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T ABSTRACT .~ - . . = .
.3 ) . ) : . ' . -

‘Thé altered contractile functionbof‘small blood vessels in the
M o L . . .
hypertensive state is not understood. ' Genetically determined
. . . - ) 9 . N . e - . "y

'spontaneoushhypertension in rats is a Well—studied'model of human e

hypértension. Alterations in the control of intraéellular calcium.

ion may account for altered contractile functionsWin arteries from‘

vthese rats. The techniques developed to study " control of intra-

cellular calcium by isblated cell organelles along with other bio— .
A '

chemical changes 1in organelle-functions are"discussed
-

Fractions enriched in piasma membrane (PM), endoplasmic reticulum~

(ER),or mitochondria (MIT) were isolated from mesenteric arteries,

aortae and myocardium of spontaneously hypertensive rats (SHR) and

erE two strains of normotensive Wistar controls (NWR) Differential

-

centrifugation and- discontinuous sucrose gradients.were used ‘ S\r;

-In all tissues, PM fractions had higher activities than did other:-

r

fractions of enzymes (5 —nucleotidase, Mg++—ATPase, Ouabain—sensitive

sphosphatase, alkaline phOSphatase\\phbsphddiestrase I “etc. )

‘believed to be markers for sarcolemma however the extent of enrich—
‘ment in markers varied and -was least in aortae. ';h S S "1.\ ‘\:
‘Calcium uptake and enzymatic activities of PM, SR and MIT fractions‘ .

" from ventricles of SHR and NWR rats were similar. Ouabain—sensitive
~+—phosphatase activity was. greater in the PM fraction from SHR animals.

Calcium uptake i the presence of ATP by the ir fraction from SHR

aortae ‘was Significantly lower than that from NWR, while the specific‘ V

.activ1ties of 5° -nucleotidase and phosphodiesterase I were greater in ’

the hypertensive than in normotensive fractions. ) . ’ .

5 S . . &

A; : | _ Aﬁf . iv ~ ‘iﬁ ‘, ' ' T
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6. The spegific activities‘qf Pﬁ«marker enzymea were significantly L

'

greater in the PM fraction from mesentcric drterles of SHR than in
~\ " .
those from NWR. Activitiee o£ alkalinc‘phosphatase and Mg -—ATPase

] °
-

,were increased in all fractions of arteries from SHR as compared to

those from NWR The maximum calcium uptake in. theé presence of 5 “mM
A ATR and 17 uM free calcium by the PM frdction from SHR artéries was"

~
a

‘significantly greater than . that from NWR. In contrast the maximum

ATP—1ndependent calcium uptake 1R‘the presenCL of 1 mM free calcium .

by the PM fraction from SHR arteries was significantly lower than ‘that

' from NWR g Calc1um uptake by,membranes from NWR- and SHR~arteries also’

differed in their sensitivities to ionophores and multivalent cationg

'(Sr++; Baff, Mnf+):

o

7}':;In PM and hR fractions from mesenteric arterles of young (33 days)
- pre=~ hypertensive SHR or of early hypertensive (3~-4 months) rats,‘enzyme
. activlties were generally similar to those of similar fractions of
NWR.‘ When hypertension was fully developed (5 6 months . most ot
th e values had declined in NWR but mnot 'in SHR Alkaline phosphagase'i

activities of PM fractions from arterles of SHR were‘ilevated at. 33

”days compared to values from age-matched NWR ‘and the differential
- N
increased with age and 1ncrea31ng hypertens1on. "Calcium uptake by

fractions from»theSe arteries did«not_change‘with age “bq NWR and was
higher in SHR only at 5-6 months. .

. \ .
- 8. The following conclusions were drawn:

a) -Biocheniéal Changes invarteries are associatediwith hypertension.

.
. @



b)

o)

o

vﬁly incrcased alk&linU'phdsphﬁtase activity had a pntturn of
(hdnge which might be- relnted lo the athologi(al procesq that.

( é?(tf2~hypcrtension. « Other changeq may have been secondary

«

deﬂﬁon or related to change in pathology which occurs

‘

with pcrsisting hypertension. ’

‘. (83

The total pattern of change is not explicable as a result ‘of

o . . N3
changes resulting from increased wall thickness of arteries.

The differénced between aortae and mesenteric arterieg in the

w changes associated with hypertension show that the aorta may

‘mot be an appropriate model for small aﬁtcrieso' S ‘
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CHAPTER I: GENERAL INTROHUCTION S ‘ -

- ) . . . - l ~.

A) .Animal Model Chosen in this Study R r E

- Essential hypertension is the commonest and most important

! entity of the hypeftensive diseases? it comprises roughly 90% of -

hypertension in human beings. Estimates made by the National Health

Survey in»1962 indicate‘that gbout 26 million'persons in the United

>

States have hypertension or hypertensive heart disease; When«hyperten—

-

sion is defined in terms of blood pressure readings of 150/100 mm Hg or
greater, 20 percent’of men and ‘women aged{45 to- 54 years are found to

be afflicted (Gordon and Devine,\l966) Various kinds of animal models’

\ hy .
have been used to study the pathogenesis of essential hypertension and to

.-\\
establish measures for its prevention. , s

- .

~.

- .
‘Okamoto and- Aoki (1963) developed a cololy_of rats that exhibit

v

hypertension Spontaneously without exception. These animals§§ere called

Spontaneously Hypertensive Rats (hereafter abbreviated as SH§) fhe\g i

hypertension exhibited by SHR appears to be analogous to essential hyper— B
ten51on in humans. This strain of rats is considered to be the most appro—

priate animal model available for essential hypertension in man. Ih@'

aim of the present investlgation was to determine whether or not any of the

@ -

%i?chemical alterations~are preSent in.the cardiovascular system of SHR.

.Interests‘vere focused on calcium'uptake ahd certain enzymatic'activities'
in vascularvsmoothhmuscle atlthe subcellular level" Altered regulation :
of calcium® metaboliSm is a plausible cause. of vascular smooth muscle super-
'sensitivity while alterations in certain enzymes may reflect cellular. |

.changes associated with the initiation of, or the responses to, hypertension.

L] . . -

-

@



- B) . Etiology of Human 'Essential Hypertension and Comparisorn to’

e

Hypertension in SHR.

Mean arterial pressure ip determined by. cardiac output and
an 1P : ca :

nperipheralrresistance.' An increased pressure ma; be ‘induced by increases

of one, or both, of these factors. lhese possibilities, as they»relate-
<

to arterial pressure changes in essential hypertenséon will be briefly

o : . oy

outlines. : _ T S . .

“ (1) |, Cardiac oUtput - R
7. .

© e

It has been suggested that. an . increased cardiac output might
play an important part in, the initiation of essential hypertension.
‘Thus, Wezler and Boger (1939), and Varnauskas (1955) obaerved an. increased

icardiac output in combination with a largelj'nbrmal:peripheral resistance

’

in hypertensive subjects. These findings have been further'confirmed‘and
'suggested-to be'present in the.early,phase of‘the»diseasef(e.g.‘Lund—Johansen,

>‘1967; Frohlich et al., 1970, Julius’and'Schork, 1971).. On the other
L3 .
hand, there. is no evidence of an increased cardiac output in the established .

phase of hypertension (Freis, 1960; Pickering, 1968) Similar conclusion~:

of»SHR has been reported (Pfeffer and Frohlich, 1973). Furthermore,

.

patients with increased cardiac output caused by a number of disorders do

not develop hypertension (Page, 1974). Most subjects in the established

P's

phase of hypertension have an increased peripheral resistance and normal

or decreased cardiac output. ™
: ) o . . . . . Tl )
: : i .
(1i) Peripheral resistance
\
According to Poiseulle s law ‘the ratio of pressure drop to

5

flow is a function bf all the forces that retard blood flow - the




viscosity of blood and the length and radius o 'the‘vesSels. This ratigq,.

.has been adopted ‘as an expnession of vascular resistance, by analogy

;w1th Ohm's law for electrical circuits.' The resi\tance is proportional to

1

"the length of the re31stance vessels and to blood viscosity, and inversely

proportional to ‘the fourth power of the internal radius of the vessel.

\ i .

-

,Therefore, changes in. the internal radius have a far greater influence on

u\’

resistance to flow than changes in either viscosity or vascular\length

No studies have suggested that an increase in length of the VEsselfaffecting

»systemic resistance or a raised blood viscosity play an important role for

¢ o

the - increase in resistance in essential hypertension (Pickering, 1968)

Therefore, most’ investigators have been- concerned with decreases of the .

) internal radius of resistance vessels. Several possible mechanisms that

may enhance vascular constriction and lead to decreased radius of blood -

Mvessels~have been proposed.. oo PN

r;(a) "Enhanced neural activity . . .
There is normally a tomnic dischargeoof the sympathetic.nerves'

a

to the small vessels maintalning them in a state of partlal constirc—ﬂ

tion. The activity of .these vasoconstrictor nerves is co—ordinated

o

mainly in the vasomotor Center (V.M.C. ) Various regions of this V. M C

[

affect the vasoconstrictor tOne'and hrence the arterial pressure change
. 1

in the activity of vasoconstrictor nerves. It is® thought that the sym-

pathetic vasodilator nerves play only a minor role in the regulation of

arterial pressure, except during exercise. '’ s :

v <
a °© ~

Studies on essential hypertension with human and animal models

5

"have led to the view that the sympathetic nervous system plays an



-

important role in the maintenance of a certain levci of blood pressure

in hypertensive subjects as well as .in normotensive individuals
(Pickering,‘i968),> This has been supported by the results ofiimhunologi—
cgl sympathectomy (Dorr and ﬁrody, 1966; Smirk,:}970), administration of.

sympathdlytic drugsf(okamoto et al., 1966) or- ganglion blocking agents

i

(Okamoto et al., 1966; Okamoto, ¥969§ Smirk, 1§70). These and ‘related

findings have led to suggestions of,enhanced sympathetiC‘activity in hyper-
tension. .However‘ some diSCrepancies withithis hypothesis were also noted.
For example, a decrease in catecholamine turnover 4in peripheral tissue was
found (Louis et al., 14;0 Nakamura et al,, 1971 Yamori et al ~1972; _.‘h
Sjoerdsmah 1972), as was a d;creased tyrosine hydroxylase.activity in the
vascularbsystem of hypertensive subjects as compared to that of normoten— :
sive ones (Traver et al., 1971). No unequivocal agreement has been reachedb

as‘"to whether sympathetic nervqus activity is increased in hypertension.

On the other hand, an increased threshold level of blood pres—

N
\ o

sure for baro—receptor nerve activity to decrease the sympathetic activity

in hypertensive animals was noted as compared to that of mormo ensive ones

(Kezdi and Wennemark 1958 Nosaka and Wang, 1972). Since’the(cardiac

A

output 1s-normal in hypertension; the resetting of baro—receptors 1s consi=

dered the secondary effect of hypertension (NOsaka and Wang, 1972) An

Aexplanacion for such a resetting may be -that the baro receptor nerve endings

by structural changes in arteries where these receptors are located.

of SHR become protected against excessive stimulation during hYPEYten51°n

»

'Since the intimal and medial layers of carotid arteries and-the aortic arch of

¥ . Cs o )

SHR are hypertrophied ‘the transmission of the pressure signal through the

a2
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1

and malignant hypertension.. On patients with uncomplicated-essential'

N

medinl ﬂmootn muscle 1is dampened to a larger ext Ut 1in SHR (Wellens et ai.gd
1975). | M
In summary, the.sympathetic nervoys sysﬁem plays ; role in the |
maintenance of a certe;n level of blood pLessure, both in normntensive and
< j

hypertensive unimals, but there‘%s little evidence that a funftiona} cha@ge

-+ ' .
in this system is the cause of sustained essential hypertension.

(b) Increased humoral vasoconstrictor or decreased vasodilatory agents
’ : : . : .
4

Increased amounts of'cireulating_substanees which may directly
R ‘

or indirectly cause hypertension have been fdund in some forms of  hyperten-—

sive disease, e.g. notadren&line in phaeochromocytoma, adrenal corticoids‘

n

in Cushlng 3 syndrome and Conn s disease, and ‘renin- angiotension in renal

(prima}y)“hypertension;~howeven, increased amount of circulating pressor

cf

® substances have nqt been convincingly demonstrated. Currently, no convin-

a

cing evidence indicates that humoral agents euch as angiotensin, brady-
. . . 4 . B

kinin, proetaglandins‘or unknown substances from kidney or other organs

-are in&olved in the mechanisms.of essential hypertension. The rdle of

adrenal medulla in the mechanisms of hypertension also has been evaluated.
Both 1ncreased (Ozak1 et al 1972; Nagatsu et al., L972) and_decreased
(Slotkln adﬁ Green A1975)legelsefxsynthesis‘of catecholamine from SHR ‘as

compared to that of normotensive rats have been reported.

o

In summany,jthere is no convincing evidence for an increased
vasoconstrictor substances inh either human essential hypertension or in
? . P ’ .

genetic hypertension in rats,

S

K



(c)y - Inereased vascular reactivity

- . 1

2. The following terms are used differently by various authors
and in order to avaoid confusiop, the most accepted definitions are stated
below: Tt is defined that the terms "supersensitive" and somet imes

.

"hypersensitive" are used to describeo'a ﬁissue (e;é. smooth muscle) in
IWhich the amount of a substagce required to produce a very smail or minimal
biological respo;se is less than that of a normal or "cOntrol" tissue. The
portion of the dose response curve near threshold doses of a supersensitive
'tissue lies to the leftf%f that for the "control'", ' The terms ”hyper—
reactlvity , ”hyperresponse‘ and“—increasea reactivity" refer to a greater
Jresponse to a given dose by some tissue relative Eo a control, The‘responge
mé? be any parameter measured. These terms include supersensitive sissues
buL also describe tissues with 1ocreased maximal contractile response or
pressure or blood flow response. These terms also describe the case of an
increased sreepness of the dose responﬁi.curve without a change in threshold

dose.

(i) In Vivo
"o

A variety of experimental techniques have been used to demon-

strate an increased reactivity of blood vessels to’ - contractile stimulants

ofApatients_withﬁessential hypercension. Kaplan énd Silah (1964) found

'that patlents with essential hyperten51on required half as much’ angiotensin
to produce’a given. rise in blood pressureoas did normotensive 1ndividuals.

»

Doyle et a1 (1959) studled the response of the forearm circulation to

T .

horepinephfinea anglotensin and S—hydroxytryptamine infused into the :
brachial artery. Theyhfound that at the same doses hypertensive patients

responded to norepinepﬁrine and 5-hydroxytryptamine with a ‘greater vaso-

s

74
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constriction than did normotensive patients. An in vivo study by Okamoto
©
et.al (1966) reported a.greater vascular responsiveness to norepinephrine

in SHR.

) .
(i1i) Perfusion study

Haensler and Haefely,(l970) found.an increased responsiveness

(both threshold_ .and maximal .responses) of SHR perfused mesenteric arterles

¢~(

to agonists (noradrenaline and KCl) However, the increased vascular reac-

tivity of hypertension by“the ;echniques of in vivo or in vitro perfused

- o I
blood vessels may result from two possible mechanisms‘ (a) It may be due
to some structural alteration of blood vessels resulting in"a vascular
reactivity change; (b) It may be Yue to changes in sensitivity'of the

vascular smooth muscle cells. 4 N

- o

From perfusion studies with several vascnlar beds, Folkow '~

N

(197¥) and Folkow et al. ;(1970) have concluded that there is no change in
sensitivity of vascular smooth muscle in SHR and that a structural change
(increasgd wall thickness to lumen size rat;o) is responsible for ;he

increase 'in total peripheral resistance, The basis of their argument is

that concentration—reéponse curves ofvascular resistance to norepinephrine

r

for hyperten31ve animals dlffered from those for normotengive animals in

the same way as did the calculated concentration response curves of a math—

2

ematical model in which it was assumed that medyal thickness hadoincreased

by 30% and the increase in wall thickness.had'encroached on the lumen when

»

the smooth. muscle was completely relaxedj//{f so,_responses to aLl con-

strictdr agents should be equally enhanced in hypertensive blosd vessels.

In contrast, Lais and Brody (1975) found that the threshold.dose for



norepinephrine was lower in perfused hindquarters of SHR. The failure
.of Folkow to obtain an increased sensitivity to norepinephrine may be due to
his use of an arcificial.medium for perfusion or to his use of‘papaverine

treatment. Other’ investigators (Haeusler and Finch, 1972; Hinke, 1966

¢

McGregor and Smirk, 1970; McQueen, 1956), using perfused preparations frqm'
SHR and deoxycorticosterone acetate (DOCA) hyperten51ve rats, have found
_increased vascular reactivity to various stimulating agents Q'McGregor and
Smirk.(l970) noted that the vasoconstrictor regponses to norepinephr;ne,

“angiotensin, and 5- hydroxytryptamine in arteries from genetic hypertensive

[

_rats exceeded those observed. in arteries from controls. One of thé tech- -

niques they used to obtain their resultg was che measurement of perfusion

.~

'pressures in isolated perfused mesenteric arteries. However, they fouhd
a greater dincrease in sensitivity to 5 hydroxytryptamine than té. norepine—

phrine in this isolated preparation from nor?#{ and hypertensive rats. -

‘McCregor and Smirk‘concluded tRat the enhanced response of the diSeased

"arteries was due to an increased sensitivity of the smooth muscle cells.
v

. rather than-to a structural difference between the normal and hypertensive

.

arteries, Similar results were reported by Haeusler and Finch. (1972)
‘ -
It is important to emphasize that an’ increase in vascular reac-—

tivity indicated by a greater pressor response of a perfused vascular bed

does not, in itself permit a differentiation between increased wall thick-

» ~ -

ness ‘and increased sensitivity of Vascular smooth muscle. However, the

3

_contractile, responses of helical strips of the blood vessel wall can be

interpreted more directly in terms of sensitivity of vascular smooth muscle.

-

. -
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(iii) Vascular Strips

y-
In many:studies, the maximal contractile responses of strips

of aortic or femoral arterles from hypertensive animals have hcen found

-

unchanbcd or decreased in-response to vasostimuli (Spector et al 1969;
Hallbark et al., 1971; Massingham and Shevde, 1971- Shibata et al., 1973;
Field et al., 1972), but a lower threshold to norepinephrine and potassimn'

chloride (Holloway and Bohr, 1973 ‘Field et al., 1§72) has also been found

v
in some but not all studies. Differences can be attribgted to a number
of factors:  type and duration of hypertension, species, age, tissue

3

«Studied, and differences in experimental technique. A few points should

be noted: (1) The 'studies of aortic‘and femoral strips'dd,not necessarily
raeflect the tunctionar'characteristics ot smooth muscle of the resistance
vessels which is‘the vascular section of interest. (é) It isvnot known
whether the thresh;;& résponse, the slope of the d05e—effect curve, or the

maximal response to stimufi is closely related to the determinant of hemo-
'dynamio response. (3) ~However, it iy clear that reactivity of both large
and small vessels. is changed and that supersensitivity to at least some

agents iIs seen 1ii both. : . (

According to the analysis of Johansson (1974) on tHe p0551ble

: - /‘ » -
mechanisms 1nvolved in an altered reactivity -in hypertension, the mobllity

of calcium and the delivery‘of ATP’to the contractile machinery are the

o

most susceptible steps. An attractive questlon that is worthy of testing

is: are these steps altered in hypertensive dlsease’

s
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) Changes ig Cellular u{'Subcellyigr Metaboljsm in Vascular Smooth

Muscle of Hypertensive Animals

o Changes of certain parameters fh cellular or subcellular levels

(&3

have been tound in hypertensive ani@alg whiéh may be dl;;ctly or Lnd;igytly
A

Q

involved in an increase of vascular reactivity. Below, some important

parameters are outlined. - \
7

(L Changes in vascular electrolyte content ° //

©

+ + -
» K, and water content in arteries of

A markeqiiﬁase" in Na
[ O N 2 .
N - . . G .,
various types of experlmental hypertensive animals (Tobian, 1956; Daniel

and Dawkins, 1957;/WiLlard} 1968; Koletsky et al., 1959) and ghe late

phase éf SHR ﬂNagaoka, 1970) have been reported. The increased -cation

content is believed to be due to binding td’extracg}lular membrane—mucoﬁol};L
saccharides,iwhich are_altéfed at the'hyper&éasive stage (Headings et al., .
1960) .. However, there:has been considerable difficulty 1in attrib;ting i

altered electrolfte content to the extr;ceiiulat fluid, .the extr%cellular
ﬁgtrix‘or~to'intracellular loci. . ;ﬁnes (1973, 1974) réported that an

1ncfease in me;brahg permeability to‘N;+;QK+ énd'ClT, gased on a study Q}
_tﬁéir fhrn-oQér rate, was .present in SHRolérge an; sméll azteries;‘but he

found no changes in the total amounﬁ of these iogé,éresent.‘ Friedman f1974? ‘

has found that vascular smooth muscle cell membrane in ‘rats with DOC&- -7
9 . 5.
induced hypertension shows'a significant increase in "leakiness" as indicated
<> . . ‘

5 ’ + -
by a fivefold increase in the .transmembrane passage of Li+ anﬁ-Na at 2%c.

’Theréfore, the increase of thesge .cations in hypertensive arteries may de due
&

" to a partially intracellular binding. 1In the early stage of a study ofc
hyper tension, Friedm3n et al. (1959) have proposed tgﬁt the sodium ) (/—3

&

4

Y



concentratlon gradient between the outSide (Nao) and 1n31de (Na ) of the
. o . ok °

& . i ’

(Na /Nal) leading tg a decrease in tone a decrease i gradient tgd an

smooth nuscle cell is ‘a ba31c1determinant of tone, an 1ncrease n gradient .

" increase tone.. The blood pressure settlng from low to high values is ‘viewed

¢ A
g

as depending-on graded changes in sodium tnansfer eqUilibrla

‘The qﬁncentratidn of the ion more intlmately involved w1th regu—

0 o

%iation of contraction, calcitm, is reported to be unchanged- (Beilln et al
ﬂai?*“ i ; -
ﬂﬁ '1969; Douglas et al., 1967) or slightly 1ncreased (Tobian and Chesley, 1966
T

Ma551ngham and Shevde, 1973) in blood vessels of hypertengive animals. ,

Vs - 14
Since in| cellularOcalcium is probably only a small pertion “of the total

T .
,tissue caLc1um (Van Breemen andOMcNaughton 1970' Somlyo and Somlyo, 1970)

and 51nce smooth muscle cells comprise only a part of the total arterial

e

. +¥
weight this 1ncrease 1n Ca cannot be assigned to any specific sites or

C] i3 °

cells (Massingham and. Shevde, 1973)

© e

'\

]

:'éégﬁ

N

Hinke (1965), working w1th isolated’ perfused ventral caudal tail
aggerles from normal and hypertensive animals, found that the muscles from
hypertensive arteries exhibited a greater respon51veness to noreplnephrine

3

than that from normotensive ones. In anoﬁher study, Hinke (1966) demon—

strated that the dose—response curve relatlng the amplitude of muscle contrac—

s

tion to calcium ions in the extracelluiar fluid was shifted to the left in
. . o L )

the hypertensive arteries, The shift occurred with both norepinephrine and
KC1 employed asgthe'excitatorylagent. -Since calcium is generally believed
LS

to be the agent that activates the contractile process in muscle fibers

. Hinke suggested that the hyper—responsiveness of diseased arteries may beJ

)



13.
due either to an improvement in a mechanism of attraction and binding of ~
calcium.for subsquént release for contraction or to an improvement in the

efflciency of-the contractile elements themselves. Somlyo and Somlyo (1970)
interpreted Hinke's data by postulating that‘a‘hypertensive artery, when
stimulated; undergoes a greater than normal increase in'membrane permeability

b3 .

to calcium ions or peossesses a sluggish relaxing system that does not’ remove

myoplasmi% calcium at a normal rate. Therefore, ca1c1um uptake in subcellular

organelles may be related in some fashion to changes of vascular reactiv1ty
~ : .

in hypertension. For. example a-decreased calcium uptake by Subcellular : o

Organelles in diseased arteries may increase intracellular free calclum
compared ‘to’ normal arterles, this 1ncrease may prolong excitation t1me ‘and
enhance activation“of contraction. Alternately, an: increased calcium

) uptake.by these organelles may proyide a larger calc1um pool- available for

release when stimulated All'these mechanisms cqnfeiuahlv could alter

»

muscular reactivity‘in hypertension.

(i1) Changes in‘en;ymatic activityf

Increased'activities’of many enzymes have been found using

‘hlstochemical techniques on tissues or biochemical techniques on homogenates.
‘However these methods generally 1ack quantitative accuracy The follow1ng

G

is a.partial list Alkaline phosphatase (Gardner and Laing, 1965 .Wyke.and
'Gardner 1970;. Ooshima 1973), acid phosphatase (Zemplenyi l968 Wolinsky
et al.} 1973' Ooshima 1973), AMPase, -ADPase and ATPase (Oka and Angrist

1965;'Ichijima; 1953). The physiological importance‘of these enzymes £s '.

not clear. . They may be related to précesses like cell proliferation,-ion



of cyclic AMP leVel with hyperten51on is controvers1al Besides .the

™
©

transport, muscle coptraction, ‘etc'
<

It has been suggested that cyclic AMP | and the enzymes con-, ‘
trolllng its level in the, cell may be respon51ble ;/;/regulating arterial

tone and contraptillty (Triner et al., -1972). ’ Inc eased cyclic’ AMP is

~ o o

often.associatedAwith relaxation.of“vascular smooth muscle tone (cf. Bair,

-

l§72f; In studies of cyclic AMP level and of the enzymes controlling'its

e -

level in blood vessels of various types of hypertensive rats, Amer (1973)

o

’and'Amer ef al. (1974) have found that cyclic AMP content in hypertensi%e

arteries is signiflcantly lower than in normoten31ve arteries. The change‘_

o

appeared to be due to an increased activity of the cyclic AMP degrading

enzyme in hyperten51ve compared to normotensive arterles ‘i.e. the cyclic

nucleotide phosphodiesterase, there was no, difference in activ1ty of the

kY

cyclice AMP synthe3121ng enzyme adenylate cyclase. Ramanathan and Shibata

—_—r—449¥49fhave—eonfirmed—the—resﬁit of 18 wered cyclic AMP level in arteries

of,hypertensivezrats. ‘However, Trinernet al. (l975) have reported that the -

/‘

A':‘

‘cyclic AMP level is elevated and that “both related~enzymes show slightly

v

1ncreased activities in hyperten51ve arteries. Therefore the relationshlp

~ . -

hypothesis of the 1nvolvement of cyclic AMP levels in contraction or relaxa— B

- ~ 7 -@

tion of smooth muscle has been questioned (Polacek et al. “1971;-Daniei and

i

Crankshaw, 1974 Daniel and Janis 1975 Ljung et al.; 1975) Studies by

« Andersson (1972) prov1de ev1dence of a direct role for cyclic AMP in regula—

e

ting calcium fluxes (increased calcium bindlng or transport) in smpoth muscle,
G ' e @ - ¢
but Andersson s results have yet to’ be confirmed (e.g. Batra and Daniel

o ' . ] . .
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.

1971), and .the relationshlp between cyclic AMP and calc1um uptake and
‘release 1n subcellular fractlons of muscle remalns controver51al

(1i1) Changes in non—collagen,proteln and collagen biosynthetic

B ° B
< . ’ o

actlvftz . ’ . - ‘ :

D . . o A

Incorporatidh of %4C lysine into the non—collagen proteins is

‘increased in the small vessels of SHR (Yamabe and«Lovenberg, 1974)- and

;an 1ncorporation of 3H—prollne into collagen is increased in the vessels

.

of hypertensive rats (Ooshima et al., 1974, I975' Gerrity et'al 1975) o

uThe above—mentloned results are consistent with Folkow s hypothesis (1956)

- that 1ncreased wall thxckness to lumen ratio is the cause of vascular reac—

t1v1ty change in hyperten31onuA However «such stydies do not establish this

- :
as the unique causatlve factor for altered vascular reactivity in’ hyper-

tensions -, On the 6ther hand these studies iAmply altered blochemical

I4

__l_eoperat%ens—&ﬁ—artertal—smo0Ln‘mUSCle in nypertension since this is, the

site of collagen synthe51s (Rose and Klebanoff 1971) There is the further

implicit suggestlon of an altered feedback regulation of collsgen synthesisc o

1

1n hyperten51ve arteries4 . o : '-,‘ e " . Lo
D) .- Calcium Utilization in‘Vascular Tissue : o s
. (a) Hypertensive vascdlar tissue '; -
As previously mentlonéd Hlnke (1965 1966) suggested that the
. . .

hyperreact1v1ty of the diseased artery may\be due to an abnormailty of

-

calc1um metabolism ‘at the’ cellular or subcellular levels. Finch and Haeusler

(1974) reported that 4n depolarized mesenteric artery pneparatlons the ' -2

‘calc1um dose-response curves in preparations from normotensive and hyper—



. . ' : . : N
D - a I

tensive rats yerepsimilar, It is known that a high—potassium depolar121ng
medium increases the- membrane permeability to extracellular calcium or

o N ~

rel%ases hoosely bound calcium from the membrane‘(HinRe, 1965; Hudgins and

Weiss; 1968; Van-Breemen 1969; Van Breemen at al., 1972). . However, a more

recent study has shawn that\a high potassium medium may also release some

o a

calc1um from the intracellular pool (Goodman et‘al. 1972). Bohr (1974)

studied mechanical responﬁes of carotid artery strips from normotensive,

- ”
4+ ++
DOCA and spontaneousiy hypen;ensive rats to: different cations (Ba‘ s Sxr o,

(=)
3

..iMn++ and La ). He found that- at the dose ranges from 0 Ol—l 0 mM the

++
contractile response to Ba added in the presence of calcium was far® less

1n strips from the hypentens1ve than from the normotensive rats. On the

- v

other hand~ contractile respénses of strips from the hypertensive rats were

o
- <

3

greater in response to Sr++,;Mn+f and La' ", at similar or higher dose ranges

Furthermore, the response of Ba++ was foun tovhe_highly_dependenttontthe

presence of extracellular calc1um in preparations from these three types

o

of .rats. He suggested that the differences in sensitiv1ty may be relatéd

to alterations 1in- the calc1um binding properties of the smooth muscle cells

i <

of the hyperten51ve rat. Hudgins and Weiss (1969) showed ‘that barium and

strontium ‘can exchange w1th bound calcium in the rabbit aorta. There

a-

eappears to be competition between these nonphysiological cations and calcium

for membrane binding sites. There is convincing ev1dence that ‘both manganese~
e -

(Keene et al., 1972) and lanthanum (Van Breemen et al., 1972) decrease

vascular smooth muscle membrane permeability to calc1um These cations

a 4 ‘

probably compete with calcium for membrane .sites. Field et al.’ (1972)
. |

suggested that the- hypersensitivity to noradrenal:ne of the aortic smooth

- . . . B . -
3



mudcle of SHR is due: to some general alteratlon of the cell membrane

" rather than a speciflc changé in the adrenerglc a—receptors.. If this is

true for other vascular smooth muscle of SHR then the amount of calcium
. e

mobﬁlization assoc1ated with contraction might be different between SHR

4

and normoten31ve fats. L : .

’From the above results‘ it is p0551ble that.an altered binding

and transport system of calcium ion could be part of the cause of the hyper-‘

tensive state. Since the increase of vascular resistance is determined )

°

largely by small’ blood vessels rather than by large vessels such ‘as aorta,

I was specially 1nterested in such vessels (eng. mesenteric orteries)ras

" a source of'subcellular proteins and membranes'for‘studies of talcium uptake.

L.~ o .

1 was also interested in studying‘aorta and heart in"a. similar way to see

¥ s

-whether any- changes.apparent in small vessels occur in’ other components of

-

the cardiovascular system as well.

“{(b) Normal vascuiar tissuevﬂ o

»

The physiological function)of calcium uptake by the subcellular
. NI
components in small vessels is still obscure and therefore 1nformat10n

-

obtained about this will also be valuable. Calcium ion is the agent that

e

actlvates contractile elements in all types of muscle flbers.; However

\

-terminal c1§ternae, which serve as both a source and ‘a sink for the _. .

o

divalent ions in skeletal (Sandow 1970) and cardiac muscle (Langer 1968)‘.

.

have not been found in smooth muscle. Based on evidence obtained from :

numerous physiological studies performed on Varlous types of smooth muscle

.fibers, there is currently a consensus that calcium. ions assoc1ated with

'\

’mechanical activlty in smooth muscle may arise from two ﬁypes oprools

.o

/
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~ three specific loct inside the cell where mobilizable calcium may be o

18.

(Paniel, 1965; Van Breemen and.Daniel," 1966; Devine et al., 1973).
One is the pool of calcium that is present in the extracellular fluid or’

thatfis loosely, bound to superfiq}al sites in the muscle fiber: the other
’ .

~

is a tightly bound pool of calcium that 1is sequestered (or‘located)Ain

L

the cells. Recent histological Vand histochemical studies ‘have"poi‘r%d to

£

sequestered .These “are the plasmalemma the endoplasmic (or sarcoplasmiq)

t,

retlculum and the - mitochondria of the muscle fiber (Somlyo and Somlyo, 1970

°

1971; Bohr, 1973) < ' N

- The contention that an 1ntracellular as well as. an extracellular

A v

(or superficial) site may store the. activator ions needed for contraction
does not imply that ‘an, intracellular store of calcium plays an equally

1mportant phy51ologica1 role in all types oﬁ smooth muscle fibers. For

example, the main pulmonary artery of ‘the rabbit immérsed in a calcium-free

@ .

medium,'retains the capac1ty to Lcontract long after extracellular and pre—

»sumably loosely—bound calcium ions have been removed‘(Devine et al, 1972)

§
- By contrast -the taenia?coli of the rabbit, ‘under the. same conditions retains

its capacity to contract for a much shorter period of time (Devine et al.

1972); Estimates of the amount of endoplasmic reticulum present in %. two

o

smooth mugcles correlate with, these findings. The main pulmonary artery B

o

‘ was assessed as having. over twice as much endoplasmic reticulum by volume

as "does the taenia'coli (Devine et al. 1972) Devine et al (1972) esti-

3

-mated the endoplasmic reticulum»volume of both rapbit aorta and of guinea

: pig mesenteric artery, the former was twice as large as the latter. The

results suggest that calcium movement from the extracellular or intracellular

. D
. - -

o-‘ ‘. o ] " o
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©

bound calcium pool during the excitation contracwion process should be
different between large and small uessels. A‘smooth muscle that utilizes
primarily external or superficially bound calcium for contraction might be
expected to have a large part of its capacity to bind or_ extrude cyto-

plasmic calcium” localized in the plasma membrane. A muscle that mobilizes

intracellular calcium might be expected to contain some part of its capacity

G

to actively transport or bind calc1um in the membrane of its intracellular
l

.organelles (Hurwitz and Suria, 1971; Hurwitz.et al.,'1973).

CY

o

E) Aims of this Stu_y ‘ _ e ’ o

(1) © To isolate fract}hns sufficiently enrichéd in plasma membrane,
2
endoplasmic reticulum and mitochondria from mesenteric ar'teries,’ aortae

.

and ventricles of rats so that the calcium uptake and release by each cell

vorganelle can be studied

(2). To test the hypotﬁe31s that calcium pump(s) exist in the sub—'

cellular organelles of vascular smooth muscle (especially on plasma membrane)

e

to control intracellular free calc1um concentration.
‘

(3) To test the hypothesis that altered contractile functlons of

1

mesenteric arteries, aorta and cardiac muscle of SHR are related to an

>

' abnormality of calcium metaboliém and certain enzyme activities in sub--

-

kcellulaf levels., °

a

(4) . To explore the relationship between I - and the altera-

tions of calcium- uptake .and certaln enzyme act 1 in mesenteric
arteries’ in SHR.  ~ S
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CHAPTER 11: ISOLATION AND CHARACTERIZATION OF PLASMA MEMBRANE FROM
RAT MESENTERIC ARTERILES
A. Introduction

The isolated mesenteric artery is often used to study éhanges

in vaécylar reactivity that are associated with -'a number of types of

~ L]

genetic and experimental hypertension in rats (Armstrong, 1972; Héeusler

and Finch, 1972; Mchézor and Smirk, 1968). Although procedures are

available for the 1solation of plasma membrane- from a number of thsues

(DePlerre and Karnovsky, 1973 ), no method has beén reported for tﬂe

isolation of plasma membrane from small blood veésels; Our laborgtory
‘has prev1ously reported ‘a 'procedure for the 1solat10n of a relatlvely

pure plasma membrane fractlon from myometrial smooth muscle (Kldwai et

a

al., 1971a). I have now used a modification of this method to ob;ain

Lo
-

fractions enriched in plasma membrane and endoplasmic reticulum from rat

mesentericarteries.—These Iractlons should be useful for eluc1dat1ng

the role of membranes in various control systems of small blood vessels

) N
N

of normal, experimen;al andidiseased rats.



-

B. .Methods and'Matérialg

\

i

o

- Male Wistar rats welghing 400- 500 g were killed by a blow on

~

the héad and megenteric_arteries were removed immediately and placed in

°

cold (O 4°C) 0.25™M ‘sucrose .prepared in d0ub1e distilled water. Removal

of most of the fat cells waé‘accomplished by stripping of adhertng'fatty
tissue with forceps. The supefiof mesenteric vein and small veins were

also removed and discarded. The resulting tissue was suspended in 0.25 M

«

sucrose and placed in a glass homogenizer with a loose fitting (0.004 to

3

0.006 inch clearance) teflon'pestle (Tissue Grinder, Potter-Elvehjem, size,

.

°23, Kontes). The pestle was rotated at 500 rpm for three strokes in order

to remove additional fat cells from’the“blood vessels. The presence of

fat cells was determinéd by microscopic examination of arteries stained

with Sudan black (Carleton andeeach’ 1947) . The preparation of "mesen-

teric arteries" .1ncluded the superior mesenteric, 11eal and jejunal
arteries (fig. 1). From7;we1ve rats the total wet weight of fat-free

mesenteric arteries ranged from 4.0 to 4.5 g. The arteries obtained by

this progedure wefe homogenized in 0.25 M sucrose with‘a Polytron PT20

(Klnemarica GmbH Luzern Schweiz) at 15,000 rpm for 15 s. The homogénate ’

-

was centrlfuged at 900 X g for 10 min, the- pellet was dlscarded and the

supernatant.. from a second 900 X g/lO min, Spln was then centrlﬁuged at

. @

104,000 X g for 30 min. The sedlment was suspended in 1:5 ml of O. 25 M

3'

sucrose and layered on- a discontlnuous‘sucrose gradient contalning'3 ml

each of 29%, 37% and 45% sucrose sdlution (w/w); the copcentrations were

. . o f‘,«)
. - ( o

B \ o

o
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\ ' ‘ Superior mesenteric /"0 .
b : - artery g
' '

Jejunal arteries

[leal arteries

3 | L \

Fig. 1. The preparatlon of 'mesenﬁeric arteries"| stained with Sudan
black ' (a) adipose tissue attached (b adipose tissue and”
veins removed. The preparation consists of superior mesenter1c

jejunal and ileal arteries.

A
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checked with an Aybg:kefractomcter. The gradient was centrifuged for
120 min at’ 111,688 X 4 in rotor SW'4Y: (Beckman). The preparative scheme
is summarlzed. in Figure 2. A band was obtained at each interphase:

fraction Fi between the loading medium and 29% sucrose, F, between 29%

é

and 37% sucrose, hﬁd»Fa between 37% an&ﬁ

% sucrose (fig. 3). The

fractions were removed by Pasteur pipettes, dilutedvto a sucrose concen-—
tratton of 0.25 M, and centrifuged at 104,000 X 4 for 30 min. The N
sediment was resuspended in sucrose or buffer as required.

] . : : .
.For electron microscopy, tissues or pellets were fixed in 2.5%
e .

glutaraldehyde in ﬁhosphate buffer (pH 7.1), bost—fixed in 0s0,, and

eﬁbedded in.Epon. Sections were stainéd'with uranyl acetate andnlead
.cffrqte, and photographed on a JEM 7A electron microscope.

5'-Nucleotidase (EC 3.1.3.5) (Song and Dodansky , 1967 ) and

- 3 ; 'l i’ ],', E l 1 1 3.1 v i E 1 t ' >4 ,kz ‘7_

a

(N%;+K+)—ATPase (EC 3.6.1.3) (Kidwail et al., 1973) were determined as

was deterthined by the Fiske and SubbaRow (1925) method. The activity

\ . - - \
inhibited by ouwabain (1 mM) was considered to be (Na++K+)—ATPase; this

activiﬁyLwas often somewhat less than the increase pféduced by Na’ and
K+. Quabain-sensitive K+—phosphatase (EC 3.1.3.1) (Kfﬁwai et al., 1971a)
alkaline phospha;asé (EC 3.1.3.2) ZBessev et al,, 1946) , and phospho-—"

diesterase I (EC 3%fi4.1) (Touster et El., 1970) were assayed as previously '’
) ) »

. -

&Qscribed;"p—nitrophenol liberated from substrates was measured at 400 ng.
: " - i . o : N ]
Cytoéhrome—c oxidase (EC 1.9.3.1) was meaSured by the method of Cooperstein

- e

ana Lazarow (1951), and brotein by the method of Lowry et al. (1951).

a . . . -
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[
0 v
Fat-free mesenteric arteries

Homogenized in 0.25 M sucroge

o 900 X y for 10 min (vwice)

0

\ ]
Supernatant (900 X g, Sediment
- . 0 . -
~ 104,000 X 4 . (unbroken tissue, nuclet,

for 30 min o collagen; contractile

|7‘m~>w<v“i ‘”m>:”‘v-_—_MV“‘J"71 B proteins) discarded
Sefiment Supernatant ’

-
: -

suspended in 0.25 M {soluble fraétibn)
N /, 1%

o o1 e .
 sucrose, and layered on S - , :

top of‘sucrose gradient A~ °

i

. 111;688 X g for 120 min
- ] SR
3 ' .

Fy F, o
. Plasma Endoplasmick Mitoéhbndrial . -
m&mbrane-‘ -reticqlum p, fragments and <;kb .
) uhidentgfied N

‘membranes

o . L -

Fig. 2. Procedure for isolation of subcellular fr;é&ioﬁé. -
. IS

o
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Sucrose solutions | . | o
- F, . Plasma membrane

3ml of 29 %

REEESERE . F,  Endoplasmic reticulum

- 3ml of 37%

(2

. R “ Fy Mitochondriql frchmenfs
of 45 % S 1 arid other membranes .

. B r~ . . s .
. e . .

Fig. 3. Schematlc representatlon of the dlscontlnuous sucrose gradlent

after the Z—hour centrlfugatlon.
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Calcium uptake* was studled in. reaatlon mixtures containing a
&

IS

final volume of l ml. The composition of the reaction mixture’was:

o, .

100" mM KCl,.S M MgCl , 0.1 mM Cac1 labelled with 0.4°uCi/ml “Scacl,

5 mM ATP 40 mM&ldeazole Buffer pH 7. 0 and 10- 40 ug protein. v
Pota551um oxalate (5 mM) and 0. S mM NaN were added as- 1ndicated.v The
effect of-catlons and sucrose on calcium uptake was studled by replac1ng

100 mM KCl w1th 100. mM NacCl or 200 mM sucroSe. The effect of various

pas)

substrates dh calc1um uptake was studled by s Mgtituting 5 oM of'onegof .
the follow1ng for ATP' cytldlne trlphosphate (CTP), guanos1ne tri—
phosphate (GTP), inosine trlphosphate (1TP), ur1d1ne trlphosphate (UTF),

acetyl phosphate (AcP) P nltrophenyl phosphate (PNPP) , aden051ne

57 —dlphosphate (ADP) or ade osine 5' -monophosphate (AMP) The reaction

mlxture'was 1ncubated at 37° C T 10 min, then 0.8 ml of it was flltered
through a m)lllpore filter (25 mm, O. 45 um Matheson—ngglns Co. ), which
had prev1ously been washed with 10 ml- of lOO mM~KC1, and then w1th a
solutlon of lO ml of 8% sucrose and 40 mM 1m1dazole at pH 7.0. Blanks
whlch lacked only subcellular fractlon were filtered, 31mu1taneously.
Flltratlon took 2- 3 s, and was followed by a wash w1th 10 ud oflthe same

buffered sucrose SOluthﬂ to remove unbound calcium trapped between-.

.

* Throughout this thesis calcium uptake is used operatlonally to des-

crlbe all processes ( blnding, transport etc. ) leading to ca1c1um accumu-

lation, and calcium transport refers only to the process whereby calcium’

'is‘transported actively across the vesicle'membrane,
. ‘ {7 ‘ i
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vcsicles, -Thes se washes were necgssary to give consistcnt rcsults ando

a

low blank values. The aﬁount of calcium uptake by the subcellular +
.o ? .

fractions was calculated by correcting for the radioact1v1ty in the
‘

filter paper wlthout subcel]ular fractlon (blank value) Radloact1v1ty

-

was measured by 11quid sc1nt111at10n counting in a Plcker Nuclear

L1qu1mat Model 650. Quenching as.measured by the,exgé%nal standards °

s

ratio method was negligible, and .no cdrrection'was_necessary.1

- S -

ST D1fferential centrlfugatlon was used in an attempt to 1solate.,)

~
mltochondria. The homogenate obtalned from the Polytron step, as

3

)
:descrlbed prev1ously except that the ‘arteries were homogenlzed twice
5 -
for 5 s each time, was centrlfuged at 900 X g for 10 min. The supernatant

‘from a second 900 X- g/lO min sp1n was then centrlfuged at- 13 , 000 X a for

G

30 mln. The pellet was suspended in O 25 M Sucrose and centrlfuged at
900 x° g for 10 min; then the Supernatant obta?ned was centrifuged at

¢ B S ° “
13 OOO X g for 30 min.c Thls pellet was suspended. in 0 25 M sutrose or -

’
o

buffer which was. the mlrochondrial enrlched fractlon. . -

SOlUthnS were prcpaled from dlstllled ~dgionized water and

°

analytlcal grade reagents. Orgapic compounds were the. hlghest purlty
( /
. = o . o
ava1lab1e from Sigma; l‘SCaCl was obtained from Amersham Searle

o
-~

Values were conpared by the Student t-test, and ‘differences

= ]

. with P < O Oz, were - con51dered s1gn1f1cant. Standard errors of the meahs’

g o7 o
[+

are bracketed ipe the figurek: e - ‘ N

©



C. Results and Discusslon

[ .

The superior meséd&eric, JeJunal and- ileal arteries‘Were

© . e
.

included in this preparation. Contamination of the.artery preparation - v
\ : :

by fat cells was. low based on examinatlon of preparations stained with

Sudan black (fig lb), for»comparlson mesenteric arteries from yhith
adipose tissue was~not'removéd are 1ncluded (fig la) A typital o °

o

electron mlcrograph of . smooth muscle cells oﬂ rat mesenterlc artery is

shown 1n figure 4a; <>little endoplasmic reticulum and few mitochondria

»

‘ate present. After subcellular fractions were isolated both enzymatlc

marker and electron microscoiic techniques were used to characterize

them. , . S
: ) . . < . .
The plasma membrane (PM s.Fl)'fraction'obtained from the top

. . . . T e X . :

of the.gradient was vesicular‘when examined in the electron microscope,

and the ‘vesicle membrane "een (in properly oriented sections) to .

show the" typical bilayer structure (flgs. 4b 5a). *The PM fractiOn

made up 5. 4 of the total protein of the 300 X g supernatant (Table .

5! —Nucﬂeotidase, ouabain-sensitive (Na +KT )—ATPase, phosphodiesterase I,

alkaline phosphatase and ouabain sensitive Kt —phosphatase (Table,z )»

which are widely used as plasma membrane markers(DePierre and Karnovsky,

1973 Touster et al., 1970), were. found to be enrlched 1n this fraction.

-

The speclfic activities were 4 to 6 times higher than those in other

subcellular- fractions, ’ : 4ﬂ's'}
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Electrén micrographs of vascular smooth“musgle cells of -rat-
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mesenteric artery and isolated plasma membrane enriched fraction.
“(a) Vascular smooth musQle of rat mesenteric artery; (b) fraction:-

°

F, (plasma membrane). rEachiﬁar represents one®micron,

. .
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‘Electrbd‘ﬁicrographs of_Qarioué?fractions isplated'efter'density

gradienﬁ“eentfifugaiion.b (a) Fraction Fl (plasma membrane) at

higher magnification, (b) fractlon F (e doplasmlc retlculum),-
2 gp

(c) fractlon F3 (mitochondrial fragments: ‘and other membranes)

"Each bar represents one micron.



. . . : o
v

_Table 1. Protein distribution in subcellular fractions from rat

« .. ” mesenteric arteries.
REEE . Total Protein Value % of 900 X ¢
‘Fraction ‘ s B N Supernatant
) . . .. (mg) }’ N .
900 X g © 341 +£1.38 . 100
Supernatant o - o _
~ “Soluble 29.6 +1.12 . ' - 86.8'% 3.3
Fy (PM) | 1.85 £0.096 - .0 " 5.4%0.3
F, (ER) - 10.460 £.0.037-, . - - 1.4 0.1
Fy, . 0:498 » 0.044 © - 1.5 £0.2
% ' .

N is the numbet of eXﬁEriments,,mesenteric arteries from 12 rats

"~ in one experiment, performed on separate preparations. N = 4.

PM = plasma membrane enriched fraction; “ER = endopiésﬁic reticulum
. ) . o 4 . - .

" enriched fraction.

‘o
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Table 2. Sp?cificbactivities of‘ﬁ'—nucleopidase, ouabain-sensitive

V(Na++K+);ATPaSe, phosphodiesterase I, alkaline phosphatase,

w

‘ouabain-sensitive K+-phosphatase, and cytochrome-c. oxidase

in subcellular fraétions from rat mesenteric arteries

q

&

_Enzyme - . F, (M) . " F, (ER) ‘ F, N
— . : v

5'-nucleotidase _ 58.4 * 3.9 ' 9.5 % 1.1 9.4 £ 0.9 7

ouabaip-sensitive 15.1 * 3.1 4.1 % 0.7 3.9 %+ 1.0 5 .

" (Na +K«)—A1Pasé_

éhospﬁgdies;erasé I . 21.81 % 0.82 5.06 :fo.Asg 4.72!: 0.40 5
‘alkaliﬁe.ghospﬁacase 7.66 x‘6.32- .iz}igf; o,zé _(;,85,£'o.é1 5
o abain—sehsiti&é 2.5 ‘é 0;5‘ O, 0.6 *+ 0.1 0.3 = 0.1 5
K —Phésphatasg E c

cytgpﬁrome—c QXiagsg 0.57-+ 0.2 1.47 + 0.3 ; 3:54 £ 0.5 W 6

. 4 . .
* . B . ) g . ©

5'-Nucleotidase aﬂﬂ-ouabain‘(1mM)¥éensit1vé (Na++K+);ATPase activities

are egpresse; aé ymoles Pi reiéaéed mg ™t protein hﬁl.‘rPhosphodiéste;;se I,
alkaline phosphét#@e and.ouabaiﬁ—sensitive'K+f%hospha€;se éctivftieé

aré exéresse@ ag pmoies:p-ﬁit:ophenbl released mg?l proéein h_l. Cyto—.
»chrome—c.;xidase actiQity is expreééed-as Ieddction-in optical &ensiﬁy +

at 550 nm mg‘l‘ppotein'ﬁinfl. N is‘the nuﬁber of eﬁperiments berfq;med

on separate preparations. |

o ! ) ©
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v
a

The endoplasmic reticulum (ER = F ) fraction obtained from the

L [

‘ middLe Layer of the gradient has a vesicular appearance in the electron

&°

5

L4

a

microscope;~ vesicles in this fraction were not as homogeneous in size
. . o . ©

apd'shape as those of the PM fraction (fig. 5b).‘ I was“unaple to

determine the extent of cross—contamination of plasma membrane by endo—

- a.

plasmic reticulum by using enzyme activities because there are no

14

o a

well—established marker enzymes for endoplasmic reticulunp of smooth

-

muscle._rHowever oxalate was reported to stimulate calcium uptake by

skeletal muscle plasma membrane vesicles much less than that of sarco—

a . N

plasmic reticulum (Sulakhe et ala, 1973 ). Hence, oxalate stlmulation
N~ {
of calcium uptake may ‘be characteristlc of endoplasmic petlculum. I

found that ATP~dependent°calcium uptake in the presence of oxalate was

1ncreased only 6:.6% in the PM fraction but. 204 . 5/ in the ER fractlon,’

o

and 47.5% in the F3 fraction (Table 3 ) If oxalate stimulation of

i

calc1um uptake is- unique to endoplasmic reticulum, then there is only a

‘minor contamination of lasma memb.ane b endo lasmic reticulum. My
p y P

‘where endoplasmic reticulum occupied only 1. 8/ of the cell volume. This

- 5

electron’ micrographs ¢for example, fig 4a) revealed a minimal quantity

°
/

of endoplasmic retlculum in mesenteric arteries._ Thls has been
-

well-documented by Dev1ne et al (1972) for gu1nea pig mesenteric artery,
BN < .

o
o

small volume»compared t0rskeleta1 and cardiaccpuscle is consistent with

¥

‘the small amount of protein found in this fraction relative to the PM

‘fraction (Table 1), however, the per cent yield of these ﬁractions is

ndt known..

v

o
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Table 3 Effect of potassium'oxalatekan'ATP—dependent calcium uptake-

by subcellular fractions from rat mesenteric arteries

“ .

I

»
v % increase’
- : . ' 5 mM ATP in ATP-
Fraction No ATP 5 mM ATP - + 5 mM dependent
‘ ) . ‘ . T oxalate calcium
p ‘ uptake by
oxalate
Fli(PM) ©5.16 * 0.20 15.32 + 0.32 "16.04 * 0.72° 6.6.+ 6.1
F, (ER)  2.75 + 0.20 6.92 £ 0.81  14.63 + 0.56  204.5 * 41.3
Fg . 1.46 * 0.01 7.21 £ 1.03 9.31 + 1.40 47.5 * 26.5

Values are expressed as umoles-calciuﬁ"accumulated g_l

N = 4.

'proteig iﬁ'10 min.

Note: AIq‘the abseiice of ATP and in the presence of 5 mM oxalate, the

B : : o

similar -to’ those values in the '"No ATP" column.

values of calcium uptake'By the sﬁBcellular»fréctiohs were
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F3 contained few 1if any intact'mitochondria (fig. 5c¢), although

0 ©

ic cexhibited. the highest cytochrome-c oxidase actiiny of .the subcellular
fractions isolated (Table 2 ). However, NaNa (0.5 mM) dié’not inhibit the

calcium uptake by this fractlon (Table 4 ), and the magnitude of

calcium uptake by this fraction was very low compared to that expected

1

(Batra and Bengtsson , 1972 ) Therefore a differential centrifugatlon
method was used to isolate a mitochondrial enriched fraction. It
contained 3.2 * 0.2% of the total protein of the 900 Xg supernatant

(235 £ 1.6 mg obtained from 12 rats).. 'The amount of calclum uptake in

Y

the presence of 17 uM free calcium and 5 mM ATP by this fraction was

°
»

55 + 3 umoles calcium/g protein/10 min, 52 .* 2% of which was sen51tive

.-

to azide'(n = 4). It is likely that this fraction- was highly contaminated

by other subcellular components.

‘Since the subcellular fractions isolatedffrom rat mesenteric
arteries exhibit ATP- -dependent calcium uptake, 1t.was necessary to
characterize this process in more detall The effect of cations and
sucrose on~ca1cium uptake by both PM and Ek tractions is shown in Table 5.
In thevpresence.of Mg2+ and-ATP the calcium uptake by both PM and'ER.
fractions was relatively unaffected by the’ presence of 100 mM KC1 or- NaCl.
However in the presence of ATP, galc1um uptake by the PM fraction was

o

slightly and signlficantly decreased by 200 mM sucrose. The effect Qf
varlous Substrates on ca1c1um uptake was also studied Ca1c1um uptake

by the PM or FR fraction was enhanced by ATP, but not by CTP GTP, ITP,

UTP, AtP, or PNPP (Table 6) This property of calcium uptake appears to be

e ~



Table 4.. Effect of sodium azide on calcium uptake in‘thé presence

og‘ATP by subcellular fractions from rat mesenteric

Values are expressed

10 min.

as umoles calcium accumulated g~

arteries >
o 5 mM.ATP ) .
Fraction, 5 mM _ATP : + % change
‘ 0.5 mM NaNj :
Fi (PM) » 1}5.47 + 0.39° . 15.87 * 0.77 + 2.65 + 2.52
F, (ER) - 7.86 % 0.16 7.45 + 0.33 -~ 5.21 * 3.43
Py B63 x 1.16 17:50 + 1.08 - 12.97 * 4.63
° »
1

protein in

37.



T&bleS . Effect of cations and sucrose on calciq@'ﬁptake’by plasma

membrane and endoplasmic reticulum fractions from \

rat mesenteric arteries

-Fraction KC1 NaCl ‘ Sucrose Without

100 oM . 100 mM © 200 mM - KkCl
Fy (PM) - 100 98.6 * 5.6  83.2 % 4.7% 1 98.0 + 5.9
F2 (ER) 100 - 104.1 + 3.2 96.3 % 7.5 101.2 *+ 3.1

Values are eXpressed as. mean * §.E. of %Z of calcium uptake in

control solution, which contained 100 mM KCl,HS mM ATP, S mM Mgplz,

0.1 mM CaCl, labelled with 0.4 uCi/ml “ScaCl,, 40 mM imidazole
buffer pH 7.0, and 10-42 ug/m}*protein, and thch‘yielded» 17 uM

free_calcium. Incubation time was 10 min. N = 4.

* Denotes values significantly different from 100%. o -
3 .

3s.
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Lable 6. Calcium uptake by plasma membrane and endoplasmic reticulum

fractions. from rat mesentcric arteries’in the presence of

o 0

3 0 X various sgubstrates
b\(')
0
I8
, FRACT ION
Substrate
M o
(5 mM) PM ER
¢ 0,
ATP loo @ 100
- ¢
GTP 46,1'+ 1.8 E 52.6 + 2.0
— e
;ITP - 42,8 + 3.9 : 44.3 + 3.6
. CTP 40.9 + 2.6 37.4 + 1.8
a UTP . 51,1 + 2,6 47.8 + 4.9
AP - 54.6 +.2.3 . . 52,7 % 4.1
PNPP 45.4 * 6.2 : 5 40.1 tﬁs‘
’ 0
ADP 42.6 + 3,0 o 53.3 = 7.8,
AMP ¢ ©51.2 + 3.3 O 9 . 54.8 + 6.0 "
* 5,2 45.8 + 7.6

None 43,5

I

]

Values are expressed as mean * S.E. of % galcium yptake in the

presenée of 5 mM ATP, 17 uM free calcium. ° '
. ' .
Incubation time was 10 min, °

n

N = 4.



”different from that of sheletalrmuscle (De Meis, 1969' lnesi, 1971.3v
Martonosi andrFeret;s 1964): bb% similar to that of myometrial smooth
muscleq(Janis, Crankshaw and Danlel ‘to bg)p?bllshed - The amount of

ATP- dependent calc1um uptake by the PM fractlon was about two tlmes that

by the ER fraction. waever, in the. presence of oxala\e, the amount of_'
calclum uptake by each fractlon was 51mikar in a 10 min’ incubatlon

(Table 3 ). These ‘results SUggestvthat the calcium accumulation

, properties of plasma membrane may be Jifferent from those of endoplaSmic
. M . f . o - d - », : " 'A ."{ )
reticulum, perhaps'because of differsnces in the .passive permeability

of the .vesicles.to calcium, or to. diL‘ETEUCC in the per:eability'of

the vesicles to oxalate. .
This,method of isolating fractione from rat mesenteric arteries-

<does not requlre exhaustlve washlngs w1th a concentrated salt: solutlon

and it provides a reasonable y1eld\\§,plasma membrane and endoplasmLc
_ret1culum in less than 6 h0urs. All.plasma membrane marker enzymes
studied _were goncentrated 4 to 6 tlmes in the PM fraction compared to -
the ER fraction Thls suggested that the ER fraction contained a
max1mum'of‘25% plasma membrane. The PM fractlon exhlbited llttle
'lncrease in calc1um uptake by the .addition of - oxalate in contrast to~

the ER fractlon, .If this is a vaf?d "marker for endoplasmlc reticulum,.
N

then the contamlnatlon of the PMcfractlon by the ER fractlon may be very

5 . LT

" small. Mitochondrlal contamlnatlon of the PM fractlon was, 1nconsequent1a1

Q - .
as measured by the a21de sen51t1v1ty of calc1um uptake. Th

e F3 gractlon

obviously contained mostly non—mltochondrlal membrane material whlch
. '\; . .
= : SR R
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accounted for calcium uptake. ‘Its calcium uptake;was relatively .
insensitive co oxala:e// The plasma membrane and endoplasmic reticulum

fractions . isolated in this study will be useful for studylng hormone and

Hrﬁg blnding, calcium transport,. and a variety of other biochemical and

_pharmacological parameters relating to small vessels of normal and

abnormal animals.

<
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o

or the endoplasqmc reticulum fréttlon wag -not enhanced bx hlgh egergy

p. Summarx _ | jq . : L . L I,

A method for isolatine a glasma membcane enriched fraction PR

o

and aan other subcellular fractlens from rat mesente;ic arteries

2 " o .

by the use of a discontinuous sycrose. den51ty gréﬁiehbois describe&.

\‘: )

o

[

P
. Q o . e - u< o i @
°. “ . o n o o o k c@

Electron microscopy showed both plasma membrane and endoplasmic reticulum

a9 o . “ .oz

fractions to be composed of ve51cles"; 5'—Nucleotidase, alkaline phos— o

- Ge g D

o X i . o ® ° . .
phatase, ouabain sensitive (Na +K )—ATPasé -and’ K°—phosphata$eg and .o

e a -
o . 2
. i . e o .

phosphodiesterase I were concentrated in the vlasma membrane,fraction.v.i

‘o

. " El & Q :«)
The“lncrease 1n ATP dependeht caic1um uptake inbtheopncsgnce of oxalat%
was greater in. the endoplasmio retlculum than 1n the plasmaomembrane

a9 o, : )

fracbion.' The lack of inhlﬁltion of activeﬁcalc1um Uptake by azide

Q' . o ° ; ~ B <

a

o

suggests that the plasma membrane enr;ched fractionowas relatlvely free
- e . e L Ce ‘( “ C

of mrtochondrial contamlnation. Calciumcuptake by the plasma membrane o

@ ) -]

‘-compounds pther than ATP and waselltmle affected by 1@0 mM KCl or NaCl i

fn o’ ° o 6 o ~

in the Mg++-gontaining medium : Subcellulap fractions 1so;ated by this)
method will be useful for invéstngating the bloehemistry of small blood
vessels ‘of the rat.- o : R ; : Q;

< P - ¢ = . @ . o o
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CHAPTER IIT: CALCIUM UPTAKE AND FN?YMATIC ACTIVITIES OF SUBCELLULAR FBACFIONS
4

FROM MESFNTERIC ARFERIES OF 5 6 MONTHS OLD SPONTANEOUSLY HYPERTENSIVE RATS.

A, Introductlon

* . Small re31stance vessels play the maJor role in. determining

N
peripheral vascular resistance and they are-important sites of
-decreased conductance in essentlal hypertension (Freis, 1960 Page and
MCCJbbln, 1966)  This increase in resistance may result from super—‘

. sen51t1vity to vasoconstrlctor stlmuli or from altered vascular structure

(Somlyo and Somlyo, 1970) Many reports have shown 1ncreased vascular

"reactivity

hypgrten51ve arterles 1n ‘vivo. Q{brllnl et al,, 1959.

P

1974; Wejss, 1974) and in mtpo (Collls and ALps 1975

"ﬂaeusler and “Finch , 197&, McGregor and Smlrk 1970). - In order to’
a ' - . : :
understand the mechanlsm of thls vascular reactlvity change it 1s~

essent;al to analyze each: step of the series of’ events which llnk the "
: . .i.
app&:catlon of a vasoactlve stlmulant to the hemodynamlc response.

\ L

Accordlng to Johansson (féﬁ@ R the dellvery of calcium and ATP. (ade¥051ne

.trlphosphate) to contrattlle protelns are the most SUsceptlble step

9 - . Y

'-alteration, and hence thelr dysfunction could underlie altered'vascul r .
reactivity. Ca1c1um is belleved to be -the rate—llmiting determlnant of

vasoconstrlctlon,_ therefore a derangement in its functlon and ut1117at10n

Y

is a plauslble cause of &gscular hyper react1v1ty.

After havlng isolated'tractions enricheddin plasma nembrane
.and endoplasmlc retlculum from mesenteric arterles of normoten51ve Wistar
rats (NWR) ( see Chapter II ) I applled this technique to a comparhtive
study of the calcium uptake properties and enzymatlc actlvitles‘of these

- . . . o

membranes Qrom SHR with those from normotensive rats. , PN
o :

. .



Several investigators have observed that énzyme activities

such'astMFase;(adenosine monophosphatase) and, alkaline phosphatase are

increased in arteriés“of hyperten%iye animals,’ and they have SUggestEd
that these alterations mighe be involved in reactivity change in hyper—'
.ten51on (Gardner and Laing, 1965 Ichijima 1969' Oka and AngriSt 1965;

Ooshima, 1973). I have examined whether such changes are specafic for

.

,certain phosphatases,por whether the activ1ties of several phosphatases,”
are increasedi In addition, other enzymes which are believed to. be

-located mainly in the plasma membrane and are <involved in ion'transport;_
. - .

RNA metabolism, and;cell'proliferation were studied

Folkow et'al. (1958) have proposed that a structural change

leading to an increased wall thickness to lumen size ratio may be the

underlying cause of increased vascular reactiv1ty in essential

hypertension.- i hoped to determine by my studies whether or’ not

alterations in biochemical parameters were - present.. the presence of
-,

changes in enzyme activitles asscc1ated w1th cell proliferation and. the

lack of alterations in calc1um uptake' properties would support Folkow's -

"

hypothesis; Several pharmacological probes were used to characterize

a o

these membranes,.including both calcium or - divalent ion 1onophores
(X~537A A23187), and calcium\"antagonists (SKF 525A diazoxide and
propranolol) Both propranolol and diazoxide are antihyperten51ve
~agents; \diazox1de is of particular interest because 1t has been;;;

'_reported to be a more potent calc1um antagonist in hyperten51ve than

- in normotensive vessels (Janis and Triggle, 1973, Wohl et~a1.,-1968 .

o
1
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'B. Methods: and Materials \ ‘ : . . V
Male spontaneously hypertensive Wistar rats of the okamoto
and Aoki (1963) strain and normotens1ve Wistar rats were 5 to 6 months

of age and received a standard diet and_tap water. Systolic blood‘

IS
o

pressure was recorded from the tail of prewarmed unanesthetized rats
¥ ' - . -

with a“pneumatic‘pulse‘transducer, an electrosphygmograph and a physio~

grapthOQr—A (E & M Instrument Company, Honston, Texas). The average

>

.of the three lowest .of five readings obtained was.recorded as the blood R
pressure of each rat. For a single set of experiments, 6 to 12 rats of

"SHR and NWR were killed by a blow on the head. . The mesenteric-arteries

[

were removed immediately and placed in cold (0—4°C) 0.25 M sucrose

prepared in double—distilled water. The we}»weight-of fatffree mesenteric

-’3arteries ranged from A.O tOoé.S g from 12 NWR and from 3. 1 to 3.6 g from

12 SHR. The subcellular fractions enriched in plasma membrane, endo~

- plasmic reticulum‘ or m1tochondrial and other membranes were isolated

e

and studied by electron microscopic, enzymatic and calcium uptake

-

techniques as prev1ously described (see Chapter II)
A - Leuc1ne amlnop;ptddase (EC 3. 4 1 1) was- assayed by thebmethodl‘
of Goldbarg and Rutenburg (1958). Mg 4ATPase (Mg —adenosine triphos~
phatase) and f%a +Mg )-ATPase. were assayed as follows. the-reactipn
'mixture contained 100 mM KCl, 5 mM Mg—ATP 20-40 ng membrane protein,

‘40 mM imidazolv buffer pH 7. 0 w1tﬁ 6.1 mM CaClz for (Ca +Mgf+,—AIPase

activity, Or Wi 1t CaC12 for Mg--—ATPase, in a total volume of*1 ml.

1



.‘\ . “ a | | . v,
In some cases, suitable amounts of ﬁGTA (etbyleneglycol—bisf(B—amino
ethyl etner)—N,N'—tetraacetic acid) were added to produce a free calcium
concentration of 0.3 uM and l,nM The reaction mixtures were preincubated
at 37°C forUS min, and ‘then incubated for 10 min after the reaction wasb
started by'adding a subcellular membranéyfraction. The reaction was

stopped by the addition of 1 ml of cold 10% TCA (trichloroacetic acid);

lnorganic phosphate libérated_was measurednby.the method of Fiske. and

SubbaRow (1925). - . o -

Active calcium uptake (that dependent on the presence of ATP)

_was carried out in-reaction mlxtures containing lOO mM KCl 5 mM M301

3 mM ATP (disodium or magnesium salt), 0.1 mM CaCl labelled With

#0.4 pCi l“SCaClz, 20 40 ug membrane protein, 40 mM imidazole buffer at” .

pH 7.0 in a total volume of 1 ml In ‘some experiments of active calcium

uptake, suitable amotints of EGTA were used to adjust the free calcium

cuncentrations to 0.3 and 1 uM. The feaction mixture yielded a free

¢ o

“calcium concentratfon of 17 uanithout EGTA. I .used the method of

Katz et al. (1970) and the binding constants of Godt (1974) to calculate

=)

free calc1um levels,‘ I considered pH, and the concentrations of ATP, = -

- EGTA, calcium ion, magnesium ion, and buffer in these calculations,

Passive calc1um uptake (in the absence of ATP) was studied in
"a reaction mixture that contained, in a total volume of 1 ml: 100 mM KC1,
5 mM MgClz, o .1 M Ca012 labelled with 0.8 nei “50a012, 30-60. ug membrane
'protein 40 mM imidazole buffer at pH 7.0. Concentrations of 0.3 andvl pM
free calcium were obtainegc?y.adding»appropriate.amounts of EGTA. ‘Tﬁw‘

o
v

o

a



ootuin higher calciumvconcentratiOns, ndditional CaCl, Qas’added.

L
0 e,

The active and passive calcium uptake by the Membrane

-
\

fractions was studied by the®use of the millipore filtration technique

v
]

(see Chapter 1. - o .

X-537A (Hoffman LaRoche), A23187 (Eli Lilly), and SKF- 525A

»

(Smith Kline and French Labs) were dlssolved in 95/ ethanol 10 pl of

- -

each drug was added to a total of 1 ml of reactlon mixture. The other
reagents and drugs were dissolved in 40 mM imidazole buffer at pH 7 0
 except diazox1de which ~required a PH oﬁ 7//// Solutlons were prepared
from distilled deionized water and analytical grade reagents. Organic ’
eompounds were the hlghest purity available from Sigma'. l’SCaClz was-
.obtained from Amersham- Searle. = j |
Studenths t- test‘was used to test for 51gnif1cance.

‘leferences of P < 0. 05 were considered significant. All’values are

- expressed in. the Results as mean * standard error.
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~a) Compérisions 6f enzyme actlvities in fractions
from NWR and SHR arteries.
The blood pressureé of SHR (l§l * 7.0 mm Hg) were Significa?tly
greatér than those of NWR (125 *+ 5.5 mm Hg) at 5-6 months of age, while
'thé body weight§‘df\SHR (356 * 5 g) were siénificanély less than those’

of NWR‘(482'1k7 g) (N = 40). Similar results have been reported .

-

- previously for SHR of this age (Field et al., 1972 .

The subcellular fractions of NWR and SHR arteries were'fsolétéd
‘on the Qiscontinubus suérose'dénsity gradient as preyiousl& described |
'(seeFChagter I1); these.fractiSns were désignatéd: plasma membrane,
14F1 (éM) (the 163&iné‘medium and 297 sucrose interphase); endqpiasmic
reticulunm, sztER) (292/37% interphase); aha‘F3 x372/452'intei9hase).

: : : »
Tlhe protein distribution in the subcellular fractions of. NWR and SHR
arteries from discontinuous sucrose density gradient is shown in Table. 1.

Generally, the total amounp'of ﬁfotein in the subcellular fractions from

[

SHR arteriés was 20% less than that, from NWR arteries. ’'However, when
’ . X } .

'

‘the results are expressed 'as per cent of the total protein in the super~
natant from the 900 X g centrifugation, thdidistribution of protein in
the various fractions from the two types of rat.are similar. Electron

'micrographs of membrane fractions from NWR arteriés revealed that these
‘ - . P _

fractions were similar to those of SHR (see Chdpter II).

The specific activities of plasma membrane marker enzymes: -.

e



Table 1. Procexﬁ distribuction in subcellular fractio?s from NWR and
. . . . : b

[
{

i SHR mesenteric arteries
NWR ' o " SHR /
. Tdtal ' % of Total o % of
Fraction protein 900 X g © protein ﬂ? 900 X g
°  super- super-
(mg) natant (mg) natant
‘900 X g i . N
super-— 34.1 + 1.38 100 27.6 * 1.32 100
natant : : :
.12 86.8 + 3.3  24.2 %1

I+
e

Soluble = 29.6 .07. .87.6.% 3.9

F, (PM)  .1.85 L063 5.0 * 0.2

+ 0.096 5.4 * 0.3 1.37 "+ 0
F2 (ER) . 0.460 * 0.037 1.4 + 0.1 0.339 * 0.033 1.2 0.1
Fj 0.498 + 0.044 1.5 + 0.2 0.349 + 0.034 1.3 % 0.1

N is the number of eiperiments; in each experiment 12 NWR énd 12 SHR
_ were used. N = % )

PM = plasma membrane-enriched ffaction; ER = endoplasmic'retiCUIumh

enriched fracfioh.

50.



ouabaln-sens{itive K+~artivatdd phosphntasewﬁTable 2 ), 5'~nuclvotidase,
leucine aminopeptidase and phosphodiesterase I (Table 3 ) were

significantly | 5reater in S, (PM fraction from SHR art!Lios) than in N,

-~

(PM deLLion from NWR . artorieq), but not.’in .the other subcellular

fractions of NWR and SHR arteries. Alkaline phosphatase and Mg++~ATPase

¥

(Table 3 ) were stgnificantly 5rcater in all .the uubcellular fractions

from SHR Compared with those from NWR. In all cases (Ca' + Mg++)TATPase
was not 51gn1f1cant1y dlffelent from that of Mg+T—ATPnse, even in the
presence of LQTAy “
¢
b) ,Cqmﬁarisgns of.calgium uptake activity of
fgactions.from NWR and - teries .

.; ’ 1) Active calcium wptake. At 17 uM free ca1c1um (flg. ),
'uptwke by S| was 51gn1f1cantly greater than that hﬁl\“ (19.99 *+ 0.90
vs. 15.01 * 1. 15 ymoles ca1c1um/g protein/10 min). T‘Tﬁe~time‘course of

active calcium‘uptake by Ny and S, at'l7'uM free calcium condéntggtion
D . S
is shownin fig. 2. - Active calcium uptake by S; was greater than- that

of N; at 3, 10 and 20 min incubation times. Passive ca1c1um uptake by
PM fractions of SHR was not different from that of NWR at this free
calcium qoncentratlon,‘and ugtake by both preparations reached a maximum

at 1 to 3 min.

ﬁgl»Effect of oxalate on active calcium-uptake. In the

presence of oxalate “active ca1c1um uptake by the PM fractlon from SHR
remains significantly greater than that from NWR (Table 4), as/expected

because oxalate does not affect actlve ca1c1um uptake by either PM



RV
Table v . Specific activities of ouabaln-sensit ive K+—:lctivated
phosphatase in subcellular fractions from NWR
and SHR mesenteric .arteries
NWR oo SHR
(43 - . )
Kt Sensitive kt- " Sensitive
Fraction stimulated to ogabain stimulated to ouabain
: (10~ ’ (1073 M)
F o (PM). . 3.5 % 0.4 2.4 + 0.2  -*6.4+8.2 - *3.9+0.5
F  (ER) 1.1 ¢ 0.2 0.5 0.1 - 1.5+ 0.2 0.9 + 0.3
F 0.9 + 0.3 0.3+ 0.1

: ) o s " kS -1. ’ )
Values are expressed as u oles p—nitrophén&i releaéed mg *:;? -
i X o i?—j e 1 RN %
N = *4 > : S TRy /
Il ¥ s

\

* Denotes values significantly d,{fferent from values obta:med /ﬁrqm the
- . R -

correspondlng fraction of NWR,arrf@’"ies.




Specific act1v1t1es are expressed as umoles phosphate released mg-1
protein h™ for &'-nucleotidase, and Mg+t %TPase and as umoles

8- naphthylamlne released mg -1 protein h-1 for leuc1ne aminopeptidase,
" and as umoles p—nitrophenol released mg -1 protein h-1 for phosphodi~
e%terase I and alkaline phosphatase. -

* Dehotes values signlflcgntly different from normotens1ve

N = 5 except for 5' —nucleotldase where N = 7, ‘

.

Yt
Table 3. Spectiie activities of 5" -nueleot fdase, lTeucine aminopept idane,
phosphodicsterase 1, alkaline Jhosphatase and Mptt ATPase dn
subcellular fract fons from NWR antd SHR mesenteric arter fos
- - B~ - . . . . - . -
[}
5 Fractdon
Enzyme and type of rat -~ o
{ o1 (PM). F, (FR) - ¥,
5! -Nucleotidase
Normotensve ©58.35 % 3.90 9.52 + 1.10 9.45 + 0.90
I ‘5:4\2-\ .
Hypertensive *78.50 + s.70 11.95,+ “0.90 % 11.66 * 1.60
Leucine aminopeptidase ,
Normot ensive 2.80 + 0.16 1.07 + 0.09 0.89 + 0.05
Hypertensive - _ *3.65+ 0.13 . 1.21 ¢+ 0.08 0.97 + 0.05
PhosphpQEFStera§§M£
Normotensive 21.81 ¢+ 0.82 5.06 + 0.45 4.72 *+ 0.40
Hypertensive *25.62 + 0.72 6.50 * + 0.66
. o
Alkaline phosphatase
’ N (]
Normotensive 7.66 * 0.32 2.14 + 0.21
. PR * . * *
Hypertensive&k 11.64 * 1.11 3.17 + 0.38 3.35 *+ 0.41
Mg++—ATPase - S
Normotensive 361 + 15.9. 147 + 10.5 105 + 7.79
Hypertensive *620 +  9.17  *194 + 12.1 *172 + 8.34



.umoles Calcium 7 g protein |

Calcium Concentration ( uM)

o

Fig. 1. Effect of ca1c$um concentration on’ active caleium uptake by
subcellular fractions from mesenteric arterieS»of NWR (open
fsymbols) and SHR (glosed symbols) ',circles, plasma membrane;:"

squares, endoplasmlc Ietlculum' triangles 900 X. g 5upernatant,

e

’,cross markers F3;_ The values for Fj from NWR arteries were not

'Slgnlficantly dlfferent from those from SHR. The lehgth of

~

-

vertical bar to ‘the symbol represents one standard error of

the mean.. Numbers 1n the parentheses are the numbers of’

cx;,rimental sets performed.~ Asterisk 1ndicates a significant

difference from normotensive values. Incubation time was 10 min.-

<
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Amoles Calcjum / g brote‘in
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r

Fig; 2;. Tlme course of calcium uptake by plasma membrane fractions.

' - from mesenter1c arterles of NWR (open circles) and SHR (closed
jcircles) in the presence of 5 mM ATP. Calcium upta#e in thev
absence of ATP for this fraction from NWR arteries is also
‘shown (x). The' ATP independent values for SHR (not shown) were.

not significantly different from those for, NWR. . Asterisk

indicates a significant differenceﬂfrom normotensive value.

> I .
YN = 5, ¢ ".
. N oy
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Table 4. . Effect p#* ATP

and potassium oxalate on calcium uptake’ by

% o

‘Subcellularmfractibns from NWR and .SHR mésenteric arteries

o

T2

<

Values are expressed as pmoles calcium
o - - |

o 2

-

Fraction - "‘No ATP SiﬁM’Aff'u 5. mM oxalate N
- o . + 5 mM ATP .

Ny (PM)  5.23 £ 0.48  © 15.32 % 0.32 - 16.04.% 0.72 . 4

S1 (P . 4.88'r 0.58 " 7 %22.18 x 0.44. - *23.70 £.0.75 -4,
| ] , . z | R

NS (ER) © . 2.74 = 0.20 ©7.72 ¥ 0.96 . 113.94 + 2.36 8
S3 (ER) - 2.75 * 0.26 ©7.91 £ 0.78 115,00 * 2:43 .. 8

N3 . 1.46 £ 0.20 8.13 + 1.22 - 8.87 * 1.06 5

S5 1.65 + 0.22 8.54. % 1.06  9.60,% 1.66 N 6

taken up 3_1 protein in 10 min..

< P

3

* 7 “ e . - ) . o -
Denotes valués significantly different from those obtained for the

) oL “ ) . .
U Denotes values significantly different frqgagbose'obtained in the

3D

o oy .
-~ 'corresponding fract¥his from NWR arteries.

< @

-absenée of oxalate of ﬁhe'same;fractfbns of either NWR or SHR

arteries.

!

.

o
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" fraction (see Chapter II). Although oxalate does enhance active

Q N ,

- ca1c1um uptake by the ER fraction’, this increase was similar for this

-

fraction from NWR and SHR. Active calcium uptake by F3 was not increased

_significahtlyﬁby the addition of oxalate.
A ) S s |
(3) Effect of azide on active ‘calcium uptake. In the preserce

°

of 321de, active calc1um uptake was. again 51gnificantly greater for S1

o
than for N, (Table 5) The calcium uptake‘of the other subcellular
* ) o ., S

fractions from NWR and SHR was not significantly different imgthe

'presence of azide: The lack of effect of azide on active calcium uptake

o

demonstrates the absence of significant contamination of any of the

/fractlons by inner mitochondrial membrane. . : :

(4) Effect of . 1onophores on active calcium uptake.' Ionophores"

o

partially 1nh1b1ted actdve calcium uptake by all the subcellular fractions

of NWR and SHR arteries; the vehiclerforcthe ionophores, 95% ethanol;“had_

°

no effect’ 1tself (Table 6 ) In the presence of ionophores, ca1c1um

uptake by the subcellular fractions from SHR arterles was decreased more

~ than for.these from NWR arteries. The residual calcium uptake by the

o o

subcellular fractions from NWR and SHR arteries was not slgnlficantly

3

different .in the presence of ionophpres.'

(S)LComparison'of passive calcium uptake by the PM fractions

3

from NWR and SHRAarteries. Passive calcium uptake by the PM fractlon

from NWR arterles at 1 mM CaC12 in the medlum was significantly greater

o .

than that fgom sH’R (96.96 * 15.3 vs. 58. 1 = 8.9 rmoles calciu_m/g

wEi ‘ o . . T
protein/lO min; N =<lO).f A'study of'the time course of this passive



58,
- 7 R ' :
Table 5. ' Effect of sodium azide on calcium uptake in.the presence
: 4 ;o . : ,
of/ATP by subcellular fractions from NWR and SHR

{ - o .
L mesenteric arteries

<

Fraction 5 oM ATP 5 mM ATP +

> : 0.5 mM NaN

N .(PM) ©15.47-% 0.39° 15.87 ¢ 0.77

s, (PM) *20.25:+ 0.79° *20.70 + 0.80

N, (ER) - 7.86 % 0.16 . 7.45 % 0.33

_ .S (ER) 9.77 £ 0.65 8.47 * 0.37
\\\;_-\— N, - 8.63 * 1.16 7.50 + 1,08
R +0.20 9716 + 0.23

S3 ; - 9,20

B *, L -
Values are expressed as umoles calcium taken up g

®y

prdtein in 10 min. RS . L wy

* Deﬁotes.vélues siénifiéantiy different from’ |
those obtgined'for the corresponding f;actiqns 
of NWRLa;terfes. |

N =4
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calcium uptake shows that‘both PM fractions'reached maximum at about 3
to 10 min (fig. 3). The amount of ca1c1um taken up by N; and Sy was
rSlgnificantly different at- 3, 10 and 20 min. Qalcium uptake by both

PM fractions was near half maximal at 1 min.

c)n Comparisons of effects of diazoxide, propranolol
and SKF-525A on active calcium uptake. .- .

Diazoxide -and propranolol (at 1 mM) had no significant effect
"

on actlve calc1um uptake by the subcellular fractlons from NWR and SHR B

arterles (Table 7) SkF 525A decreased calcium uptake by the subcellular

~.fract10ns from SHR arterles more tharn those from NWR arterles but thez
. :

:re51dual calc1um uptake by these subcellular fractlons .was not signifi~

\

cantly dlfferent (Table 6).



. Fig. 3.

150

Amoles Calcium / g protein

D

TR 0 20
Time (.min ). )

Tlme Co’xyjrse ofﬂpassive calc1um uptake by plasma membrane frac--
tions from mes;nteric arteriés of NWR (open c1rc1es) and SHR
(¢losed circles) at 1 mM calcium Concentration, Asterlsk
1'nalcates a 51gn1f1cant dlfference from normotens1ve value. ..

N = 4.
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TABLE 7. 'Effects of diazoxide and propranolol on

calcium uptake by“éubcellq;ar fractions

from NWR and SHR mesenteric arteries

o
Fraction -Control Diazoxide - Propranolol
. : (1 mM) (1 m)
N, (PM) 18.38+1.47 18.52+0.13 14.78:2.19
S, (PM) 23.61£0,55 24.06%0.95 23.26+1.03
N, (ER) . 7.80%0,47 7.81£0.29 6.83+0. 34
S, (ER) 8.68%1,20° 8.47:0.50 7.28+0.60

Values are expressed as u moles calcium taken up g_l protein in 10 min,

*\/\\

"N = 3,

”

7

v
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D.  Discussion
a) FEnzymes in SHR mesenteric arteries.
"On the basis of studies of enéyme activities 1@ homogena;es,

anq of histochcm{cal‘studicé; several workers have reporﬁea that AﬁPase,
QDPage, ATPase (Ichijimg,‘l969; Oka and Anurist , 1965); and alkaline
ﬁhosphatase (Cgfaner and Laing, 1965; Ooushima , 1973‘)ére increased in
arteries of hypertensive animals coﬁéa;ed to normotensive ones. | I have
congirmédatbese résults by my study of enzymati; activities in
. subce11ular fractions. 1In édditioﬁ, I found that phpsphoéiesterase I,
leqp}ne aminogeﬁtidase,land‘ouabain—sénsiﬁive R+—acﬁivated bhosphatéﬁe'
; R S _ . ' .
activities weré#aiso‘increased in the PM fraction from SHR arteries.
Since ali of thése enzyAes‘are believéd to be located mainly in thé
plasma membrane of most cell types,(DePierre aﬁdikarnovsky,'l973;b
Tou§ter ef al.; 1970), itﬁis cleaé_that the;ﬁlasma'mémbr;ne of vascular
smooth muscle ofISHR-Has undergqne sogé bibchemical changes-associateA»
Qith the development of ﬂypertensibn. anég'the vaséuiar wall of
Qeéenteric arteries is biochemicélly abnormal. “ ~

- ﬂany ?fdthese enzymatic chang%s may relate to }ﬁcreased cell
prﬁliferatioﬁ,,and are the expected results for biood ve;sels.uﬁdergoing
walil thicgening‘ip reséonse,tq hypeftehsioq (Wéigs, 1974) . Fof example,
inéreaéed AMPase was rep;rted in proliferating wuscle cells of arterial

walls (Oka and Angrist., 1967), %nd_boqh AMPase and phosphodieéterase 1

are involved in catabolism of RNA.(Yaﬁnarell and grbnson ‘1973).

o
Ps

= . g
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K+factivated phosphata e 1s LLHO ally be licved to be a part of.
I

(Na++K+)~AFdee (Glynn, 1968), and therefore 1its biological function is

related to Nat and xt trnnsport. Jones (1974) reported that SHR

arteries exhibited a decreased ability to accumulate ﬁ* and extrude Na+,
) . . . e g : + + - ; :
and increased ionic permeabiflities to Na , K and €1 . On the corftrary,
[ found that the specific activity of this enzyme was increcased in
SHR arterial membrane. fractions. My results are difficult to reconcile
<'with the hypothesis.that altered active Ng and K transport in hyper-
- : + .
tensive arteries is secondary to reduced -(Na +K ) -ATPase. Perhaps thl“
. AFPnse A(tLv1ty is increased to compensate for oxther 1ncrea§ed ion
permenb]lit]cs or partial uncqupling Qf‘ATP utilization and ion.
transport., . ‘ . . .
For most of the enzymes showing increased activity in
membranes of hypertensive arteries, no function can so far be. assigned;

thus the significance or consequence of increased activitie$ 1is obscure.
bS Calciubzuptake in SﬁR‘arteries.
bne of ﬁhe i@portantﬂfihdings in thié study is that éEtiv?
éalcium uptake by the PM fract&dn from SHR arteries was, incréased
relatiVé to that of NWRu\ Neithefloxalate nor azjde‘affected the palcium
uptake by the PM fracfion from either NWR 6: SHR'érLeries, but oxalate’

did increase calcium uptake by ER fractions from both animals. - Since

the increase of active calcium uptake by the PM fractien from SHR

arteries 'still existed in the presence of oxalate and azide, it is most
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likely a property of plasma membrane. : v

At ’

: alcium upta%e in the presence of ATP and i6nophores was not
significantly different in the Pn fractions from NWR and SHR. Thusi
ionophores may have eliminated the extra calcium tramsport by the plasma
membrane that 1s associated with hypertension. Ionophores are usually
postulated to act by providing a leak pathway for calcium accumul?ted
w1thin mcmbrane vesicles Against a concentration gradient (Scarpa et al

1972Y). If this 1nterpretation is correct, plasma membrane of hypertensive

arteries may be. capable of transporting more calcium out of the cell than

-

" tely, the plasma

the plasma membrane of normotensive arteries.

membrane isoLated from ‘the hypertensive animals may be 1é&ss’ leaky’ to

‘calcium. 1In either’ casé the absence of an oxalate effect reflects
lack of" oxalate ‘permeation into the vesicles -not. failure of accumulation

of calcium within the vesicle. Recently Entman et al .(1973 )have sug-

gested that 1onophores act in cardiac sarcoplasmic retlculum by interfer—b

'1ng w1th an ATP -dependent calcium bindlng site. Ionophores and SKF-525A )
may imhibit calcium binding in arterial plasma membrane and dlfferentlally
inrmembranesvfrom arceries of hypertensive rats; but-no direct eyidence

~is available on' this point.
. -
. ’ ’

Passively bound calc:um exerts an important control’over-

plasma membrane excitabillty and permeablllty (Triggle, 1972 ) I

examined calc1um uptake (presumably blnding) by. plasma membrane from a

D

concentration“of 1 mM calcium 4in the absence of ATP. Calc1um uptake by

PM fraction of SHR arterles was decreasea compared to NWR Reduced
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ey
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binding of calctum might be nssocfhited with a d&} rv.x.,( d mvmbr.me .

< gt
Ha

dﬁqgﬁ&her fons. ..

(Tripgle, 1972) . As ment foned abové evidence, that Pﬂﬁhpcs in Nat »
+ \x r'ﬁ‘m
K’ and G1~ pexmvdbility occur in SHR aorta haﬁvbeen repoxtod (Jnnos,

htnbillty, and an increased periicability to .nlxlu&

1974). If there is also an increased permeability to Fn]gium, thé
ogscyvéd.groater"ATB~dopbndent calcium uptake by the SHR plasma
m;mbrnne migﬁt be an expected compensatory response. Alternately, if
passive binding of calcium occurs in;ide the vesicles, plasma membrane
“ves#cleé.from arteries of SHR may have a lower permeability to cdlcium
than similar vesféles g;Om arteries of NWR; then their observed
gfeater uptake of calcium in the presénce of ATP as well as the greafer

loss of this calcium uptake in the presence of ionophpres may reflect

a less '"leaky" vesicular fraction.

c) Other aspects.

_Seve;al investigators have emphasized that one should use
ﬁuitlple straiﬁs of normoten81ve Wlstar rats as controls for SHR
(Cllneschmldt et al-, 1970 SPibata et al., 1973 . The results shown
were obtained using normotensive'Wistar raté from Woodlyn Farm (Ontario,
Canada) as the controls. ﬁowever, similar results werevalso obtained
(5ee Chapte; V) using a different strain of normqtensive Wistaf fats Q{
from SimQnsen Labératories'(Gilrb§, Californié, U.S:A.). Leyy/(1973)
repprted t AN Simonsen.Wistaqsrats and quto normotensive rats ffoﬁ

which the SHR was develgped had identical vascular response LO pressor
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agents. AFP—dep‘Pdent calcium: uptake by the PM fraction from SHR
.
was signifigantly higher: than that from’ NWR mesenter Lc arterles. In

cantrast, the ATP—dependent calcium uptake by the plaasma membrane

fraction from SHR aortae was decreased as compare to that of NWR

A

(see Chapter VI). This qualitative difference mighc.réflect a difference

-

-

in the mechanisms controlling contraction and relaxatf%n of large and
small vesgels. It 1slwel] known that the contractile response of strips.
of 'resistance arterioles" is rapid afd is followed by a secondqry partial
relaxation (Bohr and Goulet 196D , while. the response of aortic sgrips
iS'slog but sustained. The different properties of contractile response,

and of calcium accumulation by the subcellular fractions observed in

- large and 'small vessels of SHR relative to NWR might suggest that the

mechanisms responsible for the reactivity change in SHR aorta might

be different from that of mesentoi}enartery. The lack of similar changes
P " - o
in calcium uptake by plasma membrane fractions from aortae and mesenterdic

*

arteries may also be related to the fact that contractile byper—reactivity‘

in ;he,aorta (Field et al.; 1972; Janig and.Iriggle, 1973 ) develops N

much. later than in}mesentefic artery (Haeusler and finch » 1972).

In this study, alterations in factors which may . control the’

-

reactivity of Qascular smooth muscle in SHR have been demonstrated.
Calcium uptake and’ ATPase were altered and these changes mlght be
dlrectly involved in reactiVLty changes in hypertensive arte?ies. in
addition, lncreased activity of enzymes which dre believed to be

S

involved in cell proliferation was associated with hypertensicdt This

)

4



indicates that ghénges in .both calcium regulation dnd -vessel wall

_ thickness may be important for the development of vascular hyper-reactiv-

v"iCY-v. . o a T ’ @



a
‘f w

‘E.,_Summarz

i
-
~

‘Calcium uptake and enzymatic activitie$ were studied on

'plasma membrane enriched and other subcellular fractions ¥rom megzhgeric.

arteries of normotensive Wistar (NWR) and spontaneously hypertensive rats .

5
'(SHR).. The specific activities of plasma .membrane marker enzymes (5'-

{

L

‘*nucleotidase, phosphodiesterase I leucine aminopeptidase, and ouahgin-

sensitive K —activated phosphatase) were significantly greater in the

plasma membrane enriched fraction from arteries of hypertensive than in .

'those from normotensive rats. Alkgline p@ﬁhphatase and Mg —ATPase

exhibited .increased activities in aBﬁ’subd!}}uhar Fractions of arteries
from SHR as compared ‘to those from NWR The maximum calcium uptake in,
the presence of 5 mM ATP and 17 uM free calcium by the plasma membrane
fraction from SHR arteries was significantly greater: than that from NWR
arteries In contrast the maximum ATP independent calcium uptake in then
preSence of 1 mM free calcium by the plasma membrane fraction from SHR
arteries was signiflcantly lower than that from NWR arteries. The iono-
phore—ipduc%d decrease in calcium uptake by Qrese ffactions was l 5. -to’
u*

2 S“tiggs greater for SHR than for NWR arteries.- The presence of'changes

in activicies of enzymes believed to be involved in cell proliferation

. as well as changes in calc1um uptake suggest that increased vascular

reactivity associated with hypertension is due to changesdin both calcium'

LY 5
. N .
metabolism and vessel wall thi’kness. i XL . '

e .
B . ™~ .



CHAPTER IV

ALTERATION§ IN CALCIUM TRANSPORT AND BINDING BY‘
THE PLASMA MEMBRANE OF MESENTERIC ARTERIES FROM

SPONTANEOUSLY HYPERTENSIVE RATS
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CHAPTER TV: ALTERATIONS IN CALCIUM TRANSPORT AND BINDING BY THE PLASMA

MEMBRANE OF MESENTERIC ARTERIES' FROM SPONTANEOUSLY HYPERTENSIVE RATS °

. . . B

A. Introduction . . ; ‘ o ‘ L

Sponténeously hyperten51ve rats (SHR) are probably the best

animal model for human essentlal hyperten51on (Okamoto, 1972) Perfused

"
c

vasculature (Haesuler and Flnch, 1972; Lais and Brody, 1975) as well as

iscdlated strips of vessels from these rats, (Field et al., 1972; Holloway L,

and Bohr, 1973:-Shibata et\al., 1973) exh;bi;.an‘increased sensitivity

to some contractile agents. ‘Furthermore, it has been demonstrated that.

. . ) .
certain of' theése alterations in vascular- responsiveness of SHR.can occur

t%%ebsencé of iﬁcreased wall ‘stress (Hansen and Bohr, 1975). These

have postulated that stfuctural changes-are secondary to the
, <

El ér ase in transmural pressure whereas certain functional changes in .

/2 . : ' - )
_/-smooth musclé sensitivity are not. The abové results support -the hypo-

thesis that supersensitivity of resistance wessels to constrictor agents
. . ‘ ) . € - . :
-~

contribute to the initiation and ‘maintenance- of hypertension.

A deratfigement of caleium regulation is a plausiblefcause of

“this supersensitivity in SHR (Field et al;, 1972 Janls and Triggle,

1973). However, the meanlngful study of calcium movements_in intact
_ _ " -
smooth muscle is very difficult or impossible, even when the La

technique"” is used (Daniel and Janis, l975). Therefore; it was.desirable
to use subcellular fractions for the study -of ca101um uptake q; organelles

from blood’ vessels to av01d the problems associated with'.the use of intact

L4

smooth muscle . o .



t

It is not possible at the present time to isdlate ar large mas:

- 3

of: true resistance vessels foruthe preparation of subcellulur fractions;

. mesenteric arteries were used because of the relatlvely small size of

‘the 1leal and Jejunal arterles that make up much of. this preparation (see
'Chapter II). A plasma,membrane enriched fraction isolated from mesenteric

arteries of SHR exhibited decreased passive ‘uptake of calcium when com-—

pared to that isolated from normoten51ve rats (NWR) (see Chapter III)

o

.Thls was of partlcular Interest because Hansen and Bohr (1975) have sug—

. -

gested that a decreased number of calc1um binding sites in plasma membr—

ane might be the causeéE? increased vascular excitabllity assoclated
N .,., . ’

w1th hyperten51on . . ' L RN

Other_studies from Bohr's laboratory have shown that the re-
SR . : . ++ ++ / -
.activity of arteries to Ba ', Sr - -and- Mn w&k,qualltatlvely and quan-—
‘ & G .
t1tat1Veiy1Aifferent when SHR and NWR were compared (Bohr, 1974 Holloway
and Bohr, 1973) . These differences in . reactivxty to: hysiological
v“\—

catiohs was also seen in pre hypertené}ve SHR (Shﬁbataﬂét al. 1973)
»e_r -

‘
R

‘S

and therefore may not be secondary to hypertension. ‘The aims of the‘ \
e v
.present study were to determine whether the effects of these cations on

4

membranal caldium’ uptake could be correlated to their dlfferentia& con-"

tractidle effects, and to se these>éations as probes of the medﬁranes from

SHR totdetermine if other'alterations of calcium bind;ng sites are pre-
o ; ) : )
sent. : - . : o ) y

.
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B. Methods and Materials

Animals and Fraction Preparaiion'l : @?
B a Y . ) . . X ; . s
The male SHR of the strain ‘developed by Okamoto and Aoke (1963)
- from Japanese Wistar rats were studled. Male‘weodlyn Farm (Ontario, Can-

ada) normotensive rats were used as cpntrols A tomparative study revealed

.(SLL CRapter V) that these and male Californla normbten81ve rats (Slmon—

o

'sen laboratories, Cllroy, Callfornla) were similar in all respects stu—

. . "F"M i
e %

died and showed almilar diff:l;ﬁCQbh hypertensive animals. The anif
gl g o e
' ; o d preggure of 115-130 and 170-210. -~

The animals were killed by a blow on the head aﬁdfmesed;evic
arteries quickly removed and freed from fat, connective tissue, and veins.
Plgéma membrane enric e,"f%acbion from NWR and SHR ‘was isolated by the

use ot ‘a dlseontinuous sucrose gradlent as prev1ously described (see
Chapter 11).

o . P
Calcium uptake in the preserce of ATP was carrled out in 1. O

ml reactlon mixture cOntalnlng 100 mM KCl 5 mM MgClz,<5 mM ATP_(diso—

dium or magnesium salt), 0.1 mM CaCl2 labelled with 0.4 uCi'ASCa Clz,

20-40 ug membrane protein, 40 mM 1m1da201e buffer ‘at pH 7 O whlch

vlelded 17 uM free calc1um Calclum uptake ‘in the'absence'of ATP was

(5%

-

) etudled in a 1.0 ml reaction mlxture that contalned 100 mM-NaCl}"l‘mM
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20 30-60 ug membrane pro-,

tein, 40 mM imfdazole buffef at pH 7.0. The actlve and passive calcium

MgCl;, 1 mM_CaClz labelled with O.H'UCi'ASCﬂCl

"upﬁuke-by the membrane ffdégioﬁs wis studied by the use ot the millipérc 
”filtra;jqp téchnique as prey;ously déscribed‘(sev éhap&er Lr).

| Va}ﬁes‘wer9_¢oméar§d by the sgudent!s t~tcs;: Diffcrengesi'
with p values . 005 were considered significantﬂg Meo s and Standérd errors

-

are ‘giVen in the tables.

Materials .

BaClé¥,StC12, MnClZ,A.CaCl2 and oﬁher compounds were dissolved
in 40 mM imidazolevbué{c; an'pHA7,0‘ Solutioné-were prepared from dis-
tilICd.deiohizéd.wa;e;; U V
we%c'che higﬁest purit;“avﬁilablé from'Sigma; ASCaClZ was obtained from;v

and analytical grade reagents. Organic compounds

o

Amersham—-Searle. .- Do

&



C.  Results . 3

- : ++ ++ 5
Comparison of effect of Ba++, Sr L and Mn on ATP dgpendcnt 43C3++l

uptake by the PM frdction Trom NWR and SHR arteries.

ATP dependenn A50a$+—uptake by thL PM fraction from SHR ar-

teries was, significantly preater than that of NWR (Table l) ‘At a

. ++ 4+ ot ++
¢oncentration of 1 mM, Ba ', Sr or unlabelled Ca , but not Mn sig-

V. '- . L. . ) 4 5 . 'H- . ‘ ‘ ) - . .
nificantly inhibited ATP-dependent Ca =-uptake by these fractions. The

ability of.-these cations. to co’mpete,with‘ASCa++ for uptake by thesc. frac-

. i ! R . H .
tions was in-the order: cold‘Ca+*5.Sr++§ Ba++. At 1 mM, Ba . could de-
crease Ca -uptake more in the PM fraction from NWR than thiit of SHR.

o ' . o ’ L+ . )
On the other hand, Sr ‘at 1 and 10 mM, and Ca at -1 m¥, could decrease
' o ‘ ‘f R r . T

.

45 -+ L, : ‘ . . A
2Ca -uptake more in_thg.PM fraction from SHR than that of NWR. - The

. b5 : - v e .
decrecase inf¥ SCa - -uptake in SHR PM fractions caused by Sr (10 mM) and

o f e . v ) ] -

(1 mM) was significantly different from that of NWR membrunes, and
L ' 45 4+ - ‘ -
che.re51dual amount of Ca takgn up were not dxrteant bthgcn the

—+
fractlons from normotenslve and hypertensive rats. Mn- (1 nM\ did not

affect the acrive calclum uptake by che PM: trdctxons from Llcher SHR or

NWR arterles

: Compafison_of effect of Ba++, Sr.H-,"Ca-H-‘and'Mr}++ on ATP independent

45Ca++—upt‘al<e by_thé‘PM'frgction from NWR and SHR adrteries.

.ATP lndependent 45Ca++—uptake by. the ,PM fracéidn»from-SHR

arteries was-slgnificantly lower tﬁan'that of NWR (Table 2). At the
doses. used Ba- , Sr , Mn++ and cold Ca++Acould significantly decrease-
45 ++ ’ o !

Ca taken up from the PM fractions from, NWR and SHR arteries. Despite

-
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. =+ 4y |k :
this, B.’lH (I mM) inhibitaod "ea —uptake by the PM fraction signiffcant ly
. s ) . . . -+t !

more from SHR arteries than that £rom NWR. .On the other hand, "Mn (1 mM)

-

fonhibited ’Ca —uptake more by the PM fraction from NWR arteries than that

from SHR. In large excess (10 mM) SrH and (Z;ﬁ-+~ reduced all AS(JQH—upLak‘v
to a very low level which probably represented non~.~spuoif3b binding;

' . .45+ . ‘ . -
naturally theére~was a preater decrease in Ca ~uptake in fractions from
b . . N

NWR than that from SHR drteries.« The residual amounts of calecium bound -

to the PM fractfon from NWR were still significantly greater than those

to the PM fraction from SHR in the pPresence of Ba"-, _Sr'ﬂ, and cold Ca. ,

but not MnH, but in all cases the difference was ﬁlarkedly reduced.’

D



9.
Do Discussion

Alterations in calelum uptuku_und enzjmu activivies were
T.Lpresent In subcellular fractions fron‘mcsentcric arteries of SHR (%uc.
Chapter lIf). The results in tth "tudy further show that there are
differential eftects of various cations on calcium uptake;by:the PM
fnactions from SHR and NWR arteries and eupport Bohr's suggestions (1974)
on the reactivigy changes accompanying hypertenaiona

| ‘The differences between the plasma membrane fractlions from
NWR and SHR arteries withlrespect to ATP-dependent calcium uptake were
notcdehen ?thet divalent cations were added to'compete with §5C3++
during uptake. - 1 examined competition of these cations wdth’calcium
bLLduse of the findings of Bohr (1974) and Shibata et al., (1973) an
Lnteractiun of these cations with talc1um in exeitation- contractlon

coupllng in intact artery strips. The concentrations of cations used - \

<

were those found by Bohr (1974) to differentially affect contractions

of arteries from normotensive and hypertensive rats (l mM Ba++ and Mn_ y -

10 mM Sr™ ). Inemy study, the abilicy of Sr'' and Ba'™" (1 mn) to

compete for ATP- dependent sites of uptake with ASCa was less than that . )
of unlabelled Ca .y but Sr++ was%more effectivefthan Ba++ which was

nearly ineffective. Mn‘f-+ was completely ineffective. Similar results

were'reported for Mn++ and Ba++ in microsomes from guinea pig intes-

tinal smooth muscle (Hurwitz et al., .1975)~ The uptake of 45Ca pre—

vented by competitlon was greater in plasma membranes from arteries of

‘hypertensive.anlmals than in those frdm arteries of normotensive animals

whenveitherdSr (1 mM or 10 mM) or unlabelled Ca o

i




Bo

4 , ‘ :
contrast, Ba (1 mM) was more oftective in plasma membrances Prom anteries

. ‘ bt . S , .
of normotensive andmals. Moo (L mM) did not sipnil leant 1y dimindsh upt ake

ol calcium by plasma membrane of cither type of rat., Thus the calcelum

uptake p;mnjl’:.-{:w:; were dffterently susceptible to uumpuvon by other

cations in .plasma membrines of normotensive and hypd ve arterices.

) ++ , : -
Both Sr and ionophores (seo Chapter ‘wap laced more
45 4+ ' ' ‘

Ca’ from the plasma mi\mbrnnc fraction which was™®€vived from arteries

of hypertensive animals than those of normotens iygg animals.  These results

suggest that at least two types of calcium upt,(xkcyvsitus exist in these
-

e

plasma membranes and that the proportion of @each type may vary in hyper-
tension. Furthermore, these results are consistent with some of the

findings of Bohr (1974) and Shibata et al., (1973) : contractions of the

v

. . . ++ Co S . o
carotid and aortic strips to Ba were signiticantly higher in amplitude

‘ ++ ++
in NWR as compared to SHR, but contractions induced by Sr and Mn

P

were significantly higher in amplitude for SHR'than those in NWR. : -
1 ) [}
These cations may cause contraction by releéasing calcium from
. | N . . , ) ‘ .
binding sites in plasma membrané, thereby triggerifig contraction. The

Oy ++ ++ e o .
ability of Ba and Sr to compete\Wlth ATP-dependent ‘calcium uptake by
PM fractions in my results was correlated with- such a release. MatT did
not affect active calcium uptake in Lhese‘fractions sdggesting that its

mechanism of action to provoke contraction may be different from BaH 'and‘

++ . ) : -

Sr ', but see below. ATP—dePendent calcium uptake is assumed to be due to the
presence of inside-out vesicles in my, fractions and presumably reflects
] : - . |

the acti“vity of an outwardly‘directed calcium pump in the plasma mem-—
brané.‘ Inhibition of calcium p}imping may not be ft‘mctional/lly equivalent




PR . ,
to release Ufﬂ (99} l“hln_ binding. L have not stadicd offects of cations

.

reledse stnee it would be appropriate to appl v the cations to the outer
o . b ' . 4
surtace of the plasma membrane, aud this is presumably the Inner surtade

of the vesicles.
e . -+ R ++ LY 4+
The ability ot Ba oy and Mn to compete with Ca tor

,
ATP independent uptake also shows that differences exist between plasma

i : . ‘ )
membrane tractions from NWR and SHR arteries.  Ba (1 mM) was also as

' 45

effective as 10 mM Sr in inhibiting Ca uptake from plasma membrane
of SHR arteries but was much less effective in this regard In membranes

Y
! . L4+ . ++ . : :
from NWR arteries. (a and Sr at concontiytiunﬁ of 10 mM were both

t

more (‘ffo(,‘&jﬂloly from the plasma membrane
[ “,

of NWR and SHR arteries.. Mn (1 mM) displaceaed t)s(’,z1+:+ more eftfectively

ef fective in (lislxla(‘in): 4 Yea

1
H

from the plasma membrane of NWR arteries than of SHR arteries, and resi-

4 5 +_+ S .
4 . - i -
dual Ca  uptake was not the same for both typey of membranes. These

45 y
results show that ATP independent sites of 2Ca ;upbake ditfer from
; : ! >
ATP dependent ones: first, Mn (1'mM) did not affect QSCQ- uptake in

- ‘ 45, 4+ . {
the presence of ATP but it did reduced. “Ca uptake in its absence;, and

- - - ! b
second, Ba was o much more effective competitor relative to Sy at
) ) ,

/

legst in membranes from SHR in the abSence of ATP. My findings‘were

o

inconsistent with any HCrakghtforwapd explanation of results . of Bohr,
Shibata and co-workers in terms of contraction being initiatfd by dis-
~}-+ i . ) ‘ i ) . ) / .
placement of Ca by cations from ATP independent binding dltes, In
fact, there is an ‘inverse correlation between these resu%fs and those
predicted on this mechanism.

Electron microscopic studies'have’shown‘that the plasma mem-

a
-

;



N

v’

/ N -
’ |

/ .' o : 82y

3 )

brane frugkions arc composed of vesicles (see Chapter 11). It is possible
. ! ' Y '
that more of the vesicles. from SHR Arteries are of the ingide-out orien-

tation than those from HWR arteries. Thérefore, the effects of competing
‘ . ) . .

cations migyht "he due to -(a) alLeration‘in binding properties of the exposed

Y

‘sites, (b) alteration in the transport to the unexposgd sites, or (c) alter-

ation’in the proportfon of inside-out qnd right side-out vesicles. This may

be related to the marked effect of Ba on inhibiting ATP independent

‘ . N kS
calcium uptake b%'vesicles of "SHR arteries, and to‘&?e increased effective—\
£ ' - \\ .

ness of Hn++ in comneéing %ith this passively bound. calcium.

/ e . ) 4 — -, ) .
The interpretation of results obtained for 5Ca —uptake in s
. : » : ’ . . * .
the prescnce of ATP is complicated by the fact that the added ‘cations * =

\

competed not only for 45(,‘a uptake sites in membranes, but also ‘with~
Ta . - -
++ 45 0 . . - N

Mg and 'Ca form complexing with ATP. However, there was 5 mM each

++ ’ : s .
TP and Mg and calculationg have shown that this provides an. excess
of Mp-ATP [or activation of Ca binding. Thus the 1 mM concentrations
of competing cations would p}obably not inhibit the rutilization of ATP

for ASPa++ bindipﬁ. .In the presence of lO‘mM Sf++i\$ﬁgk+ wag substantiajlyu
displa;ed grgm tﬁe ATP cémplex:. Also'the:order of affipit{is of cations 4
for ATP was Mn++) Mg++> Ca++} Sf+f§ Ba++(;hillfps, 1966;\Ezatt éf al., )
1671).” There is some possibility that~£he affipity'of ﬁhe aétiQe sit; fgr

&, N ¥

Mg-ATP utilization may have a much higher affinity.for another ATP-cation
—eo e A5
.ccomplex than for Mg-ATP; if so, cations may have inhibited La ~uptake

by preventiqg ATP utilization for the process. Complexing of added

v
-

cations by ATP reduced their concentrations, but this can not explain

the ineffectiveness of Ba in displacing Ca since leéess of this cation
v N A v . -

r | S o
’ ! S ' - | A



was complexed than, Sr and Ca ., However, Mn" coneentrations were
sdbﬁtantially;rcduced in the presence of ATP becaus: of the higher affinity-
of this cation than of Mg for ATP. This may explain the ineffectiveness

’ SN 45 / N

of Mn as a competitor for Ca-uptake in the presence ‘of ATP. The general

Lffect of addlng a cation with an afflnlty for ATP would be 'to increase

45, ++ . g . :
the’ level of free Ca ', but the increases would be small and similar

» ) o et

L]

N

~. €

. e . :
®xcept wheﬁtlb mM St wias~added. It is important to emphasize that none of

the above considerations w1ll account .for a difference in the effect of

» o

competing cation on WWR and’ SHR.; these comparisons were made gnder identical
‘ B 4 . - ) N N ‘v -

conditions. - . S s o

The results BT this study.show that the susceptibility of the

B ‘ ' ) ) ) : o .
calcium uptake prQcesses to competition by other cations:. is different in

plasma membranes of normotensive and hypertensive arteries; This further -

4 °
supporte the v1ew that supersensitivlty of the reéctiv1ty of vascular smdﬁth-\

muscle of SHR to contractlle agents may be due to a derangement in calcium

r.regulatlon.. Furthermore; it is pqssiBle.that a change of calcium regulation

is responslble for t{;‘ thickenmf vascular walls of hypertensive patients,

(Folkow 1971) because. cajfium also plays .a number’ of key roles in cellular

‘metahqlism; including the regulation of important phoéphqproteins and of
. . L N - < . LY
stimulus—-division coupling (Berridge, 1975). 4 ‘ .
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. - BI<
\ . ) \‘ e - < N °
E. Summarz . ' ] . -+ oL .o .
' ’ ’ T N ' \
o ++ ‘ . -
" The effect of Sr , Ba++ and Mn . on calc¢ium uptake by 4 plasma

s

membrane enriched fraction from mesenteric afteries.af spontaneously hyper4
> . - . 0 v . 1] .

tensive f@ts (SHR) was studied to deéérmihe what alterations:/in divalent

-

. cation interactions are associated with hypertension. ATP-dependent 45CaA

uptake’ by thisnfraction.from SHR was ;ighificanply greatexr than that of nor-

v - ‘ 45 | 4+ '
- motensive rats‘(NWR). This 5Ca ~uptake by these fractions from both types
. . . ‘ . ~ . . - B
of rat could be reduced by Ba , Sr and non—radioactive'%a++; but not by

Mn ; the ability of these cations to competecwith,_Z‘SCa++ was in the following
. . o N |
++ L ++ . —+ !

order: Ca »°8Y  -.» Ba . fn contr st, ATP-independent 45Ca uptake by

<

this subcellular f:éctio@ from SHR was significantly less than that of NWR,.

and” this paSsive 4SCa‘HM binding;could be displaced by Mnff in addition to
. e . . . . ¢ - ) A .
the other, cations. Both qualitative and quantitative differences were found

between SHR and NWR in this stﬁdy,of the effects of cations on célci@m uptake

by arterial~§lasma mémuééne. These results suggest that ;he‘plqsma membrane

" of SHR a;terie$ has calcium binding and transpbrt prqperties thaﬁ‘are di;fer_
ent from those of NWR. HoWever; there is not a comgleté coi%elation between
the reported effects of the cations‘on‘contractioA of ;ther arte?ieé'ih hyper-
® . K - , i . .

tension and on calcium uptake'by“membrénes o% SHR and NWR.

. 4 . \! L4
7 ’ /)'\d M ‘

S - “



CHAPTER V *
. 1)

RELATIONSHIP BETWEEN BLOOD PRESSURE ‘GF
. . a i

SPONTANEOUSLY HYPERTENSIVE RATS AND

ALTERATIONS IN MEMBRANE PROPERTIES

~ OF MESENTERIC ARTERIES

L

e
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fCHAPTER_V: RETATTONSHIP BETWEEN BIOOD PRFSSUﬁF OF SPOVTANIOUSLY HYPFRTFNSIVF

RATS AND AIFPRAIIONS IN MTMBRANY PROPFRTIIS OF MEbINTFRIC ARTERIES

| v

LI .
A, Introduction’ i
I found that'the'specific'activities of certain -enzymes.qf a

o
'

* plasma .membrane enriched'fruction isolated from mesenteric arteries (see
Chapter II) of spontaneouqu hyperten51vc rats éSHR) were greater thanﬂ

N thOSL of Ontario normoten51vc wYetar rats. (NWRo) (see Chapter III)
™

jFurthermore, max imum ATP—dependent_calcium uptake under certain conditions
was preater for this fraction, from SHR than that from NWRo (See_Chépter

IIT). There is no ideal control for SHR and therefore more than one

strain of normotenéive rat should be used in studies of this type. 1In
N~ » S\ . - oo . : . ' . )
the present rnvestigation 1 have studied enzymatic and calcium uptake

- parameters in a second strain, California Wistar normotensiwe rats
w : ' : Lo ’ .
(NWRe) . Levy (1973) has reported that this strain exhibits a vdscular

L

response to pressor agents that is identical to that of the Kyoto

normotensive rats from which “the SHR was developed. Therefore, onée aim

of this study was to evaluate whether the dlfferences prev1ously reported

N A
For

'\(see Chapter III) between 5 6 month old SHR and NWRo were. due to .strain -

~

a dlfferences unrelated to hypertension.
Two other types °of experiments were also, carried out in the

present investigation to further characterize the relationship between

hypertension and the alterations in the aboye—mehtion d membrane .
parameters. First, SHR and VWRc were compared at 3 age groups to ‘Jj/d -

determine if enzymatic activities or calcium uptake were abnormal

"



87.
\ v

) L ' ' ' .
before as well as after the development ;of hypertension. Secondlys,

Tries from rats

these same parameters were studled 1in mesenteric

treated with the antihypertensive agent, hydrala

w » ’\ v * . ! 4
the prevention of hypertension would also prevent the development of E

ine, to determine if

differences between SHR and'normotensive rats.

<



$. Methods and Materilals
- »

Aqimjls- . ( f; ':)

o S c L -

. /b'
The male SHR (Okamoto arl/ﬂrQ{L ag4h~w »g‘&p this lnvvstlgdtlon
. {\Vu ‘)1 . ‘ < o
were bred at our facilitles, and agu~mdtgh(d male NWRC were suppliced by

Simonsen'Lnburatories, Gilroy, Californta, and NWRo by Woodlyn Farms,
Ontario. Hydralazine treatment of SHR and NWRc was started at less than

one month of age. The ratd were fed, ad libitum, 80 mg/liter of drinking
. . -

watcrbduring the first month, and then 10 mg/liter dUring the next 2-3

‘o

- months. ; ' ' o

The systolic blood pressure was -monitored by using Narco- =~
Bio-Systems Model PE-300 sphygmomanometer for\ifézz%cp measurement of -

tail arterylpressur as previously described (see Chapter III). Ayper-

- LS

greater than .150 mm Hg .

Subcellular fractions ) : - . H)

-
. ~
[ ;

The animals were killed by a blow on the head and mesenteric
arterles qulckly removed and freed from fat connective: tissue and veins.
Plasma membrane and endoplasmic reticulum fractions from NWR and SHR

were isolated by the use of a discontinuous sucrose density gradient as

. pfeviodélyldescribed (see Chapter III).

1N



g ‘ - 29,

I'Inz‘vm(' assays and caleium llPL.’llf" studies .

. B ¢
Protein (Lowry ot al., 1951),'phnsphnLv (Fiske and SubbaRow,
9e o . y o ‘
1925), S'-nucteotidase, Mg —ATPase and alkaline phosphatase were
determined as described (sce C}ﬂlptt'rs' LT and 111).  Calcium uptake in

[ . - .
the presence of ATP was carricdeout in d reaction mixture containing
" .

LOO wM KCL, 5 mM MgCla, 5 mM ATP (disodium Salt) 0.1 mM CaCls labelled

I _ ‘ M .
with 0.4 i *CaCly, 15-25 ap membrane' protein, 40 mM imidazole huffo
o L T
at pH 7:0 in a total volume of 1 ml which yields a 17 uM fr&c‘c!&}ﬁ%ﬁ
. ) . T

concentration, ’Hlliporo filtration technique. was used to determine
by . ‘
Ca uptake (gee Chapter T1).

Reagents and drugs

! Hydralazine HC1 was supplled by Slgma _ The divalent cation

o

ionophore- X-537 A (Gupplled by Hof fman— LaRoche) was dissolved in 95%
of ethanol and 10 ul of the drug was 1ddcd to a total of 1 ml of reaction
> ;

mixCure, ‘The other reagedts_and drugs were dissolved in 40 mM imidazole:

buffer at pH 7.0. Solutions were prepared from distilled deionized
V4 ) .

water amd -analytical grade reagentq Orgapi& compounds were the highest
L5 N ‘ '

purity availablg onm-Sig%?; CaCl, was obtained from Amefsham—Searle.

Statistical test

¢ B

Values were compared by the Student's t-test. . Differences

€

with P value < 0.05 were consjdered signtficant. Standard errors of

[

thé means are bracket¥d in the figures,
. N

N
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b4
" R
Therd™ were no sivniticant ditferences between the 9—6 month
18 .

. . .
old NWRo, and NWRe strains of rat in the paramet ers measuroed. 'his was
true tor both bodv weight and blood ‘pressure as well as for measurements

. . , . RO
made on the subeellular fractions: 5'-nucleotidase, Mg =ATPase,
alkaline phosphatase and caleium uptake (Table 1). Therefore, the
quantitative and qualitative difforences In the above parameters

betweeén NWRe and SHR at this age were 'similar to the differences

between NWRo and SHR that were describod previously (see Chapter I11).

N

Comparison of hypertensive and normotensive rats at different ages

. The.mean ‘body weight df SHR was the same as that of 'NWRc. at
33 days "of age, but was significantly less than that of NWRc at both

3-4 months and 5-6-months of age. In contrast, the mean blood pressure

. ]

of SHR was significantly greater than that of NWRc even at an age

of 33 days (Table 2). In general, the specific activities of

. -

5'—nucleotidase and-Mg++¥ATPase in'the‘pLasma membrane fraction of
arte;ieg from NWRCVAeEreased sighificantly with age, especially
between ages 3-4 ‘months and 5-6 m;nché (Table 3). ‘HOWevér, thg A
activitieé of these enzymcsydid~not cﬁange in SHR over this- total
périod; there was a small, temporary feduction in activities at|3-4

months. No significant decreases in enzyme.activities of endoplasmic
L. B ’



JTABLE
-
- L4
Compar tsonn of hody welpht o blood pressure, cnvvine ot VD e, and

’

\
calcfam 'H.’l.l'-t: of subcellular fraction:. I'x“«_)m two noOTmotenstive et aing,
ol rats o atoape N6 lvn(mlh:.
'
. T o Srhain .
Poaraccter . . . . ~
’ AT NSRS
Bod sy, weelghit (){y,) HED ¢ 4o () SQOao oo 5.0
Bleood oo are (e Hie ) 175 ‘ 5.5 .o126 ' 2.0
SUosacleot fdage .
P : 58.4 4+ 3.9 58.6 ¢ 1.4
PR 9.5 + 1.1 10.8 + 0.9
My ’jr', H"‘ e N . ' .
M 361 + 16 371 + 23
ER ' 147+ 11 138+ 16
Alkaline phosphatase
- PM 7.7 + 0.3 8.1 + Q.6
ER , 2.1+ 0.3 2.5 # 0.5
‘ ~
"Caleium uptake
PM 17.4 + 1.2 17.2.2 0.9
ER 10.5 ;\-0.5, . 10.9 + 0.5

Specific activities are expressed as umoles phosphate relcased mg-—1
protein h:sl for 5'—nucleotidase, and Mg+f—ATEase, as umoles p-hitrophenol
reléésed.mgf} protein h-1 for alkaline phosphatase and as immoles calcium '
taken up g7l protein in 10 min for calcium uptake. N = 4-5 except
the first'twOvparameters, N= 30-40.
2pM.and ER refer' to the plasma membranc and ¢ndoplasmic’ reticulum
enriched fractions, respectively.



TARLE Y

s Body weiphts and blood pronsures of normot oo ive

and hypertensive ot in difberent e proups .

/\)'vl‘
33 days -4 months 5-6 mont hg
P,
lody weipht (g)
. ~
NWRe . K6.8 7 1.5 4O8 6.4 7 490 ¢ 5.0
SHR , ©83.8 ¢ 2.2 . K317 v 12.4 %350 + 3.5
HI()()d pr’p§s:uF—e——m{g)
NWRc T 16 v 2.0 125 + 1.3 126 + 2.0
- SHR *1373 L 2.2 *179 + °5.0 *196 * 5.0
There were 20 rats in each group. @ o

“*Denotes signi?icant difference from normotensive rat.



Dprec 1t iy

phosphat aae

membr ane

Nucleot idage
TWRe

SHR

Alkaline rhosphatase

.

NWRc

SHR

Calcium uptake

NWRe

SHR

. oand

the

.y

et byt e

o

/Y.

4

J

Capacity ol caleiam uptake in ot

fraction ol NWRe

o
)

Ha. 78

97.

Y/

*7.

16.

17.

iy

47

83

70

25

Tanmd

t
nucheot vdoae, My

-

Values are expressed as in

L4

g

’ .95

' 1.8

v 20,2
et 2008

+ 0.54

+ 0.33

+ 0.42

+ 0.63 .

Table 1.

-

X

L3

}

and

Ot

do

L8R,

490 .

t7.

112

17

17

N

SHR

/8

A

4

3

55

.89

.27

.78

~

ol

artter jes,

ont b

i+

+

0

0.

.6

.30

.93

.50

88

o

*Denotes significantly different frogvnormotensive.

tDenotes significant differences from values at 33 days.

N = 4.

] L

Pl

-
I vt b
NS 1.40
A70.36 » 200
Y371 0 v 23,3
~5735 ¢ 19,7
~18.10 + 0.60
*t14:30 + 1.11
17.16 + 0.91
*+22.37 % 0.77
oo I ‘



tt
tettoulam occarted with Sy o HWEe, but . S My AlTPace ot tvity wan

"? o

Pocreacsed ot Y 6 months (Tab e ). ('J'ln-lulnlw the cupec b be et vt foee,

[4

o

L X ’
o bhoth 5" nacleot fdase and My ATPaqe were Siynt!l ioantly precat e

o the plasma embirane tr fot o, "bat only the Tot e CILAYIGe Wo preat g

oo g O
foothe endoplicanic ret o tract Ton o1 St month o bd SHE when ompan ed

(SR B PR O R

]

Ty cot et 1o (‘]u' Jegrease ofe 3 nac oot fdacee nd

o

. Q e, . ,
Droane tr et ot withy ape e IUKe bat not in SHE D albkaline

ot the placma mesd

plec phatace and cale jun tptake capadtity e reaned with ge o SHR more

than in NWRe in thic traction (Table k). However, albaline phosphatase

and caltciam uptake of bth.e' wm!wpl«i)umi( reticalum fraction from both
s, | : ’
strains o rat o increased with age. (Table 4)0  Alkalioe o 4o Case
. V.
activity - was initially hipher in both fractions ?rqﬁ SHR corpared o
s ”_ © ‘ . )
TWRe and the diffv{(ﬂﬂ%"fﬂﬁrwdhvd with age.  Heneel the tire course of

o
the develwbment of increased alkaline phoasphaitase activity id the two

. R 3 R . ) . . e
fractions was similar to that of increased blood precssure in SHR over

the ragg(' studicd.,  On the other hand, caleium aptake capacity, oy

2 e

: . y 1) - . P
measured under my experimentalconditions, was not signidicantly

grbutcr tor the p]dSmﬂ;m;ﬂhrdRU fraction of éHR:fuldliVé~tO NyRc until
after hypertension huas dvgclopbd for S;ernl months (Taghe 3).
Fc The decréasc in calé¢iem uptake ih the presence pf the divalent
catin loncphore, X-537°A, for ggﬁh fr%ptioné from 5-6 months ©1d SHR
A T S

arterivs was gs?nifigantly greater than that of%fractions from NWR .

arteries. = This 1iffcerCc was not present at one month (Table 5) nor
At -4 months of age (Table 7). The gesidual calciunm uptake by

3 - .



' o © baBlE 4 .
++ .
Specific actiVities§${/5'—ngcleotidase, Mg -ATPase and alkaline
¢ . . .
phospﬁatase, and the capacity of calcidm’uptake-in the endoplasmic

- v

eticulum fraction of NWRc and SHR arteries
‘ - . .

et A
3 o Age D
33 days .. 3-4 months ' 5-6 months

5"-Nucleotidase

o
> “ B . v 4 i
NWRe ~ - 11,75 % 1.00.° 11.01 * 0.75 -  10.84 + 0.85
SHR | 11.54 =+ 0.88 1092 4-0.54 10.96 * 1.44
. - I . ] )
Mg++—ATPase i . . N
NWRS L 138.4° + 16.7 135.5 = 5.15 138.2 =+ 6.2
sHR' T TOL44.1 %1303 137.9 = 4.06  *1185.1 + 15.1°
Alkaline phosphatase -
MWRe ~ 1.69 % 0.15 1.50 + 0.30 $2.50 £ 0.50
SHR . © %207 + (0.21  *t3.51 + 0.32 *16.37°+  0.60
< ) ‘ - ) LT o
. L o,
Calc%ym;upfake
NWR e © 8.66 * ,0.66 9.38 + 0.38 110.99 + 0.56
’ R ‘ ) ‘ ) . . h ) I .
SHR. 8,71 % 0.42. t10.35 % 0.45  +11.69 & 1.22

Values are expressed as in.Table 1. N = 4. ]



9.
> ~ TABLE 5 : .

‘Effect of X-537 A on calcium uptake by subcellblar

.fractigns_from NWRc and SHR mesenteric artcrfes. -
L ) ; 95% Ethanol X-537 A
»Frdctlon ‘ Control . 1% ‘ 20. M ,
e B e v

Plasma membrane

.39

33 days NWRc 16.70 + 0.42 16.45 + 0.25 10.72 = 0

SHR 17.2g + 0.63 16.78 + 0.62. ' 10.06 = 0.33

5-6 months NWRc 17.16 +-0.91 16.87 +.0.51 ° 9.04 * 0.59
, o o 2 (7.83 + 0.20)

SHR *22.37: % 0.77 *22.75 + 1.37 9172 + 0.46

< . (*13.03 + 1.37)

' Epdopléémip reticu®dn i

33 days NWRc - 9.66 + 0.66 9.86 + 0.23 6.10" * 0.69

SHR 9.77 + 0.42  9.55 1 0.38 1 6.02 * 0.59

5—6‘£onths NWRc 10.99 + 0.56 11.40 + 0.92 8.00 * 0.58
o - (3.35 * 0.60) ¢

SHR 11.69 #:1.22 ¢  11.50 + 1.08 . 7.02 +0.62

. ' . (*¥4.50 +£0.56)

~ - - - ~1 . o
Values are expressed as umcles calcium taken up g protein in 10 nmin.

N =74, Figures in parentheses below the related values are the differences

.a ;

’vﬁlues from 1% of 9SZ'ethanol in the  same fractions.

antly different from those obtained under ‘the

*Denotes\yalues siigni
. - (N

same conditions for the corresponding fraction of NWR arteries.

«
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subcellular fractions of arteries in the presence of ATP and X-537 A

was not’ different at different ages from NWRc or SHR,(Tables 5 and 7).

°

B ¢ ’ . .
Effect of -hydralazine treatment

{

Treatment with hydralaZLnt for approx1mately 3 months did not
affect body weight of either strain of rat, but it did decreaseﬁblood
pressures of . both SHR and NWRc; this décrease was more marked for theh
-hypertenSive rats (Figure 1). The blood pressure of, h}dralazine— ;'
.treated SHR was slightly but Significantly higher than that of age-matched

~ untreated NWRc (Figure 1.
: (

The speCific,actiVity of alkaline phOSphatase (Figure 2) in -
the subcellular fractions of 3-4 months 0ld SHR was 51gnificantly greater
ithan that of NWRc . Treatment with hydralazine partially prevented the
increase in the specific activity of alkaline phosphatase which occurred
_between 33 days and 3‘4 months -in both fractions from SHR (Figure 2,
and Tables 3 and 4). The speCific activity of alkaline phosphatase in
the plasma membrane fraction from NWRC arteries also increased slightly
with -age (Table 3). After- hydralazine treatment ‘this enzyme actiVity
in the plasma membrane fraction from NWRc arteriés at 3-4 months old
decreased to a level not Significantly different’from -that at 33 days
(Figure 2 and.Table 3). The specific actiVity of alkaline phosphatase
in the plasma membrane and endoplasmic reticulum fractions of hydralaZine—
treated SHR did not differ from that. of untreated NWRc ~ (Figure 2).

o ©

++
Similarly, the Speclflc actiVity of Mg -ATPase and 5'—nucleotidase

(Table 6) in the_subgellular fractionslfrom 3-4 months old rats did- not

<
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00 ‘ éw‘ pessve 'Dfso’c;, i 500 .
| ' I % I
gso % | /Z ﬁ% | Z | ,2:;):3;

1FIGURE 1 Body weights and blood pressures of hydralazine- treated /
(NWRt and SHRt) .and untreated 3-4 month old rats. : //
,‘xAll of the SHR and SHRt values are 51gn1f1cant1y dlfferen?
from those of both NWR and NWRt.

*Denotes significance from untreated rat of the same straig.

N = 4.
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[« /A Plasma mem‘br‘onev

o ,

- Endoplasmic reticuldr‘n‘

no
T

Specific activity ( umole /hr/mg protei'n)
. (Ve

3 Z . Z f\\" . *
0 ~ % 1 % T i

kFICUREYZ Speciflc activity.of’alkdline phesphatase in suBcellular :
| fractions of hydrala21ne treated (NWRt and SHRt) and untreated
' rats ° h |
*Denotes qlgnlflcance from untreated rat of the same strarn
‘xDenotes 51gn1f1cance from both NWR and NWRt

o TDenotes significance from NWRt

TN = 4. ‘ "\\ .



‘Specific activities of S’—ﬁucleotidase and Mg++

" TABLE 6 x

~

100.

~-ATPase in subcellular

fractions from hydrala21ne treated (NURt and SHRt) and untredted

<

Enzyme and
Type of Rat’

13

_3-4 month old rats.

v

Fraction

Plasma

membrane

.

5'—Nucleotidése
NWR

NWRt
SHR
SHRt

Mg++—ATPase-

" NWRt

- SHR

SHRt

66,78

67.00

66.98

67.40 -

-Endoplasmic

reticulum

.69

I+
N

I+
W

.36

.71

1+
N

1+
Fal

.42

16.6

14+

I+

16.7

11.
11.
10.

-10.

135

138.

137.

134.

01

45

92

43

.45

30

i+

1+

I+

1+

r T

I+

7.13

Values are expressed as in Table. 1, N = 4.

i
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differ significantly among the four groups (Table 6) this was expected

because none of these activities had changed in 3-% months old‘rats'with R

hypertension compared to the Vhlues at 33 days (Tablles 3 and 4) _No

signlficant increase in calcium uptake ‘was .found 1n\the plasma membrane

i \

or endoplasmic reticulum fractions of atrteries from untreated 3-4 months
odd SHR as compared .to that of untreated NWRc (Tables'Z and 3)«
Hydrala21ne treatment of NWRc and SHR also did not result im a 31gn1f1—

o cant change in calc1um uptake by the subcellular fractlons in either
‘grdup (Table 7). ATP dependent calcium uptake by the subcellular A

fractions from both NWRé or SHR arteriés was decreased similarly by the

presence of X- 537 A (Table 7).~ Again, there was no significant

difference between values for fractions from untreated NWRc and SHR as

compared to similar fractions from hydralazine- treated animals (Table 7).



o . . TABLE 7

Effect of X-537 A on calcium uptake by subcellular fractions from

hydralazine—treated (NWRt and SHRt) and untreated 3-4 month old rats.

" Inhibition of.

Control “calcium uptake
) (20 M) by X-537 A"
Plasma membréne
NWR ©17.55 % 1.00 10.76. + 1.40 6.79 + 1.20
NWRt 17.23 + 0.92 . 11.00 + 1.10 6.23 + 1.10
SHR . . 18.57 % 0.86 10.86 + 0.84 7.69 + 0.85
SHRt 18.03 * 0.67 11.34 + 0.72 6.69 * 0.70
B . N \
. Endoplasmic “reticalum .
NWR Y 10.76 + 0.76 6.93 + 1.20 3.83 + 0.90
NWREt ©10.43 * 0.83 6.25 + 1.05 4.19 % 0.95
SHR " 11.69 % 0.69 ~ 7.40  0.95 4.29 + 0.75
SHRt ‘ 10.47 + 0.80 6.80 + 0.75 - 3.69 + 0.71

Values are expressed as in Table 1. N'= 4.
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D. Discussion

The significant increases 1in the specific activities of
. .

n

‘enzymes and in the capacity of active calcium uptake.of subcellular

fractions from 5-~6 months. old SHR arteries as compared to .those from

t

< . Te—
‘NWRc confirm the\results in which a different strain of control animal

&8 .

~

was used (see Chapter ITI). Both calcium uptake and enzyme activities
were the same in these two strains of normotensive rats (Table l)t This

suggests what the differences observed between SHR and the normotensive
. . . . g (

’rats may be related to hypertension rather than to differences in the‘
animal strains. Furthermore, there were only slight changes in these
parameters with the exceptlon of alkaliné phosphatase, in 33 days and -
3-4 months old SHR when compared to NWRe of the same age. The -33 days

SHR were pre- hypertenslve by my definition (blood pressure< 150 mm Hg),

o
’

although their bloqd pressures were significantly elevated compared to

NWRC, whereas 3-4 months old. SHR were clearly hypertensive.’ Therefore,

the appearance of these changes, except for that in alkaline phosphatase”
followed ‘the . -appearance of hypertension and may be a consequence of - ft.
Since 5' —nucleotldase and Mg++—ATPaSe were also increased in rats made
hyperten31ve by salt treatment (Oka and Angrist, 1965; .1967), these changes.
may result{from:hypertension, reﬁardless of its etiology.” The time. course -
of elevation of alkaline phosphatase activity with age’ differed from that

of other enzymes and calcium uptake. The activitles of other enzymes =

failed to decrease with age in SHR as they did in NWRc while alkaline phos—

<

_phatase activities were already inereased in SHR compared to NWRc at 33 days,

te
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-

and continued ty increase with age.  The uptaké of caleium also increased
y,

with Jgu In SHR but did not change in NWRc, however, this increase

became significant onlv at 5-6 mohths.

~ ~
The studies on hydrulnzine—treqtcd NWRc and SHR were designed

4 . o

to‘resolve further the relatidnship between hypertension and -theseg,
. . N r
alter%tlons. The mean systolic blood pressures of all untreated r?ts

of the hypertensive strain at 3-4 months of age was over 150 mm Hg.
However, at that age the.specific activities of 5'-nucleotidase,
- ) -

Mg ~ATPase, and the amount. of calcium uptake (and ionophore decreased

caleium uptake) in the subcellular fractions from SHR arteries were
notwsignificantly greétér than those of NWRc. Only the specific

activity of alkaline phosphatase in.the plasma membrane and endoplasmic
gpfisulum,ﬁraétions of SHR arteries_was.sigqificantly greater than

‘. that of NWR: * Treatment with hydralazine decreased the blood pressures

of SHR and ‘NWRc, and the former was decreag'ﬂ much mdre than the latter.
Similar results have been reported by another group (Sen et al., 1974).
Such treatment did not Significantly change, the specific activities of

g .
5'-nucleotidase, Mg -ATPase and the capacity of calcium uptake. by.the

.

SuBcellular fractions of either from SHR or NWR arteriés as compared -
to untreated rats. There was also no change relative to 33 day old

animals. This suggests that the treatment had no permanent non-specific

effect on the enzymatic activities or calcium uptake parameters studied.

<
-

waever, the treatment did prevent the increase in the specific

= .

activity of alkadine phosphatase in the subcellular fractioqs of
hypertensive rat arteries. This was correlated with the prevention of

the increase in blood pressure in both groups.

¢
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From this study it is c¢lear that an increase in the specific

.

activity of alkaline phosphatase of membranes from small blood vessels
is closely associated with the incréase in blood pressure, and may be

related to the uriginating{vause of hypertension. However, all the: .
. . . :

other changes 1 have observed-in .membranes from hypertensive blood’

vessels do appear to be secondary to increased blood pressure. The

-

changes 1 ‘have observed with respect to alkaline phosphatase activity

1
are not unique; other enzyme activities or other biochemical parameters
. ) - .
. .

may show a similar relationship to hypertension. For example, abnormali-
: ¥

ties in patterns of acid phosphatase isozymes are reported in SHR 1liver

after seven days of age :but not in the fetus’liver (Park, 1975)..

1

e . . N .
Histochemical studies on rat arteries have demonstrated that

the AMPase (S'Jhutleotldase) activity is increased in the earllest SRR

EIN o’ 7

stage. of renal and salt hyperten51on tOka and Angrist, 1965; 1967) N\
On the other hand, Ichijlma_(l969) found the activity,of this enzyme
unchanged in one month old SHR, but inefeased in 4;6 months or older
SHR. "~ The ai%erations ebserved on hypertensive rats were compared to
the results ef age+matched normotensive'ones. The, reason for such-a

difference is not known,‘but this differenee may be related to a

difference in pathogenesis between renal or salt hypertensionaand SHR.

-

“o

My results confirm tgose of Ichijlma on SHR.

N

Ooshime (1973) has repotted a_pdsitive correlation betweeir
blood pressure and alkaline phosphatese activity in homogenatesnof the
vascular systeém of SHR as compared to_similey/iges of normoteneive rats.
The blged nteSSure‘increeee which occurs with‘age was diminished in

;hydralazine—treated SHR, and the parallel increase in alkaline-
’ I

Q@



phosphatase activity was simllarly prevented. Therefore, my results
) 3
further extend Ooshima's nb/svrvut' lon. In addition, a signiticant

Increase in the specific activity of alkaline phosphatase was found

in the youngest SHR which | studied.
Vittle is known. about the physiological function of alkaline
phosphatase (Fetnley, 1971) .0 However, it would be of considerable

interest to know if the phosphatase that [ studied in SHR membranés

{\

‘has protein phasphatase activity. Fero is inLreJQLng evidence that

-

" phosphoprotcins may play a key role in regulatlng Ca++ transport and

ATPaso a(t1v1ty as well as membrane permeXbility (Rubin and RoSen, 1975;

4

Tada et al, 1975), and it is known that‘some'alkaline'phosphatases
have protein phesphatase activity (Lee and Nickol,‘l97&). »%urthermore,
Sirica and cowérkers (1975) have considered the possibility thét
decreased Mg++—ATPase and'S'—Qucleétidase, énd i#;zpaéed alkaliﬂe

Phosphatase activities of regenerating 1#er plaé membrane may be

associated with specific membrane transport abnormalities.
Eaxly alterations in vascular permeability have beéﬁ reported
(ﬁyfom, 1969; Giese, 1966) . Of particular interest is a report by

Shlbata<ind coworkers (1973) demonscrating that 1ncreased respon51veness

to strontium, lanthanumn and manganese is present - in the vascular smooth

-

muscle of SHR before the oﬂéet of hypertensionﬁ In addition, Hansen and.

Bohr (1975) .have shown that the incmeased responsiveness of femoral
® \
arterles from hyperten51ve SHR to strontium and lanthanum is not caused

.

_by hypertension via increased wall stfess nor is it caused by increased

wall thickpess., Thé& also found that high concentrations of calcium\did.

106,
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not depress the regponse ot the femoral artery trom SHR, unlike that

from normotensive rats., A somowhat analogous response has heen reported
for aortic gmooth wmuse Lo from SHR (Fleld ot al, 1972).
Lais and Brody (1975) found that perfused hindquarters of SHR:

were supersensitive to norepifephrine but not to barium nor angiotensin,

and concluaded that SHR hypersensitivity {s specific. In contrast, the

-

studies cited above as well as those of Hacusler and Finch (1972) on

perfused mesenteric artery from SHR indicate that there\is a somewhat
non-specific supersensitivity in at least some vasculature of SHR.

Lt is this type of reactivity change that might be caused by a -

derangement of calcium metabolism.  In ny previous study (see Chapter
[IT) T found that maximum ATP-independent.calcium uptake in the presence
of 1 mMicalcium by the plasma membrane fraction from SHR arteries was

significantly lower than that of NWR arteries.. Furthermore, Hansen

.

and Bohr (1975) have suggést;d\that a decreased number of calcium binding

“ “

sites in the plasma membrane of SHR may cause the increased excitability

associlated with hypertension of SHR., Therefore, in the I'ight of their

results, it will be of great interest to determine if the previously

%

reported alteration in passive'célcjum uptake (see Chapfer II1) is
. .‘ ) . ‘ v : i ’ } "J’

present in pre-hypertensive SHR. .

Cleérly, the present investigationﬁdbes not exclude the

" possibility that a primar§ change in calcium regulation is responsible

for the alterations of reactivity observed in the SHR mesentérI} artery.

-

It may be that a derangement in calcium regﬁlation~exists but 1is not

b

. ~ : ’ J
detected by the techniques employed, In addition to alterations in
/ : 3
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passtve aptake, ther o may be chanpes in ot he tade ol o gle frum gt b coong

release by membrdne:. ot SHR G this was not stud{ed present Ty bat fur Chen

worlk will determine 1 sucl chanves occur and it thev can b correlated

with alrerations in phosphatase metabolism oud with the fime Con e ol

f

the development ot hvpestonsion.
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E. Summary - - o .

.-y
A

Spontaneomslv hypertenslve rats (SHR) and two strains of

3 s
normotenslve rats were compared with respect to enzymatic act1v1t1ee and

z P . 4 . B

‘calcium uptake oﬁ plasma membrane- and endoplasmlc retlculum enrlched

fractlons from.their mesenteric arteries. Increased specific act1v1t1es

e

of alkaline phOSppatase —pucleotldase and Mg ATPase, and 1ncreased
ATP-dependent * calclum uptake WA S found in 5-6 month old SHR as compared

‘to both stralns of age— matched normdten51ve rats. Alkaline phosphatase

was anreased in 33 day old pre—hypértensive” and 3-4° montb old SHR,

.

‘but 5'—nucleoﬁidase, gg *ATPase and calcium uptake were not. HydralaZLne

treatnlent .of young SHR partially prevented the increase of both alkaline
phosphatase activicy and blood .pressure that develops with age. The
relatlonshlp between\alkaline phosphatase activity and the alteratlons

in vascular react1v11y assoc1ated with hyperten81on remains to° be

- 3

e = - & . ' o

‘determined. ‘ ' 5 AR

<
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CHAPTER VI

CALCIUM UPTAKE AND ENZYMATIC ACTIVITIES
0F SUBCELLULAR FRAéT[ONS FROM AORTAE AND VENTRIéLES

OF S$PONTANEOUSLY “WYPERTENSIVE RATS

110
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'CHAPTER Vi: CALCLUM UPTAKE AND FV/YMA[IC ACTIVITIES OF SUBCPLLULAR

.0

FRACTIONS FROM AORFAL AND VENTRICLES OF SPONIANhOUQIY HYPFRTLNSIVE RATS

A, EBEEQduction

Many changes have been reported in the reactivity Of vascular

S

smooth muscle in hypertensive animals and man,- but little information

is available concexning the pess%bfe undeflying biochemical“mecKanisms
- . ; ‘ . ) " N i . ‘
(Folkow;.l97l; Pickering, 1968; Somlyo and Somlyo, 1970). Since intra-

cellular calcium.activity is an Iimportant determindnt of smooth muscle

contractile state, an alteration in calcihm_regulation‘is a plausible

cause of supersensitivity to excitatory agents of strips of arteries . -

from hypertensive animals kﬁinke; 196Q1 Field et al., 1972; . Somlyo

' and Soalyo, 1970).’ Indeed it has been QUggested that 1ncreased

sensitivity to potassium'andﬂnoradrenaline, and decreased rate of

. ' - . “" ° . .
relaxation of aorta from 6-mohth-old spontaneéuSlf hypertensive rats
N ‘ ) LR i = )

(SHR) may be due to decreased ‘calcium extrusion by the cell membrane

(Fiold et al., 1972y. 1In the present investigation ‘this hvpothQSJS was

tcsred bv 1qolar1ng subcellular fractlons from these aortae and studying
. 2

ihelr calcium transporting properties. "Although the aorta is not a

°

fesistance vessef, there is some evid%nee thaf similar eﬁanges in ionic
ecompoei}ion and weight occur in both large and smeli‘Veésels of hyper-
tensivelanimélsv(Jenes,.1973; Somlyo and Somlyo, 1970) “and alteratiene”‘
in contractile reactivity-ha?e been reported for both mesenteric;
(Haegsler-and_Haefely, 1970; 1972) aed.fgﬁoral artery (Holloway and
lBohr, 1973) as well as‘ﬁortelkField et al., 1972; Shibata et al., 1973)
from SHR. | o Lo o ] L .
‘Cardiac muscle of"SHR also exhibits several chanées in
¢} S <

contractile activity and morphology associated with the development of

‘o
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.

hypertension {Farmur.et al., 1974, Fujiwara et al., 1972) and sarco-
-plhsmic reticulum from hypertrophled hearts thL been reported to

exhlhlt decreach calcium binding (Schwartz et al., l973). Furthermore,

[

bhlbdtd ‘and’ co-workers (Fujiwara et al., 1972; ShLbaLa et al 1973)

have suggegtéd that alteratlons of contractlle responses of both heart

“and uurtd of SHR dre .due to 1nherent dlﬁferences in “the musculature

e . - o

rather than to hecondarv changes caused by hypertenslon. Therefore the
caLCiumauptake chardcterlqtlgs of Subcellular fractlone from hearts -of

SHR arid normoterrsive rats were also compared. o



v . . . ’ v

B. Methods and ﬁatoriaig

Animals and Tissue Preparationsg ‘ ' : IR
] A . . PR

©

~Male spontaneously hypertensive Wistar -rats of the Okamoto

1=
and &pki sttrain (Okamoto and Aoki, 1963) and Wistar normotensive rats N
were 5-6 months of ‘age and received avstandard'dietkand tap water.

Sysfolid'blgdd preésure was Eecorded from the tail of pré—warmed,
unanesthetized rats by tail plethysmograph usihg an‘electrdsphygmo—

manometer and a Phyblograph Four-A (E and M- Inattument Co., Houston)

o

- Anlmals were kllled by a blow“on the head and their beating hearks and v

.

' aortae were rapldly reqpved and placed in ice- cold 84 sucrose, 40 mM

hlstldgne,buffer at pH 7.0 (the pH was adjusted ‘with HCl: this buffer
s R ) Cor )
was used for all prdcedurés unless*otherwise.sfated). Ventricles

I

were freed of blood clots and atrial tisgde and sliced into 1-3 mm

v o ) AN
sections with scissors; these slices were washed several times with o

A " . .
buffer to.remove blood. All operaticns were carried out at 4°C unless

otherwise stated. .
. | . 0’ M - . . te
The methods used for the isolation of plasma membrane enr1ched°
fraLtlon% are 51m11ar to those prev1ously developed in thlS laboratdry

for 1solat1ng these fractions from rat heart ‘and myometrlum (Kidwai et

al., 1971a; >K1dwa1 et al., l97lb) Ventrlcle s;ices (3g) were

homogenlzed in 6 voiumes of buffer u51ng a Polytron PT20 (Klnematic

Gmbh) for 5 s. (repeated once) at 15,000 rpm. ‘ The homogénate was centri- -

fuged at 1, OOO X g (Av) for 10 mln to remove whole:cells,bnuelei,

<

connective tissue aﬂd contractile elements; this step yields the

v 4 -

X
1, OOO X g qupernatant which was .the starting materlal for both the
|

mltochpgdrlal and density gradlent fractions. Mitochondria were

prepared from yentricles by centrifuginguthe above supernatant ‘for

°

o . . 4 . o



.repeatcd and the flnal pellet was resuspended in buffer to yleld a

o

SN
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10 min at 10,000 X g (Av) to yield the.crude.mftochondrfnl pcilcb and

the 10,000 X g'supernatdnt.‘ The pellet”was gently homogenized in
sucrose~histidine buffer and centrifuged-at 1,000 X g (Av) for 10 min.

.
i

.The supernatant was centrlfugcd at 10 ,000 X g (Av) for 10 min and the.

pellet was washed and resuspended in buffer this centrlfugatlon was
uniform suspension conta%ning O.A—l(mg protein/ml. Teflon—glass‘hbmof‘
genizers were used for.suspending all bellets. |
The supernatant froﬁ the first 10 006“X g centrifugacion was
spun. at 113 OOO X.g (Av) for 30 min to‘yield a crude mlcrosomal fractlon
whlch was suspended in 3 ml of 87. ‘sucrose- -40 mM histidine buffer and
carefully laid on a sucfose gradlent contalnlng (from botbom to top),

4 ml of 45, O/ sucrose and 3 .ml each of- 33 07 and 28. O/ sucrose The

sucrose concentpatlonshwere measured w1th'a.refractometer.' After’

centrifugation at 112 000 X'g'(Ab) for 120 min., proteln bands were

carefull) removed from the gradlent tube using Pasteur pipettes.' These

9

bdnds ‘were diluted with Buffer and deionlized drstllled water to yield a
final sucrose cpntentration.of~g2. The~suspension was centrifuged at

102,000 X g (Av) for 30 min to yield the'final nellets which were used

to prepare uniform suspensions of 0. 2-1 mg, proteln/ml . Cardiac sarco-

o

fplasmic rcticulum was prepared by homogenlzlng ventrlcle muscle in lO mM

godium bicarbonate, 5 mM sodium azide buffer as described by Entman and
a L. - . ] .

Q

co-workers (Entmanfét al., l973),'except that the’final_pellet was

‘suspended in sucrose—histidine buffer. 'The'nethpd includes an

-

extraction with 0.6 M KC1.
A plasma membrane enriched fraction from aorta-was'isola;ed

. N “ N ) . - ) - B l\

bv a procedure similar to that used above for isolating this fraction
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from venﬁrivle. Aorta from twelve rats were cleancd of loosely bound
. L 4

N

fat dnd (onne(txvc tissue and homogenlzed (1.2-1. 4 g of Lls%UL) in

“25 ml of sucrose-histidine buffe} for 10 s (twice),at 15,000 rpm using
la Polytron PT 20. -lhe remalndervof the procedure (includlng the sucrose
gradlent ueedl was the same as.desgribed above for ventricle fractions

except that the last 10,000 X g/10 min cehtrifugation was omitted. g
Attempts to, abtain mitochondria. by the procedure used tor ventricle )

"did not result in a significant vield of‘proteih.
.. . =4 E . . :/ . \ -
i

o

Enzvmatic Determinations and ElectYon Microscopy
. ' L
o : . =
Phosphodiesterase 1 (Touster et al,, 1970), 5'—nucleotidase,
. . a N : . . - " .
cytochrome c oxidase, phosphate and protein were determined as previous-

ly described (Kidwai et al., 1971Bb). Ouabain-sensitive, K+-stimulated ‘

phosphatgse was aSSayed.(Kidwai et al., 1971b) using pH.7.4 and 1 mM

ouabain. ATPases were determined ,under thc'same conditions as calcium

@

accum‘latlon in the presence of l uM free calc1um (1nclud1ng the same’

. EGTA concentratlon) except that calcium was omltted in measurlng

Mg

o

~ ATPase Ihis'resultedfin a free Ca++»concentyation of less..than
‘ A : ey
0.01 M. catt - ATPase is (Caf+ + Mg++)—ATPase minus Mg - ATPase.

Pellets were fixed in 2.5% glutaréldehyde in phosphate buffer
S '

(pH'7.1), postgyfixed in OsOq and embedded in epon. Sections were

stained w1th uranyl acetate and lead citrate, and photographed on a

JEM 7A electron microscope.

\ -

£

Measurement of Calcium Uptake .

Y

Calcihm uptake was measured by the millipore filtration

. -

-“- .o - ) O
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. @
technique (Martonosi and Feretos, 1964) using ""Ca and liquid scintill-

ation counting. The reaction mixture contaihed: 100 mM KC1,”'5 mM MgCl.,,
0.1 mM CaCl., labelled with 0.4 uCi/mL ““Ca, 40 mM imidazole (to buffer

the solution to pl 7.0, and 10-50 g of protein per final ml of

\

ré¢gaction mixture (depending on the fraction used and other additions to

the reaction mixture). Where indicated in the text, 5 mM disodium ATP,

sodium azide or potassium oxalate were added. Variable amounts of.EGTA

were added’ to obtain calcium céncenc;ations less than 17 uM. Calcqfatfbn
o ) . o . N ' : Lo .
of the amount of EGTA to be added iwas according :o.the equations (Katz

@

ét al., 197Q)'énd association constants,(Godt 1974) previously publlsh—

ed. Calc1um uptake was ledys studled slmultaneously on frethy prepar-

9

ed/fractloneﬂfrom both types of rat. Prior to use, all filt

i pore size: 0.45 microns; Matheson—Higgins Co. Inc ) were washed w1th

=4

10 ml of LOO -mM KCl solution folloded by 10 ml of sucrose Lmldazole

(pH 7 O), this procedure resulted in low backgrpund counts.. The

B

reaction was started by adding protein to the reaction mixture (which
had been preincubated for 5 min at 37°C)’, and stopped by filtration; - -

this was followed by a wash with 10 ml of 8% sucrose—-40 mM imidazole.

@

The reaction time was 10 min unless otherwise indicated. At this time,

)

calcium uptake wasyeither increasing or at a plateau level. Filters

were dissolved in 10 ml of Bray“s‘solution (Bray,” 1960) and counted

-
o

to at least 2% accuracy.

Materials

.

Solutions were.prepared from distilled deionized water and
analytical ‘grade reagents. ‘Organic compqunds were the highest purity

available from‘Sigma; “5CaCl was obtained- from Amersham-Searle.

a
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Dr. R. Hamill of Eli Lilly and Dr. J. Befger-of Hot fman-LaRoche

generously suppliedA23187 and X~-537A, respectively. These calcium

‘

ionophorés were dissolved in ethanol and addedﬂto the 1 ml reaction

mixture in a volume of 10 ul. ’

Data Analysis

Values were compared by the Student's t-test and differences
P /

with P.values of 0.05 or less were considered significant. Standard

‘errors of- the means are bracketed in the figures’except where the’

s§gndard error is less than the symbol size, or where omitted for

clarity.



C. Résults

Fnzymatic Determinations and Electron Microscop
nzymatic Determin: d py

The mean systolic blood pressufe of theyspontaneously hyper-

tensive rats usea ine this study was 190 *+ 7.0 mm Hg (N = 36) wvs.

o

125 - 5.5 mm Hg “for normal ‘Wistar rats (N = 36). The enzymatic
activities of che’kractions from rat venericles agé\shown in Table_l
The fractions dEngndCed pldsma membrane were the lightest fractlons
trom the gradient (at the 8//28/ lnterface) and exhibited the hlghest
bpeclflL activity of plasma membrane marker enzymes (5' —nucleotldaﬁs ‘
Oudbdln ~sensitive, K+—st1mulated phosﬁhateseland phosphodiesterase I)a-

N

" They had the lowest specific activity of cytochrome c¢ oxidase; this

was onlv 3.6% of the specific activity of oxidase in the mitochondrial-

rich band at the 33%/45% interface obtained in 6. experiments omitting

the firse 10,000 X gicentfi}ugation of "the preparation. Subfractionation

of the band at-the 8%/28% interface using a grédient of 227 to 28% bards

of sucrose did not yield any fractions of ,significantly higher specific.

activityeof plasma membrane marker_enzymes than that frem the original.
: éﬁectfon‘micrographs of the plasma membrane'fractioh we;e essentially~
'the'eame:as those previously'published (Kidwai et al” 1971a) fofvthis
'fractlon 1solated by a similar procedure, and revealed the presence

of membrane ve31clee but.no mltochondrla or rough endoplasmlc reticulum.

All denser fractions (e.g.“28Z/33%)’whichwexhibited‘lower

activity of 5'-nucleotidase and ouabain—sensitive,'K+—s£imulated

q
S

phosphatase were contaminated with broken mitochondria. Cardiac sarco-
plasmic ‘reticulum enriched membrane was‘ therefore prepared by

differentlal centrifugation only (Ent%an et al., 1973). This fraction,

-

EY
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A . . ‘ e . .
designated sarcoplasmic reticulum in Table 1 tontained relatively low

plasma membrane contamination (gompared with all gradient fractions
whiich, like this material, were low iIn mltochondrialﬁfontamination).
. : .

Thv‘fractionvdesigna&éd mitochondrial in Table 1 was isolated

by differential centrifﬁgation and exhihited"even lower specific

activities vf plasma membrane enzymes than did the sarcoplasmic

reticulum fraction (Table 1) . The only significant differences between
the enzvme activities of fractions from normotensive and hypertensive

rats was the greater ouabain-sensitive, K+-stimulateq phosphatase

s . . a

(Table 1) of the hypertensive plasma membrane fraction.' ; -

The lightest prote1n bandt(8//28/ 1nterface) from the sucrose

©

hrdJ1 nt of aortae was found to exhlbit the highest speciflc activity .
of plasma membrarne marker enzymes (Table 2). This fraction was

designated. plasma membrane._ The protein band from the 28%/33% sucrose

\

Lnterfate contalned less plasma membrane than the 8//28/ 1nterface

fraction (Tgbie 2). It was de51gnated endoplasmic retlculum (ER) 51nce

- . . & .

relative to the lightefﬂfraction it was enriched in this membrane.

There was a 2.8-fold (range:from 1.7 to 4.2, n = 6) increase in ATP-
dependent calcium uptake in the presence’ of oxalate during a 10 fin
incubation period in this fraction), but no significant increase was

2

obtained in ‘the fraction desighatfed as plasma membrane under the same - .

: cdnditions. This "oxalate effect” is characterlstlc of the endoplasmlc

- “ . -
» ’

retlrulum, and Helps dlfferentlate the two fractions on this parameter

1n vascular smooth muscle. Electron mlcrographs of these fractions ~

were essentially the same as those published for the gorresponding
fractions from myometrium (Kidwai et al., l97lb) except that'pieces“‘

0T collagen were oécasionally seeh in the aortd fractions. : ,
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TABLE 1

»

Enzvmatic Activities of "Fractions from Rat Ventricles
N ¢

- . . FRACT ION - -
(Origin, from Gradient or Otherwise)

ENZYME AND
™WPE OF RAT

"_N’"'“““J_”""m7ﬁE§EX_T§a}copﬂﬁmuc “Mito-
OGO X - Membrane Reticulum chondria
Supernatant (8%/28%)(Centrifugation)(CentrifugaLion)

5'-Nucleotidase .
e
Normotensive 1.49:0.249 19.5 #1.41 5.4+1.20 3.50x0.91
- | " (4) (9 @ (5)
Hypertensive 1.2610.26 19.9 +1.82 4.4+0.87 2.79+0.87
T O ) (4) (6)
Phosphodiesterase T ) o . . o ,
Normotensive 0.46:0.04 5.6 0.3 - 2.420.4 _  0.67:0.07 o
T s (5) (7 (5) (4) .
Hypertensive - 0.42+0.05 4.9 *0.5 ~ 2.220.3 0.53+0.08 .t
. . » (5) o (7). o (5) " (5
Quabain-sensitive, - ~ .

K -stimulated phosphatase

Normotensive ‘ 0.16f6.13 2.01+0.35. 0.80+0.15  0.10x0.16. - .

: T (8) (8) (7) N
Hypertensive + 0.17+0.10 *2.75+0.21 1.13:0.10 0.15+0.04
' (8 8 . - (7) ; (4) -
Mgf+—ATPase . : V R i ’ .
Normotensive 36.0 £3.0 283:7.1  75.8 5.2 - ~
: (7) (7) (7)
-*Hypertensive . 32.2 #2.8 294+6 .4 74.5 +4.3 -
: V ' (7 - (7 ' (7) -
* catt-ATPase :
Normotensive 3.9 +0.3  36.4 52.5 9.2 +0.6 - ‘
(7) (7) (7 : |
Hypertensive 4.1, +0,2 "34.5 2.1 8.8 0.5 - -
' (7) - (7 () '
Y . . . . N - .
Specific activities are expressed as umoles phosphate released -

per mg protein per hour for 5'—nucle0tidase;'Mg++—ATPasé and Ca++—ATPase,

and as {moles p-nitrophenol teleased per mg protein per hour for phospho—

diesterase 1 and ouabain-sensitive K -stimulated. phosphatase. Numbers

in parentheses are the number of independent preparations tested.
*Significantly different from normotensive value. . -

! ) . . . " d

AN o 2 - .
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TABLE 2 N

'

Enaymatic Activities of Fractions from Rat Aortae

A FRACTTON

- (Orfgin from Gradient)
ENZYME AND R o o
TYPE OF RAT v . N Plasma Endoplasmic
- 1000 X g . Membrane Reticulum
. . Supernatant (8%/28%) (28%/33%)
(Tnterface) (Interface)
o .
—— .,,.Wﬁm;”~»;”‘”,,_A_,*mw,m#,,AW T e
5'-Nucleotidase
Normotensive | 7.1 1.0 30.4 + 3.9 20.8 + 3.4
- (6) (12) (10)
Hypertcensive 11.1 + 1.4 . %55.6 + 5.1 29.1 + 2.0
' (6) (12) (8
Phosphodiesterase T )
Normotensive -7 0.50% 0.04  2.81: 0.17 "1.23+ 0.51
(5) (s) ()
"Hypertensive 0.48+ 0.11 - *3.96+ 0.30 - 1.01+ 0.15
- —(3) : (5) (5)
Quabain~sensitive,
K -stimulated phosphatase ‘
AT T e T .
Normotensive ' 0.13+ 0.06 1.90+ 0.27 0.49: 0.11
. ' ‘ e (6) ) . (6)
Hypertensive e 0.18+ 0.05 1.76+ 0.18 o 0.55+ 0.13
(6) . (6) e 6) -
. :
Mg ~ATPase
Normotensives 106.3 +10.2 - 633 :14.5 526 +12.7
: _% ' (6) - (6) T (6)
Hypertensive - 92.4 * 8.6 595 +20.4 554 "+28.0
) (6) (6) (6)
7 - ' ] . )
"Values are expressed as in Table 1.
*Significantly different from normotensive. ] - T
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Fhe viebd oy pProtein in o hee 1,000 x Soocuapernatant trom L2 prat

D)

Aortae CLod bod g tinsue) woa Lo, 1.7 agd dTaly/ ‘SI.H mpr (N 5 cach)

Lor normotensyve .m,d‘“hvar!vnr:{v«t.‘-“‘r;ltﬁ, respectively,  The plasma
) [ iy

membrane and FROfract jong contained onlv 2077 qndal .4z respectively of
this protein. Fhe protein vicld ot these tractions could be' doubled
by dncreacing the homopenivation timge to 40 sy but this resultegd in a
. s !
o

marked decrcase in he specitic activity ot plasma membrane marker
N & 3 - .
enevmes. Althongh the vield of these fractions was the same tor both
N ,
1 L ; o Q b
Ovpertensive and normotensive rats 2 the specific activities ot their
“
enzyvmes differed preatly (table 2) . Phosphofliesterase I aad

S'-nucleotidase activi ties were increased in the plasma membrane
7 R
fraction from hypertensive rats while Mg ' "-ATPasv and ouabain-sensitive,

K'-stimulated phosphatase activities were similar to those from normo-
o

tensive rats. No significant Ca  -ATPase activity (in the presence of
1 uM or 17 M free calcium) was detect®d in these’fractions; the very

Arigh Mg++-ATPase\activity would tend to mask any reasonable amount of
¢ 4] . . -

—A——
Ca  ~AT®ase.
/’

Calcium Uptake Studieé

K3
£
~

. ' 7 o
"Calcium uptake wak increased in all ventricle fractions by

the addition of ATP to. the reaction mixture but there was no difference

between hvpertensive and normotensiye\he@branes in this regadard (Table 3)
. 4 4

Plasma membrane and sarcoplasmic reticuylum fractions exhibited a large

3

increase in calcium uptake in the presence of oxalate but no

- I

. e (o3

inﬁibitidﬁ bykrazide, while uptéke by mitochondria were affected by
azide but not oxalate. Subfractiona:ioﬁ)of the plasma membrane

preparations using a gradi@nt of 22% to 28%,su¢rose did not resule in
AN : ©

‘c
<o “‘
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%ABLE 3

2

Calcium Uptake by Fractions from Rat Ventricles

« <

FRACTION

ADDITION TO N
REACTION MIXTURE _ . o
AND TYPE OF RAT _ Plasma ., - Sarcoplasmic. Mito-
Membrane ' Reticulum © chondrial -
T T =
None . o o ‘ o . 5
Normotensive 1.12¢ 0.59 © 1.50% 0.38 - 0.51%-0.15
Hvpertensive o 1.25: 0,11 1.67= 0.47 : 0.43= 0.22
5 mM ATP
Normotensive . . 27.8 + 3.9 14.5 + 2.4 267 43
Hvpertensive = 25.9 + 3.1 15.8 = 1.9 235 =72 -
5 mM ATP pluy
5. MM azide ¢ N
Normotensiye 224+ 41 146.0 ¢+ 2.7 0.72+ 0.14
Hypertensive::j \\\ 25.0 + 1.8 15.2 - 2.1 ' 0.52= 0.36
. . . ‘ “ o
5 mM ATP plus )
.2 mM oxalate
Normotensive L h74 285 310 35 208 =55,

Hypertensive 604 +29 i 295 +27 190 =58

e

Values are expressed as umoles Ca++ taken up gsl protein during an
. ‘ @ -
incubation ©f 10 minutes at 37°C. The reaction mixture contained

17 WM free Ca'', 5 @ MgCl_, 100 mM KC1' and 40 mM imidazole at pH.7.0.

- N = 6.
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adv'traction th(h exmlblted 1ncrcdq@§,plasma memb*ane marger anzyme

activity and decreaqed oxalate stlmulatlon suggesting that’ ATPvdepend—
%

ent Calcium transport is a propertv of rat ventrlcle plasma membrane.

However, the lack of an unequivocal marker enzyme for cardbac sarco-

plasmic reticulum makes it impossible to estimage the contribution by

4 -
this membrane to the calcium uptake of this fraction.

<

A study of the dependence of.calcium uptaké on the calcium

. ¢oncentration (Fig. 1) also failed to reveal a difference between the

’

hypertensive an normotensive heart fractions. Other fractions from
. . : l -

the sucrbse gradient (ét the 28%-and 33% interface and within the 33%

- 2 ) . . ) ’
sucrose ban#l) which were believed to be a mixture of plasma membrane

>

and sarcoplasmic reticulum, also exhibited no.difference between

o . .
“hypertensive and control fractions (not shown) . Similarly there was

‘no apparent difference between, these fractions in the rate of calcium

uptake as estimated with a 30 s incubation time; for example, the

'h)ﬁertensive plasma ‘membrane fraction bound 2.5 : 1.3 umoles/g
while the normotensive 3.6 ful.l'umoles calcium/g protein (N = 5 for
each). ’

In contrast to heart fractions, aortic reparations showed a
. : > P .

3
.

decreased calcium uptake by the plgsma membrane enriched frattion

from spontaneously hypertensive compared to that from normotensive rats
(Table 4, Fig. 2). The lack -of inhibition by azide indicates that this
calcium uptake is not attributable to mitochondria (Table 4). 'No
significant increase in calcium uptake was fouﬁd in the presence of
oxalaté. However, the dlvalent ion 1onopg;res, A23187 and X 537A

markedly inhibited calcium uptake (Table 5). A study of the dependence

of calcium uptake on free calcium concentration demonstrates that’ the

i
v k

5
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FIGURE 1. Effect of calcium Concentration on calcium uptake by

© - ="

fractlons from ventrlcles of normotensive (open symbols)

~and spontaneously hypertensive rats (closed symbols) : E

”(a) Circles, plasma membrane—enriched; squares, sarcoplasmic
y . , e

reticulum; (b) triangles mitochogdrial' E?(§;6. Calcium

uptake was measured at the end of 10 min. affernlncubation

in the presefce of 5 mM ATP.




TABLE 4

Calcium Uptake by Fractions from Rat Aortae

©

\

#

Values are expressed as in

same..

o

=3

*Significantly different f;oﬁ_nqrmotensive:

N = 4, except for addition of ATP .only, whére N

Table 3, and the reaction mixture_i§ the

126.

FRACTION
ADDITION TO ¢ : .
REACTION MIXTURE '
AND TYPE OF RAT 1000 X g Plasma Endoplabamic
. . Supernatant Membrane Reticulum
° . y e
None :
Ngrmotensive -« .40 : 0.23 5.40 * 0.30 1,89 % 0.53
pertensive. L 2.06 + 0.1% 5.01 + 0.67 2.30 £ 0.40
5 mM ATP A
. . ' X,
Normotensive 4.20 1 0.45 16.2 ¢ 1.58 1474 £1.60.
Hypertensive 3292 = 0.70 %1123 : 0.39 11.76 = 0.95
5 mM ATP plus g
5 mM azide e "
Normotensive 3.63 £.0.30 ©16.7. + 0.54 16.4  + 3.00
‘Hypertensive - 3.10 ¢ 0.05 *11.4 .+ 1.12 12.5 + 1.4



°a

FIGURE 2.

‘Amoles Calcium ),‘gproteinw
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20

X : .
3 o 0.
- . - Time {min)
Time cohrée of celeium uptaie by'pjasea memhrane—enriched
fractions from aortae of normoten51ve'(open c1rc1es) and: -
spontantously hyperten51ve rats- (closed circleés) in the
‘presence of 5 mM ATP, Caleium uptake in the absence ¢f
ATP .for this frectiqnbfrom'normbtensive ratsris .also

~§§own (x). The ATP- lndependent values for hypertensive

7

"rats (not shown) were not slgnlflcantly dlfferent from.

those for normoten51ve rats (N = 4).
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° ‘ ‘ © TABLE 5 e e
: Effectvpf Llonophores on Calcium Uptake by
¢ as . - . S e
- Fractions from Rat Aortae o -
.o ‘ : o _ 95 7% . . ) :
< Fraction and : v Ethanol . X537A ¢ A23187
Type of Rat - S . ‘ o : . . R
o Control 1% : 20 uM . 10 uM
Plasma Membrane - i ) , _

Normotensive - 16195:0.96  18.15:1.25 '« 4.77:0.34 . 4.05+0.72

-

'DHypeftensigg llf80i6;92- 11.8320.90 4.58+0.31 ©4.50x0.29
Endqplésmic Reticulum: - _— : e
Normotensive T 14.23:0.61 12.93+1. 3% . 3.68x0.27 - 3.45+0.53
\ Hypertensive  11.09:0.64 °  12.45%1.23 - 3.58+0.27 64,5840 .47
'Valueé are expréssed as in Table 3, and the‘reactibﬁ hixture is the
same éxcept that éthanol, or ilonophores dissolved in ethanol,-are‘
“added wﬁefe:indicafed} ' . < f
No=oq. IR . ' o — L
-f S | .
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significant differen

, .

es between hypertensive and normotensive fractions

persisted at- 1 pM free calcium (Figi 3).
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iumoles Calcium /g profein -
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A Loe

 FIGURE 3. Effect of calcium concentration on calcium uptake by. plasmav

membrane—enrlched fractlons (c1rc1es) »endoplasmic
retlculum enriched fractions (squares) and'the 1,000 Xg

=3

supernatant (triangles) from aortae of{normotenéive (open
" symbols) and spontaneOUSly.hypertensive_rats (closed

symb&ls). Calcium uptake was measured'ét the end of 10 min.

3

after incubation in the presence of 5 mM ATP. Asterisk

1ndicates a 51gn1f1cant dlfference from normoten51ve -

IS . . <

values (N = 5-8, except plasma membrane fraction at 17«pM o
P : (=3
free calcium, where N = 20). ’
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D. Dis&ssion : ' N .
L ' . : . o ' .
Enzymological and histochemical studies of arterioles,

arterics, and aortae of hypertensive animals report increased AMPase
(lchijima, 1969; Oka and Angrist, 1965) and increased alkaline

. 0 .
phosphatase activitvies (Cardner and Laing, 1965; Ooshima, 1973).

- w
- 3
' »

Therefor@, the increased 5'-nucleotidase activities observed jin the

o
o

present study (Tagle 2) of pLasma?membrane'enriched fractions from SHR

e
a

aortae were to be expectedr It is interesting to note that simdlar

N . . ¢ i ’ 4
‘increases in these” enzymes were not, seen in subceldular fractions.from
5

x ) ‘ v
SHR ‘heart (Table 1), but were obtdined in membrane fractions from

o

mesenteric arteries . (see Chapter III). The problem of intérpreting

results in studieg of this type without knowing-which strain of rat

[} <, S

is the best control has been previously discussedngais et al., 1974),

hbwever;.the similarity between my results and those of other workers

o -

(cited above) using different nbrmotensive strains as well as different

methodology suggest that the increased gpecific activities of phospho-

diesterase I as well as Sfénucleotidaﬁe, réprésent real abnormalities
. . N - ) ) ’l‘ B .
associated with hypertension. 1 have/fouqd similar differences.

. ) o /” N . v ]
in the hypertensive arteries from thdse of two other normoténsive

o

‘strains (see Chapter V N iThe‘co—purification'of these plasma

membrane marker enzymes (DePierre, 19733 with ouabain-sensitive

o
o ] 2

K+—phoSphaté$é (Table 2) suggests that .the increases .in AMPase

o

acti&ipies observed in histological studies (Ichijima, 1969; Oka and.
: . ) N . . ¢ c G ’
Angrist, 1965) are localized, in part, at the plasma membrane. However,

s

the lack of a proven marker enzyme ‘for endoplasmic reticulum of vascular o

”%mooth muscle makes it impossible to estimatée the amount of.these intra-
. . : N
cellylar membranes in the plasma membrane enriched frattions.

o]
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’ Provious investigatos:s have reported that the carlicest n:Ix;lIl;:L‘/

found fa hypertrophied and failing hearts is a decrease in the rate of
R .

dalciumOFQTGAse, followed by a decreased rate of uptake and a decrecased

©

total amount of calcium taken up (Schwartz et al., 1973). Under the

conditions of my ‘cxpeériments, little difference was seen between the

calcium uptake ch%‘acteristics (Table 3, Fig. 1) of the various fractions

u

studied. -After T completed my study, Aoki and_co—wbrkers (Aoki et al.,

1974) reported a small but Significaﬁtly lower maximum calcium uptake

o X .

"capacity of microsomes from SHR ventricles compared with normotensive

(8.80.* 0.33 vs. 11.95 + 0.55 umoles/g, N = 8-10). Their microsomes
were prepared from-younger rats than used in my study, and calcium
. : , ° ,

-

uptake was determined in a reaction mixture different from mine. - In
sd&rcoplasmic reticulum fractions from SHR and normotensive rat
ventricles “at 3 months of age in which uptake of calcium at pH'6.4 was

determined, I found no significant differences between the two groups

(17.8 + 1.8 vs. 18.1 £ 2.1 umoles/g protein/10 min, N = ).

The increased specifiic activities of 5'-nucleotidase and.

pho§gh6dieé;erase L in the ﬁlasmé.membrdne enriched fraction frem SHR

aortae (Table 2) suggests that the lower calcium uptake of this fraction

(Table 4) is not the result of a greater contamination with non-membranal -

protein. -Furthermore, inhibition of ATP-dependent calcium uptake by the

@onophorés:x—537A'and A23187O(Table 5) suggests that calcium is. being
transported acrdss'the'vesicle membrane'(Scarpé et.al.; 1972), since

thesenionopheres should prevent developmerit of a gradient of calcium

across the membrane. However, .there is some evidence that these

~ionophores ma} also act by inhibiting calcium binding (Entman et al.,

1973) . Presumably these vesicles are - composed of "imside-out" plasma
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membrane, ad fare those of ervthrocvees (Weiner ang Lee, 1972) which

. 4 !
also exhibit ATP-dependent calceium transport. It should be noted that
the magnitude of this caleium uptake is similar «to rhat reported for
microsomal fractions trom rahbbit (Fitzpatrick ot al., 1972) and bovine
aorta (Hess and Ford, 1974). Since the completion of my - study, Aoki

and co-workers (1974) have reportcd that SHR microsomes prepared from

vascular smooth musc]c pooled ‘from aorta and several arteries also

o

exhibited a reduced calcium uptake capacity when compared with that

prepared from normotensive rat.
. A ”

2 A decreased ATP-dependent calcium transport of the SHR aortic
membranes is consistent with the hypothesis that the slower rate of

relaxation of the SHR aortae/(Field et al., 1972) is due to a decreasé

in the rate of ATP-dependent calcium éfflux from the smooth ﬁuscle ceiiﬂ @
It is not known if the incfeaéed—sensitivity of aortae from 6—month;old

SHR to noreplnephrlne and potassium é%lorlde is related to their slower

rate of rplaxatlan after contraction induced by pota581um chloride

(Field et al., 1972), but studles with aortae from renal hypertensive

'rats demonbtrﬁte that changes in ‘relaxation rates axe seen-as soon as

o

hyperten51on (b.p. .140- 150 mm Hg) and vascular Superqen91t1v1ty to

a

potassium chlorlde develop (Fleld et al ,» 1973). 'Additional studies

will be required to determlne if any causal relatlonshlps exist between

the observed alteratlons in- enzymatlc and calc1um uptake acthltles

N

and hyperten81on.

There is some evidence .suggesting that increased reactivity
of vascular smooth muscle to QXCitatofy agents cannot be explained

entirely by elther a decrease in the act1v1ty of prQcesses that lower

a \

1ntracellular calc1um activity or by an 1ncrease in the wall thickness

ce



t

to lTumen .size gitio (Folkow, 1971) . VFor examp le, the change in
sensltivity to potassium chlortde of aortae from b-month-old SHR is

much greater than thay to norepinephrine  (Field et al., 1972), and the-

change in sensitivityv of perfused vasculature of SHR is greater to
% .

serotonin than o norepinephrine (Haeusler and Finch€"1972). These

results indicated that there are specific changes in membrane excit-

ability that allow for differgntial changes in sensitivity to various
. S —~ ’

excitatory agents; these alterations are in addition to any changes in

calcium transport and in vascular geometry that would tend to produce a

similar degree of hyper-reactivity' to all excitatory agents.

134,
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Subcellular fractions were obtainaod from aortac and ventricles
» ’

of 6-month-old spontaneousty hypertensive and normotensive Wistar rats
by the usc.of differential and sucrose density pradient centrifugat i\r)n.
. . . N

These preparutiuné were studied to determine what alterations in calcium"A .
uptake and enﬂymatié activities might be associated.with hypertension.

The total amount of calcium uptake (in the presence of ATE and 17 1M

free calcium) b§ the plasma membrane enriched. fraction from hvpertensive

rqt aoftae was’significantly less than that from normotensive rats

(11.3 =« O.Ahvs. L6.2 ¢+ 1.6 umole calcium/g protein, n'= 8). In contrast

b -

the specific activities of the plasma membrane marker enzymes,

5'-nucleotidase and phosphodiesterase I, were 80% and 40% greater,

respectively, in the hypertensive than in the normotensive fractions.

Un the otlier hand, various fractions from ventricles of the two types

of rats were gemérally similar in enzyme activities add calecium uptake.

The decreased rate of relaxation of aortae from spontaneously hyper-—
4 N

tensive rats may be caused by the decreased rate of calcium transport

observed in this study. : . .
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CHAPTER VII:' GENERAL DISCUSSION

. s Lo . .
.A. 7 Calcium Sequestration System in Subgellular {Membranes of the

Nl

Cardiovascular System

o] - .
The infracgllu%ar‘calciud distribution of cells must be carefully

coﬁtrolled because calcium plays a key regulatorf role.in a variety-of .
cellular protesses (Rasmussen, 1970; friggle;‘l972; Lehningef; 1974) .
For'éxcitationfcontraction couoling of striated muscle, there is geners
agreament that sarcoplasmlc retlculumrls the maJor regulator of calcizm
activity (Haaselbadh and Makinose, 1962; Sandow, 1965; Weber, 1966), :-ut
‘there .is some dispute as to the relative regulatory contributions of sa- - o-
plasmic reticol;m and mitochondria in cardiao muacle (Lehaihée:, 1974§
Solaro and Briggs;,1974;‘Katz eoﬁal. >lé66) Sinece both sarcolemma and
pitochondria fromkthese muscles are able to transport. ca1c1um, a role for '
these organelles in lowerlng 1ntracellular calcium following muscle contrac-

tion has been guggested (Sulakhe et al., 1973; Dransfe.d et al., 1969;

Fanburg and Gergely, 1965; Sordahl et al.,

. -

_1s unclear, although microsomal fractions isolated from large veéseys.have
N .

been shown to transport’ calc1um (Hess and Ford, 1974; Fitzpatrick et al.

1972; Baudouin and Meyer, 1973).' It is known that the endoplasmic retlculum

occupies a small amount of cell, volume in guinea pig’ mesenteric arteries

(1. 8/) rabbit aorta (5%) (Devine et al., 1972) and rat ventricle .5%)

e 4
A

(Page et al 1971) ,-as compared to the volume occupled in the f*"g

8% sartorius
7

(13%) (Peachey, 1965) It is ‘also .known that the dependency of contraction -

’

N

o
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on cxtracellular calcium differs between types of smooth muscles (Devine
et al., 1972). 1t has Eeen proposed that mitochondria may contribute to

the regulation of intracellular divalent cation levels in smooth muscle

based on studies of strontium or\Earlum accumulation by electron probe

’

analysis (Somlyo et al., 1974).

All the above statements lead one to question whether the endo-—
" plasmic reticulum‘from‘vascular smooth muscle plays the major role in the
regulation of intracellular calcium. In this study, I succeeded in isoLatfng
subcellular fractions enriched;in plasma membrane and other fractions'probably s
enciched in eﬁdoplasmic reticulum, which allowed me to further qnvestigate
the ability of these fractioos to Temove calcium from solutions of physiolo-j4
glcal calcium concentrations. If one assumes that the calcium uptake-capacity
of'each fraction in the presence’of ATP (i.e. steady state uptake value tlmes
total amount of protein) is an indicator of dits regulatory ability, the
results of this study suggest thatothe capacity of plasma membrane 1is
:larger than.that of endoplasmlc reticulum from cardiovascular system, Tﬁe
results of this study also reveals -tBat-.vascular smooth muscle mitochondrla
‘can accumulate calc1um in the presence of ATP. Since the completion of my-
vwork, two other reports)oh calc1um uptake by vascular smooth muscle. mito—
chondrla have appe&red (Vallieres et al. » 1975; Ford and Hess, 1975) This
;property is similar to that'reported for mitochondria isolated from skeletal
‘ aﬂd cardiac muscle (Fanburg and Gergely, 1965; Brierly et al.,1964 Samaha
and Gergely, 1965), Therefore, ir is* also‘possible that the mitochondria

>

play a role in vascular smooth muscle contractility,

However,,complete understandiag of the relationship of thisg type

v o @ -
of calcium uptake study to the calcium transport during excitation-contf;z§ﬁﬁ¥la;
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° plasma membrane and mitochondria may: play important rales to lower free’

- . « v o . K L ) s
& ¢ . - N L . - o ° 1 39 .

e . - . ' . L 9 . B i o 0.
- . s . i @ . - o, ) v )
process 'in intact cells is far from being’achieved«ashexplaineﬁ below:

S . g . . ‘
= UnfOrtunately, several factors are upknownraboutfahe systems’ in

k v 9 P %G 5
thisttudy, those of major importance being the 1ntracellular pH and the
’:(: c v, ° ’ ¢
1ntracellular concentration of Mg “and’ ATP and hence Mg—ATP.. fhe ability

B}

o o o

thesecthree variables, and GodC (1974) had clearly. shown.that*the Ca++

o o
°% el

dependence of the act1v1ty of skinned frog muscleoflbers is dependent upon

’ ° . = s s @

© C e ° a

the Mg—ATP Qoncemtgation.r In addition At has also been suggested thatw

a

°

: of the warious ‘fractions to transport calcium ig undbubtedly deﬁhpdent upénw

S

[}

o
ou ) . q . 3

functional relatlonships might ex1st in smooth muscla.between closely

o -0 : . - o ° 6" a0 . T

0, 9

assoc1ated plasma membfane endoplasmic reticulum and mitochondria ( Devine

co .8 o

R

et al., 1973 Goodford and Wolowyk 1972) . Such relatlonships ‘ape Jost 1n

- ° ]
PR % .
R P [ . . o
subfractionatlon HCUdleS of .this. %ype. KL o ‘. el T .
- e E co o ) ’ o e - v ‘:
~ -0 « - f"

Therefora, a conservative conclusién is- drawn at this>stagen

S . - - e e

< a e

That 1s,'1n cardiovﬁscular tissue, 1n addition touendoplasmiccreticulum o

B I : o a -4

N - ° z .
PR c o -0 . ! ,:, L o
< ~ . >
o .

calc1um concentration aftér muscle cOntraction., . Ve
[~ o v '\ . . . “ R . ©
o | - < . : . . El
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B) Calcium Uptake andiEniymatibnActivities in’ the Cardiovascular System

° o .,

) N - . ) N 3] ) .
.of SHR .o o S ° L ee
U', : o) . N . : h ca * e v

. e o

In order to understand the pathology

o

it is important to have detailed information on-.the .

LG v o -~

.ochemlcal changes of

< B [ = I

the wholg,cardiovascular system. In this study, the spetific activities of

o o

o a

many enzymes and ‘the. hgte~of calc1um uptake were studied in the subcellular

‘!‘ = . U e

il

r fractions Jrom small and large vessels, and ventrlcles from SHR. Most_of

<]

e : K o 4+ ~ o
the enzymes studied' -alkaline. phosphatase, 5' hnucleotides, K'—attivated‘

° S

PhO&Phatase, phosphodiesterase I are generally believed to be located mainly.

- 4 % e Y \J .
g - . \_,)" .
3 o -

o

}iology of hyperten51ono»
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In plasma membrane.
In the studies on the'plasma:membrane fraction of cardiovascular
g 1 : ! : v ‘ -0V

« o o

systems fromenormotensive rats and SHR, °I found many differences between®
o . ) a5 . = . 2 N - C : . )
these’ types of ‘rats; when fractions from arteries -of age-matched rats ‘were

@
o

P compared. The specific'aetivities,of all the above mentioned enzymes as
; E '.,_4_‘; ’ . o N ‘ . * ° ° .
well‘as:Mg —ATPase were"greater from mesenteriC‘arteries of SHR; 5'-nucleo-

T

.tidase and phosphodiesgerase I wqreﬁwreater from aortae of SHR whereas_onlyo

s

; N,.-"r
_ ouabain sen51t1ve h —phosphatasa Naa @ higher from ventricles of SHR Active
Q . . (:

o ‘o

caleium uptake was greatexr and passive calcium uptake was less from plasma

o .

;membrane Traetions of mesenteric arteries of’ SHR and activeocalcium uptake o

o’ . . o
cv

.of plasma membrane from aortae ‘of SHR was lower. No changes in calcium
uptakeofromomembrane fractions of ventricles,of“SHR were detected gompared
. o - C o o : © .

7,fpp;similar values from NWR rats. Thus,omore parameters were altered in vas-

o .

'\ular tissue, especpally in spall mesenterig arteries, than "in cardiac muscle

a
- L=}
° o . o

.jbf hyperten51ve rats. This- fact 1s consistent with .the view. ‘that elevated

6t O g

blood pressure in well developed hypertension elther cauSes or is the.result

. . v . <

. ofnpathological change in small’arteries.“ . L ' Coe
o : . o o T e

o

o o o

1ncmeased total peripheral resistance in hypertenSiOn is related to Ehe

o —y

altered vascular.reactiv1ty.' "Vascular reactivity"'is usually measured as -

‘the magnltude of an 1ncrease in flow resistance or-an 1ncrease in pressure
o 3 -
B

S produced by a constrictor agent. The magnibude of this ifdcrease could depend

o =

: 'either on an 1ncrease in. sensitivity of the. vascular smooth muocle or on a
' 2 - S a - )

thickening of the vessel wall. There is evidence in the literature to
support ‘each of these p0551bilit1es, accompanied by controversy between the

schalpions of. the two mechanisms as totwhich is mainlyﬂresponsible for the

< 4

“ It is well documented (Somlyo and Somlyo 1970 Weiss, 1974)° that

Fl
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increased vascular reactivity that 1s seen in hypertension.‘

Recently Folkow (1971) has summarized his evidence that most, if
not all, of the increase in vascular reactiyity in rats with genetic hyper-

\ Y0

tension and in man with essential hypertension is caused by an increase in

\u

'wall thlckness. Concentration—responSe curves of vascular resistance to

_norepinephrlne for: hyperten31ve anlmals differed from those from normotensive

animals  in the ‘same way as did the calculated toncentration-response curves

of a mathematical model in which it was assumed that medial,thickness had

increased by 30% and the increase in wall thickness had encroached on t

lumen ‘when the smooth muscle was completely-relaxed - No change in t

hold:dcse for norepinephrine was’found Sy Fdlkow; The failure of Folkow to

"~ arterial walls (Oka and Angrist, 1967). HoWever,‘an increase of specific

activities of other enzymes, which appear to have no known functional role

'explainedusimply by .this hypothesis,
Yo . .

obtain an increased sen51riv1ty to noreﬁinephrlne may be due to his use of an

artif1c1al medium for perfusion or to papaverine treatment (see Lais and

F

Brody, 1975) . ' ' : R

g ‘ b In_this study, an increase‘bf specific activity of»S'—nucleotﬂdase
. 4

@

in hyperten51Ve arteries might support Folkow s view, since in¢reased 5‘-\
. \

\

nucleotidase (AMPase). activ1ty ‘was reported in proliferating muscle cells

in proliferation or in the increase of‘wall‘thickness, obviously cannot be

o
P

Furthermore, according to Johansson's analysis(1974§, vasocon-

3

',striction of smooth muscle would be most sensitive to changes in the parti-

++
cular factor (Ca or ATP) that is ’normally the rate limiting determinant of

the chemomechanical transductidn, and thereforeeone might predict that this

<&

factor would be altered arfld therefore causes a change in reactivity. The
> . . -

thres—*

-




" alterations of calcium regulation in vascular smooth muscle of SHR observed
in this study are consistent with this analysis. Such a change certainly
cannot be explainedvhy Folkow's hypothesis. Therefore, the suggestion is -

©

made‘that changes in both calcium metabolisu and vessel wallithiokness mnay
be importaht‘totlthe developmenZ'of vascular hyperreactivity.

All the‘above s}atements;indicate‘that‘these changes may he
related to hypertension. Therefore, itvis of interest to know which
paraneter(s) is more intimately related.to the initiating cause or effect of
hypertension " Insight on this question can be obtained from the experlments
“on_young (33 days) and initial hypertensive ° (3 4 months) rats, and on hydra-
lazlne treated ng and SHR. Slight differences in the above mentioned f
parameters, except alkaline phosphatase;-were foungd in.subcellular.fraotions
from‘arteries‘of'young.SHR as oompared to those from NWR Thus the elevation
" of blood pressure preceded the changes in activities of most enzymes studies
vand the changes in Ca-'_h+ uptake. The treatment of NWR and SHR with hydralazine
decreased the elevation in blood pressure with age,.and also decreased'the
1ncrease in spec1fic aotivity of alkaline phosphatase with age. Hence the
conc1u51on 1s drawn that alkaline phosphatase activity may be closely asso—
ciated with the initial cause of‘hypertension,‘and that changes“of other
parameters may be the result of hypertension or related to development of
chronic hypertension. Howe;er, the 33 days old rats did have a significantly
elevated blood pressure which might have caused the increased alkaline phos—
phatase activ1ty.' lhe physiological functions of "alkaline phosphatase are
not clear, but Wyke and Gardner (1970) suggested it may be related to vascular
permeability. However, it weuld be of considerable interest to know if the

phosphatase. 'that .I studied in SHR membranes has protein phosphatase activity;

¥
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“ » . -

There i;‘increaéfng,evidence that phosphoproteins may play a key role in
: r o

++ . : oo
regulating Ca transport and ATPase activity as well as membrane permea-
bility (Rubin and Rosen,'l975; Tada et al.,~1975), and it is known that

n

some alkaline phosphatases have protein phosphatase activity (Lee and Nickol,

1974). Furthermore, Sirica and codworkers (1975) have considered the possi-

"
t. a

bility that decreased Mg- -ATPase and 5'-nucleotidase, and increased alkaline

phogphatase activxties of regenetating liver plasma membraneAmay be associated
with speciflc membrane transport abnormalities.

) Many differences were found be tween the,characteristics of aortae
andumesenteric arteries in hypertension in this study.‘ gor examp‘le,~ ca}cium

o

uptake by subcellular fractions from aortae (which requires more than 20 min

to reach maximum) was slowét:than the calcium uptake by fraction from

mesenteric arteriés (which requires about 10 min to reach maximum), Further—

° o

more, ATP—dependent calcium uptake by the plasma membrane fraction from SHR

mesenteric arteries was significantly greater than that from NWR mesenteric

., arteries. In contrast, the ATP—dependent calcium uptake by the fraction

T : : .
from SHR aortae was decreased as compared to that from NWR vessels. These
qualitative and quantitative differences might teflect'a difference in. the

mechanisms controlling contraction and relaxation of large and small vessels.

©

L e . . . .
Therefore, aorta might not be as good a model for resistance vessels of

hypertenéion than are mesenteric arteries. A}so in support of this statement

is the fact that increased sensitiv1ty of aorta to KC1 is seen only after

" several months of hypertension (Janis_and Iriggle, 1973).
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C) Significance of the Data in Relation to Hypertension

In the following section,. a brie

f discussion will be given on

whether the result's of the alterations of enzyme activitjes and calcium

uptake in the plasma membrane vesicles from mesenteric arteries of 5-6

months old SHR can fit several simple hypotheses.

. 1. The first hypothesfg to

difference between plasma mémbrane

and hypertensive rats is that “more

be considered is whether the essential
vesicles from arteries of normotensive

of the latter are ;Béide—out type; i.e.,

those vesicles having the cytoplasmic face of their membrare on the outside.

Some of the results can

fit this hypothesis, -if one. assumes,

’ S+
reasonably, that the active sites of Ca++—ATPase'and K -phosphatase are

associated with the-interior aspect. of the plasma membrane. Since the hypo-

.

thesis states that there are more inside-out type of plasma membrane

© vesicles from arteries of SHR, one

these enzymes to be exposed at the

.

would expect that more active sites of

cuter surtace of the vesicles. If the

”

Ca '-ATPase 1s involved in Ca -transport, a greater ATP-dependent calcium

ubtake by plasma membrane from arteries of SHR would also be‘expected,

4

since a .greater proportion of such

vesicles would develop a calcium gra-

dient between inside and outside of the sealed vesicles as compared to

vesicles from NWR.. This differ?nce-of ATP-dependént calcium uptake between

° normotensive and hypertensive fractions should be obliterated by the

presence of ioncphorés, if ionophores relax the calcium gradients across

the vesicle membrane. This result

are consistent with the hypothesis.

was in fact observed. These findings

) . - . . - 8. ;
The greater specific activity of K —phosphatase(Tﬁ the plasma
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membrene fraction of SHR arteries as compared to that of NWR also can fit
this hypothesis. However, the active sites of other, enzymes; which had a
higher specific activity ln thisjfractiqn (such as 5'—nucleotidase; Mgfi—
ATPase, leucine aminopeptidase,»alkaline phosphatase) are probably assoaiated
with the exterior aspect of plasma membrane (Trams and Lauter, 1974). As |
the hypothesis states that more plasma membrane vesicles from arteries of
SHR are'inside—ouﬁ; fewer of their ac¢tive sites should be exposed at the
exterior sufface of the vesicles. The large, eharged molecules of the
. )

substrates fer these enzymes probably penetrate the vesicle membrane
slqwly, if at all; therefore, the incseased_specific activities of the
above—mentioned enzymes'in tbe plasma membrane of SHR arteries are not
conslstent with the hypothesis. However, ome should reallze thac'there
are many uncertainties about ﬁhe assumption made. Foriexample, it 1is
still possible that smbserate—enzyme interaetion can occ;r on either side
\of)membrane vesicles from plasma memb;ane of»SmOoth muscle.

4Iflbinding of Ca++ in the absence of ATP occurs mostly at the
exterler surface of the plasma membrane the dlfference between plasma
membrane fractions frosLSHR and NWR arteries 15 ATP- independent calc1um
uptake. could be,explalnedL Then the decreased Ca++—uptake in plasma

. J
membrane fractions from SHR atteries would be'expected._ The ability of

’ . +H
divalent cations to compete with 45Ca —uptake in the presence of ATP or in
. <.
the absence of ATP by the plasma membrane fractlons between NWR and SHR
arteries may also be related to the different proportidn of inside-out

or rightside-out type -membrane vesicles if one assumes that the two sides

of the vesicles have different calcium binding or uptake sitess For
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b+ + ‘
example, Ca (1 mM) and Sr (10 mM) can displace ATP-dependent

h5 . ++ : .
Ca ~uptake by the plasma membrane fraction from SHR to a,greater

. | . ’ -
“extent than that from NWR, whereas the amount displaced by Ba (1 mM)

is considerably less. The uptake after 10 mM Sr++ probably represents

' 4 ++ . :
non-specific binding of 5Ca and most uptake after 1 mM Ca++ probably is

~by the same mechanism. The values for residual non-specific binding are

the same for vesicles from SHR and NWR. Thus differences between the two

45

types of vesicles'in? Ca++—uptake represent’différenceé in active binding
or trédspoxg, and, thé greater ef&eqts of éf++ and Ca++ on 45Gaf+—uptake |
for SHR vesicles would be expégted from-the greater active uptake when
more veéiéles are inside—oup. MMy £esu1ts would thus imply ; differencial-A

accessibility of the tfansported or bound 45C3++ to competition from Ca

DR ++
.or Sr on the one hand, and to Ba on the other hand. Conceivably Ba

was -unable to inhibit ATP-dependent binding br'tran%port as effeétively in

vesicles of SHR arteries as in;vesicles of :NWR arteries; but this could

o

not be explained by the presence of more inside-out vesicles in this case.

45

Alternately, the Ca '—uptake inhibited by Ba+f was that occuring non-

specifically, or independent of ATP on the outside of vesicles. Then-the

[
45, bt

greater displacement of Ca by Ba++ in vesicles from NWR would. be

expected. v : 5 - ' s
. o . ‘ 45 . ++
The results of cation interaction on ATP-independent Ca -
uptake are difficult'to“inCerpret on the basis of more‘inside—oqt vesicles
from SHR than from NWR. Ba++ was more effective in the forﬁer, thus contra-
dicting the above expladation of its aifferential effect on ATP-dependent
45C6++

-uptake, -Moreover, to.explain the effect of Mn++, one would have to

postulate that Mn++ affects m@inly ATP-~independent binding to iight side-
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out vugiclpﬁ. Alttin-all these results are difficult to explain fully on
the bases of Lhi; h%ﬁotthis. To further this hypothesis, the following
experimghLé are sug;éstéd:

‘Cu)' Comparative study of enzynmtic‘activltius.and calcium uptike in
the "opened" ﬁembranc ve;iclcs from arteries of NWR énd SHR. For séch a
purpose, one should treat membrane vesicles with mild detergént, sonication
or other trceatments to dpen up Lhé vesicles. The effects of the treatments,
pef se, on enzyme activity would also have to be studied to guarantee that
any changes were relatgd to opening of membrane vesicles rathgr than to .
direct effegts on enzyme acti;ities. Attempts, should also be made to
measuré the sialic acid feleased by neuraminidase for the two‘types~of
fraczions, begore and after vesicle opening. Sialic-acid is expected to
be mainly on the outside of the plasma membrane. Finally, an attempt to
control veéicle sidedness by enzyme activities,,Ca++—uptéke, and availabi-
Lity of sialic acid residueé, should be made.
(b) A cdﬁparétiVe'study‘shoul&nbe made of the .proportion of inside-
out and right side-out type membrane vesicles from arteries of NWR and
SHR under electron micrescope by the freeze~etching  technique. The protein
distribution in the inner face of the cleaved ﬁembrane facing toward cyto-
plasm is likely t; bé4different from that of the complementary face of
the cleaved membrane. Therefofe, fhe different patterns of préteiﬁ particles
on the cleaved membrane faces observed in each group of veSicie§ may‘indicate,
'Qhe differentyproportions of these two types of vesicles from either NWR or
SHR arteries. , . : .

2. The second hypothesis to be considered is whether the esseéntial

difference between plasma membrane vesicles from arteries of normotensive
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and hypertensive rats 1s that more of the latter are less permeable to
. ‘

GCa ’-.

Some of the results’ can fit thig hypothegis, c.g., decreased
45 | 4 . .
Ca "-uptake in the absence of ATP, 1f one asgsumes that ATP-independent
calcium uptake is due to calcium permeating through the vesicles, and then
binding to the inside of the secaled vesicles, il.e., to the outside of the
plasma membrane. Also the fact that the ATP-dependent calcium uptake Ly

, .
plasma membrane fraction from SHR arteries was greater than that from NWR
can be explained as followq} The vesicles from SHR arteries are less
. L+ ,

leaky or less permeable to Ca » and therefore a greater calctum gradient
develops across the membranes of the vesdicles from SHR than that from NWR.
The existence of such extra Ca - accumulation would also ex the
.8reater release of Ca by lonophores from SHR vesicles. Theoo results
may imply that plasma membrane of intact vessels from SHR is also less
permeable to calcium than that from NWR. The difference in the ability

of divalent cations to compete with 45Ca++—uptake by the plasma”membrazg
a

°

vesicles from NWR and SHR arteries can also be explained by the possibility
' . - 45 | 4+ -
that the vesicles from SHR arteries are less permeable to Ca than

those from the former.
If the propbrtion of right side-out and inside-out vesicles is

the same in both SHR and NWR preparations, the higher 45Ca++—1ipt:ake by SHR

vesiclgz could be because they are less leaky to aSCa++ (see above).' Sr++

+— :
and Ca at the concentration of 10 mM and 1 mM respectively may be effec-

tively competing with that fraction of 45Ca++

45Ca++

actively transported ip both

itypes of vesicles since the residual remains also the same in the two
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, ++
preparations.  Concelvably Ba * was unable to inhibit ATP-dependent
) . 4% 4+
binding or transport process and the effects on Ca —uptake were due

- 45 | 4+ NS
to competition at other binding sites. The Ca displaced by -Ba wirs

. ~ . -+ .
not much' more than that bound non-specifically. It so, Ba was a better
: B
competitor for such.sites In NWR vesicles and Lhe decreased Ca permea-

bility ot SHR vesicles would have to imply Improved ATP indeﬁundent or
) ) 45 ++ oo o ,
non-specific binding of Ca . However, the greater displacement of

45 4+ ++ ++
Ca by Ba in vesicles from NWR may be unrelated to Ca permeability
N

- 4 ++
and due to the differences in the .SCa ~binding properties of NWR and

)

SHR vesicles,
-H
In order to explain the effect of Mn » one would have to pos-
++ . : »
tulate that Mn affects mainly the ATP-independent calcium binding or
affects binding only in the absence of ATP if it 1is complexed selectively

by ATP. The results of the effects of other cations on ATP—independept

Ca -~uptake can be explained as follows: Sr++, Ca and Mn++ compete with

‘the binding sites for 5Ca on the inner surface of vesicles, but do not

4 Y .’ . : b ‘<
affect the diffusion of 5Ca++ across the membrane. They may be_qui;e

i .

ef fective in displacing_65Ca ~bound on the inside of the vesicles, §iﬁch', e
[) o : : ' & xd '
. S

: + 45! ' -
“membrane is less permeable to Ca in SHR vesicles, 5Ca+f a¢cumulatjion

should be Fess in the inside of these vésiqles. Ther'efore, théiresid@élfﬁ

b, e
45Ca -uptake in SHR vesicles should be less » which is to be eipe@tedt T

However, Baf+ would have to compete with 45Ca++ in the diffusign

45

across the membrane instead of competing with

vesicles_s1ncebBa' inhibits 5Ca++—uptake by SHR vesicles mogg :than that

Ca++—binding ins’ exéf the

o

of NWR vesicles. To further teést this4hypothesis; the follow

are suggested:
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(a) A comparative study ot "rates ol caleium release" attern

)

nt "
vesloles from arteries olo NWR and SHR are loaded with Ca In the pre-

¥
sence ot ATP, apd o dilution technlque iy used to stop t he uptake, could
» Y 1 # } I

. et
be intormative. On diluting ot both the ATP and the Ca passlive leakage
L . 0
of Ca should determine the rate of loss of tracer. Fhe rate constant
?.') -
tor this process should be slower fn vesicles trom arterfes of SHR than In
. , L
vesicles trom arteries of NWR dggplte thelr presamed styeper Ca pradient.,
A Y \
\ . * ~ AH
Further, some studies should be carried out with dilution ot the Ca only,
maintaining ATP concentrations In the event ATP affects passive permeability
++ . , ‘ . T :
to Ca . Finally, studics should be done in which 5(,;1 containing solu-
tions are replaced by varying amounrs of unlabelled Ca while ATP levels
dre maintained, in some cases but not in others, in order to follow the
. 45 ++ . +
efflux of Ca tracer and determine its dependence on external Ca. .
S . - . L HE ++
This would evaluate possible djifferences in a Ca ~Ca exchange process
- .

between the two types of vesicles and thQ&E5depend%née on ATP,

4+
(b) For comparative study of influx, and efflux of QSCa by the

« . 5 >
Fo e

isolated blood vessels from NWR and SHR, one should consider the possibili-

Yol as ties of calcium binding to the inside, and outside of the muscle cells,
iethy
al

“and the problems associated with compartmental analysis (see Daniel and
Janis, 1975). Shibata et al. (197%) have carried out similar studies

Qsing aorta and reported a lesser influx of 4SCa++ based on the lanthanum

: 45 ++
method of Van Breemen et al. (1972). However, I have shown that Ca -
uptake by plasma membrane vesicles is decreased in vesicles from aortae
but increased in vesicles from mesenteric arteries. These studies will

have to be carried out with mesenteric arterles. The validity of the

techniques for estimating Ca fluxes must be carefully scrutinized.
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(c) Studies «of the dependence on extracellular calcium of con- .
tractions of these two-types of arteries. If° plasma membranes from
: B
- R

vhyperten51ve mesenteric arteries are less leaky to Ca than those from
normopensiyé arteries, one would expect them to retain-contractility in
: oo ’ . , :
low Ca solution longer, to have a différent dependence of their con-

i P + R S i
tractions (esp%c1ally K’ contractions) on external Ca concentrations,

e

N . - : + . ': .
to show a different relation between external K and contraction tension,

etc. X

3. The third hypothesis to be.considered is whe;her tﬁe essential
dif ference betweerf plasﬁa membrane vesicles)from arteries of normofénsive
andihypertensive racé is that fh¢21atter are more permeable to Ca++. This
hypothesis has Eeen considered ﬁecause it has been ;trongly advocated byv
Somlyo and Somly& (1970). |

. A gecréased ATP—indepepdept»calcium uptagé (1 mM) by the plasma

membgang fraction from SHR arteries th;n that”frbm NWR may be caused, not -
by lesser leakage of Ca++-into vesicles but inétead by greaﬁer leakagé
odt,J However, this would impiy_fﬁat Ca++;uptake’in the absence of ATP
wés somehow debendent’on a gradieﬁt of concentration across the vesicle
membrane and thils seems unlikely., An increésed ATé—dependent calcigm
uptake by the plasma membrane fractipnffrom SHR arteriles as compﬁred'to
that -of NWR arteries may be a‘coﬁpénsatory‘(indeed an oVer—compenéatory)
fespon;é to such an incre;sé in membranexpermeability tq'Ca++. However,
this would imply that the greater ATP-depe: .ent Ca++—u$take by Vesicleé
from arteri. SHR cpmparea to those from artgries of NWR was a result

of maintenance of an increased ca™t gradient or increased catt binding

. . ' ’ s
inspite cf a fast leak of this ion down hill. A’ further increase in the

-
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Thus, on this hypothesis, the ionophore ‘results would imply greater’Ca

transport not binding. However, there is no independent~evidence that

s

‘hypertensive arteries transport Ca++ more‘efficiently following a contrac-

tion- compared to normotensive arteries. S
. a

The different ability of divalent cations to compete with -
Ca -~uptake by the membrane vesicles from NWR and- SHR arteries may fit

. E e} )
this hypothesis. As discussed in the hypotheses (1) and (2), in the ATP-
dependent 5Ca —uptake’istudy,'cold;’Ca++ and Sr++ may act on the QSCa
active transport process, whereas Ba and Mn may act on the ATP inde-
: 4 ++ Lo 45 | 4+
pendent 5Ca -binding process. As a result, greater 1nhibitlon of . "Ca -

v
uptake by»Ca++ or Sr++ in NWR and SHR vesicles would be expected The greater

effect of Ba++ on'vesicles from NWR arteries is hard to explain without
j

involving additional hypotheses.f The ability of these cations to compete with

4 ++ o —
5Ca —uptake may be different in SHR and NWR ve51cles In -the ATP-

45 4+ "
independent 5Ca -uptake, the differential effects of these cations on

45 | ++ '
5Ca —uptake in the two Kinds | of vesicles is very dlfficult to explain.

To further test this hypothesis, the experiments suggested for the second
hypothesis can be followed. In addition, since this hypothesis implies_
aceelerated ATP-dependent membrane transport of Ca++ by arteries of

SHR, the occurtence‘of this shodld be evaluated‘in intact membranes and
isolated vesicles.

4. " The fourth hypothesis to be’ considered is whether the essential

a
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N B o " o
o ) ° ' . © o.

difference between plasma ‘membrane veésicles from artemies of normotensive

o - P @

and hypertensive rats is that the latfer retain their immature protein”

'synthesizing, proliferative character. If hypertension has a structural o

cause, i.e. increased w%ll thickness, then the changes assocfated with - ;
-y

the proliferative activity might reflect the patholog1cal process which

underlies~§E?EEtural change. ,
So far, the. physiologicalafunctions of the- enzymes studied are
o -0
~not, clear, However, the specific activities of many enzymes are increased

in the plasma membraneifraction from arteries of SHR when compared to
" . . N - 3\
\

that of the same age of NWR. Also 5'-nucleotidase_activity'has been found
to be increased in proliferative cells (Oka and Angrist 1967). 1t is

p0351ble that arteries of SHR retain higher enzyme activities because they‘

e

retain, their immature proliferaeive»character.‘ This“would not explain the

9

increased acti&ity of alkaline phosphatase in artery membranes of older

SHchompared to arter& membranes of  younger SHR.

) There is no ObVlOuS reason to pre%%ct that the proliferative ° s
-+
character of the hyperten51ve arteries shouid be asso iated with an
s D
owever, no obvious

> «

inereaged calcium,uptake as“observed in this study.‘

redson excludes such an association. Similarly, there'is no obvious

o

reason th an increased proliferative activity would affect the a@ility

: ++ o f
of ‘cations to compete with ‘ca’ . Lo o

o P

In this study, I could not detect any difference in protéin
yield between the corresponding subcellular fractions from NWR and SHR

arteries, - If arteries from SHR were  proliferative then a larger ER

1

fraction might have been-expected One possibility to explain this is.
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v

~that the protein yield difference between NWR and SHR arteries may be

O

small, and the method, not éeqsitive emough to find a difference of'Such
magnitude. Another possibility is that the hypothesis may ndt be true.
To further test this hypothegis, the‘fqllowing’experiments are suggésted:”

(a) - A étereological étudy by electfoanicrdscopy'éf the relatfve-

volume occupied by the subcellular organellss in the vascular sm&bth

(o}

-muscle cell of NWR and SHR. The amounts of these organelles (e.g. plasma

membrane, mitochondria and especially endoplasmic reticulum) may be

related to the activity of protein syntﬁesish

(b) Comparative study of the rate °of labélled amino acids, e.g.

“

lewtine or proline, incorporation into protein or the rate of-labelled,.

thymidiné,incorporation ipto DNA of vascular smooth muscle cells of NWR .

k]

.afd SHR. ~Similar studies could be carried out in homogénates.'

o
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