluded. In the present study, the SBP of the SHR :.;h; o
. gfadually to about 137 mullg by 7 weeks and remained at this lével ptil 12
N ‘we.eks.' By 18 weeks, there was a furthexr'increase in the SBP of tHe SHR to -

<3

a hypertensive level (159 muHg), This level is very much' Love than 200~
v ww / !
: 210 mifg at about 12-16 weeks as reported in ‘the mam:u?(?oumw and

* Hallback, 1977-a review; Okamoto, 1969) when the tail-cuff was employéd.
This discrepamcy is likely to be the fesult of the different method enployed
1n blopd pressure u;gﬁtné. It may also be due to 4 different inatr
of ‘the SHR. Furthermoré, the blood pressure measyfement obtained by the
tail-cuff is likely to be over-estisated and that obtatned by arterfal

i g n ‘animals s d, ‘in both the SHR and

b the nomotenstve control. k

. L Judgthg gron the Tesults cbtalned £im the preseat studyy. it is safe
to. conclude that, the SHP of the SHR cofony maintatned at this untversity

d " rises to a significantly higher level than the VAR and the WKY from 5

veeks and increases even further t4 a hypertensive level (159 miflg). by 18

i
weeks of age. o
P IV. MORPHOLOGY OF THE BLOOD VESSEL AND OF THE SMC DURINGDEVELOPMENT

1 2% " fhe orts and the renal artery vere choosen as the models in the pre- ..
i : ; .

J. " ent study for the following reasons: The former has been used in many

.o col ‘studies of hy om 40 the SHR, although, its structure

A . . W, B
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had not been fully described.. The changes in the media of ‘the thoracic
-

aorta of rabbits (Bevan, 1976; Bevan et al, 1976; 1980) and of rats (Wolinsky,

1970; 19%1; 1972) tn Goldblati are vell The
ultrastructure of the thoracic morta of developing mice (Rarrer and Gox,
1961) ‘and' of devéeloping rats (Cliff, 1967; Gerrity and CLiff, 1975) was
also studied. Hypertension has been produced in mormotensive animals by
clanping therenal artery thereby redugfilg the lusen ddaneter of this, 1
vessel, It would be of great interést.to examine the renal artery during = .

the development of hypertension in the SHR'to see whether a marrowing of

renal artery occiurs fn this dnimals. Furthermore, the information con-

cerning the structure of the renal artery 15 starce; only one paper vas

found 1n the literature vhich dealt directly with the structural charact-

eristics of the renal artery of the rat (Osborne-Ocllegrin, 1978).
Athough arterioles are 1ikely to be the candidates fnvolved dn the”

of G changes of these vessels are, -

Q4£FLGuLE o conpare due to the lack of anatomical landaarks. Larger
arteries, on the other hand, are usually defined vith oli-satablished
dnatonical landaarks vhich nay serve as’ bestor models’ “for studyiog worph-
ological ehanges of the vessel wall in hypertension. Thus the aorta and
tehal artery vere chossen to be the models 4n the present study, ’

The blood vesbels used 1a the present study vere obtalied from anisals
vith a SBY rangiog Fxoa 50 to. 175 msis. In oxder to canpare vessels ot
difterent sizes from aiqgmt ages, 4 wuld be beneficial to 'fix these

‘vessels under a unifori tension within the range of '50-175 mag.. It has .

beeh shovn that when rabbit sorta was fixed by perfusion at andsbove 80, °

fmllg of pressure, all elastic laminae were straight and. there was 1ittle

34
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change in the interlamellar distance (Wolinsky and (lagov, 1964). Thus

the vessels were fixed in situ by perfusion at a pressure of 80 mnllg.

The ultrastrycture 6f the SMC fixed in this pressure appeared to be
satisfactory Ajudging from the premervation of cell membrans snd intra-
cellular organelles; although undulation of the internal elastic lamina
vas seen in some renal arteries obtaited fron 18-veck 01d animals. Owing |
to the differences in the systolic pressure among the animals £rom dif- :

ferent age group, the on of the vall and lumen

diameter of the vessels wiggfidyrith caution.

1 CHARACTxnIsTIcs §F DEVELOPING VESSELS

By 1ghe aicroachfy, vasculer SHC in both, the abdominal aorta and
renal artery of youns rats “appearad. to be arranged mostly spizal to the
longi tudinal axis of the vessel,’ although it vas apparent that mot.all of
the 'SMC layers were arranged in the same plans. The deviation-was .m‘e"
pronounced :h\‘vnature vessels. This Finding is in sgreément vith hat
of the thoracic aorta in developing rats (CLiff, 1967). 5
The present study revealed that ln 2-4 weeks old animals, the abdon-:
inal acxte consisted of 57 SKC layers.and i-5 elastic Lamtnse which were
afranged altefustely across the vessel wall; The:mmber-of layeva das
increased to 7-9 and 4-6, respectively, at 18 weeks. This is contrary to
the Findings of CLLEE (1967). who reported that the mmber of SMC layers
and elastic taninse did not changé in the thoractc aorta of the rat during
the £irst 12 weeks of development. :
'l'here wes'ni chaiga ebserved 45 the n\mher Of SYC layers and elastit ¢
liniriae in the reael artery during the £1rst 18 wecks of development 1n

rats used in this study. . The most proxinal segnent of the renal artery

'consxs:ea of 5-6 layers of SMC and 2-3 elastic Lanissg,. whereds _ those. of -

the moat distal sogani s -5 .12, tespettiwly. There is o




these in the 1 By applying’

the technique used in this scudy to the micrographs published by Osborng-
Pellegrin (1978), the nusber Gf SHC layers.and elastic laminae of the renal
artery were comparable ‘to thgSe reported in the present _sm:yA °

CLi£E (1967) reported that there was- only oné- incldence of SNC mttosis
observed in ald the specinens used in his stuly. However, mitosts of the’

SMC in the media was prominent in 2- gnd 4-week-old aorta and 2-week old

- reénal artery in the present study. As poiritéd out by CLIEE (1967), the

maturation of the wedia in blood Q:essus of the rat 1s very likely, at
in pare; to'be the Tesult of hypeistasta of the SNC. The dibcrepasiey
beeween che results of the present study unﬂ those of Cliff (1967) Ls li.kely
due fo differont state of cell ¢ycle of the’ 9IC during tixatton for stero-
scopy. T - Wy 1 3 S . ’\
Long1tudtnally arranged SHC bundles were seen outside the exegenal
elastic lamlna of the' mature renal artery in the present study. Similar
structure was reported in rats by Dsbnme—Pellegrln (1978), although the
aubhor 414 st apactfy, the stratn OF rat she used 1n her study. The function
of these SHC bundles 19 fot clear. " 1t 'nns been suggested that, they may
play 4 rols dn supporting the arteries at sites of branching: (Osborne-
Pellegrin, 1978; Yohro and Burnstock, 1973). .. = 3
~Intinal thickcnlngn were sein, fa the oldsst grougs.of anizals as

vaelu) used in the preaent atudy. Although fntimal thickening have been.. -

io}mﬂ after ligation (Buck 1961), clmlul:exnl feeding. (Buck, 1962; l’lrhr

and 0dland, :1966)°

5d in repair process (Warren and Brock, 1964) and deg=

. enerative, process-(Simpsan and Harnes, 1964) n\f atteﬂen, the finding dn

:he wbsen: study. snggeltzd ‘that these changes may be a result os ngaa.ng
i

2. ULTBASTRUCWRE OF DEVEOPING SHC

The tEI!ull:s of electron mlcroscoplc examination ‘of the SMC in the
£ A

»,




ﬂevalup:ll\g rat nt the pmenc study. were similar to tl\mm iu the :hqncn: o)

aorta of the dwelnping nouse (Karzen ‘and Cox, 1961) and rat (c1a£s, 1967)

The matyration process of the SMC in the blead tesscls Inciuded changes P

myefilamentn, intra-cellular organelles and cell conu::g. vsing :\vzs

crizaria, the ‘order of | maturity of t'he veuselu vas detemined. At 2 weelu.
the order of mtud:y of the vessels, from the most nt\lre tc thn lelsl:

mature, was renal artery of the SHR, Fenal artery oi tbe VAR and thia WY,

aorta of the SB‘R, and aorta of the WAR and the WRY, lf it cm\ be mamd

:hat mature SMC un produr.e a stmnget cantx:action as tlk reanlt of im:uand

and more organised myofﬂnmn!: ‘bundles, then ﬂn unexpecced finding is of *

great tmportant.. It Follous thnb the renal sxtery of the SHR will con- . -
tract move €0 a given st of \uwacttvn agent and. so product’a grutet

in mm atam: ter... Thus the |

in :he G and” phnmcologiu!. Atitted of the dmlupin; “renal artery.

- The. Illtx'aatm:ure‘af ‘the SUC {n A8-veek old nn!.lmll in ‘the prahent
study'was sintlar in Both the abdoninal‘ sorta and ren.l artery among the <
3 ur.rsi.ns ni rat studied. This ip in agxeemgnt wxﬂw zh.c upaued hy

Oabnrna—‘?ellegzin (1978).

Although Dsbnme-l’auegrln as78) repnrr.ed that N0 nexuses vere found .
tn ‘either. the abdoninal uqru of renal -r:ery, the pzenm: study confimed '
the: finding in the zl\oruclc aorea ‘of, develupin; rats (CLiSE, “1967) ehat

nexuses were seen quite oflu\ batveen adjacent SHO 1 m.m ve
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.r3. WALL THICKNESS AND lexk DIAMETER ®

The development of wall thickness and lumen diameter,of the abdominal

sorta and renal artery in the WAR, the WKY and-the SHR were similar as shown

by the results of the present study (Table 2 and 3). There were no sign-

iflcant differences ob;erved yhen thise parameters wra compsred among the -

3 strains at any age group used n the present study,  SxesE thar bng lmn
diameter of the abdominal nnrta of 12- and 18-week o1d WAR vas sigaificantly
larger than that 'of the WEY and-the BIR in the, coriesponding age. group. 7
This diffexence is more maa‘ly to .|;a the .result of larger body 'size-of the

WAR as compared with the WKY'and the SHR of the ‘same-age'rather ‘than the

~ diffnem‘:e' in blood pressure between the fwo groups. This is sibstantiated

by the fact that although’ the blood pressur of the SHR was significantly
higher than thie Wi, there vere no significant dlfference in both the body
welght and the Lumen dlameter betweén the tvo groups.

Gerrity and CLLFE (1975) reported that the wall thickness of the' . .

thoracic aorta in the developing rat was 95, 100, 113 and 112 microns at

.2, 4, Band 12 weeks, respectively, whereas, the wall thickness Of .the abdéminal

sorta of the VAR in the present study was 34, 44, 49, 53 .and 57 microns at.|
3, 4, e' 12 dnd 18 weeks of age, respectively.’ Gerrity and CLLff also
reparted in the same study that the luien diameter 3% the thoracic’sorta was
640, 920, 1240 and 1200 miérons at 2, 4, 8 and 12 veeks, respectively,

where s the lumen diaméter of the ‘bdominal ao:ta of the VAR in the present

“study was 486, 566, 587, 745 and 739 mil:rons at’ 2 4, 8, 12 Bnd '18 weeks of

age, respecyively. -
Although WIeacr et al (1977) found that both wall thickness and 1..:*:

dlameter of the thoracic aorta in 2-kidney Goldblatt hypertensive rat were
g " 5 ; :
significantly higher than the normotensive control.after. the induction of

hypertension,, the resultsroF the present study showed-that there were no
4 :
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significant differences observed in these parameters.even when the SBE of

 the SHR was significantly higher than that of the WAR and the WEA.

. The wall thickness of the renal artery in the developing/MAR obtained
from the present study vas 17, 23, 30, 33 and 32 alcrons at 2| 4, 4, 12
and 18 weeks, re;pu:r.lve_l)r, whereas, the lumen diameter was 243, 279, 326,
380 ‘and 447, microns at 2, 4, B, 12 and 18 veeks, respectively. No published

tnfornation 1s available for'comparison. d . .
'\m the present ‘study, the results of wall. thickness ‘snd‘iumer_n diameter

measurements reveal that :he;é is mo sign of vessel vall hypertrophy in.’

‘either the abdominal aorta or renal artery qf\ the 3 straina of rat studied

during the first 18 weeks of postnatal development. B

4. STEREOLOGY

1 methods fro tol reviewed by Weibel

et al (1955) have been rvaaed Wertmatal. £ MophoRat A AnAITRAL
‘Sampling technique simillr to thése of Weibel et al or their mdificazlnnu
have been applied in morphological studies on bumerous occasions, eig. 1\|n3
(Weibel, 1963), parozid glnnd (Cope, 1978), Skeletal muscle (Groue and
Baskin, 1977;, Elsenberg et al,"1974), Myocardfum (Imamura, 1978; Kawamura
et al, 1976; Lund and ana;n:};, 1978; Sachs et al, 1977; Tomanek, -1979) ‘and

thotgeic aorta of developing rats (Gerrity and CLiff, 1975) and 2-kidney

Goldblatt hypertensive rats. (Wienmer et al, 1977).
The development of stereology in cytology is based on the Delesse
“Peinctple (Delesse; 1847 cited in Weibel et al, 1966; Appendix II). Based
on this principle, the ‘.mlume fr;t(im; of a component in 4n organ can be
estinated from, thin section'of this organ with a’sapling grid, The sampling
Ze1d wsedita tha present stydy consisted of 100 (10 X 10) crosses, arranged
as a regular ut:_tce and made to fit the 8 X 10 photographic paper on which

the electron micrographé were printed. Estimations of Seven micrographs;
: ! ety ki ey

P
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with the £inal magnification of 19,200 tines, obtatned from each spectien
were pooled to give the vlue of that bpecinm;

Gerrity and CL4ff (1975) also used a 100-point uamplin; grid in thetr

study on the thoracic. aorta of devdnoptng rats; the maghtfication they used

was only 6,000. Evaluation of gh that they does .
not allow one to distinguish elastin from collagen when a small amount

of elastin yas intermingled with the collagén fibres. In order to have

a more accurate estimation Of these nts, a higher
" was, vsed in the present $tudy. . The pooMng process’ of the estinates From
6 B mferographs was ‘aliof used 6 Sonpentate for the smaller sampling
ek Siwdcedl o St study as the xe.sult of higher magnification. Further-
more, the method used in the present atudy 1o nore precise than that of
Gerrity and GLLEE (1975), Judging from the density of sampling potats per
unit area: 0.64 points per 6. cn.’in the present study as compared with

0.48 points per sq. cm. in the study of Gerrity and Cliff (1975).

. The mumber of points of the grid and electron ‘micrographs used in /

the present study, and the detailed calculation of point density of sampling
grids will be considered in Appendix II.

As indicated in the RESULTS section, although there was a tendency
that the. volume fraction of the SNC (about '60%) in'the abdominal aorta

of the WAR and the WKY to decrease and ‘that of the SHR to increase during

the first 18 weeks of postnatal develop o

could be detecte among: the 3.strains-at any age group in this study. ,
These results were wuite diff‘é:en;vfxm those obtained by Gerrity and
CLE€E (1975) who showed that _the voluve fraction of SMC in the thoraclc .

aorta’of ‘developing rats decreased. from 47% at.2 weeks to: 257 at-12 weeks.

D UR- S
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Furthermore,. They showed that the volisss parenit of; Sollgen Aol slaski

increased from 5 and 32, respactively, at 2 weeks to 17 and 52 at 12 weeks,

‘whereas, in the present study, the volume percent of both collagen and

elastin Were about 20. puring the first 18 weeks of postratal development,

A X7y was ‘o s gntficnnt difference observed in the volume percent of
- collagen and of' slaptin in the abdominal aorta, llchwugh the collagen | s
content tended: to theredse trith agee.g. the collages® content of the SHR
increased from 182 it 2 'vesks ‘to 231 at 18 ieeks. - The difference betwéen
the ‘results o the preaeat. stidy and those obtained by Gerrity and CLLEE
97%) 1s Ikely, tober the result of the differenc Gegacit of the sorta '
", used. + Judging fron the amount : of Glastin present, ‘the sbdontnal aorea

appests to:be wore ‘museular ‘than (ha elastic thoradic anrr.a, although

“thts transition s expected to'be gradusl. Furthermore, the abdoninal
: « | ‘acrta and,the thoracic dorta ceemed to developed along ‘fauses?n pattern. .
© 7 Tnis suggests that-the function of the sbdoainal aorta may be' different
. * £rom the thotacic aprta (Kot nnd Rose, 1979) N
.+ ' ‘The result of the Present study indlcated that.althoogh the SB? of
the SHR was elevated to a significantly higher Ievellthln'the noruntenstve
controls from 5 vecks apd to a hypertensive level by 18 woeks,  there was
no sign of increased collagen deposition in the media of the vessels
e in the SHR, as compared with ‘the normotensive controls ‘of the
same age group. | This result 1s n agreement with that reported by Nevman
and Langner (1978) who an.ma :hat the vascular collagen synthests of the
SHR does pot iricrease uneil 23 vesks of age, ‘after fhe see of the SHR has
Tisen to a sigaificant level than the normoterisive controls.
. .The volume percent of SNC, collagen and elastin in e - rehal artery

“of the SHE 1n the preseat muxy vas about 61, 26 and 13, xegpecuvety
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the age of 18 weeks; no significant difference was observed among thé 3 '

strains of rat studied.. These results are'differsat from those reported .

by Osborne-Pellegrin (1978) who estimated.that the collagen and elastin

“éomponent of the distal segment of the renal arfery in mature Tats occupled

about 15-25% of the total medial volume. The difference bémeen the. two

‘studies s likely due to the aifferefit segment of the renal artery. used

1a stereological analysis; the distal segxam: of the Tatal artesy is move

"austular" than the middle segnent used in the present study.
From the results of the present study, the devilopment of the abdotnal
aorta and, the rmul‘atkery appeared to follow a similar pattern of growth.
The dncréase 4n vall thickness of these vessels vas likely to be the. re-
sule 6f an addttion of SHC, collagen and elastin o the: medial
composition of ‘the vessels remained unaltered. Tn considering the results

of ster analysis of the:medial ‘content together with the wall

:Mcknen feasurement of the blood vessels exantned, there vas no 1nd1catlnn
of medial hypertrophy in’either the abdominal aorta or the Temal artery
durlog the first 18 weeks of postnatal development. Houever, the SBP of
the SHR was significantly higher than the WAR and the WKY from 5 weeks
omvard and was incressed to.a' nyperm\ssve level (159 malig) by 18 ueeks.
Thus, it appears, thag the elevatlnn of blood pressure in the sitk 13 not

the result of medial I\ygertrnphy of these vessels.

£ 1t'1 possible that the Livie, SEtes1en way, Sot Ve livolved fa the

process of i o However, the y changes of .

the largest artery, the thoracic aorta, to hypertension, in particular to

Goldblatt has been well d fn the rabbit (Bevan,’ 19765

Bevan ‘et al, 1976 1980) and in the zat (wnlinsky, 19703 1971; 1072).

From the results of these studiés, it is’ smpossme to determine whether

4




the change 1n the blood vessels is a causative factor 'in hypertension,

because hypertension vas induced in thest ‘animals by artificial meanms. The

vdevelopmel;lz of hypertension in the SR, on the other hand, 1s spontarieous. .
Thus by examining the sorpholofy of these vessels diring the development
6f hypertension, the involvement ‘of ‘these vessels in,initidting the hyper=
tension of the SHR can be deternined. The results of studying she develop-
ment of these vessels in the present investigation strongly suggest that
e . the fnitiation of hypertension'in the SHR is'not the result of changes in' J
medtal composition’ of the abdontnal nAo::u,vnnd the ‘renal artery. However,
“the_hypothegis ‘that médial Typertrophy occurs at later atages-of hyper-
tension, indicative of a maintenance role, in the SHR has not beém exemined.
¥y ., The hypothests hai medial hypertrophy,of. small arteries may.be an
fatedattag factor 1n hypertension of the SHR (Folkou, 1978; Folkow and
:‘n.‘ubaclg, 1977; Folkow et'al, 1970; 1973; Mulvany et al, 1978; Warshaw
ot 51,'1979)‘ has not beén settled. On the one hand, Ichijima (1969)! reported
that the’ lumen dameter 6f snali Jejunal artertes' In the SHA vas gencrally
 smaller than that,of the controls. This is supported by Mulvany's group
(fulvany et a1,1978; Warshaw et al,. 1979) who found that medial hypertrophy
of mesenteric vessels was prominent in the SHR from 6 weeks to 50 ol i
. age. On the other hand, Bohlen (1979) aud Bohlen .and Lobach (1977 aid mot
i 2 detéct any\cim.gu “4n-the’ microvasculature of'the cremaster huscle in the

i ‘ SHR,

b s
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SHR, the' following conclusions can be drawa:

Based on'the mu;n ‘obtained from the’ pr-mt qudptlnn of u-

The. WKY appeared to be a better mmtenuu control for the SHR than

*“the WAR 1A -o:pbaluuul studfes. % e

The' systolic blood plessuxe of the SHR colony maintained It the ~_

Memorial of vas

highet than

- tha "Wk ‘and ‘$4sa it From 5 wedks aid fncreased by a hypumlin

level by 18 weeks of age.

Although ultrastructural changes in the abdominal aorta and the remal

- artery during development were not different among the 3 atrains of

rat studied, the arteries of the SHX appeared to be more mature thin
those of the VAR and the WKY normotensive controls at 2 weeks of age.
The elevation of arterial blood presaure in the SHR sppeared mot to
T che wiouit of sadtal Syserisonty of thh AbMRIREE worth NGk Eal

artéry.
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i 3 APPENDIX I: . sn’usg&m. AnaLysiS - 4
- i Data obtained from the present study wete analysed by Student=
L 1s' multiple rang used vére ‘as the
Vo  ‘following: ; : : § e, WP 2

. 4 "
‘1. Calculate the mean value for each group.

AR ;
3 130 120 i35 i
. ; Coazs 125, 15 i
118 127 %0 iy L <1
. 4 e i o
130 S125. - 10

v .
. mean 125.75 - 12425 137.50 |

2. Rank the means in an’order from tbe highest to the lovext. -
wy s

$HR » HAR iisd
SER AR | JRY,

A37.50 125.75 12A 25
3. Caleulate W, = q,(p, np) 5 3 Shiare 4= level of signiflcancl [C5) "

= B P = wimber of means’

i, = errot degree-of freedom
5; = (érror mean square/r)*
a. q,(B, n,) = 45 053, 9), in. the present study'was determined

i from the table of “the upper percentage points.of the -

) 3 'Studentised’ range (Steel and Torrle, 1960)". ~ .

b...5; Was. caleulated from the formula S - (error mean squm/r)“-'

s oo ity of nni.lulu (4 4n the present athdy)
1n each graup

of ‘squares T
Segses of frecton (o

error mean square =

j




e ‘Error-swm of gquazes (snor ss) v

R Tnl:.ll ss - Trgament N

Trumn: ,S8 -(the sum at the squarg Df the ‘column’ sum
K divided by 4 :

et squau/x)"

=(16. st/b)!i

. =2,03

g =B, L

Wy (P 1) 830

3.95 X'2.03

SB‘R vs HAI\ =137, 50 - 125,75 % 11.:75; slgnlflcantly tllfietnn:
L e : from’ aach other

each other,

- 125 75 - 124 25 =1 50' ‘not sip\iiicanlly diftctm:

'm e ey -
y ‘rom "each sther

CSER Vs m = 137 250 - 126:25°= 13 25; ‘significantly different '
; from




¢ 4 Co116,

APPENDIX IT

STEREOLOGICAL METHOD

‘THEOREITCAL CONSTDERATION OF STEREGLOGY

The ‘development of istereologleal methods fn cytology was based on

- the Delesse Principle (Delesse, 1847»c1:ad in Hglhel et nl 1956) whic'h

- states that the planme:ru fractgon of. &' sectiin occupied: by sel:tions

O e corresponds to the fraction.of the tissue volune”

1ed by thls compo ~'This principle vas modified by Glagoleff
(1,933§ cited W Weibel et al, 1966),;Chalk1éy‘ (1943-citéd In Weibel &
‘al, 1966)and Attardt (1953-cteed hrﬂeibef et al, 1966) as a.point- )

cmlll:ing vnlumetry, ﬂms the fraction of tg,st points enclosed in the
structute X could be consldeted ds an-estiaate of the vélune- fraction .
oceupiéd by X, L e o, :

ie. V' B

where V= the volume fraction of:componant X'
.. W, = the: total velume of the organ’ containing X

= the nimbexr of points oveﬂ;yi.ng the pmf;tles‘ of x

= the: total numbet of potl\ts overlying. ‘the section

P
£, , of the organ containing

smme GRID

The Bampllng £r1d used in’ the present sl:urly vas a 10 X 10 regulat

point lattice which cunvuumuy gave direet percent vnlues for voluetry .

and, was modified from Weibel et ;1 (1966) "to it the 8X10 inches phn:o-

graphic paper-on which the electron micrographs-were printéd. In order
to establish the sampling grid used was, at least, as accurate as that'

Qropnsed l{y Weibel et.al (1966) which ‘also’contained 100 points and -

. enclosed in a tést ‘area of with the 1 s1dé

lo Z and the vertical side 8. 66 Z; where Z is the distance between 2 ad—

Jacent Foints;: The component of the l:uniu‘media were.estinated from the
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same set of micrographs by

from the modifie

of ‘Weibel et al, denoted by ¥ were compared. by a patred "t

test at a i
Ysignificance level of 5%. The procedures used were. as.the following: '

-a. Set the hypotheses.

Set the: null l{ypbthesis Hy

the alt.emativa hypothesis H

. “Obtatn "

value from I:able.

In this l:as!, 28, 0.025 °

The null hypor.hesis wul be accepted when' the ulculaced "' values
N

A‘re vithin the interval from ~2.048 to +2.048. -If the cnlculu:ed values
are either @pallér than ~2.048 or larger than +2.048, thé null hypothesis
will be rejéefed. and the alternative hypothesis accepted:

c. Caltulated values.

o o 0 L.
. Collagen: ¥ = 23.60; Y= 22.27;. t;i= 0.8k, e L
Elastin: "n - 29:00; % = 0205, 1y = 02 i i

c‘ 47.07; Tgum 47.9% tgye < 0:32: .
Since all the calculated valués are lying uim.. the 1n:ervel from

=2, oas £0-+2,048, ;the null hypothesis 1 accepted.' That 13’ the_sean obtained

. £rom the modifidd saupling grld 16 mot aiffered from that obtatned fron

wubex et al.’ A : ¥

3. mmmm OF MICROGRAPHS VSED TN STBREOLOGICA!. ANALYSTS

< sinice ‘the medial cum-pvnents dn the ‘artery! are organised, at least i
the abdominal aorta, into lamellar units, the raadom sampling ter.lmique used
in. thé present, study may creaté a high variation in the estimates.! e the
ausber of micrographs used for esflmatiun‘ls few, th‘lsl_‘vm‘:&ation dan be

very large or very smill, as:.compared with the "true" values; the "true'




.ua. s TR a et

value can be reached lvy hu:ruslns the nu.bet of -tcmsnphs used. m
Iini.n p.-lm- of micrographs at which the variation of the estimates vas
snbn;ed vas: detératnid by plotting the number of wicrographz agatnstthe
sz-naud dzvhuon of the estimates (rigure 16). The ‘standard deviation
of the uu.nne of SXC, collagen and tastta riached its platesn at. lbqut.

', T...Thus 7 micrographs obtatned from each qnci-n were used iar lumln[—
ical analysis in the present, snuiy

POI‘IIT nmsm OF SAHPLIHG GRID

™ tha present study, the 100-point dampling grid covered aa area of -

b ¥ 24.8 cm'X 19.

= 491,04 sq. cm, thus the point density is lOQ/Aﬂ,Oh =- 5

0.20 point/sq. ca.

In the nudy by Gerrity and CLLfE (1975), the 100-point sampling srid’
covered an area’of 13.5 cm X 15.3 em = 206.55 ‘sq. cu, thus the pofnt

dmity is lOOIZOﬁ 55 = 0.48 ‘point/sq. cm.

- Since the npllfiutiun used in the present :tudy was 1920()/6000 -

3,20 tines higher than that of Gerrity and Cliff. Therefore the point

density of the sampling grid used in the present sfudy is 3.20 X.0.20
= 0.64 point/sq. cm, which is uglm-' than that of Gerrity and ClifE; the

2l 3
5 estinition of the medial components of the arteries obtained in the prenn!

stidy is more precise than that of Gerrity and CLL£E R




Figire 26."
S .

g :
The vatiul:ien of stumh d deviatinn of volume ftl:tiun of

" medial comporient’s vm- nic!ogrnph mmber. ;
" The volume fzaction of SMC, tnllagen ]l\d ellltil\ was el[mted -
by mu-pom sampling grid-and the l:unrlurd deviation was

" caleulated with the increasing mumber of micrographs.. By.

plotting the imber of micrographs ‘against the sc.;ndml L.

gvladon, the’ "mherenc" variation nf r.ha l:umponents in the

Svessel vgll can be estimated. As shown on' the graph; the

standard deviation of. the’ estimates of SMC, collagen and 7

elastin reaches its plateau at. about:7:
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APPENDIX'ITI: FIXATIVE

The half strength Karnovsky fixative (1965) was used for fixation

in the present study. The fixative was prepared as the following:

~

il

Dissolve 2 gn of parafornaldetiyde to 20 ml of distilled water
by varming the mixture to 60 degrees C.
444 2 drops Of IN sodivm hydroxide to clear the solution and

cool.

Add 10 ml of 25% glutaraldehyde into the cauhd solution and -

" bring to 60 nl with distilled watet, -

IS

5.

. Add 0. 2!4 sodium :lnodyla;e buffer (pﬂ 7.5) to the lnlnt1on to,’

.ubnln a final volume of 100 ml.

Adjust ‘pH to 7. (S

Fresh fixative was uud in each set of experiments.

i
3
}
i

i i s i
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