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" 1. INTRODUCTION -

P

O i .

Numerous factors have been implicéte& in the pathogenesis of
hypertension. Alterations in sympathetic nerve activity, vascular
reactivity, electrolyte metaboliém and endocrine gland function are

probably all involved in some way and it'is-likely that thef contribute

.in a co-ordinated fﬁshion to the elevation of the arterial pressure.

It iS‘recégniséd that the fundamental defect in hypertension
ié_an increased‘peripheral resistaﬁce éue to a decreaséd diameter of
. the "lumen of small arteries (Pickering, 1955;'F01ko§ et.al,, 1958),
This could be caused by muécular hypertrophy, an increase ip the tone
of ‘the vascular smooth muscle resﬁlting-from increased sym@athétic
nerve activity, or to an increased responsiveness -of smooth muscle
cells‘#o stimulants. .
There are reports that fhe sympathetic nervous system plays‘
an important role in hypertension (Smithwick and Thompsen, 1953; Grimsom,
1940, 1941; Willard and Fuller, 1969; Ayitey-Smith and Varma, 1970) but

other reports are inconsistent with this view (Freeman and Page, 1937;

Finch and Leaéh, 1970). However, recent observations seem to suggest
that sympathetic nervé activity is increased in certain forms 6f hyper-
tension (Okamoto et _al., 1967; De Champlain et al., 1967, 1969;
Volicer et, al., 1969; De Quattro et, al., 1969;). e

I addition, increased arterial sodium (Tobian and Binion,

71952, 1954; Ross, 1956; Tébian, 1961; Ayitey-Smith and Vama, 1970)

and increased vascular reactivity (Greiéﬁan,TIQSZ, 1954; Doyle et.al,,

1959; McQueen, 1961; Hinke, 1965, 1966; McGrégor.and Smirk, 1968) have

~



been linked with b@th experimental and essential hypertension, It has
been reported that an increase in intraceilulgr arterial sodium enhances
vascular Tesponses to pressor amines (Raab, 1952, f1953) , but undoubtedly
other factors éouldl also account’ for enhanced re:qunses to norl'adrenalin‘e.'
Although these isolated evidences have been useful in elabora-
. ting hypotheses on the pathogenesis of hypertension, the mechanisms
underlying these variwﬁ’ factors and their relationships have not been
adequately examined. | .
The present studies Qere undertaken to investigate ;:ﬂé'relgtion-
ship between the sympathetic ner\-rous__‘system, vascular reactivity and

electrolyte metabolism in hypertension, DOCA-NaCl and renal hypertensive

rabbits were used for this investigation, "Electrolyte studies were
performegl on various arteries and also on &ertai}l areas in the central nervous
system. Isolation of the diseased értery is ﬁtl'le be‘st.pl'-oi:'edure to study
vascular res.ponsiveness without cmplicatibns due to nervous and humoral
factors. The.central ear .artery of the rabbit is a snp.a“ll muscular artery
which is ms;;onsive to both sympathetic nerve stimulation and to injected
‘_nofadrenaline. It can also be depfi\;'ed of its sympathetic innervation by
_ excision of the preganglionic fibres »of the su.fperior cervical nerve
(decentralization) or denervéted by removal of the superior cervical
ganglion. For these reasons isolated a:;d‘perfused central ear artery was J
_used as a model for the study of vascular reactivity in hypertension.
‘;I‘he present studies .indicated that the integfat-ed actions of
the sympathetic nervous systein,‘vasmlar smboth muscle and tissue /
electrolytés are essential for the develoixnent and maintenance of h)rper-_/’f

tension, |
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II. LITERATURE REVIEW

"The Sympathetic Nervous System and Vascular Tone
: ) — — : i
Noradrenaline is preserit in the postganglionic. sympathetic

P
e

nerves where it acts as a neurotransmitter (Von Euler, 1946) and it is

released by sympathetic nerves upon the arrival of a nerve impulse, In

b
Y

addition to its ability to release noradrenaline the adrenergic neuron
can carry out a variety of functions related to the metabolism of nora-
drenaline, The adrenergic neuron stores rioradrenaline within vesicles

which exhibit a characteristic dense core. The noradrenaline is bound : e T

-—— —— - - r —_

in the ve51c1es as a salt complex with ATP in the ratio of 4:1, Studies-

on dense-core vesicles have shown that they possess an active transport

/

. process requiring ATP_and Mg which can accumilate noradrenaline from the

cytoplasm of the neuron (Von Euler et.al., 1963). Moreover, a second
uptake process, which is seleotively blocked by agents such as cocaine
and imipramine, operates at the axomai'membrane to transport noradrenaline
~ into the nerves. | ’ | ’

" The tone of sympathetically innervated organs depends on the l:?T
amount of noradrenaline available at the receptor surface.“’The amount
of noradrenaline available to activate the receptors depends on tne
amount of noradrenaline released per.impulse and the rate of inactivation
of the amine, The released neurotransmitter may be inactivated by either
local enzymatic destruction re-uptake into nerves or diffusion into. the
bloOdstream._ Nerve uptake is abolished after denervation which also
causes depletion of noradrenaline stores and the complete 1oss of sympa—
thetic tone (Kirpekar et al., 1962; Trendelenburg, 1963). Decentralization,
on the other hand, decreases the tonic but probably not the:spontaneous



|
release of the neurotransmitter (Hertting et al,, 1962). Some workers
(Hertting et al,, 1961; Whitby et.al., 1961; Rosell et al., 1963, |
Hertting and Axelrod, 1965; Malmfors, 1965) have suggested that 1nact1—
vatlon of noradrenaline by nerve uptake plays the major role 'in termlnatlng
the effect of the neurotransmitter. Recently, Kalsner and Nickerson (1969)
. used an oil—innwrsidn technique to demonstrate that enzymatic inactivation
of noradrenaline and adrenaline by'CIFH‘and MAO is the major process
terminating the effects of these amines,.’ Moreover they found hinding
" and storage mechhnlsms make only a minor contribution to the 1nact1vat10n
_ of low concentratlons of these amines in vascular tlssue. -

Monoamlne oxldase an enzyme which appears to be locallzed in °

m1tochondr1a (Schnaltman et et al., 1967), can- be found w1th1n the adrenergic

" neuron LKop1n, 1964; Snyder gg;gl., 1965) as well as extraneuronally
(KalSher and Nickerson, 1969)3 This enzyme'catalfses'the oXidative

. 'deajninatieu, of E:at'_echolgmiﬁeé‘la:ﬁ is respansible for the catabolism of

| free intrdneuronal noradrenalihe. .Moreover, it has heen‘shown_that
deamination of noradrenaline readily occurs . if uptake and storege in
synaptic vesicles is blocked‘(Axelrod '1964; Rutlédge and Weiner '1967) .
‘Thls deamlnatlon may 1nvolve also, extraneuronal MAO (Kalsner and
_Nickerign 1969) ' c S T

Surg1cal and Drug Therapy of Essentlal Hyperten51on

In the early 1920'5 the treatment of hypertension with the
then available drugs, the nitrites, was unsatlsfactory. ‘This led to a
search for more effectlve therapeutlc measures, It was anticipated that |
the increased arterlolar tone which is characteristic of essential hyper-
tension could be reduced by section of the vaseconstrlctor nerves,

Consequentlx, bilateral lumbar sympathectomy as a means of ‘treating



\

essential hypertension was introduced (Rowntree and Adson 1925).
Rowntree and Adson pérformed this type of surgéry on a patient with
malignant hypertension (225/190 mm Hg) and reported that the patient's
‘blood pressure decreased markedly and the accompanying symptoms of the
| disease disappééred, However,.six months later, the patieﬂt‘s blood
'pressure rose again to a hyperfensibe 1e§e1.t220/120 mn Hg), although
~he apparently remained in good health. . S -

In a subsequeﬁtiy dévelopeé'technique, the surgery was ek-'.
tendedlto the tﬁoracic region by removing the anterior roots from the
sixth fhoracié to the second lumbar segments éPage and Heuer, 1935).

This was found to be more effective than bilateral lumbar sympathectomy

. alone. For example, a young girl with persistent elevated arterial
pressure underwent this type of surgery and her blood pressure fell to
a normoten51ve level where' 1t remalned during seven months of clinical
observation, -

In the ensuing years, surgical thefapy‘became'popular for '
the treatment of éssential hype£ten§ion and various modifications
were attempted. Flothow (1939) instituted the following procedure:
section of the splanchnic and sympathetic nerve chains above the
diaphragm; removal of major, mino; and leést splanchnic nerves, portions
of the coeliaé ganglion and, in addition, of the first and second lumbar
ganglia, as well as denervation of the adrenal glands, VThis extensive
form of sympathectomy lowered blood préssure, abolished the clinical
symptoms of hypertensive disease and was claimed to prolong the lives

of the majority of patients. Grimson (1941) and Grimson et al. (1953)



-

/

onflrmed Flothcw's claim that extensive to total paravertebral symr

pathectomy 1s a more effect1ve measure than partial or local sympathec-
tomy in the treatment of hypertensive disease. The conclusion of
Grimson:and co-werkers was based on their 13 years of follow-up study
during which they perfofmed total thoracic aﬁd:partial to total lumbar
sympathectomy, Splanchn1cectamy and coellac ganglionectomy in 172 hyper-
tensive patlents. These patlents were’ compared to hypertensive patlents
who wereltreated medically and it was found that the gperated group had
a hlgher survival rate,

The results of similar long-term studies were presented by
Smithwick and Thompson (1953), and they also claimed that surgical
treatment had therapeutic superiority over medical treatment in essential
hypertension.“They studied 1,266 hypertensive paﬁients for a period
raﬁging from 5 to 14 years following thoraco-lumbar sympathectomy uéing
467 hfpertensive patients who were medically treated as the control |
gfoup. Surgical -treatment was found to be superior to medical treatment
in alleviatiﬁg the hypertensife'disease and prolonging fhe'lives of
patients.

It is clear from.these reports that the discrepancy in evalueting

the success of surgical therapy reported by early workers was due to

‘ 1pcomp1ete sympathectomy and perhaps also to partial regeneration of

sympathetlc nerves over the long period of observatlon. These clinical
studies, however, served to provide evidence that the sympathe@ic nervous
system might be involved in the pathogenesis of essential hypertension.

With the discovery of more effective-antihyperfensiveAagents,



. the use of surgical sympafhectom} as a treatment for hyperténsion declihed. _,'
In 1946, Acheson and Pereira pointed ocut .that tetraethylammonium chloride,

- a ganglion blocking agent, might be useful in lowering blood pressure in

- humans with essential hypertension by producing a'"chemical sympathéctamy“\
t Gangllon blocklng agents inhibit transmission of nerve impulses at sympathe- pe—-t—
"‘tlc "and parasympathetlc ganglia, Later, Paton and Zaimis (1948) found: that
the methonlum compounds, partlcularly the penta-and hexa- methonium N
derivatives, produced ganglionic blockade with a longer durat1on of act1on
than did tetraethylammonlum chloride. The appl1cat10n of ganglion blocking
agents to the treatment of hypertension became therapeutically established
but the number of adverse side effects which these drugs produced, severély
limited their utility. Recently,_d}ugs have been Hevgloped'which specifi-
cally block or imhibit the activity of the sympathetic nervous system and
these'agehts (e.g., guanethidine) are currently in wide use in the therapy
of hyper&ension. -

Although the success of surgical and *'chemical s&mpathectomy
in the treatment of hypertension seémed to implicate the sympathetic
nervous system in the pathogenesis ofle;sqntial hypertension, it was
impossible for investigators to use humans on an exﬁerimcntal basis to
probe into the mechanisms involved..‘Hénce, the need for animal studies
arose.

METHODS OF PRODUCING EXPERIMENTAL HYPERTENSION

~ Renal Hypertension

In 1934 Goldblatt introduced a technique for the production of
hypertension which was based on the premise that the disease originates-

in the kidneys (Goldblatf; 19345.* The renal arteries of dogs were par-
- o



tially constricted with silver clips and this resulted in persisteﬁt /
ele#éted systolic blood pressure. This form of hypertension was_said ‘

-

to resemble the so-called benign nephrosclerosm in

; ldblgtt's
' techmque was made more effectzve by remov:gg/ fie kidney and constricting
the renal artery of the other k/uifney. Thls method was later modified by
Grollman (1944) who compreﬁ’sl;.& ‘on'e ‘kid@r ina "figure of eight" with

cotton 'thread and removed the contralateral kidney, 'I‘hes\e subsequent
modifications of Goldblatt's technique were claimed to reduce the other-
wise high mortallty rate. ) |

It was 1ate/r found that renin is involved in the initial pl.ase

" of the dévelopmenﬁ of reﬁal hypertension (Pickering et.al., 19,42; 1945)

Recently, it has been shown that renin acts on angiotensionogen in blood

converting it to angiotensin II and this .in turn elevates the blood pres-
sure in renal hypertension (Laragh et al,, 1960; Tobian, 1960; Laré.gh, 1967).

Desdxycorticosterone acetate -~ Sodium chloride. (DOCA~NaCl) Hypertension

Selye and co-workers first showed that DOCA administered to uni~
laterally nephrectomized rats prodﬁces severe hypertension and vascular S
dlsease (Se]ye et al., 1943), They found that admmlstratmn of DOCA as
pellets, or in the form of a dally mJectmn, to unilaterally nephrecto—
mized animals maintained on 1% sodium chloride solution mstead of drinking
water led to the rapid development of hyperfe:nsim. "I'his_fom_ of hyper-
tension does not appeér to involve a circulating pressor hormone, as 1s ‘
the case in rénal hypertension (Koletsky and Pritchard, 1964). Moreover, ' \¢
it has been pomted out by Gross (1960) that this type of hypertensmn is
fairly spec1f1c for rats because 11: could not be produced in the rabbit,

’
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cat or dog (Masson et al,, 1953), For instance, rabbits treate& with
DOCA and drinking sodium chloride solution developed polyuria, muscular

~. weakness and paralysis but not hypertension (Masson et al., 1953).

-

Neurogenic Hypertension

In 1927, Hering demonstrated that the stretch receptors of the
carotid sinus and aortic arch are important in the refle# regulation of
blood pressure, and he speculaﬁed as to the possibility of a disturbancé‘
of this reflex in.the genesis:of'ﬁypertensibn in man; This led others to

. study the effects .of section of the carotid sinus aﬁd depressor nerves in
experimental-animals. In 1929,‘Koch and Mies succeeded in produ&ing neuro- .
genic Jypertension in rabbits®by section of the buffer nervés., Other

‘workers (Kremer, Wright and Scarff, 1933) have since cbnfirmed that‘hypei-

tension can be produced by section of the four buffer nerves in the rabbit.
This ‘type of hypertension is dependent on the integrity of the sympathetic
nerves, Nofmally,'imﬁulges f?um the pressor receptors tonically iﬁhibit
the sympathetic centres of the medulla and thereby depress the arterial
pressure, Thus, denervation of the pressor receptors in an animal releases
the inhibition on the:sympathetic centres which become excessively |

active thus increasing sympathetic nerve activity and arterial blood pressure,

_Hypertension by Selective Breeding

Alexander, Hinshaw and Drury (1954) developed, by selection, a
strain of rabbits showing spontanecus hypertension. Subsequcntly, Smirk .

and Hall (1958) also developed a strain of rats with spontaneous hypertension.
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Recently, Okamoto and Aoki (1963) succeeded in breeding a 'stréin (‘
. of wistar rats in which the incidence of hyperfension is very high. The
__ystrain was developed whén a rﬁa,le wistar .rat,' discovered to be hypertensive i
C :on casual nyeasuremént, was mated with a normotensive female. Hypertensive .
‘rats of subsequent iiﬁters were then ﬁxated brother and sister. After the
‘third generation all of the subsequent 1it1:.ers developed hypértension.. it
has since been found that lthe blood‘pressure of these ra.ts' rises progres-
sively with age (Jones and Dowd, 1970).' The c;al.x'se of spontaneous hyper-

tension 1\5 unknown but it is presumably of genetic origin,' and thg rats

_have therefore been teried ''genetic" or "si)ontanecmsly hypertensive" rats,

Role of thé‘ Sympathetic Nervous System in Experimental Hypertension

‘The results of surgical sympathectomy in pétients with- essential
hypertension, although c_:mtrpirersial, led investigators to examine t'hé“ ‘
rdle of the sympathetic nervéus system in various fofms of experimentally
induced hyperfens{ion in animals. ‘.

© Goldblatt et -al., (1937) undertook studies to determine whether
conplete. sympathectomy would preveﬁt or cure renal hypertension in dogs.
In one group of dogs, the thoracic portion of the splancﬁnic nerves and.
the lqwér four dorsal sympathetic ganglia were removed and later the
renal arteries were partially .clamped. 'Ihey‘_shoma‘d that the rise in blood
pressure which usually follows renal ischemia was not prevented._ In
‘another experiment, dogs with chronic renal hypertension were subjected
to the same surgical sympathectomy as were those of the first group. -
For several weeks following the surgery, the blood pressure of the &ogs
was lowered but the pressure then returned to the pre-qperative hyper-

tensive level and remained elevated for over nine months.
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In the same year, Freeman and Page (1937) reported similar

o

BN

‘ fmdmgs on renal hypertens:we dogs, They performed a more extensive
sympathectomy than did Goldblatt and coéworker‘s. " In several ldogs, the
sympathetic chains in the thoracic and abdominal regions were removed
and in a second group the hearts were denervated in addition to the syrr;-

_pathectomy The purpose of denervatmg the heart was to prevent reflex
cardmc exc:ttatmn wh1ch they thought might contrlbute to a rise in blood

_ pressure, Nevertheless, the extensl.ve surgical sympathectomy did not

prevent the devel;opnient of renal hypertension. Freeman and Page reported

- that autopsies on"_the_dogs indicated that s?n:pathectany was camplete and

no regeneration of‘l-\' sympathetic nerves had occurred. In their conclusion,
Freeman and Page ruled out the involvement of the sympathetic nervous
system in the pathogenesis of renal hypertens-ion.

In contrast to the above ohservatiom, Introzzi et al, (1938)'re,por-
ted that renalhypertension was abolished by sympathectomy. Introzzi and
co-workers performed unilateral lumbar ganglionectany and splanohnicec- |
‘tomy.and denervated cne adrenal gland in a gyaup of dogs with renal hyper-
tensitm_. In this group of ani't;als there only a shght transu:ory fall /
. in blood pressure, l-loweverf, in another group of renal hypertenswe dogs I
which were bilaterally sympathectcinized, they found that hy-pertension_ ‘
was canpletely abolished. These observations serve to suggest that the *
sympathetic nervous system 1s mvolved in the maintenance of renal hyper-
tension. / .

Nowak and Walker (1939) performed total sympathectomy in dogs

by re:hoving the entire thoraco-abdominal sympathetic chains and about a \
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month later. the carotld sinus and aortic depressor nerves were sectmned
' Accordmg to these workers the dogs developed neurogemc hypertensmn. .
" Moreover, they reported that partial syrrpathectomy (bilateral splanchnlcec—.
'tomy, unilateral adrenalectany and bllateral celiac gangllonectcmy) did not
reduce ‘the blood pressure of dogs with neurc:genlc hypertensmn. Nowak and
Walker Speculated that the increase 1n pressure nught be due to the libera-
tion of some mtrm51c factor or some other mﬂmown mechanism, -°

| In sm11ar studies, Gnmson (1940 194]1) showed that after com-
plete removal of the paravertebral sympathetlc chains followed by section
of the buffer nerves in dogs, neuro_gem.c hypertension did not develop |
>inmlediately" but after several weeks the blood pressure rose. They also

' reported that the blood pressure of dogs with neurogenic hypertensmn was

initially reduced below normal by complete sympathectany. However, after
a perrod of time (4 to 6 weeks) the blood pressure was agam elevated above
normal values, The findings of Nowak and Walker (1839) and of Grz.mson may
have an explanation in the report of Boyd and Monro (1949). that partial
retention of autonomic function occurs. after "complete" sympathectomy and
is due to the presence of intermediate sympathetic ganglia which do uot pass
through parmertebrai synpatlllet'ic chains and are thus inaccessibie to the
surgeon, | | | ' "

| | Dock et..al. (1934, 1940,.‘ 1942) showed that pithing of the
central nervous system lowered the srterial‘pressure of normotensive and
renal hypertensive rats, rabbits and dogs to the same exteut', In addition,
a rise in, arterial pressure was evoked in these animals with adrenaline

and renin. They concluded that their experiments ruled out a circulating



13 T

vasoconstrictor substance and that ""the renal pressor hormone" acts
through the vasomotor center- to maintain the hypéftension. HoWever,

plthmg produces such .a gross lesion that 1t is difficult ‘to mterpret

. the 51gnlf1cance of such a study.

Other workers (Reed et et al., 1944 Saplrstem and Reed, 1944) ‘

have also claimed that the sympathetlc nervous system is important in.

renal h)l:pertensio:n. They observed that sodium pentobarbital (anaesthetic
level) and the adrenergic . blocicing agents, yohimbina and F883 (diethyl- . \
amiho-methyl-benzo-dioxane) loweréd"‘the .blood pressure of rats with 7

chronic hypertensmn, but not rthat ‘of amte renal hypertensive and norml

rats, They concluded that the mecham.sm for ma:mtammg the later stages
of renal hypertension involved the sympathetic nervous system but that

this méchanism d'id not operate in the early stages of renal hypertensicn.
’ Moreover, they suggested that at the early stages renin played a predomi- .
nant role. The valldlty of observations on the’ effect of yohlmbme on
. biaod pressure of these animals is, however, questmnable since its effectk
depends on dosage and initial pressure levels of ‘the tested animals,
A techmque has recently been mtroduced to ellmmate the

ympathet1c nervous system in ammals by mnmologlcal means (Levi-

Montalcml and,Booke_r, 1960). Immmosympathectany is produced by_ injecting
new-born animals With an antiserum to a nerva growth factor. It has Been '
shown ‘that this procedure results in almost total and pennanent destruc- R
tion of the paravertebral and prevertebral sympathetm ganglia, prcr\.flded

tha ant1serum is administered mmedmtely after birth and injected da:.ly

" for 2 to 3 days (Levi-Montalcini and Angeletti, 1966). ‘Recently, investi-
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gators have used'these immmosympathectomized (IMS) anihele to study’ the
role of the sympathetlc system in experlmental hypertension.

— . Flnch and Leach (1970) reported that 1mmunosympathectomy or
s&mpafhectomy produ;ed by the administration of 6-hydroxydopamine did

not prevent the development of experimental hyPerteﬂSion'in the rat

iqeuced either by renal artery stenosis or by treatment with DOCA.
Therefore, they excluded thegsympathetic nervous system as an important
.factor in the development of exgerimental hypeftension. Howefef- fhey

did not present ev1dence for tHeir claim that the rats were sympathectomlzed

'Dorr and Brody EI?BU% and Ayitey-Smith and Varma (1970) found

that renal hypertension could be produced in immunesympathectomized (IMS)

rats but .that the hypertension was not sustained. The blood pressure of

;hese renal hyperfeneive IMS rats refurﬂed to normotensive leeels although
their counterparts with an intact sympathetic nervous system remained
Hypeftensive. This observation showed that the sympathetic nervous systemeu _
maf not be required for the development of renal hypertension but may play .
- a role in the malntenance of renal hyperten51on. _ |
Wlllard and- Fuller (1969) and Ay1tey-Sm1th and Varma (1970)
" were unable to produce DOCA-NaCl hyperten51on in rats whlch were completely
1nnunosympathectamlzed However, rats Wthh were 1ncomp1ete1y immmosym-
| pathectamlzed because they were injected at birth only once with: ‘the anti-
" serum, developed eustalned DOCA-NaCl hypertension. It has been shown that ﬁ
i the IMS rats which Varma (1967) repor@e& earlier to have developed DOCA~

NaCl hypertension were also incompletely immimosympathectomized. In view

of thls cbservation, Ay1tey-8m1th and Varma suggested that minimal control
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of the sympathetic system on the cardiovasculhr systemlis sufficient for
" the production of experimental hypertension. Clark (1969; 1971) has
. implicated the.sympafhetic nervous system in the development-of.hyper-
' tgggion whiéh is ofqgenétic prigin in rats. He stuéied the effect of
“immnosympathectony in the developmental stages of this form of hyper-
tension and reﬁorted that elevation of the blood préssure after 10 days

of age depends largely, but not exclusively, on an- intact nervous system,

!
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Catecholamine Metabolism in Hypertension

, The metabolism of catecholamines in essential and experimentai
' hypérténs,ion has been studied with the aim of gaining an insight into the
state of sympathetic nerve activity in hypertension. - ’ )
In recent yéars, . tritiated noradrenaline has been made available:
for the study of the kinetics of noradrenaline metaboli‘sm in tissu;as from '
experimental animals. Some workers (De Champlain El:g_l., 1967, 1969;
Henning, 1960; Volicer _e_t_a_ll_ , 1969; De Quattro et al., 1969) have per- -
“formed extensive studies on the binding, storage aﬁd synthesis of nora-
dreﬁaline and on the turnover rate of this amine in various for_xﬁs of experi-
ment_él hypertension. These workers injected radioactive noradrenaline or .

.4 precursor intravenously into eXperimental hypertensive and normotensive

animals which were then killed at various times after injection and tissue -

samples were taken for analysis of radioactivity and endogenous noradrenaline
content. ‘The rate of decline of radioact‘iv.ity' m the. tissues was estimated
and used in calculating sjmthgasis and turnover rates of noraidrenaiine. It -
was found that the turnover of noradrenalﬁine was higher in hearts from
DOCA-NaCl, rénal and neurogenic hypertensive animals than in hearts from
normotensive animals (De Champlain gt_gl. , 19693 Henning, 1969; De Quattro, |
et al., 1969). However, the rate of synthesis of noradrenaline was normal
in DOCA-NaCl and renal hypertensive animals although it was increased in .
néurogenic hypertensive rabbits (De Quattr& et al., 1969). It was also
" found that the nerve uptake of noradrenaline was ﬁoméal‘ but that storage

of the amine in adrenergic nerves was impaired in DOCA-NaCl hypertensive

aJ_liuials: "It was therefore suggestéd,-cm the basis of these findings, that
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tﬁere might be an increased discharg; of noradrenaline by the sympathetic
nervés in renal DOCA—NaCl.ahd neurogenic hypertension, Howevér, it is dif-
ficﬁlt to recohcile this view wiéh the finding that the synthesis of nora-
drenaline is unchanged in DOCA-NaCl and renal hyperfensive animals,

' Louis et al., (1969), found a reduced rate of synthesis and
turnover iﬁ the.hearts of spontaneouély hypertensive rats. Théy suggested
that inh this form of hypertension thé rate of noradrenaline release was
‘subnormal hence noradrenaline could nat pla& a'prinary role in hypertension.
This'suggestion is in ‘contrast-with the findings By Okamoto gj;gl.; (1967)
who showed marked augmentation of peripheral sympathetic activity in spon-

taneously hypertensive rats. In their experiments electrical activity of

' the sympathetic nerve, the splanchnic nerve, was recofded-directly with
electrodes. “ |
In further 1nvest1gat10ns, De Champlain et al., (1966,1967)

and Krakoff et al., (1967) studle@/the metabolism of noradrenaline in

- )

. DOCA-NaCl hypertensive rats'ysihg radioactive noradrenaline. They found

o
- L

ihat the hearts and kidnéys‘fram‘hypertensive animals contained moTe

’deamlnated and O-methylated metabolites gespectively than did those from

normoten51Ve hn1mals. They speculated that the increase in deaminated

metab011tes in the hearts of hypertens1ve an1mals 1nd1cated that more

"cytoplasmlc" noradrenaline wa§ available for intraneuronal deamination

and the 1ncreased36-methy1ated amines signified a greater release of .

/”"ﬁﬁ‘31010g1cally active noradrenaline which was subsequently metabollzed : ¢

.in the kidneys. .

Clinical studies of noradrenaline metabolism in essentlal hyper-

tension was performed by G1t10w et al. (1964) us1ng labelled noradrenaline,
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The labelled noradrenaline was infused (0.05 ug d1-B-H-NA per Kg/min)
into hypertensive and normoten51ve patlents for 1 hour and the rate of
clearance of Ho-NA from the plasma was followed for up to 3 hours.
There was a significantly greater rate of clearance of labelled nora-
drenaline from the plasma of hypertensive than fro? normotensive patients,
Thﬁs, Gitlow and co-workers.assumed that horadrenaline“metabolism was ab-
normal in patients with essential hypertension..

The available evidence on noradrenaline metabolism does not
clearly support the view that noradrenaline é;gfproduCtion is associated
with hypertension. Moreover; results from studies on-urinary excretion

of catecholamines in essential hypertension are also conflicting.

Von Euler et al. (1954) measured the 24 hour urinary
excretion of noradrenaline in 500 unselected patients with essential
hypertensidnf They found that in-66.2% of the patients, noradrenaline excre-
tion figures were less than 57.4 ug per 24 hours, which is within the
normmal range, BExcretions in the range of 5726 to 86.4 ﬁg were regarded
as significantly increased. .In 16.4% of the patignts the excréfion of
nofadignaline was sigﬁificantly g;eateﬁ:than 86.4 ug per 24 hoﬁrs.

Despite the small number of patients who excreted exééssive noradrenaline
it was thought that this finding was of 51gn1f1cance in the pathogene51s
of essent1al hyperten51on.

 Other workers (Brlffiths'gnd Collinson, 195?; Moller et al.,
1957) also measured the urinéry output of catecholamines fadrenaline
and noradrenaline) in hyperfensive patients, Whereas Griffiths and
Collinsen found no difference in the noradrenaline output of hyperten-

sive and normotensive patients, Moller et al., (1957} faund that hyper-
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tensive patientslexcretéd significantly lese‘noradrenaline than did
normotensive parients. Hewever, Weil-Malherbe and Bone (1957);reported
that hypertensive patients excreted significantly ndre noradrenaline.

The discrepancies and variations observed in studies on the
urinary excretion of catecholamines might partly be attributed to the
procedures used to select patients {Hr!the studies. Thus false nega-
tive results might arise from the frequent occurence. of arteriosclerosis
or impaired renal function during the development of hypertensive disease
and false‘positiVe results from complicating factors unrelated to the
primary disease process. Ikoma (1965) carefully selected hypertensive
patients for noradrenaline excretion studies, paying particular atten-
tion to renal fumction. Hyperten51ve patients with normal renal function
were found.to excrete more catecholamines (adrenaline and noradrenaline)
per 24 hours_than did normal patients or.hypertensive patients with
impaired renal function.
| Instead of measuring urinary noradrenaline, Stott and quinson'
(1967) measure normetanephrine, a metabolite of-noradrenaline,'in the
urine of essential hyperten51ve patients. Hospitalized normotensive .
and hypertensive patients were selected for the investigation. During
the investigation, patients were allowed.to empty their urinary bladders
completely and the urine~nas discarded. Later, each patient was allowed
to drink a glaes of water and rest in an upright position in a chair for
60 minutes, after which they emptied their bladders again. The urine
samples were then analysed for nonnetanephrine. Hypertensive patients

excreted significantly more normetanephrine than did normotensive

_/




20

patients. The conclusion drawn from this study is that the elevated
blood preSsu%e in hfpertensive patients is sustained By‘an excessive
release of noradrenaline from sympathetic nerve endings. However,_if
'is obvious that other ﬁossibilities such as an increasé in the activitf

of the O—methﬁlating enzyme cannot be ruled out,

Electrolytes

o

Salt restriction in the‘management of hypertension has long
interested those concerned with the treatment of essential hypertension,
Although low salt intake was advocated by Ambard and Beaujard as early

as 1905 (Allen, 1920) it received clinical trial only after subsequent

. studies by Grollman et al., (1940) and Grollman and Harrlson (1945) 5

Grollmen and Harrlson subjected renal hypertensive rats to drastic sodlum

- restriction and this resulted in a marked.fall in blood pressure w1th1n

four to six days. Addition of 0.5% sodium chloride to the diet partially

pre#ented the hypotensive effect of the low sodium diet and 2% sodium

chlo;idé completely counteracted the effect of the sodium free'diet.

Two per cépt potassium chloride supplemeﬁt, however, did not antagonize

the hypotensive effect of the sodium free diet. This finding has since

been confirmed (Danford et al., 1950; Frieden et al., 1952). . Frieden

and co-workers also reported that they did not observe any change in the

blood pressure of normotensive dogs suﬁjected to chronic sodium depletioﬁ.,
| McQuarrie et al. (1936) described a fiftgen year old boy with

an abnormal craving for salt who would eat 80 gm of sodium chloride per

day if-éllowed free acces% to it, When allowed to eat 60-80C gm of sodium

chloride daily he developed a moderate hypertension (176/110) which dis-

appeared if the intake of sodium chloride was limited to 5 gm daily. o ﬂ
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On the other hand, the hypértensive effect of a high sodium chloride.
intake could be prevented by the simultaneous ingestion of 15 gm of
pofassidm chloride,

Potassium deficiency has also been observed to have a hypo-
tensive effeét. Freed ;nd Friedman (1950, 1951) found that normal rats
oﬁ a potassium deficient diet for seven to nine weeks develobed hfpo-
tension. According to these workers, sinultaneous'dietary withdrawal
of sodjum and potassium did not, however, lower the blood pressure of
these animals. Moreover, Friedman et .l. (1951) demonstrated the hypo-
tensive effect of a potassium deficient diet in renal hypertensive rats

and they suggested that this effect might be due to a decrease in total:

peripheral resistance. Théf suggestioﬁ\is consistent with the finding
of Rosenman et al. (1952) that the pressor effects of intravenously N
injeéted epinephfine, norepinephrine, ahgiotensin and renin are
sigﬁificantly_detreased in rats fed on a potassium deficient diet
_compared to tﬁose fed on a normal diet.

Lenel et al. (1948) substituted 0.9 and 1.2% and Sépirstein
et al. (1950) 1.5 to 2.5% sé&ium chloride solutions for the drinking.
water of»chickens and rats respectively. fhey reported that the chickens
and rats developed hypertension during the chronic administration of
" sodium chloride. Lenel and co-workers reported that the blood pressure
'of the chickens fell promptly after withdrawal of sodium chlofide ‘
:solution. Sﬁbsequent studies have shown‘thaf the élevatipn in blood
:pressure was éenerall} proportional to the amount of sodium chloride |

in the diet of the animals (Meneely and Ball, 1958), Meneely and Ball
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fed sevenﬁgfﬁhps of normal rats  diets that varied only in the amount

of ‘sodium chloride added,from 0.01 to 9.8%. After nine months on these .
diets, the rats’ eﬁowed increases in arterial pressure proportional to the
jdletary content of sodium. The groups of rats eating 2.8 to 5.6% sodium
chloride in the diet developed mild hypertension (130-140 mm Hg) while

those on the 770'to Q.Ss'sodium chloride diet .often had moderate to

severe hypertension (150?160 mm Hg). In aadition, it was observed that
‘a high intake of petassium in the diet prevented the hypertensive effect

of a h1gh sodium chloride intake.

,'"\

~ Later, it was found that the hypertensive effect of a high

‘sodium chloride 1ntake could be intensified by the simultaneous adminis-
trre'tion of desoxycorticosterone acetate t_e nephrectomized animals,
(Selye et al., 1943 Kncwlton et al,, 1947; Tobian and Redleaf, 1557;
De Champlaln et al., 1969). In addition, it was shown that rats on a
. diet practicaily devoid of sodium but injected w1th ‘high doses of despxy-
_corticostercne acétate did not become hypertensive. This observation
suggests‘that desochorticosterone acetate plays a eecondarf rqie in
the induction of this form of'hyeertension. _

Gaudino and Levitt (1949), Darrow (1944) and Fereebee et al.
(1941) studied the effect of chronlc admlnlstratlon of - desoxycorticos-

terone on the dlstrlbutlon of sodium and pota551um in tissues of animals,

- They estlmated the extracellular and 1ntrace11ular distribution of the

jons using inulin and chloride to measure extracellular space. Desoxy-
corticosterone acetate was found to cause an increase  in intracellular
sod1um in varlous tissues.

As reports on the hyperten51ve effect of a h1gh sodium intake



increased, investigators became interested in studies on the metabolism
and distribution of electrolytes in hypertension. Tobian and Binion (1952)
" studied the sodiuﬁ‘and water content of reﬁal arteries of hypertensive
and normofensive humans obtained post morten. They found that the
arteries from hypertensive patients had abnormally large amounts of
sodium and water compared to those from normotensive patients.

SuBsequent studies conducted by Ross (1956) were designed to
find out the distribution of sodium in hypertensive patients, He used

an isotope d11ut1on technique ( Na) to measure exchangeable sodium in

patients with essent1a1 and renal hypertension. The exchangeable sodium \
was found to be within the normal range in some patienfs ehile‘in othefe
A it greatlx exceeded the normal values. He, then, used thiosqiﬁhate'fe .
measure extracellular space in order to estimate the distribution of
sodium between the extracellular and intrécellular compartments in patients
with high exchangeable sodimm, Ross concluded from his study that the
intracellular sodium in these patients was greatly increased compared to
values eefeined.ih normotensivenpatiente. In addition, it was found that
sodium deprivation caused a‘slighf fall in exchangeable sodium which was
accompanled by a decrease in blood pressure. Ross Stated that, the dis- v
tribution of sodlum 1n the body is a major factor in the etiology of .
hypertension. o
~ Some workers have also stﬁdied the dietribution of electrolytes

in exper1menta11y induced hypertension in animals. They (Tobian and
Binion, 1954; Tobian, 1956; Tobian and Redleaf, 1957, 1958) determlned

the sodium and potassium distribution in aortas from renal and DOCA-NaCl
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" hypertensive rats and feund that aortic sodium and potassium were higher
in the hypeftensive thae in normotensive animale. Moreover, Tobian and
Redleaf (1957) observed that if the intake of sodium was drastically
restricted, both tlie hypertension and the related electrolyte abnormality
which usually accompanied desoxycorticosterone acetate administration
were prevented. It wes sﬁggested that hypertension might be fundamentally
associated with an 1ncreased arter1a1 sodium and pot3551um content,

Toblan and B1n10n (1954) and Tobian and Redleaf (1958) deter-
m1ned the extracellular and- 1ntrace11ular dlstrlbutlon of sodlum and
_ potassium in aortas from hypertensive animals using the "chloride space"
method. They concluded that. the increase in sod1um and potasszum was
intracellular, A suggestion was then made that 1f 51mllar changes
occurred in arterioles it could explain the_characteristic increase in
peripheral vascular resistance which is observed in hypertension.

Other workers have reported either a deerease in the potassium
content of tissues from renal and DOéhrNaCI'hypertensife rats (Laramore
and Grollman, 1950; Tobian and Binion, 1954) or no change in the body
potassium content of renal hypertensive rats (Green and Sapirstein, 1952).

Since the arter101es have a greater influence than the aorta on
the total per1phera1 res1stance Tbblan et al. (1961) decided to deter-
mine the electrolyte compos1t10n of small arterles such as the mesenteric

arter1es of renal hypertens1ve rats. Sodium and potassium contents based

on dry Helght of the tissue were: determlned They found that the arterloles

from hyperten51ve-rats had 16% more sodium per unit dry-weight than those

from normotensive rats and they assumed that the increase in arterial

|
|
|
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sodium was intracellular. The potassium content of the arterioles from

hypertensive rats was, however, similar to that of the arterioles fram .

normotensive rats,

" Spontaneously hyperténsive rats have also been shown to

- exhibit marked elevations in aortic ‘sodi'um and potassium, at all ages,
;mq)ared to normotensive rats (Nagacka Lé.l_., '1969").

AP Recently, Tobian and Chesley (1966) ha\re-jftudied‘ the state of
: calciﬁm in the mesenteric arteries of the rénal hybeftensive rats, The
arterlolar calcium was found to be significantly hlgher in the hype;r—
tensive than in the normotenswe rats. Consequently, a suggestion was

made that.since calcium plays an essential role in the contraction of

arterial smooth muscle, the. increased arteriolar calcium content of the
hyperten.sive. animals may be partially responsible for the increased .
peripheral;“.resistanée in hypert‘ension.. |

'i:l;é'-.c_lemonstrat_jon that arterial sodjum and perhéps’ potassium
are elevated ;n hypertensive animals and that the sympathetic nervous
system nught_be .involved in the etiology of hypertension led some workers
to study the relationship of these factors in hypertensic;n.

Smythe et al, (1952) and Nickel et al. (1954) undertook to
investigate the influence of catecholamines on the renal system in normal
subjects. The renal clearance of sodium and potassmm was determined .
during intravenous infusion of adrenaline and noradrenalinef:. The
urinary excretion of ‘sodium and potassium declined sﬁarply, altﬁough
there was hardly any change in glomerular f;ltration rate during the -

infusion of the amines. Moréo#er, the’ inﬁxs_ion of noradrenaline into
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patients with Addison's disease resnlted in a decrease in the excretion
of sodium, Wagner (1957) has also reported that patients with autonomic
insufficiency excreted sodium at a supranofmai rate during the infusion
ef isotonic saline. 'I‘hese observations suggest that the synmatixetic
nervous system or catecholamines can modify electrolyte excretion through

s

an action on the renal apparatus without influencing the glomerular £ilt-
‘ration rate, | _

Furthermore, Gill et al. (1964) jﬂt_udied the effects of adrenergic
neuron blockade with guanethidine on the excretion of sodium 1n normal
subjects during rapid infusion of physiological saline and' during the
administration of sodium-retaining steroids and sodium. Sodium excretion
dur:mg the mfusmn of saline was increased 50% to 300% following guane-
thidine.. Moreover, the mineralocc;rtic01ds caused less retention of sodium l.
after ‘the admmistration of guanethidme It was also observed that ‘the
increased excretion of sodium did not. depend on a high glomerular- filtra-
tion rate. These workers concluded that the sympathetic nervous system N
influences sodium metabolism probably t}ircmgh an effect on the renal
system. This suggestion is consistent with the'fmding of Ayitey-Smith
“and Varma (1970) that imilmosympathectomized rats which did not develop
DOCA—NaCl hypertensmn excreted 51gnif1cant1y more 'sodium per day than
did IDCA—N[aCI hypertensnre rats with intact sympathetic nervous system.
"In addition, IMS rats did not show the characteristic ‘elevation of aortic
sodium which was observed in DOCA-NaCl hypertensive rats. |

Vascular reactivity in hypertension -

It is well known that adrenocortical steroids modify the pressor
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effects of catecholamlnes. Animals with deficient adrenocorticoid function

have been shown to exhibit reduced -cardiovascular responses to injected
or‘infused adrenaline and noradrenaline (Remington, 1951;‘Fritz and
Levine, 1951; Ramey et al., 1951; Cleghorn et al., 1958). In addition,
. there are reports that adfenocorticel steroids potentiate the effects of
catecholamines in vivo (Raab 1942; Raab et al. 1950) and in vitro h‘
-(Kalsner, 1969). .

Kalsner (1969) has recently shown that desoxycorticosterone
potentiates the effects of catecholamines in vitro by inhibiting a major
‘mechanism for their 1nact1vat10n. He carried-out his studies on aortic
strips from rabbits and found that desoxycorticosterone enhanced the
‘responses to adrenaline and noradrenaline. Experiments with the oil-immer-
sion technique revealed that desoﬁyéorticoétefone decreased the rate at
which strips inactivated‘catecholamines by O-methylation, Kalsner has,
moreover, suggested that it is possible that the steroid does not inhibit
the'enzyme but decreases the access of substrate to the enzyme by impair-
ing movement across certain biological ' ranes. The relevance of this
© finding to hyperten51on remains to be determined. | B
| Raab (1942) and Raab et al. (1950) studied the effects of
ChIOHlC admlngétration of DOCA on the pressor responses to catecholamines
in humans w1th the aim of geining an insight into the etiolegy of essential
hypertension. .Healthy patients were injected with 10 mg of DOCA sub-
cutnnegusly, deilf, for an average of 17 days. ,Control responsee to
subcutan;ously injected or intravenously infused noradrenaline and
edrenaline were first established before DOCA treatment. It was obser-

ved that some of fhe patients showed a moderafe rise in systolic blood

pressufe during treatment with DOCA. Moreoﬁer, following pretreatment

e
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Wlth DOCA the effects of the am1nes were 51gn1f1cantly potent1ated
The conclus1on drawn from th1s flndlng was, that the etiology of essen~=.

- tial hyperten51on mlght 1nvolve potent1at10n of the effects of released

~ . noradrenaline or c1rcu1at1ng catecholamines due to overproduction- of

endogenous . adrenal steroids, _It has also been reported thatﬂresponses
v N + " [V : 4 ¥

to amines are reduced during sodium withdrawal and cannot be potent-
: A T ! .

iated by DOCA (Raab, 1952)

~“

-

‘There is now reasonable eV1dence whlch aSSOC1ates vascular

hyperactivity w1th essent1a1 hypettens1on.. This view was the’ outcome B
of a number of studies carrled out, in patlents with essentlal hyper-

ten51on.'

‘ Greisman (1952 1954) ‘studied the eftects of‘pressot amines'

_on the c1rculat10n of the nallfold vascular bed in patients w1th essen= -
tlal hypertens1on. Noradrenallne was 1n3ected ox 1nfused 1ntravenously
into the arms-of hyperten51ve-and normoten51ve patlents and the vaso-'

.'constr1ctlon of the vessels of the nallfold vascular bed was_ est1mated

He reported a greater constr1ctlon 1n the vessels of hyperten51ve than

in those of normotehslve.patlents. Although th1s finding on the capillary

-n‘circulation‘of.the-oailfold'links increased vascular reactivity with

.essehtial hypertenslo;j\lt'is not'easy.to extrapolate this finding-toﬁ

other vascular beds because of the differences-that may"exist between

them. - ‘ ;-" -::“ . ‘ Y

_/

However other vascular/beds in ‘patients with essential hyper-
ten51on have been studied and(//st of the results are qulte consistent
‘with those of Grelsman, Doyle and Black. (1955); Doyle et al.,(1959),
'Daly and Duff, (1960) Doyle and Fraser, (196]), Mendlownz et al.,(lgﬁz]

—
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e
'Fdr example Do?le and‘BIatk'(IQSS}'determimed tﬁe pressor

responses to‘lntravenously‘1n3ected noradrenallne (2 ug) and angio-
ten51n 3 unlts) in hyperten51ve and normoten51ve patients, They
observed only sllghtly greater responses in the hyperten51ve than in
normotensive patients,. The patlents were then pretreated w1th 20 mg ‘
.of hexamethonium(a‘ganglion blocking agent) every three minutes
until the maximm decrease in blood pressure was achleved and then‘
the effects of the pressor agents were, re—exam1ned Hexamethon ium

was used to eliminate reflex control mechan1sms which might have

'.oﬁposed changes in blood pressure, It was-found that: the responses

of the pressor agents after hexamethonlum were slgnlflcantly greater
in the hyperten51ve than in the normoten51ve patients,. The negatlve-
results- obtalned 1n1t1a11y were attr1buted to reflex compensatlon
/’whlch masked the direct effects of the pressor agents.\
Later Doyle_et_al,_flgsg) re-investigated the question of
| 1ncreased vascular react1v1ty in t1ents with essent1a1 hyperten51on.
_ They determlned the changes in bl flcw of the forearm to 1ntra-
arterial- infusions of noradrenal1ne (0.4 ug per minute ) and anglo-
tensin (0.5 units per mlnute) in hyperten51ve and normotensive patlents. Ve
In-thls case, they demonstrated, 1n the absence of hexamethonium, a
greater average fall in blood flow in the forearms of the’ hyperten51re
‘than in the normotensive patlents. Furthermore, they observed ‘that
-.after hexamethonium the pattern of responses to the pressor agents was _ -
not - altered. Consequemtiy,_they attributed the negative results of
the earlier studies Tpoyle and Black, 1955) to the rpute of a&ministra-

1



* tion in blood pressure, They suggested that the phenomenon might be

-Moreover, the vascular hyperactivity may be causally related to essential

30

tion of drugs and concluded that intra-értériai infusion of the drugs
prOV1des a better means of assessing vascular react1v1ty in pat1ents
without the 1nterference of refiex control mechanlsms

In a subsequgnt 1nvest1gat1on, Mendlowitz et al. (1961)

reported that increased vascular reactivity to sympathomimetic amines

" developed very early in the'course_of essenfiaiﬁhypertension'and could

be demonstrated in children of hypertensive patients prior to an eleva-

the outcome of a chemical alteratgon in vascular smooth muscle.

hypertension. After similar studles Maekawa et a1 (1966) reported
that 1ncreased vascular reSponses to catecholamlnes have a direct -
relationship to-the progression of hypertension,

Animal studies on vascular.reactivity in hypertension have
proved useful but there ;re some inconsistencies. Thus, exaggerated
responses to injected catecholamines and angiotensin have geen demon-

strated by some workers in various forms of experimental hypertension

(Brown and Maegraith, 1941; Olsen et al., 1950; Rothman,1955; Sturtevant,

1955, 1956 Capon 1964 Gaskell et al., 1%4), while in other studies
the responses to these pressor agents were similar in hypertensive and
normotensive animals (Conway, 1955; Phelan et al,, 1962), In most of

the above studies the experiments were not désigned to probe into the

cause of increased vascular reactivity.

Studies on vascular'reactivity in hypertension have also been

. done in vitro in order to eliminate complications due to nervous and
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humoral factors. These studies, however, Have jielded conflicting results,

o

Vick et al. (1956) prepared aortic strips from normal rats .
_aﬁd from rats which had been fed on a high.ggdium_chloride diet for ten
weeks. They determined the isotonic contraction of these aortié strips to
adrenaline aﬁd found that the strips érom salt-fed¥yats responded with
greatér contractions than;did ;he control strips. Howevef, the blood'
pressure of the rats after the treatment was not reported. The
| _increased contraction of fhe salt-fed strips was attributed to
sodium deposition in the smooth muscle of the aorta.

Subsequently, Redleaf and Tobian (1957, 1958) and Mallov (1959)

.investigated the contractile responses to catecholamines of aortic

strips from renal and DOCA-NaCl hypertensive rats. ' The aortas from the
hyper£ensive rats did not show hyperresﬁonsiveness to noradrenaline
when compared to those from normotensive rats.
| In another iﬁvestigation Cordon and Nogueira (1962).suggested
that the negative results of other workers might have been due to the
fact that the aortic strips were tested at very low initial tension,
They argued that if the smooth muscle of the blood vessels shows a
length-tension relationship such as skeletal muscle dbes, the Optimai.
-ihitial length (which correspondé to initial tensibn) might be higher
for the aortic strips-from hypertensive than from normotensive rats.
Hence, they re-investigaﬁed the problem paying particular attention to
initial tension. Aﬁ high initial tension, they showed that aortic'strips
from the renal hypertenéive rats responded to noradrenaline with greater

contractions than those from the normotensive rats, However, the carotid
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arterial strlps from renal hyperten51ve dogs tested at- low tension weré
also found to be more sen51t1ve to noradrenallne ‘than those from normo-
tensive dogs (Moeman gg_gl., 1969).

Isolated perfused arterial'ségmenps and hindguarter preparations
have also bégﬁ usédlfor the investigation of vascﬁlar reactivity in hymer-
tension. McQueen‘(19§61 provided evidence thét increased vascular reacti&ity
is a common factor in renal and renopriyal (bilaterally nephrectomized)
hypefténsion. Hg studiea the vascular reactivity to noradrenaline of the .

- isolated perfused hindlimbs of renal and renoprival hypertéﬁsive rats
and;of bilaterally nephrectomized plus adrenalectomized rats. He found
reéponses to noradrenaline of-peffused_hindlimbs of renal and renoprival
hypertensives greater than controls. Renoprival hvpertensive rats, whether
given sodium chloride solution or water to drink, exhiﬁited greater

Tesponses to noradrenaline than did nomal control rats. Mdrépven,

bilaterall? nephrectomized rats which had also been adrenaléc;omizad
'and ‘fed on sodium chloride solution showed 1ncreased responses to ’
noradrenaline while those on drlnklng water did not show anv increase
in responses to noradrenaline. It was then suggested that vascular reactivity’
might be under the control of the adrénal glands thraﬁgh_effect on sodium
metabolism. |

In a subsequent experiment, McQueen (1961) found that rats fed
on reserpine pél}gts (equivalent of 1.0'E6“1.S mg reserpiﬁe per rat daily}
during the induction of renal hypertension were éigﬁifitahtly.less.

responsive to noradrenaline than control renal hypertensive rats. Resernine

4
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was used to control the blood pressure of the animals at normal level
during the induction of remal hypertension. The control renai hypertensive
rats showed greater responses to noradrenaline than did normotensive
éqntrol rats. Tﬁe conclusion was drawn that vascular hyperactivity
was éaﬁsed by arterial hypertrophy and that reserpine prevented the
development of this phénomenon. However,:the effect on the vascular.
system of chronié depletion of noradrenaline b} reserpine was not
considered duriné the interpretation of these resuits.

The results-of McGregor and Smirk (1968) on the responses
_of isblated perfused mesenteric arteries aré.consistent with findings

on other perfused vascular beds. McGregdr and Smirk studied the

vasoconstrictor responses of isolated perfused mesenteric arteries

from genetic hypertensive and renal hypertensive rats., Isolated
mesenteric arteries from hypertensive animals géve greater responses - Lo
to noradrenaline than did those from normotensive animals.

‘Zimmerman et al. (1969) determined the changes in skin and
muscle vascular bed resistances to sympathetic nerve stimulation aﬁd
'to intra-arterially injected noradrenalinelin renal hypertensive dogs.
They found that responses to nerve stimulation and intra-arterial
noradrenaline were significantly greater in the cutaneous vascular beds
of the hypertensive than of normotensive dogs. However, there were no
significant differences in the responses of muscle vascular beds to nerve
stimulation or exogenous noradrenaliﬁe; Thus it seems that various
vascular beds Af dogs undergo independent changes during hyper;ension.

Studies on the responses of rat atria (Baum, 1969) and perfused
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hindquarter preparations from renal hypertensive rats (Baum and
Fhropshire, 1967) to sympathetic nerve stimulation and to tyramine

! . : . :

-did not demonstrate any significant differences between hypertensive
Lo .

| . ]
ﬁnd normotensive rats.

i
\

A Recently Hinke (1965, 1966) has shown that arteries from DOCA-NaCl
 hypertensive rats performed more work than did those from normotensive
;-rats. He perfused the isolated ventral tail arteries from DOCA-NaCl

| hypertensive and normotensive rats with noradrenaline, vasopressin,

rat serum and high potéssium'and measured the strength of muscular

contraction in terms of work pefformed.' He also studied the effect

of calcium'deprivation on the noradrenaline-or potassium constricted
perfused arterles. The arteries from hypértensi,ve animals were found
to be more reactive to noradrenallne vasopre551n and serum than those
from normotenslve animals. In addition, .the arteries from hyperten51ves
performed more work and the contraction induced by noradrenaline was
less affected by calcium deprivation than in those from normoténsive
rats. He suggested that ‘the increased reactivity of the arteries from
DOCA-NaCl hypertensive rats is due to an inéreased éfficiency in either
calcium utilization during excitation-contraction coupling or in the

contractile mechanism itself.



111. METHODS AND MATERIALS

Experimenits were performed on New Zﬁaland albino rabbits
of either sex weighing between 2.3 - 3.0 kg. They were all kept in '
the animal house and maintained on a commercial rabbit diet. Tap

water was allowed ad libitum unless otherwise stated.

Determination of blood pressure

Systolic blood pressure of unanéeéthetized rabbits was
measufed from the central ear artery‘using Grant's capsule conneéted
to é condon mercury manometer (Grant and Rothschild, 1934),

. To dilate the ear artery for the measurement of blood pres-
sure the unanaesthetized rabbit was warm;d to about 37°C while being
restrained in a rabbit box holder. 'The hair was previously cut shoyt
over the central artery towards the base of the éaf. The membrane

of the capsule was moistened with 70% glycerine and the' ear was slipped
betyeen the limbs of the-support of the capsule until the central’
artery lay beneath the centre of the capsule. The-intracapsuiaf
pressure was then raised until the column of blood iﬁﬂthe'artefy was
just broken. The systolic blood pressure in thé artery wgs,equiva—
lent to the intracapsular pressure at the point when the arterial
blood colum was broken. The systolic blood pressure of control
unaqaesthetized-rabbits was found to be between 65 to 80 mm Hg

(1 mm Hg = 1,333 mbar).

Production of DOCA-NaLl hypertans1on

Animals were anaesthet1zed with sodium pentobarb1ta1
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(40 mg/kg‘i.e.). One kidney.of.each rabbit was then removed through
a flank incisione Shamroperated rabbits were subjected to the same
surgical procedure except for the removal of the leney |
‘To prevent infection following surgery, the animals were
g;ven three daily 1ntramuscular injections of combiotic (an aguaeous - '
suspension containing 100,000 i.u. penicillin G and 0.125 gm dihydro-
streptomycin sulphate). The unilaterall} nephrectbmized.rabbits were
maintained on a solution'of 1% sodium chloride and 0,5% potassium
chloride instead of drinking water and injected subcutaneously with

DOCA in peanut oil, 5 mg/kg every other day (i.e. 10-15 mg/kg per -

week). The sham-opera;ed rabbits were injected with an equivalent
volume of peanut oil and allowed free eccess to tap water. The blood
pressure of all rabbits was measured at weekly intervals.

In preliminary experiments 12  rabbits were gnilaterally
nephrectomized and an 80 mg DOCA pellet (in beeswax) iﬁplented sub- .
cutaneously on the thigh. They were then given a 1% sodium thiOride
solution to drink instead of water.‘ Some of these animals developed
muscular weakness or paralysis and most of them died within twb to
three weeks Thls finding which was indicative of pota551um depletion
led to a modification of the treatment. The add1t1on of 0.5% KC1 to
the'regimen was found to prevent the toxic effects of DOCA and to
pemit the develoPment of DOCA—NaClIhfperteﬁsion. All twelve rabbits
which were treated with DOCA and sodium chloride alone died. How-
‘ever, out of Se rabbits treated with DOCA and sodium chloride plus a

potassium supplement anly 8 rabbits died.

-
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Renal Hypertensioh - .« | YL

Grollman}é method (1944) was used to produce rena1~hyperten-
51on in rabbits. ‘Rabbits were anaesthetized with sodium péntobgrbital.
(40 mg/kg intraperitoneally) and one kidney was exposed by a £lank
incision. Cotton thread was tlghtly passed around. £he body of the
kidney. This presented a figure of elght on the kldney which was then
compressed, The contralateral kidney wds then removed. The blood
pressure of these rabbits was measured before the operation and at

weekly intervals folldwing'surgery.

Adrenalectomy

Adrenélectomy was performed in rabbits.according to the
procedure .described by White (1966). Two hours before theroperation,

2 mg cortisone acetate and 3 mg desoxycorticosterone acetate together b

with combiotic (comblotlc 200 000 i.u.. pen1c1111n G and 0 25 gm '\
d1hydrostreptomyc1n sulphate) were given 1ntranuscularly Each
rabbit was then anaesthetlzed with sodium pentobarbital (40 mg/kg i.p. )
An upper mldllne ;Lc151on from the x1ph15ternum to the umbilicus was
made, and’ the Small and large intestine was packed to the left, thus
exposing the'upper'abdan}nal vena cava, the right 1ob¢ of the,l'lver
and the portal vein. = |

The posterior peritoneum was incised ﬁarallel to' the liver
lobe margin bound to the vena cava and the right lumbo-adrenal vein
was exposed and divided betweeﬁ'two silk ligatures. ‘The ends of the

e .
caval stump ligature were used .to apply traction:for exposure of the



-right adrenal gland which was beneath the vena cava. The‘fine'lower
pole vessels and fascia were ligatured and the gland was carefully
dissected.free from the adherent fatty tissue and the vena cava.

‘The same procedure was followed for the removal of the left adrenal"
gland. The incision was theﬁ sutured.

On the first post-operatiﬁe day, the animals were injected
intramuscularly with 2 mg cortiscne ecetate and 2 mg desexycorticos;
terone acetate After the first day, 1.5 mg desoxycorticesterone
acetate was administered daily as maintenance therapy for about 7 days
and the animals were then taken off the steroid therapy and divided
into two groups. The flrst group was glven water and the second group
saline to drlnk for an additional 5 to 7 days. These animals were

- used to study the effect of adrenalectomy with or w1thout hlgh dietary

] sgdlum on vascular reactivity.

Decentralization and denervation

- A lateral incision was made on one side of the trachea of

the rabbit under sodium pentobarbital anaesthes1a and the superlor :
' cervical sympathetlc nerve was exposed engrayization of one ear
artery in each rabbit was performed by cutting off about 27cm of the
preganglionic nerve about 2 cm distal to the cervical sympathetic

~ ganglion. Denervation was performed by remov1ng the superior cervical
sympathetic ganglion and a portion of the postganglionic nerve.

After suturing the neck muscle and skln with silk thread, the rabbits

were injected 1ntramuscu1ar1y with comb1ot1c as a precaut1on against




--39a -

DIAGRAM OF PERFUSION APPARATUS
A, isolated central ear artery; B, organ bath at 37°C; C, Andrews outflow
recorder; D, heat ekchanéers at 37°C;-E, roller pum; F, reservoir of |
Krebs solution; G, overflow outlet; H, air line (for 95% 0; and 5% 00,)
I, contalner of Krebs solution; J, piston recorder; K, writing leVer,
L, kymograph; M outlet for perfusate and N, 1n1et for perfusion fig}d
(Krebs). The arrows with the broken 11ne5 1n&1cate the d1rect10n of flow-"

of peffu51on fluid (Krebs).
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PERFUSION OF ISOLATED RABBIT CENTRAL EAR ARTERY

Perfusion procedure
I . .
_ The method of perfusing the isolated central ear artery of the

rabbit was a modified versibn (Kalsner, to be published) of that of '
de La Lande gnd Rand (1965). Krebs-bicerbonate:solutioh at 37°C

flowed at a constant pressure of 85 cm-HZO throuéh the Ilunens of two
isolated arterial segments. The Krebs-Henseleit (Krebs) solution used
contained; NaCl, 115.3 mM; KCl 4. 6rm4 CaCl,, 1.8 mM; MgS0,, 1.1 mM;
NaHCOs, 22. 1 mM; KH P04, 1.1 n‘M glucose 7.8 mM; to which disodium EDTA
(0.01 g/L) was added The Krebs solutlon was bubbled with 95% 0,

and 5% CO, in a reservoir which was 85 cm above two double- Jacketed

organ baths. After 1eav1ng the reservoir, the Krebs solutlon passed
. through two parallel heat exchangers maintained at 37°C befbre enter1ng
the lumens of the arterlal segments The arterial segments were sus-
pended in Krebs solution in organ baths malnta1ned at 37°C. The per-
fusate was led out from; the arterlal segments by outflcw cannulas into

"Andrews outflow recordérs and the.flow was recorded using piston

a8

recorders on kymographs | —
The rabblts were anaesthet1zed w1th 7 ml/kg of 25% solutlon
of urethane 1n3ected 1ntraper1tonea11y The hair was clipped from the
skin over the base of the ear and along the course of the central
artery. The skin of the e;r was 1nclsed adJacent to the central
artery and vein and d1ssected back to expose these structures. After °

jdentifying the central artery in the_base of.the ear, 11gatures



were placed around it preparatory to cannulation., Each ear artery was
cannulated at both ends.w1th polyethylene tublng, PE 60 and the
central artery was dissected free from the cartllagenous bed of the
ear, The arterial segments were about 4-5 cm in length The two :
1solated arteries were suspended separately in Krebs" solutlon, in “two
organ baths. " The double cannulatlon of the artery enabled drugs to be
applied either 1nxralum1nally (to the 1nt1ma) or extralumlnally (to the
adventitia). Absence of leakage between the intraluminal and extra-

- luminal fluid compartments was routinely tested at the beginning of each
experiment by-carefully observing.the level of the extraluminal fluid
.in the organ baths. | : _

An equilibration period of 45 tor60 minutes with frequent
changes of the bathing medium was allowed before the frequency-response
. and dose-response curves were determined. Drugs were applled intralu-
. minally by injections into a rubber connection close to the perfusion

annula and the volume of drugs injected was between 0.05 to 0.2 ml.
The volume of drugs added to.the extralumlnal fluid compartment of 30 ml
capacity was between 0.15 to 0 6 ml brugs applled extraluminally were
allowed to be in contact with the tissue for two minutes after which

the chamber was flushed twice with Krebs. Four minute intervals were
allowed between doses in the determ1nat1on of r sponses to extra- or

o

intraluminally applied drugs. - - '%\

Nerve .stimulation

Sympathet1c nerves 1n the artery wall wer stlmulated perl-

arterlally (second method of ‘de La Lande and Rand, 1965).. A pair of

™
L
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platlnum electrodes were set up surroundlng the proximal end of the
segment of artery where the perfu51on cannula lay w1th1n the artery.
'Stimulation was done with an S5 st1mu1ator (Grass Instruments Inc.) -
by blpha51c square wave pulses usually 1 msec duration and the voltage
of stimulation wds adjusted to be supramaxlmal Frequency—response
curves of the isolated perfused arteries were then detefmined The

nerves were stlmulated at each frequency (0.5, 1.0, 2.0, 5.0, 10 0 pulses/

sec) for 2 minutes ‘and 1ntervals of 4 minutes were allowed between

)

5

Vasoconstrictor responses to drugs and nerve stimulation
were determined and calculated as inhibition of flow through the lumen

of the perfused arterial segment in terms of percent of control‘flow.

Inhibition of monoamine oxidase UﬁAO) with iproniazid (IPN)

Ipron1321d was added to the organ bath to g1ve a f1nal concen-
tration of 2 x 10 g/ml. After 30 minutes, the’ 1nh1b1tor'was washed
out and an add1t1onal'30 minutes, with frequent washes, was allowed to

ielgpse before the responses to tyramine was tested.

]

Blockade of alpha—receptors w1th phenoxybenzamlne (PO;l

Phenoxybenzamlne was added to the organ bath to give a con-
-8
centration of 5 x 10  g/mi. After 15 minutes, the phenoxybenzamlne

was- washed out and this was followed by a 30 minute period of frequent

washes before drugs were tested.

L)

The following drugs were used:
1. (-) Artérenol bitartrate hydrate: GaJlJiochenl, Los Ahgeles,

California, U.S.A.
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2. .Cort1sone acetate (sallné\suspension): Merck, Sharp and Dohﬁe,

D1V151on of Merck and Co. /Inc., West Point, Pa,

(¥2]

Combiotic (aqueous suspension of penicillin and dihydrostreptomy-

cin sulpﬁate): ‘Pfizer Company Ltd;, Agricultural Division, Montreai,

Quebec, Canada. t ,

4. Deéox&corticosterone acetate: Nutritional Biochemicals Corp.,
Cleveland, Ohio; U.S.A. |

5. Ethyl Carbamate (Urethane): The‘British brug House Ltd., Poole,

England. '

6. Iproniazid phosphate: 'Hoffmann-La Roche Ltd., Mentreal,.Quebec,

Canada. o .
7. Kynuramine d1hydrobrom1de Calblochem, Los Angeles, California,

U.S.A. _

8. Pentobarbital sodium (sterile solution): Abbote Laboratories

Limited, Montreal, Quebec Canada.
9. Phenoxybenzamlne hydrochlorlde. Smith Kline and French Philadelphia,
U.S.A. _ _
10. Tyramine Hydrochlonde Calblochem Los Angeles California,

U.S.A.

Concentrations of lénoradreha}ine,bitartrate and tyramine

HCl are expressed as the base. Iproniazid phOSphate'and phenoxybenza-
mine HC1 are- expressed as the saits. ,Noradrenallne tyramlne and -
1pr0n1a11d were dissolved in acid saline (0 9% NaCl in O.0JN HC1).
Phenoxybenzamine was. flISt dlssolved 1n prOpylene glycol and then in

acid saline.



Fluorometric determination of monoamine oxidase u51ng Igmuramine as
substrate

| Monoamine oxidase activity was determined according to modi-
fied methods of Weissbach et al. (1960) and Squires and.Lassen'(IQGS).
The rabbits were killed by a blow oﬁ the neck. The central
ear arteries, the hearts and the hypothalamic region of the brain were
quickly dissected out and- chilled. on crushed ice.‘ The ti-'ssues were

homogenlzed in 5 volumes of cold distilled water. The homoéenate was

centrifuged at 500 rpm for 15 minutes to remove cellular debris. Ali-.
quots of the supernatant were then diluted 1:3 with 0.5 M phosphate

buffer at pl 7.4. 3§

200_p1 allquots of supernatant were then- pre-lncubated in a

water bath at 37 L for 10 mlnutes. 200 nl of kynuramine dihydrobromide
(S0 mg/ml in dlstllled water) was then added, and the reaction mixture
Y in dupllcate tubes was incubated for various times; S, 10, 15 and 20
minutes, The reaction was stopped by adding 1.0 ml of NaOH at the
end of the various tlmes. N
- It 1s kncwn that monoamine oxldase oxidises. kynuramlne to an
aldehyde whlch condenses to fom 4-hydroxyqu1n011ne | The 4-hydroxy-
- qu1n011ne fluoresces 1ntensely in strong base (Kraml 1965). )
Monoamine oxidase act1V1ty was determlned using Aminco Bowman
spectr0photof1uorometer to measure the fluorescence produced by 4-hydroxy-
quinoline at actlvatlng and flupresc1ng wavelengths of 318 mu and 382 -
. ﬁp‘réSpectifely. Blaﬁks‘were also prepared in'the eame.way but the

homogenates were heated before incubation to destroy: the enzyme.

1
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Determination of Electrolytes in Tissues

The sodium and potassium content of the ear artery,'femo%al
artery,‘aorte, hypothalamus and the cerebral cortex of hypertensive,
~ adrenalectomized and control rabbits was determined by flame photometrf;
using modified methods of Hald (1947} and Boling (1963);

Rabbits were killed by a blow on the neck. Ear‘arteries,
femoral‘arteries-and aortas were dissected free from all adhering‘con;
nective and fatty tiSsues;lblotted clean between filter paper and im-
mediateiy weighed on a torsion balance. The brains were removed and
.the hypothalamus and cerebral cortex were‘located and dissected out.

. The tissues were then weighed and kept for ashing. Bech'tissue ﬁas ¢
put in a vitrous crucible and ashed in'a_furnace at about 600°C.'AWhen‘
the ‘tissues were completely ashed the electrolytes of.eech sample were
extracted with 2N HCL using a volume of the acid thch’depended on the

~wet weight of each tissue sample. For every 100 mg wet weight of the

artery, 10 mb of

e acid was used, and for every 100 mg wet weight of
brain tissue, 3 ml o. acid was used. The samples were then stored for
the determination of s ;um énd‘potassium.. | |
Sodium and potass1um concentrations were determlned on a
Jarrell-Ash flame photometer (Model 830). Befé!’ determining sodlum
and pota551um, each extracted sample was diluted with glass distilled
water, In the case of the artery, the dilution was 1:10 and the brain
the dilution was 1:100. -The samples were then run through the- burner

of the Jarrell—Ash flame photometer and the réadings were recorded

Working standard sclutions contalnlng various concentrations of sodium




45

and potassium (0.02, 0.04, 0,06, 0.08.and 0.1 mEq/L) were used for the
gonstfuééion of calibration curves which were prepared daily with cach
seé of samples. The calibration curves were used for calculating the -
concentration of *- ions in the tissue samplés. 7 \
Differences between means were compared accofding to student's

't test (S.'tcel and Torrie, ‘1960) and were considered statisticaﬂiy signi-

ficant when pg0.05.




IV. RESULTS

The time course of the development of DOCA-NaCl hyperterision

in rabbits is showﬁ in Fig. 1,

. Rabbits which were unilaterally nephrectomized, treated with
DOCA and given a solution of 1% sodium chloride and 0.5% potassium
" chloride to drink showed a significant increase in systolic blood
pressure as early as two weeks after the initiation of the treatmént.
The 1n1t1al systolic blood pressure of these rabbits was 76.3:0. 8 mm
Hg and after two weeks of DOCA- NaLlitreatment it had increased to a
mean of 88.0:1.5 mm Hg (p<0.01). The blood pressure continued to rise'

and reached 102.3t1.2 mm Hg by the fifth week of treatment. In contrést,

sham-operated rabbits had ah initial mean systolic pressufe of 77.3%0.8

~

mm Hg, which hardly increased by the fifth week to 79.50.9 mm Hg.
Seven rabbits on the UOCA—NaLl regimen were 1n3ected sub- )
cutaneously ‘with noradienaline in oil (1 mg as the salt per rabbit for
10 days) starting on the fourth week, at a time when thé biood pressure
was progressively rising. Chronic administration of noradrenaline to . ' e
. these animals did not augment the degree of hyperten51on. These rab-
bits had a mean initial systolic blood pressure of 76.010.1 mm ‘Hg and
at theiend of the noradrenaline treatment it was 99.9£1.8 mm Hg, which 4
"did not differ significantly from that of DOCA-NaCl hypertensive #nimals
which were not treated with noradrenaline.
The body weight of the DOCA-NaCl treated rabbits decreased
significantly over the five week period from 2,420.1 Kg to 2,2%0.1 Kg
(p<0.05), whereas that of the sham-operated tabbits increased from

2.4£0.3 Kg to 3.120.1Kg (p<0.01).

46
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| Fig. 1. Ti:ne-cwrs of the development of DOCA-NaCl
ype

Ttension in rabbits. The systolic blood pressure
was measured prior to ard at weekly jntervals following
the initjation of treatment with DOCA-NaCl. The systolic
blood pressure of control sham-operated rabbits (normotensive)
is shown for comparison. Values in parentheses indicate
the number of animals in each group and the vertical bars
represent the S.EM. L
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hffect of chronlc sodium chlorlde intake on the blood pressure of
nephrectomlzed rabbits

The precedlng results demonstrated that un1latera11y neph-

rectomized rabblts ‘treated with DOCA and fed a solutlon of 1%
NaCl and 0.5% hLl showed a 51gn1f1cant increase in systolic blodd pres-
sure as early as two weeks after the beginning of the treatment.
However, four unjilaterally nephrectcmlzed rabbits given a solution
of 1% NaCl to drink but not treated with DOCA showed only a slight
-change in blood pressure by the second post-operative week. These

animals had an 1n1t1al systollc pressure of 69.0%2.4 mm Hg which -
1ncreased sl1ght1y to 74.3+5.1 mm Hg at the end of two weeks: on sodium -
chlorlde reg1men This treatment was undertaken in order to study the
effect of sodxum alone on the vascular reactivity of isolated ear

arteries.

Electrolyte distribution .

In order to correlate electrolyte metabolism in hypertensive
animalsfwith'other parameéers the Arterial sodium and potassium con;
tents of normoten51ve and DOCArNaCI hypertensive rabbits were studied.
The sodlum and pot3551um contents of the hypothalamus and the cerebral
cortex were also determlned for comparatlve purposes. Furthermore, the
effect of sympathetic decentralization on sodium and potassium distri-
bution in the ear artery of normotensive and DOCA-NaCl hypertensive |

rabbits was studied. . The results are shoﬁh jn Table 1A and B.

" Ear artery

SF T As shown in Fig. 2, the sodium and potassium contents of the

A .




- 49 -

TABLE 1A
zm»z VALUES m+m E.M. u OF TOTAL mOUHcZ AND POTASSIUM QOONTENTS

OF ARTERIES FROM zogﬁmzmmzﬁ AND DOCA-NaCl Eﬁma.mammﬁ RABBITS

-

No. of _ Sodium Potassium
<mw:mm : _ Tissue and Treatment = : mEq/Kg Wet P Value - mEq/Kg Wet P Value
: o : . Weight | Weight .
- 1. mbw Zﬂ.ﬁma
(a) 6 Normotensive Control 38,.3+2.5 6.2+0.6
(b) 6  Nommotensive Decentralized (5 tmmwmu . . 39.941.7 7.9:0.7 i
{c) VA DOCA-NaCl (5 weeks) Hypert. - : 81.9+3,6 <0.001 '30.7+1.7 <0,001
(d) 7 DOCA-NaCl (5 weeks) Hypert.-Dec. 70.9+7.5 * <0,01 14,5+2.2 <0.01
; 2. AORTA .
" (a) 8. Nomotensive Control . 27.2%1.3 : 11.022,3
(b) .5 DOCA-NaCl (2 weeks) Hypert. 68.5+7.1  <0.001  17.2#2.2
(c) 8 DOCA-NaCl (5 weeks) Hypert. 55.1%#8.5 <0,01 13.3£2.7
(d)- 3 DOCA-NaCl (5 weeks) Hypert.(NA treated) 49,7+3.1 <0.001 9.7+1.0
3. [FEMORAL ARTERY
{a) -6 Normotensive Control ‘ 39,3+3.4 - 17.1+6.3 _
(b) 5.  DOCA-NaCl (2 weeks) Hypert. '01.0¢6.6  <0.001  33,0%5.2 AP@
(c) g . DOCA-NaCl (5 weeks) Hypert. 66.245.8 <0,01 20,0%5.2 -
(d) 3 DOCA-NaCl (5 weeks) :552. 2» Qmmﬂo& 88.7+2.1 <0.001 21.8+1.8 .

5.E.M. = Standard Error of the Mean .

P Values indicate significant differences between control and treated groups.
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TABLE 1B

zrm.pz VALUES (¢S.E.M.) OF TOTAL SODIUM AND POTASSIUM Bagm OF

BRAIN TISSUES FROM zo?g.mzﬂﬁ >zu DOCA- KWH Evm%mHﬁ Fpme,H_m

p*Values indicate significant differences

between control and hypertensive groups.

—_— . \.\
No. of - - Sodium -~ Potassium
values .me:m, and Treatment mEq/Kg Wet P <mw:m mEq/Kg Wet P Value
7 Weight  Weight
_ 1. %ﬁn wmmHoz
( 7 Nomotensive 45,2+ 2.4 67.1+4.6
. (b) 6 DOCA-NaCl (5 immeu :w.vmﬂm. 68.5¢11.8 . <0.05 73.3¢5.7
2. nmwmmp»r CORTEX L
(a) 6 Normotensive 60.5+4.5 73.7%5.9 .
(b) 6 80> -NaCl (5 weeks) mﬁumﬂﬂ 50,8%3.5 48.0%6.7 <0,02
' g E.M. = Standard Error of the Mean
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Fig, 2.  Effects of DOCA-NaCl treatment and sympathetic
scentralization on the electrolyte distribution in the

central ear artery of rabbits. The figure shows sodium

and potassium contents of control and decentralized arteries

from normotensive, and fram DOCA-NaCl (5 weeks) hypertensive:

rabbits. The vertical bars represent the S.E.M. and the
numbers in parentheses denote the number of animals in each

group.
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s2
ear arteries from D00A4Néc1 (5 weeks) hypertensiée rabbits ﬁere.signi-
ficantly 1ncreased compared to those from nommotensive rabbits (p<0.001).
The sodlum content of the decentrallzed arterles from normotensive and
from DOLA-NaCl (5 weeks) hypertensive an1mals d1d not differ from that
of thelr contralateral arteries with intact sympathetlc innervation. | .
It appea;s that sympathetlc decentralization did not: alter the sodium ' i ;,ﬂ
content of the ear arteries of DOCA-NaCl hypertensive or of normotensive |
animais. | | |
The potassium content of control and_decenttalized arteties

from normotensive rabbits did not differ significantly. In contrast,

the potassium contentzof the decentraiized aftefieswffom”DOCA-NaC1

(5 weeks) hyperten51ve anlmals was - s1gn1f1cant1y iess than that of the
'contralateral arteries mth an intact sympathetic innervation (p<0.01)
but still significantly greater tnan that of normotensive control - ‘f

values (p<0.01). . : g I

Aorta A
| The sodium.content of aortas from'DOCA—NaCI‘(S weeks) hyper*f

: ten51ve rabbits was significantly higher than that of controls (p<0. 01),
whereas there was no change in dortic potassium content. These results
are shown in Fig. 3 (left half of the graph).

| ' Two weeks after the 1n1t1at10n of DOCA-NaCl treatment 'and
when the systollc blood pressure: had risen 51gn1f1cant1y above control
values, the aortic sodium content was already significantly hlgher than

that of controls (p<0.001). In fact, the aortic sodium content of DOCA-

~ NaCl (2 weeks) hypertensive rabblts did not differ from that of DOCA-NaCl
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AORTA . FEMORAL ARTERY
[] Normotensive Control (8) (6)
DOCA-NaCl (5 weeks) Hypert. (8) (9)
DOCA-NaCl (2 weeks) Hypert. (5)  '(5)
[l DocA-NaCl (S weeks) Hypert. :
(NA treated), (3) ‘ ‘ (3) -

100
= -]
T
O 80 .
m .
=
.~ 60 |
2

40 |
O
X
~ 20 _
i
£ o b

SODIUM POTASSIUM SODIUM  ‘POTASSIUM

Fig., 3 Electrolyte distribution (sodium and potassium

contents) in aorta (left half of graph) and femoral artery
(right half of graph) in normotensive, DOCA-NaCl (2 weeks)
hypertensive and DOCA-NaCl (5 weeks) hypertensive
with or without noradrenaline treatment. The vertjfical bars
represent S,E.M. and the mumbers-in parentheses dgnote the
number of animals in each group.
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\‘COntrol values.

&,

Lhronlc admlnlstratlon of noradrenallne to animals treated :
with DOCA—NaLl (DOCA-NaCl (5 ueeks) hyperten51ve) as_descrlbed above
did not alter the elevatlon of aortic sodium. Moreover, aortic potas-

sium content was not 1nf1uenced by treatient with noradrenallne.

choral Artegx

Fig. 3 (right half of the graph)’ shows the sodium and potas-

"

sium contents of femoral arterles from normoten51ve DOCA-NaCl (2 weeks)
ang'DOCA-NaLI (5 weeks) hypertensive animals and those from rabblts
which received noradrenaline injections during the development of hyper-
tension. ‘ ) | |
The sodium content of the femoral arteries from all three
~treated groups of rabbits'ﬁas markedly increased ecmpared to:control,
femoral arteries (p<0.01). However,.the‘sodium content of arteries
from DOLArN&Cl (2 weeks) hypertensive and noradrenallne treated DOCA-
NaCl, (5 weeks) hyperten51ve animals was s1gn1f1cant1y higher than that
of the arteries from DOCA-NaCl (S weeks) hypertensive animals (p<0. 05;
. p¥0.02) - ' |
There was no change in the potassium content of the arteries
from DOCA—NaCl E; weeks) hyperten51ve rabblts ‘with or without noradrena-
'1ine treatment, .The femorafbartery pot3551um content of DOCA-NaCl

(2 weeks) hypertensives, however, was higher than that of controls.. ’
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Fig'.f. 4, Electrolyte distribution’ (sodium and potassium
contents) in the hypothalamic region and cerebral-cortex

- of normotensive and DOCA-NaCl (5 weeks) hypertensive rabbits. . :
The vertical bars represent S.E.M. and the numbers in paren-
\

theses denote the number of animals in each group. .
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TABLE 2 .

Zmbz <bhcmm (+S.E.M.) OF TOTAL SODIWM >2U POTASSIIM oozamZHm

OF. HHmmcmm FROM NORMOTENSIVE AND wmz>b HYPERTENSIVE mbmeHm

o : 20..mm. . ’ . Sodium ' . Potassium -
o Values Tissue and Treatment mEq/Kg Wet P Value mEq/Kg Wet P Value.
. : - Weight - Weight
| 1. AORTA =~ - -
o . (a) 8 Normotensive 27.2%1.3 11.0%2.3 . °
(b) 4 Renal :%@mﬂﬁm:mw<m 35.6x3.3  <0.02 - 9.4%2.2
_ ‘2. FEMORAL ARTERY ) |
o (a) 6 Normotensive 39.3:3.9 17.1%6.3
- (b) 4 Renal :wwmqﬁmsmw<m 56.5¢8.1 - <0.05 26.128.0
3. HYPOTHALAMIC wmmHoz . :
s (a) 7 Nommotensive . 45,2%2.4 67.1+4,6
(b) 4 Renal hypertensive .64,9£17.0 69.8%6.8
4. CEREBRAL CORTEX _
(a) 0 Nommotensive ) . 60.5%4.5 73.7%5.9
(b) 4 Renal hypertensive - 45.422.7 <0.05 59.6%4.6
. .__.
S.E.M. = Standard Error ofYhe Mean J

P Values indicate the MWN:H cant mummmﬂo:nmm vmmzmm: control and treated groups.

d‘ .i‘
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The hypothalamic region of the brain of DOCA-NaCl (5 ﬁeeksj
hypertensive animals contained a significantly greater amount of sodium

than that“of“normotensive animals (p<0 05) Fig. 4.(left half of the
/

‘wgraph) However, the pota551um content was unchanged. The sodlum

content of the cerebral cortex from DOCA NaCl (5 weeks) hyperten51ve

*  rabbits did-net differ from control values whereas the potassium content

was significantly reduced (p<0.02) Fig. 4 (right half of the graph).

RENAL HYPERTENSION

Renal hns:Lon "was produced in four rabbits. The 1n1t1a1

-'systdlic blood nres ‘- e was 77. 0+1 2 mm Hg and it reached a mean of
..97,0+1.2 mp Hg by the 6th week. In addltlon the average body weight
" of the rabbits inncreased 51gn1f1cantly from 2.4:0.1 kg to 3.1=0. 1 kg

(p<0 01) during the induction of the hypertension.

]

Electrolyte dlstrlbutlon

- The sodlum and pota551um contents of the aorta, femoral o
artery, hypothalamus and cerebral cortex were studied in é;nal hyper-
tensxve rabblts and compared to those of normoten51ve‘an1mals. The
data obtained are shown in Table 2. . S -

* There was a 51gn1f1cant increase’ 1n the sodium content i
of arteries from renal hyperten51ve rabbits compared to those from
normotensive animals (p<0.05 to <0.02). However, the'ootdssium

content of arteries from the renal hypertensives did not differ from

thosé of the normotensive group.

»
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The increase in the sodium content of the hypothalamus in |
renal hypertensive animals did, not reach statistical significance and
the potassium content was cle'rly unchanged. The sodium content of the

cerebral cortex was significantly decreased whereas the pota551um con-

tent was not significantly changed.

3 !

 PERFUSION OF ISOLATED CENTRAL EAR ARTERY FRGQ THE RABBIT

Pecentralization and Denervaticn

Nerve stimulation

Vasoconstrictor responses of the isolated perfused central .

‘

ear aHFery to periarterial nerve stimulation were studied two and
" five weeks after pre-geﬁglionic sectioﬁ (decentralizafion) and two ¢
weeks after g%Lt-ganglionic section (denmervation) of the supeiior
cervical sympathetic inmervation to the ear artery of the untreated
rabbit. Contralateral arterie; with an intact sympathetic innervation
served as centrols. Stimulation in all eXperiments‘was By square weve
pulses usually of 1 msec duration and at supramaximal voltage. The

magnrtude of response to nerve stimulation was frequency dependent

and complete cessation of flow was usually obtained at S pulses per .

second, * . - S -

Decentralization e

. : |
. Fig.'5 shows the frequency-response curves of decentralized

'(2 weekg) ahd control arteries. ‘The maximel_response of the decentra-
lized arteries to nerve stimulation (usually at 5.0 and 10.0 pulses/
sec) was significantly less than that of the contralateral control

[
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Fig. 5, -Frequency-response curves to periarterial nerve

stimulation of two weeks decentralized and control isolated
central .ear arteries from untreated rabbits. The vertical
bars represent S,E.M, and the numbers in parentheses denote
the number of arteries in each group.
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Fig. 6. Frequency-tesponse curves to periarterial nerve :
stimulation of five weeks decentralized and control isclated - “
central ear arteries from rabbits. The vertical bars

represent S,E.M. and the numbers in parentheses denote the
number of arteries in each group.
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Fig, 7, Frequency-responses to periarterial nerve stimulation
of control (A) ‘and two weeks denervated (B) isolated central ear
arteries from rabbits, Pulse durdtion was 1 msec and voltage was
adjusted to be supramaximal. The frequencies of stimulation are
indicated below each tracing. The kymograph tracings represent
fTow of fluid through isolated perfused arteries and are the
deflections recorded by each writing lever attached to Andrews
outflow recorder which measured flow. Each.vertical stroke
represents flow for a périod of 8 seconds. Vasoconstrictor
responses are recorded as inhibition of flow,
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arteries (p«0.01). However, responsesréf the'decentralized arteries
at low frequencies, 0.5 to 2.0 pulsés/seqrd}d not differ from those of
the control arteries. One control artery'éhq two decentréliied arterieé'
did not respdnd to nerve stimulation at any tééﬁjfréqpency.

VIn_another set of experimenfs, the duratiég followiﬁg decen-~
tralization was prolonged to five weeks and responses to nerve stimula-
tion were again studied using the contralateral arteries as controls.
'Tﬁe frequency-response curves are shown in Fig. 6. .

' Stinmulation of the decentralized arteries (5 wéeks) p;oduéed
responses which were similar to those of th%:control arteries at all

: - : = 5
frequencies. Two out of)g}x decentralized arteries did not respond to

nerve stimulation at any frequency.

Denervation

Fig. 7 shows the typical effect of denervation of two weeks
duration on-responses of an isolated perfused artery to nerve stimulation,
Responses to periarterial ﬁerve stimulhtion were abblished in a total of
seven denervated artgries studied, but the contralateral control arteries

gave typical responses.

Responses to noradrenaline ' B

Effects of sympathetic decentralization and denervation on
responses of isolated perfused arteries to intraluminal and extraluminal

noradrenaline were also investigated.

Decentralization

R

Figs.‘SA and B show the dosé—resppﬁse curves of decentralized
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Fig. 8A,, Dose-response curves of two weeks decent J1ized
and control isolated ear arteries from untreated rabbits to
extraluminal noradrenaline. The vertical bars reprs ent

the S.E.M. and the mumbers in parentheses denote the number

of arteries in each group. Lot
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Fiﬁ. 8B. Dose-reSponSe curves of two weeks decentralized

=nd control isolated ear arteries from untreated rabbits to .
intraluminal noradrenaline. The numbers in parentheses

denote the numbey of arteries in each group.
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Fig, 9A. Dose-response curves of five weeks decentralized
Eﬁ control isolated ear arteries from untreated rabbits to .- .
extraluminal noradrenaline, The vertical bars represent the - \
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: Fi§.'9B, Dose-response curves of five weeks decentralized
and control isolated ear arteries from untreated rabbits to
intraluminal noradrenaline, The vertical bars represent the
S.E.M. and the numbers in parentheses denote the mumber of
arteries in each group. :
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(2 weeks) and control arteries fromiumtreated rabbits to extraluminal

- and intraluminal noradrenaline.
| Two weeks after decentralization; tﬁe arteries showed a sig-.
nificant increase in sensitivity 6f about 2-3 fold to low concentrations,-
1% 1079 to 1 x 10°% g/ml, of extraluminal nora&renaline (p<0.05), Fig. 8A.
However, the responses of the decentral1zed arterles to high concentra- :
tions (5 x-10 -8 to 5 x 10-7 g/ml) did not dlffer_from those of controls.
The decentralized and the cantrol arteries did not differ;in their
responsés to intraluminal néradrenaliné at any concentration tested,
Fig. 83. | : | _
| | Fiés. 9A and B show experimeﬁts in which the interval follow-
ing decentralization was prolonged to five weeks in order to study the
effect of a long pério& of 'decentralization on vgscular responses to

noradrenaline,

Although the responses of the decentralized arteries (5 weeks)

4q

to both extraluminal and intraluminal noradrenaline did ﬁot differ
' sigﬁificantly from those of thefcéﬁtrol arteries, a tendency for the
| deCeﬁizgiizéd arteries to be less sensitive‘to extraluminal aﬁ@ intra-
" luminal nofadrena}ine was obseryédlat concéntrations of 2 x iO-S to
2 x 107 g/mi. - | . B

Denervation

L

Figs. 10A and B show the vascular responses of the isolated

perfused ear arteries_to extralumlnal and 1ntra1um1nal noradrenaline
g

two weeks after denervatlon compared to the contralateral control

-
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Fig. 10A, Dose-response curves of two weeks denervated and - |
control ear arteries from umtreated rabbits to extraluminal o
noradrenaline. The vertical bars represent the S.E.M. and

the numbers in parentheses denote the number of arteries in N
each group. '
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' ‘Control ear arteries fram untreated rabbits to intraluminal -
_ noradrefialine, The vertical bars represent the S.E.M. and
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dlfferences were not statlstlcally 51gn1f1cant

.70

‘arterles. The denervated arterles exhlblted a 51gn1f1cant increase

in an51t1V1ty of about 4-5 fold to low concentratlons of extraluminal

-9
noxadren;{llne.('s x 10 and 1 x 10~ g/ml;‘ B<0.05) Fig "10A. Res-

_ . ‘ . -8
ponses to. high concentrations (5 x, lO tos x 10 g/ml) were

however, 51m113r in denervated and control arterles ‘The denervated ‘

V.

arterles ‘were. less sen51t1ve to 1ntra1um1na1'noradrenaline at.all

concentratlons tested compared to controls Flg lOB ‘However, these

=

RbbPONShS OF EAR ARTERIES FROM ANIMALS TRLATED CHRONICALLY WITH
EXOGENOUS NORADRENALINE

Rabbi;s were treated,with'exogenogs noradrenaline in order -

. . .
to study the effect -of chronic administration of this amine on the

reactivity of the ear artery deprived of the tonic release of endo~

genous.noradrenaline by decentralization for 5 weeks. ‘The rabbits

weré injected subcutaneously with 1 mg noradrenallne in oil (daily for
10 days) startlng on the fourth week follow1ng decentrallzatlon.' At
the end of the ‘treatment the blood pressure of the rabbits 81.312.0

m Hg, did not differ from that' before' th;e treatment, 76.8t1.2) m Hg.
Thé congfalateral intacf eafjarteries.of Ehesé rabQitﬁ;wgre uéedﬁiifﬁgi
controls. - . .l' _ |-”F o

1 ' . . b h ' " ‘

" Nerve stimilation

Thé frequency—reSpoﬁse cﬁrVéS of coritrol and decentralized

(5 weeks) arterles from rabbits :}th and w1thout noradrenaline pre-

treatment are shown in Fig. 11. S T

. ’ ] o

Pretreatment of‘Tabblts w1th noradrenallne resulted in

fecreased Tesponses of arteries with 1ntact-sympathet1c 1nnervat{9n
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Fig. ‘11. Effects of the chronic administration of noradrenaline -
on the responses to periarterial.nerve stimulation of -control and
decentralized isolated perfused ear arteries from rabbits. Rab- -
bits were treated with 1 mg noradrenaline subcutaneously daily for

~ 10 days. The figure shows the frequency-response. Curves of control

and decentralized (5 weeks) arteries from rabbits with and without

horadrenaline treatment. The veértical bars represent the S.E.M.
and the mumbers in parertheses denote the number. of arteries:in’

each group, S :
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(control) to low frequency stimulation 0.5 and 1.0 pulse/sec) compared

- to those from Lmtrea,ted rabbits (p<0'.05J.'- Decentralized fs weeks)

arteries from treated animals also gave smaller responses to low fre-
quency stimulation (0.5 and 1.0 pulse/sec) than did decentralized A

rvessels from untreated anlmals (p<0 05). The responses of decen-

tralized arterles d1d not d1ffer 51gn1f1cant1y from those of th81T

e
contralateral control arteries in either group of rabbits.

Responses to‘foradrenaline

-

The effects of chronlc noradrenallne pretreatment on the

,‘responses of decenb allzed (5 weeks) ‘and control arteries to nora-

MY
~

drenaline are shown in Flgs. 12A and B.

following pretreatment of Tabbits with neraﬁrenaline; control
arteries exhibited decreased reSponses tb-extraluninal noradrenaline,
.especialiy:at concentrétions-of 1x 108 to5x 1(}r'8 g/ml (ﬁ<0.05)

Fig. 12A. ﬁecentralized arteries from noradrenaline treated enimals
~were less respon51ve than those from untreated” an1mals to extraluminal’
noradrenallne at concentrat1ons of 1 x 10'8 to 5 x 108 g/ml but these

' dlfferences were not statlstlcally stgn1f1Cant. There were no signi-
ficant diffegencesjbetween the responses to‘extraluninal noradrenaline ,
of control erteries.anﬁ their contralateral decentrqlized'arteries in -
either_group.l S J_ A

| Responses of control and decentrallzed arteries fram treated

anlmals to 1ntralum1na1 noradrenallne d1d not differ fn:n those of

Bl e, WAiniA Y e M RS et A =
¥

untreated,rabblts, Fig. 12B. As mentioned prev1ously, decentralized P

arteries from untreated rebbits showed a tendency to be less respon-
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Fig, 12A, "Effect/ of the chronic administration of noradrenaline - .
on responses to roradrenaline of cantrol and decentralized isolated

 perfused ear arteries. . The figure. shows the dose-response curves

of .control and c}feCentralized arteries from rabbits with and without
noradrenaline treatment to extraluminal noradrenaline. The vertical
bars represent the S.E.M. and the numbers in parentheses denote the:
number. of- .ai-te#ies in each group. ‘ ‘ -
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Fig., 12B, Effects of the chronic administration of‘no;adregaline
on responses to noradrenaline of control and decentfai;zed isolated
perfused ear arteries. The figure showsthe dose-response Curves
of control and decentralized arterifs from rabbits with ahd: without ke
* Jnoradrenaline treatment to intraluminal noradrenaline.. The vertical _ o
” bars represent the 5,E.M. and the numbers in parentheses denote the
 mumber of arteries in each group. . v
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Normotensive Control (24)
Decentralized (2 weeks) (6)
DOCA;NaC1 (2 weekS) Hypert. (5)

DOCA-NaCl {2 weeks) Hypert.-Dec. (3)
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Fig. 13, Prequency-response curves to pergarterial nerve
stimilation of control and decentralized ear arteries from
DOCA-NaCl (2-weeks) hypertensive rabbits compared to those

of arteries from normotensive rabbits. “The vertical bars

represent the S.E.M. and the mmbers in parentheses denote

the mumber of arteries in each group.
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sive to 1ntra1um1nal noradrenallne as compared to contralateral arterres .

’
with an 1ntact sympathet1c innervation and a similar tendency was

observed after pretreatment of rabbits with noradrenaline. o T

e - - )

DOCA-NaCl Hypertension -

Vasoconstrictor‘responses of isolated perfused arteries frosm‘
DOCA-NaCl hypertensiﬁe rabbirs to pefiarterial_sympathetie nerne stimu-
lation and to”noradrenaline were studied. :!The'objeetive of these ex-
periments was to. ascertann the condition of sympathetlc transmission

and the react1v1ty of vascular tlssue from DOCA-NaCl hyperten51ve

anlmals if the presence ‘and absence of an intact sympathetic ‘innervation.
. Haar y ' . ) . .

Nerve‘Stimulation .

. o
Nerve stlmulatron was performed at, 1 msec duration and at_

~,

supramaximal voltage.‘ Frequency-response curves were determlned in

- —

o control andfdecentrallzed arterles from hyperten51ve rabblts treated
3 Kl

for two weeks. and five weeks w1th DOCA-NaCl. Flg. 13 shows the fre-

quency-response curves of control and decentralrzed arteries from

DOCA-NaC1 (2 weeks) hypertensive an1mals compared to those from normo-

ten51ve rabblts. Responses of control arterles from DOCA-NaCl (2 weeks)
- hyperten51ves did, not d1ffer from those from normoten51ve rabblts.

Decentrallzed arteries from the hypertenslve group showed a tendency

2

s tn be more respons1ve to low frequency stimulation (0.5 and 1 0 pulse / L
.: B 4- . N - .
Ty sec) and less résggns;ye to high frequency stimulation than thelr conf

ot
tralateral controls but these dlfferences were not statlstlcally

‘ s1gn1f1cant probably- because of thf small number of arterles tested

[ . .
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'Fig, 14A. Fre Uency-response curves to periarterial merve
stimulation ochongol agd decentralized ear arteries from
normotensive and from DOCA-NaCl (5 weeks) hypertensive rab-
_bits. The vertical bars represent the S.E.M. and the mumbers
in parentheses denote the mmber of arteries in each group.
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Fig. 14B., Responses of control (A) and decentralized)(B) :

* "isolated perfused arteries from DOCA-NaCl (5 weeks) hypertensive
~ rabbits to periarterial.nerve stimulation. Pulse duration was
-1 msec and voltage was adjusted to be supramaximal. The fre~
quencies of stimulation are ipdicated below each tracing. The )
“kymograph tracings represent flow of fluid through isglated-—

" perfused arteries and .are the deflections recorded by a-writing
lever attached to Andrews outflow recorder which measured flows
Each vertical stroke represents flow for a period of 8 seconds.
Vasoconstrictor responses are recorded as ‘inhibition of flow.
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The responses of decentrallzed arteries from DOCA-NaCl .(2 weeks) hyper-
tensive and from nonnotenswe rabblts did not differ significantly.
Fig, 14A‘s.hows the frequency-—response curves of arteries
from DOCA-NaCl (5 weeks) hypertef-’ikeive‘and nomqtensive rabbits., Fig. 143
- is a kymograph _traciﬁgs of a typ'icdlé"'e::cﬁeri:nent. |
Control arteries from DOCA-NaCl (5 weeks) hypertensive
rabbits exhibited F’i(gnif-icantly‘ decreesed responses to nerve stimulation
compared to those of 'normotensives (p<0.05). Moreover, the decentralized
arteriee from DOCA-NaCl (5 weeks) hypertensive animals did not fesgond .
to nerve sti.mla_tion. However, deceptralized (;5 weeks) arteries
from nemotensive animals responded'_to low frequency stinulations (0.5
anfi l.Olpulse /sec) with significantly greater constri_c(:"tion than con-
trols (p<0.01). - - | : SRR

Seven of the DOCA—NaCl hypertenswe rabbits were inj ected

subcutaneously with noradrenaline (1 mg per rabbit daily) for qﬂ days
--starting on the fourth week followmg,the J_n1_t1at10n of DOCA-NaCl
Tegimen. Pmtmatrpent of hypertensive rabbits with noradrenaline
,fesult'ed'in\the restoration of' the *responses to'nerve sti.nu'lz_ltien of
the decentral‘ized arteries.

Fig. 15A shows the. frequency-response curves of control and
decentrallzed artenes fran DOCA—NaCl hypertensive rabblts with and ‘
without noradrenalme pretreatment -The' kymgraph‘_tracmgs from
a typlcal experment are shown in Fig., 15B, - oo - T ‘

After pretreating DOCA-NaCl hypertenswe I‘abbltS)Wlth nora-

drenaline, the decentralized arteries reSponded to nerve stimulation,
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Fig. 15A, Frequency-re e curves to periarterial nervi\
stimilation of control and’ decentralized arteries fram -
NaCl (5 weeks) hypertensive rabbits with and:without noradrena-
line pretreatment: .The vertical bars represent the S.E.M. and
‘the numbers, in parentheses denote the mmber of arteries in
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Fig. 15B, Responses to periarterial nerve stimulation of contrdl
R) and decentralized (B) isolated perfused arteries from DOCA-
*/NaCI (5 weeks) hypertensive rabbits pretreated with noradrenaline. . o
. {The frequencies of:stimulaticn are indicated below each tracing. . S ) :
/ Pulse duration was 'l msec. and voltage was adjustéd to be supra- -
maximal.. The kymograph-tracings represent flow of fluid through \
isolated perfused-arteries and are the deflections recorded by -
a writing lever attached to Andrews outflow recorder which - o
'measured, flow. Each vertical stroke representseflow for a | ‘ ;
period of 8 seconds. 'Vasoconstrictor responses are recorded .
as inhibition of flow. S R . -
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F:Lg 15C. Frequency—response curves tu-periarterial nerve . B

stimilation of isolated ear arteries from DOCA-ﬂfJaCl (5 weeks)
hypertensive rabbits pretreated with noradrenaline canpared to
- those of arteries from normotensive rabbits. -The vertical bars

" represent the S.E.M, and the mnnbers in parentheses denote the -
number of arterles in’ each grouE o S . i
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Moreover, they gave 51gn1f1cant1y greater reSponses to low frequency

stlmufatlons (0 S and 1.0 pulse /sec) than did thear contralateral con-
' trdl arterles (p<0 05). Control arter1e5 from noradrenallne pretreated
hyperten51ve rabblts exh1b1ted~responses whlch did not dlffer from those

i ————— o

of control arterles from untreated hyperten51ve animals.

b

- Arterles with an intaet sympathetlc 1nnervat10n from hyper--

— .. \. 4

'\ tensive rabbits treated w1th noradrenallne gave respenses to nerve )

o »

stimulation which d1d'not‘dlfferﬂfromdthose of arterles from normo-
: ‘-\._‘- . .
tensiveS"except that responses to maximal'stimulation (frequency of

10.0 pulses/sec) were 51gn1f1cant1y decreased (p<0 05) (Flg. 15C)

Decentralized arterles from hyperten51ve rabblts pretreated with nora-xﬁ' -~

drenaline were 51gn1f1cant1y more responsive to 1ow frequency st;ﬁE\\J/ -

lations (0 5 and 1.0 pulse /sec) than the’ contralateral control arteries
or arteries from normotenslves (p<0. 05, p<0.02). However reeionses
to maximal st1mulat10n°d1d not d1ffer in the thiee groups.

A comﬁﬁrison between frequency-response curves to nerve _
séimulatlon of arterles from nonmotenslve and from DOCArNaC1 (5 weeks) -

Y

hyperten51ve rabblts when both grqups were. treated with noradrenallne

is presented in Flg. 15D The frequency-response curve of control

arterles from normotensive rabblts pretreated with noradrenaline did |

not dlffer fromqthat of 51malarly treated arter1es from DOCA-NaCl 1
hypertenslve rabbits. Decentra11zed arterles from noradrenallne,prer‘
treated hyperté'glve animals responded to nerve stimulation.with
greater constrlctloh than did decentrallzed arter1es fran pretreated

normotensive rabbits, but these differences were not 51gn1f1capt.
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Fig. 155?“\E£9quency-response.curves to periarterial nerve
stimulation of-control and decentralized ear -arteries from
normotensive and DOCA-NaCl (5 weeks) hypertensive rabbits

when both groups were-pretreated with noradrenaline. The -

_vertical bars represent the S.E.M. and-the numbers in paren- .
theses denote the number of “arteries in each group.
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.except at 1.0 pulse/sec (p<0. 05) Although requnses oéfdecentrallzed

arteries from normoten51ve rabbits pretreated with noradrenallne d1d

'not\dlffer 51gn1f1cant1y from those -of . thelr contralateral control -

o
arter1es, those.. from hyperten51ve animals were 51gn1f1cantly more
respon51ve to low frequency stlmulatlons (0,5 and 1., 0 pulse /sec)

than the contralateral control arterles (p<0 0S; p<9. 92)

Responses'to-noradreﬁaline
| ?'The-responses of control and decentralized arteries from

. DOCA-NaCl (2 weeks) hyperfeneiﬁe'rabbits to extraluminal noradrenal ine
were similar, but the re;ponses_of the two groups of arteriee“were.
enhanced compared to those from nermotensive animals (Fig. 16A).
Coritrol arteries from DOCA-N4Cl (2 weeks) hypertensives also showed

a 51gn1f1cant increase in sen51t1V1ty to intraluminal noradrenaline
compared to arterles from nonnoten51ve rabblts (p<0 05) Flg. 165
Responses of the decentra11zed arterles from DOCA-NaCl (2 ~weeks) hyper-
ten51ves to intraluminal noradrenaline were enhanced but not signifi-
cantly so, compared to arteries from normetee51ve ahlmals. The
preceding results (Figs,8A and_B).showed that after,decentfalization

(2 weeks) there was a significant increase in the.responses of the

operated drteries from norﬁoténsive rabbits to-low concenfrations -

.‘ﬁ,of extralumlnal noradrenallne but. not to intraluminal noradrenallne. -

) Responses of control arterles from DOCA-NaCl (5 weeks)
\
hypertenéive rabbits to»extralumlnal noradrenal;ne were enhanced ‘but
those of the contralateral decentra11zed arteries were less sensitive

to extralum;nal oradrenaline than e1ther the control arterles from
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from normotensive rabbits. ‘The vertical bars represent the -
S.E.M. and the numbers in parentheses denote the number of

~ animals in each group.
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Fig, 16B. Vasoconstrictor responses to intraluminal noradrenaline | '
of control and décentralized isolated arteries from DOCA-NaCl ‘

(2 weeks) hypertensive rabbits compared to those of arteries from
normotensive rabbits. The vertical bars represen - the 5,E.M, and
the numbers in parentheses denote the number of animals in each

group. 1y
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‘é)gtra luminat-noradrenaline “

of control and decentralized ear arteries from DOCA-NaC1 (5 weeks)
hypertensive rabbits campared to'thgse of arteries, from normo-. |
tensive rabbits. ‘The vertical bars Tepresent the S,E.M,*and the

numbers in parentheses-denote the number of animals “in each group.
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Fig. 17B. Vasoconstrictor responses to intraluminal noradrenaline
of control and decentralized ear arteries from DOCA-NaCl (5. weeks)
hypertensive rabbits campared to those of arteries from normoten-
sive rabbits. The vertical bars represent the S.E.M. and the
numbers in parentheses denote the number of. animals in each group.
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Fi%. 18.  Responses to intraluminal noradrenaline of isolated . _
pe ed arteries fram DOCA-NaCl (5 weeks) hypertensive rabbits - |
compared to"those fromnormotensive rabbits. .The vertical bars "
represent the S.E.M. and the numbers in parentheses denote the

mumber of arteries in each group.
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DOCA~NaCl hypertensive (p<3.017t0 p<J.001) or those from normotensive |
aninals (p<0.0 to p<).01) (Fig. 174). The same situation held with:

r
respect to 1ntralum1nal noradrenallne but the responses of the control

' arter1es were even more 51gn1f1cantly increased (p<0.05 to p<0 02)
Fig. 17B and Flg. 18). Fig. 18 shows the pooled results of several N
experinents. | . -

Responses of isolated arteries fram DOCArNaCI {5 weeks) hypertensive
. rabblts pretreated With exogenous noradrenallne

Experiments were performed to find out if the development of
-subsensitivity of the decentralized arteries to noradrenaline during B
~ induction 6f_DdCA—NaCl hypeffension was related to lack of tonic release

.of noradrenaline onto the arterial vessels by the eympathetic nerves

(decentralized arteries from DOCA-NaCl (5 weeks) hypertensives did not ~ \

're5pond to nefve stimulation). Rabbits on DOCAfNaC1 treatment were
injected with‘no;adfeneline_in oil (daily for 10 days).
| In Figs. 19A and B, responseS‘of control and;decentralized R
arteries from DOCA-NaCl (5 weeks) hyperten51ve rabbits with and W1thout
noradrenallne‘treatment are compared

.Eollow1ng pretreatment of DOCA-NaCl ﬁypertensive rabbits with
noradrenaline, control arteries exhibited decreeeed-responsee te extra- v
lumiﬁal noradrenalineltp<0.01) (Fig. 19AY). Hﬁwever, the'decehtralized |
arteries from hypertensive rabblts pretreated with ndradrenallne gave
re5ponses which were similar to those of decentrallzed arterles from

. untreated hypertens1ve anlmals. The reSponses of decentrallzed arterles

‘of pretreated hyperten51ve rabbits d1d not dlffer from those of their /;(,//’f

.contralateral control arteries. As already mentioned decentrallzed
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Fig. 19B. Vasoconstrictor responses to intraluminal noradrenaline
of control .and decentralized ear arteries from DOCA-NaCl (5 weeks)
hypertensive rabbits with and. without noradrenaline pretreatment.
The vertical bars represent the S.E.M. and the numbers in paren-
theses denote the number of arteries in each group.
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-Fi§. 19C, Responses to extraluminal noradtrenaline of control
and decentralized isolated arteries from DOCA-NaCl (5 weeks)

hypertensive rabbits pretreated with rioradrenaline compared to
those of arteries frem nommotensive rabbits. The vertical bars
represent the S.E.M. and the rumbers in parentheses denote the
number of animals in each group. - ' B
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. Coe pl
arteries from hypertensiye animals without noradrenaline pretreatment
T Vet markedly less sensitive than the contralateral control arteries

to extralumina} noradrenaline (p<0.013y,

Rretreatment’of-DOCA- Cl hypertensive rabbits with noradrena-
line appeared to eliminate the‘differenées between the responses of
" the arteries with and withéut a‘sympathetic;jnnervatiqn. Resﬁltslaré
shown in Figs.19B and D. Norad;enaline'ﬁrepreatment appeared to
depress responses of afterieijﬁith an intact sympathetic innervation '
"to intraluminal noradrenaline‘Fig. 19R. HoWéver; responses of decen~
tralized arteries from DOCA-NaCl (5 weeks) hypértensive rabbits treated
with noradreﬁaline were gnhanéed as compared to those of decentralized
ar;eries'ffomHUntTeafed hypertensive animals. As already ﬁentioned,

decentralized arteries from DOCA-NaCl (5 weeksj h&pertensive rabbits

'*“\g?ﬁfyé%ed a marked de;rgase in responses to intraluminal noradrengiiné
compared to their contralaferal contfo; arteries (p<0.001). Howé&er,
-after pretreatment of DOCA-NaCl hyperfehsive rabbits with nor?drenglineg
the respoﬁées to intraluminal noradrenaline of decentralized arteries
no longer differed from those of their contralatéfal conttéllarteries.
The control and deceqpralizgd arteries from these ;JeaiEd hypefteqsive
rabbits exhibjted responses to extra- and intraluminal poradrenaline
which were comparable to those of arteries from hormotensive animals
(Fig§; 1gc and D). ‘ _

o { Figs. 19E énd F show the aose-reSponse curves of control and-
decentralized arteries fram normotensive and from DOCArNaCi hy%erfen—

sive rabbits when both groups were ﬁretreated with noradrenaline.

(Fig. 19E) Control arteries frdm normotensiﬁe rabbits treated with ,
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‘Fig. 19E. Vasoconstrictor responses to extraluminal noradrenaline

oF control and decentralized ear arteries from normotensive and
and DOCA-NaCl (5 weeks) hypertensive rabbits pretreated with
noradrenaline. The vertical bars represent the S.E.M. -and the

" numbers in parentheses denote the number of arteries in each

group.
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Fig.. 20. Resp-ans'es to prolonged stimulation of ear arteries from

control and DOCA-NaCl (5 weeks) Hypertensive animals. Left
half of the graph shows "'fatigue time" duringprolonged stimu-

. lation and the right half the vasoconstrictor responses of the

arteries. Stimulation was carried out at 1 msec duration, .
frequency of 5 pulses/sec and at supramaximal voltage. The
vertical bars represent S.E.M. and the mumbers in parentheses
denote the mumber of emer\iments in each group. .

{ p<0.05 .
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noradrenallne were less responsive to extralumlnal noradrenallne than!
those from: DOCA-NaCl hyperten51ve rabblts at’ concentrat10ns of 2 k\&dLS | i
to 1 x 10 7 g/ml. There were no s1gn1f1cant differences betwren the’
responses to extraluﬁinalInoradrenaline of control arteries_and their
contralateral decentralized arteries fran normotensive or from DQCA-
NaCl hyperten51ve rabblts pretreated w1th noradrenaline.

In Flg 19F ;t is shown that responses of control and
decentrallzed arteries from noradrenallne pretreated.normoten51ve

\

‘rabbits to 1ntralum1nal noradrenallne did not dlffer from those of

'noradrenallne pretreated DOCA-NaCl hypertensive rabbits.

Effect of prolonged stimulation on responseé of ear arteries from DOCA-

NaCl (5 weeks) hyperten51ve rabbits _ -
. Isolated perfused arter1es from DOCA-NaC1 (5 weeks) hyper-
‘tensive rabbits wefe stimulated to fatlgue to assess sympathetlc

neuro~effector transmission. Stimulation of the periarterial sympathetic
nerves was carried out et 1 msec duration}'frequency of 5.0 pulses per
sec and at supramaximal voltage. Stimulation was discontinued when
the-vasocoﬁstrietor‘reeponse was Teduced by 50% of its initial peak
response, Time taken for fhe peak vasoconstrictor response to decline
50% was termed '"fatigue-time'., Three periods of sustained stimilation
at i hour intervals-were performed on each artery. The results of this
study are bresented in Fig, 20.. °

During the first stimulation period the 'fatigue time' of

afteriqs from control and from DOCA-NaCl (5 weeks) hypertensive rab-

bits was 22.3:4.0 min. and 17.5%4,6 mini—Téspectively. The initial peak

aawsoe oy
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Fig. 21, Contractile effects of ‘extraluminal tyramine on

Isolated perfused ear arteries from normotensive and DOCA-NaCl
(5 weeks) hypertensive rabbits before and after treatment

with iproniazid (IPN), 2 x 1077 g/ml. The vertical bars

represent S.E.M. and the numbers in parentheses denote the

number

of values in each group.
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~ responses were a mean of 94 ,8+2. 4% (% 1nh1b1t10n of flow) and 84.6+6, 9%.
-}Ihere was no 51gn1f1cant difference in the ’fat1gue time' of the tnltlal‘
peek response between the two groups of arteries.

- | During the second stimulatiod period the time to fatigue forl
both groups of arteries decreased by more than 50% compared to the
first period of stimulation; It was 8. 6*2 9 min. and 6. 6t} 7 min. for |
arterlef from control and from DOCA-NaCl hyperten51ve animal and the
correSpondlng peak reSponse;-were 86.3£3.4% and 70.6x7,4% (p<8.05).

Fatigue of the response to nerve stimulation was quite fapid

during the third period of stimulation. The time to fatigue was 5.9+
1.0 min, for controls and 3.0£0.6 min. for the treated arteries (p<0.05}

- and the corresponding peak responses were 79.9t5;4%_and 64.219;6%.

-

Effects of tyramine on isolated perfused ear, arterles from DOCA-NaCl

(5_weeks) hyperten51ve and normotensive rabbits

Dose—reSponse curves to tyramine administered extraluminally

were determined in arteries froﬁ DOCA-NaCl (5 weeks) hypertensive and -

normotensive rabbits. The results are shown 111 Fig. 21. |
The dose-response curve to tyramine obtained in arteries
from DOCA-NaCl hypertensive animals was shifted markedly to the right

of controls. The threshold concentration of tyramine was about 4-fold

higher and the concentration produc1ng maximal inhibition of flow was about

20-fold higher in the arter1es from hypertens1ve rabblts
The arterles were - then exposed for 30 minutes to 1prunlaz1d
-4
(IPN) (2 x 10. g/ml), a monoam1ne-ox1dase 1nh1b1tor, as descrlbed in

Metheds, and ther retested to tyramlne. " The tyramlne curves for both "

groups of -arteries appeared. to be ehifted to the left to a similar extent.

However, while ‘the concentration of tyramine required to produce maximal

N\
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_ Fig, 22A. Effect of phenoxybenzamine (5 x 10 - g/ml) -on responses
of isolated ear arteries from normotensive and DOCA-NaCl (5 weeks)
" hypertensive rabbits to extraluminal noradrenaline. Vertical bars
_ represent S,E.M. -and the mmbers in parentheses denote the number
of arteries in each group. POB = phenoxybenzamine.
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Fig. 22B, Effect of phenoxybenzamine (5 x 10 g/ml) ch responses

of isolated edr arteries from normotensive and DOCA-NaCl (S weeks)
hypertensivé rabbits to intraluminal noradrenaline. --Vertical bars T~
represent S.E.M. and the mmbers in parentheses denote the number :

of arteries in-each group. POB = phenoxybenzamine.
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Fig, 23, Monoamine oxidase (MAQ) activity in the hypot'.héiamic

region, heart and ear artery of DOCA-NaCl (5 weeks) hypertensive
rabbits compared to those of normotensive rabbits, - ynuramine

measured as the increase. in relative fluorescence intensity as
a function of time due to'the formation.of 4-hydroxyquinoline
during incubation of kynuramine with tissue homogenates, The o
numbers in parentheses denpte the mmber of values in each group.

k represents the rate of reaction.



— "NORMOTENSIVE (8) .

o — ' DOCA- NaCl HYPER-TE'NSIVE (5)
- 80 , o v o
70 | HYPOTHALAMIC REGION 4 .

60 . k=085 min
- Y .

50 i
. ' Ve
. ‘ 40 , : ./_/ f
" / 4
: s
30 e
. 7 .
e Lo . -/ N . .

v 20 A o k=0.333min"
. Ve . -,
10 d : , .

S s . ‘

B L

g N :
o T T T T
5 10 15 20

L TIME IN. MINUTES
F—.-. ' . .

5 >0 R

’ LL':'.I . v HEART ' ’ J ‘ . ///
= st /’:

Z . ) ! .
£ 20 _~~"k=0583min-]

- . /‘/

LLI o// l X * -
g o

.4 10 1
R L .

" ./y ‘ i — . .
& T " k=Q0150min?

S 0 : ‘ ' '
-l | LUNE 1 1
L 5 10 915 - 20

L TIME IN MINUTES

W - “
> 15 .
= -1 I P

< EAR -ARTERY -

oo "k =0836min-’

. _ " v/,(

oo -
| P
Vo -
) ¢5 // .
/ M .
k = 0162 min-1
. O . r | ’
: 10. 15 -~ 20

"TIME IN MINUTES



_106-

s

mhlbltlon of flow in the control vessels was about 4 fold less after

1pronland it was unchanged in the arter:Les from hypertenswe rabbits.

l:ffect of Phenoxybenzamine on noradrenalme Yesponses of ear arteries from
DOCA-NaCl (5 weeks) hypertensnre and normotensive-animals

The development of hypersen51t1V1ty to noradrenaline’ in _
arteries from DOCA—NaCl (5 weeks) hyperténsive rabbits might be due
either to quantitative or qualltatlve “changes of the alpha-receptors
.of the vascular smooth miscle. This possibility was tested by studying
the effect of blockade of a large proportion of alpha-receptors,w1th a
moderate concentratien ef phenexybenzamine (5 :c*lO-8 g/ml) on the
responses tomeitraluminal and intraluminal noradrenaline in arteries from
nefmotensive.and hypertensive rabbits.‘ As shown in Figs. 22A and B ' 7’1
treatment with phenoxybenzanine appeared to.prodnce equiva}ent blockade

in both~groups of arteries.

Monoamine oxidase activity in tissues from DOCA-NaCl (5 weeks) .
hjrgertenswe rabblggf' . '

The depressed responses of arterle/_ from DOCA-NaCl (5 weeks) ‘
hypertenswe anlmals to extralummal tymmm suggests that the endo— | /
genous content of noradrenalme is decreased A factor Wthh:ﬁ.S known
to be‘ involved in r'egulating the intraneurona1~level of noradrenaline U
is monoamine oxidase. Cmsequently,"mcmoamine exidase activity of
-'t'i'ssuee fram DOCA)laEi (5 weeks) hypertensive and normotensive rabbits
was assayed fluomnetrlcally. |

There was a marked increase in monoamine oxidase act:.nty in

the heart, ear artery and hypothalamic region of the brain of DOCA-NaCl

5 2
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(5 weeks) hypertensive rabbits. The rates -of reaction calculated from
the slopes of the time curves are shown in F1g 23, Since the rate of

reactlon is proport1ona1 to the -enzyme concentration (Neilands and
C,
btumpf " 1958) 1t appears that the monoamine oxldase concentration of

- tissues from DOCA--NaCl hyperten51ve rabblts is hlgher than in normo-

tensive rabbits. The mean weight-of hearts of the hypertensive animals

.r

was about 20%.1ighter than those of the control anlmals.

e
"

Rate of flow of perfu51on Jfluid through 1solated arterles "from untreated
and DOCA—NaCl (5 weeks) hyperten51ve rabblts

The rate -of flow of fluid through 1solated‘peffused ear arteries
was . estimated by measurlng the helght of deflection produced by a
writing lever on smoked kymograph paper. The lever was attached to an
Andrews outflow recorder regulated by a repeatlng cycle timer operating
on a 10 seconds cycle. Each vert1cal deflection represents total flow
over a perioo*of's seconds. The recordé; was ca11brated by displacing
a known volume of air from the outflow recorder and determ1n1ng the con-
sequent lever deflection. A ca11brat10n curve of flow volume plotted

galnst height of deflectlon of the writing lever was thus constructed

and used for calculatlng flow rates. _ |

The results obtalned W1th'the arterial segments from untreated

and DOCA-NaCl (5 weeks) hypertensive animals are -as follows:

FLOW RATES in/migl

) " , Control Decentralized - Denervated
‘Animals Artery Artery ' __Artery.
Untreated - Y 18.9#1.2 (29) e — emmemm-

Untreated . - 19.882.0 (7). . 18.3%2.5 7 e

[ S N et T ae Gk
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- ' K .
-~ Control " Dlecentralized = Denervated .
Animals . Artery - Artery ) Artery
Untreated ~ 18.624,5(7) S | 20.7£2.3(7)

" Hypertensive 21.040. 3(33) 20 0+2. .0(8) P — ' . £

The number of arterles in each group is indicated-in

parentheses .. s

or

There were no 51gn1f1cant dlfferences between the.flow

rates of any of :the treated and untreated groups.

RENAL HYPERTENSION

Nerve Stimulation

R Frequency-response curves to nerve stimulation of arteries
from renal hyperten51ve Yabblts are canpared to those from normoten-
sive rabbits in Fig. 2@.

There-were‘no.Significant differences between the. responses

~ of arteries with.an iniact sympafﬂetic innervation fram renal hyper-
tensive and‘from normotensive animale. Decentreli;ed (6 weeks) arteries
from renal hypertensive rabbifs were, however, éignificantly less res-
ponéive to nerve stimulation{ In additicﬂ; the maximal response of the
decentrallzed group of arterles was reduced about 504, o In contrast,’ -
-"after a long interval of decentralization (5 weeks) of arteries: frun

nommotensive rabbits, their responses to low frequency stimulation-

" (0.5 and 1.0 pulse /sec) were significantly greater than controls(p<0.01).
. .\‘ .

" Responses to noradrenaline

‘Respanses of grterles with an intact sympathetlc 1nnervat10n

fram renal hyperten51ve rabbits to extralumlnal and 1ntra1um1nal nora-

[
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—¢— Normdtensive Control (24)
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Fig., 24. Resporses to periarterial nerve stimulation of
decentralized and contralateral control perfused ear arteries
 from renal hypertensive and from normotensive rabbits. The
vertical bars represent the S¢B.M. and the numbers in paren-

theses denote the number of animals in each group.
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Fiﬁ.»ZSA. Responses to extraluminal noradrenaline of control
. and decentralized ear arteries from renal hypertensive rabbits
compared to those of arteries from normotensive ‘rabbits. Ver-
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R S Normotensive (6)
~=0-- Décentralized (5 weeks) (6)
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compared . to those of arteries from normotensive rabbits. Ver-
tical bars represent S.E.M: and the mumbers in parentheses
- denote the mumber of animals in each group. ’
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—— Control"(mltreated) (24)
~-0-- DOCA-NaCl (2 weeks) Hypert. (5) .
-e—-A-»- NaCl-Treated (4)
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Fig. 26. ' - Frequency-respanse curves to periarterial nerve
stimulation of perfused ear arteries from untreated (control},
sodium chloride treated and DOCA-NaCl (2 weeks) hypertensive
rabbits., The numbers in parentheses denote the number of

- arteries in each group.
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drenaline were similar to those of arteries from normotensive animalﬁ
(Figs. 25A and B). Decentralized arteries from renal hypertensive rab-

' bits were markedly less sensitive to extraluminal and intraluminal
. -7 N

. . -8 X
noradrenaline (at concentrations of 1 x 10 to 5 x 10 g/ml) compared

to control arteries from either renal hypertensive or normotensive
rabbits (p<0.05 to p<0.01). Following a long period of decentralization

(5 weeks),'arteries from untreated nomotensive rabbits showed a

tendency, but not ‘significantly so, to be.less sensitive to extraluminal

and intraluminal noradrenaline compared to control arteries.

EFFECTS OF A CHRONIC HIGH SODIUM CHLORIDE INTAKE ON VASCULAR REACTIVITY

Experiments were performed to study the effects of a chronic
high intake of sodium chloride on the reactivity of perfused isolated
ear arteries from unilateral1y:pephreﬁtomiz¢d rabbits, Animals.wére
given a 1% solution of sodium éhloride to drink instead of tap water
for two weeks following unilateral nephrectomy. A comparison was then
made between the reactivity of arteries from these aﬁiﬁals énd those

from normotensive and from DOCA-NaCl (2 weeks) hypertensive rabbits.

Nerve Stimulation

Fig. 26 shows the frequency-response curves to nerve stimu-
lation of:afteries‘fram sodium chloride treated animals, DOCA-NaCl
(2 weeks) hYpertensivé_and untreated normotensive rabbits. There were-
no significant-&ifferences between thé“frequencX-response curves

obtained in.arteries from the two treated groups and the untreated

Igroup.



- 114 -

—8— Control (untreated) (7)

~-0-- DOCA-NaCl (2 weeks) Hypert. (5)
-+-A-+- NaCl-Treated (4)
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Fig. 27A. Dose-response curves of perfused ear arteries from
untreated (control), DOCA-NaCl (2 weeks) hypertemsive, and sodium
chloride treated rabbits to extraluminal noradrenaline. The
vertical bars represent the S.E.M. and the numbers in parentheses
denote- the number of arteries in each group.
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—#— Control (ﬁntreated).(7) ’
--0-- DOCA-NaCl (2 weeks) Hypert. (5)
-+~A-+- NaCl-Treated (4)
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Fig. 27B. Dose-response Curves of perfused ear arteries from | |
untreated (control), DOCA-NaCl (2 weeks) hypertensive, and

soditm chioride treated rabbits to jntraluminal noradrenaline.

The vertical bars represent the S.E.M, and the numbers in paren-

theses denote the mumber of arteries in each group.
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Responses fo noradrenaline,

urThgt;gSpbnseSgto”intralﬁmingl-noradrenaline of-arteries

" from rﬁbﬁitshon a'l%‘sodiuh ;hibride solution (for two weeks) were
similar to thosé‘of arteries from untreatéd animals and responses to
ext;alhﬁinallnoradrehaling Qére enhancéd, but nobt significantly,

These reSultéjare_showﬁ in Figs. é?A and 8. In contrast; értﬂfieg
from DOCA-NaCl (2 weeks) hypertensive animals showed a significant
increase in responses’ to intraluminal noradrenalihe (p<0.05) as Qell
as enhanced responses to extraluminal noradrenaline. .Uﬁiléterally
':-ﬁephrectomiiea rabbits treated with DOCA and drinking a solution of 1%
sodium chloride and 0.5% potassium.chloridé had a significantly elevated
blood pressure by the second week of treatment, while those on a 1%
sodium chloride solﬁtion but nbt,treated with DOCA had hafHI?\any

change in blood pressure. over the same time period.

" ADRENALECTOMY

It has been shown that there is an iﬁcfease in both sympa-
thetic nerve-activity_and in the, synthesis rate of noradrenaline after
bilateral‘adrenalectomy'in ahimals (Immé and Jones, 1968; Westfall and
Osada, 1969; Bhagat, 1969). To obtain more information an the inter-
actiqn of the sympafhetic nervous system with sodium on vascular
reactivity, artefies from bilaterallyZadrenalectomized-rabbits with_
-and without additional treatment with sodium chloride were used for

-perfusion experiments.

| ° :
A group of rabbits were bilaterally aﬁ;gpalectomized and

after a period of about. two weeks the systolic blood pressure was

L4
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TABLE 3

MEAN VALUES (#S.E.M.) OF TOTAL SODIUM AND POTASSIUM CONTENIS

OF ARTERIES FRCM CONTROL émmz?wnuﬁ&wmc AND SODIUM ESWHCW

TREATED PLUS gwﬁ%ﬁmﬁ.g:wmc mbmeHm
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No. of . .- Sodium - Potdss jum .
Values . Tissue and Treatment , mkq/Kg Wet P Value mEq/Kg Wet P Value
. w . : . Weight - .. Weight L
1., AORTA |
8  Control S 0 27,2813 -11.0£2.3
4 Adrenalectomized * 25.6x1.7 . 7.5+0.9
5 “Adrenalectomized plus NaCl - 37.0%5.1 .05 11.143.1

. 2. FEMORAL ARTERY

“'6  Control o 39,3%3.9 o 17.126.3
4 - Adrenalectomized : 28.7#4.1 - . y 3.7¢1.6 <0,05
5. baHm:mHmnnoawuma plus NaCl. 55.1+4 .6 1<0,05 22,3243 .

S.EM, = mﬂmummﬂa Error om the Mean

P Values pbawnmﬂm mpmuwmwomnﬁwawmmaﬂmznmm between nozﬁﬂoH m:m ﬁﬂmmﬁmn arteries.
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)

70.5¢0.9 mm Hg which did not differ significantly fram the pre-operative
_ pressure level of 74.5¢1.7 mm Hg. Moreover, another group of bilateraliy
adrenalectam1zed rabbits given ‘1% sodlum chlorlde solution 1nstead oéﬁ
drxnklng water had, at the end of the treatment a mean systollc blood

pressure of 70.042.6 mm Hg which was again not different from the control

value, 72.0t3.1 mm Hg.

Electrolyte Distribution in adrenalectomized rabbits. .

Table 3 shows the electrolyte distribution in the femoralfﬁ

_rabb1t5 with and\without sodium chlorlde treatment TR g

b

artery'and aorta{of untreated (control) and bilaterally.§grenalecton12ed‘

Two weeks following adrenalectomy, the sodium ang pota551um
contents of the aorta and the sodium content of the femoral artery did
not differ from control values. . The potassium content of the femoral
. artery was significantly decreased campared to the control value.
(p<0.05).

The sodlum content of the aorta and femoral artery of adrena—
lectomlzed rabblts fed 1% soolum chlorlde solut1on was 51gn1f1cantly
. elevated compared to that of arteries of untreated animals (p<0.05).
| The potaseium content, however, was similar to the control values.

Effects of adrenalectomy and adrenalectomy plus h1gh sodium chloride
mtake on vascular react1V1tx

Nerve Stimulation

Fig. 28 shows the-frequency-response curves to nerve stimu-
lation of arteries from adrenalectomized rabbits- (Fig. 28A) and the

frequency-response curves of arteries from adrenalectomized rabbits
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FiE. 28A. Effect of bilateral adrenalectomy oOn YeSppnses of
d ear arteries from rabbits to periarterial nerve stimu-. .
lation. The frequency-response Curves of decentralized- (2 weeks)
and control arteries fram adrendlectomized rabbits are compared
to those of arteries from untreated (control) rabbits, The
vertical bars represent the S.EM. and the numbers In parentheses
denote the mmber of arteries in each group. : '
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Fig. 288. Effects of bilateral adrenalectomy with additional .

oh sodium chloridg intake on responses of pérfused ear arteries
from rabbits to mr}terial.nerve_ stimlation. The frequency-
response curves of decentralized (2 weeks) and control arteries
from adrenalectamized rabbits drinking sodium chloride solution

are compared to those of arteries from untreated (control)
rabbits. The vertical bars represent the S.E.M. and the-numbers.
in parentheses denote the mmber of arteries in each group.
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s

”givgh sodium chloride solutioh instead of drinkingrwater (Fig.'ésB);
These groups are compared to the untreated group.

Two wéeks'following édténalectdmy, responses of control ar-
teries to nerve stimulation were enhanced ét low frequgncieé,‘but not
significantly, cdmpared to those of arteries froﬁ untregted animals
"(Fig. ZEA). The threshold résﬁonse of decentrglized arteries from
adrénalectomized animals to nerve stinulation was significantly:greater.
than that of arteries from untreated animals (p<0.01), but:the maximal
TESPONSE Was significantly deéreased (p<0 Olj ;HoweVer, after giving
adrenalectomlzed rabbits sod1um chlor1de solution instead, of drlnklng -
water, the decentrallzed arteries gave Tesponses which were 51mllar\t0
those of the contralateral arteries with an intact sympathetlciln;érvg-
tion-and élightly but not signiﬁiﬁantly greater than those of untréatéd
¢controls.. These results are shown in Fig, 28B. ~Ii_v_s_’preching-results
, (Fig. 5) showed that responses of.decehtralized (2 weeks) arteries ffan
untreatgd_rabbits to nérve stimulation did not differ from confrol
arteries except‘that'thq maximal response was'significantly decreased -

(pk0.01).

Responses to Noradrenaline

|

Responses to noradrenallne of arterles frcm untreated*and

from adrenalectom1zed rabbits with and without added dletary sodnmn'

chlorldeaxe shown in Figs. 29 ana 30.

.

Two weeks following adrenalectomy, responses to extraluminal ‘

noradrenaline of arterles with an intact sympathetlc innervation did not

dlffer from- those of untreated animals, but the decentrallzed arter1es

-

4 etetmet

2
.
e e e =
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" —#— Control (untreated) (7)
- - Adrenalectomized (6) - | -

we=-p-»- Adrenalectomized -Dec.-(ﬁ)g

100 -
80
60

40 _

INHIBITION OF FLOW

%l

. = d

' -Log 10° NORADRENALINE (g/mt.) EXTRALUMINAL -
m ‘ _ a ”

4

| Fig. 29A. Effect of bilateral adrenalectomy ofl responses of
ed ear arteries from rabbits to ‘extraluminal noradrenaline.

. The dose-response curves of Jecentralized (2 weeks) and control

_ arteries from adrenalectomized rabbits are compared to those of
arteries from untreated (control) rabbits. The vertical bars
represent the S.E.M, and mmbers in parentheses denote the numbeT

of arteries in each group. '
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Fig. 29B. Effects of bilateral adrenalectomy with additional
high sodium chloride intake on' responses of perfused ear
arteries from rabbits to extraluminal noradrenaline. The dose-
response CUIVES of decentralized (2 weeks) _and cont:_'ol ries
from adrenalectomized rabbits drinking sodium chloride solytion are.
compared to those of arteries from untreated (contrc_al) rabbits. .
The vertical bars represent the.S.E.M. and mumbers in parentheses

the number of arteries in each group.
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Fig. 30A. Effect of bilateral adrenalectomy on responses of -

| %’u_.sea ear arteries from rabbits to intraluminal noradrenaline.
The dose-response curves of decentralized (2 weeks) and control
arteries from adrenalectomized rabbits are compared to those of
arteries from untreated (control) rabbits. - The vertical bars
represent’ the S.E.M. and numbers in parentheses denote the number
of arteries in’each group. ' . .

1] . o : L] . -

6

Loa10 NORADRENALINE (g/ml.) INTRALUMINAL

-



125 -

__¢— Control (untreated) (7)
--0-- Adrenalectomized ¢t NaCl 4y ___

—i=h-s- Adrena.lectomized 4 NaCl -Dec. (4) T

»

100
80 _
60 -

40

20 4

o INHIBITION OF FLOW

s 8 . T 6
. _Log10 NORADRENALINE (g/ml) INTRALUMINAL

Fig. 30B. Effect of bilateral adrenalectomy with additional high '
sﬁmm chloride intake on responses of perfused ear arteries from

rabbits to intraluminal noradrenaline. The dose-response Curves

of decentralized (2 weeks) and control arteries from adrenalec

tomized rabbits drinking sodium chloride solution are compared to -
- those of arteries from untreated (control) rabbits. The vertical

bars represent the S.E.M. and mmbers in parentheses denote the

number of arteries in gach group. , '
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from adrenalectomized animals showed a tendency to be less responsive té

extraluminal noradrenaline (Fig. 29A). However, after adrenalectomized

-/.

animals had been given sodium chloride solittion instead of drinking water, .

the control arteries exhibited a significant increase in sensitivity to
extraluminal noradrenallné compared to those of arteries from untreated
anlmals (p<0.05; p<0. 01) and- the decentralized arterles also showed
enhanced responses, but in thls case the differences were not statisti-
~cally significant (Fig. 29B). The same situation held with respect to
responses of control and decentralized arteries from adrenalectomlzed

. rabbits to 1ntralum1nal noradrenallne (Fig. 30A and B).

o

.
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" V. - DISCUSSION

HypertenSion_due to the chronic administration of deeoxy?
corticosterone acétate ahd sodium chloride (DOCA-NaCl) was produced
in rabblts only when pota551um chloride was included in the treatment
regimen. In pre11m1nary experlments the omission of pota551um chloride
resulted in peraly51s and death of the rabb1ts. Masson EE_El; (1953)
‘treated rabbits with DOCA-NaCl and reported that the animais developed
polyuria, muscular weakness and/or paralysis but not hypertension.
However, these adverse effects have net been observed in rats :;d it
appears that rabbits are more eustept1b1e to the tom1c effects of
DOCA-NaCl treatment. It has been claimed that the paraly51s which
develops after the administration of DOCA—NaLl to I‘abbltS is linked to \
the replacementlof 1nttecellu1ar pot3551um by sodium in skeletal musqle c
(Ferrebee et al., 1941). Moreover, severe pota551um deplet1on in

animals is known to lead to hypotension and a d1m1n1shed vascular

reactivity to pressoraagents (Rosenman et al., 1952),_ It appears that .
the maintenance of a critical Na/K ratie in vascular smooth muscle
cells is essential during the inductioﬁ of DOCA-NaCl hypertension in
rabbits. — | |

The present,results demonstrate a generelizee increase en
the sodium content of arteries in rabbits with either DOCA-NaCl or
renal hypertension. Since sﬁall arteries have a_gfeater influence
on total peripherai resistance than do large arteries, the elevated sodium
content found in the central -ear arteries may be particularly perti-
nent to the deve%ppment Of‘hypertension._ This finding is, in part,

consistent with the prevailing view that an elevated sodium content

,0/

/

-
!
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is associated with both experimentally induced (Tobian and Biniom,
- 1954; Tobian, 1956; Ayitey-Snith and Varma, 1970) and essential hyper-
ten51on (Toblan, 1952 Ross, 1956). |

Uurlng the early developmental phase of DOCA-NaCl (2 weeks)
hfnerten51on, when the blood pressure was 1ncrea51ng steadily, the
arterial sodium was already significantly elevated. In fact, the
rterial sodiun level in these rabbits was significantly higher than
in those treated with DOCA-NaCl for 5 weeks, although.the blood pres-
sure was g}eeter in the latter group. Thie observation suggests that
there is mo exact correlation between blood pressure and the level of
arterial sodium, However, it is clear thaf nhe elevation of blood
vessel sodium occurs‘early‘in the onset of DOCA-NaCl hypertension and
that it may be involved in its pathogenesis. -

It 1s intefesting that the sodium content of the hypothalemic.
reglon but not the cerebral cortex of the rabbit brain was eleVated in
hyperten51ve rabblts. The hypothalamus is known to pldy a key role in
the regulatlon of arterlal pressure (Mannlng and Peiss, 1960) and has
been” shown to part1c1pate in the development of spontaneous hyperten51on
(Yamori and Okamoto, 1969). The present finding may mean that centers
in «&he braln concerned w1th arterial pressure regulatlon also participate
‘ in the pathogene51s of DOCA-NaCl hyperten51on.

oo The present study revealed that the lack of a functional
Sympathetlc 1nnervat1on (decentrallzatlon) did not alter the sodlum
and pota551um contents of the central ear arteries; nor d1d it modify

the marked elevation in tissue content of sodium produced by treat-

:
\
i
!
|
!
|
i
1
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/

'mcnt‘ with DOCA-NaCl. It Seeﬁs, therefore, thati;hefe is no direct
félationship between arterial sodium and potassium»distrihution or
tne sodium depositing effect of DOCA and the state of act1V1ty of the
vaathetlc nervous system. Several workers have shown that in immuno-
sympathectomlzed (IMS) rats (Ayltey-Smlth and Varma, 1970) or after _
chcmlcal sympathectomy produced by guanethidine in man (Gill et al.,
;964) the administration of DOCA-NaCl resulted in'a greater excretion
bf sodium than in controls and Ayitey-Smith and Varma reported that
ﬁortic sodium was not‘elévated in‘IMS rats treated with DOCA, This
.may mean that the influence of the sympathetic nervous sygtem'on the
sodium retaining effect of DOCA is not at the leﬁel of the vascular
smooth muscle but exerted indirectly, perhaps through the fenal system.
There was no clear‘corrclation between the level of arterial
potaésium and hypertension. In the present experiments the potassium

content of the ear arteries from DOCA-NaCl hypertensive rabbits was

increased but no consistent trend was observed in other arteries tested.

Moreover, it was found that although sympathetic decentralization did
not alter the potassium content_of the‘gar<arfery of control animals it
reduced the elevation in pofassium conteht_ﬁroduced by treatment with
DOCA-NaCl, Therefore, the sympathetic nervous system may, in part,
influence the effect of DOCA on arterial pota551um distribution. -

It is well known that section of the postgangllonlc sympa-
thetic nerve to 1nnervated organs (denervat1on) depletes noradrenaline
stores consequent to nmerve degeneration (Klrpekar et al., 1962;

Trendelenburg, 1963). Consequently, denervated organs dornot respond

e pp

4 e . e e i k¢t r
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to nerve, stimulation, The effectiveness of surgical denervation of

e kA .-

the central ear artery was confirmed in the present experiments by
the lack of vasoconstrictor responses to periarterial nerve stimulation,
It has, however, been shown that decentralization has no effect on the

noradrenaline stores- in innervated organ (Kirpekar et al., 1962;

Trendelenburg, 1963). The data from the present study show that two

S

weeks after decentralization, arteries from untreated énimgls gave ?
reSponses to nerve stimulation at low frequencies which d1d not differ £§5 g
from those of contralateral arteries with an intact sympathetlc inner-
vation. However’, responses to high frequency st1mu1at1on were signifi-
cantly decreased coqggred t7 contralateral control arteries., Five

N\

weeks following decentrallzat1on, responses to nerve stlmulatlon were

comparable to those of contralateral control arteries at -all frequgncies.
It seems that responses to nerve stimulation are impairéq by short-tefm
(2 weeks) but not'by long-term (5 weeks) decentfalization.~ | |
The present results showed that gp én early stage in the
”de§elopment (2.weeks) of DOCA—NaCl‘hypertensién the responsés of arteries
to nerve stimulatibn were unchanged. However, at a more advanced stage
(5 weeks) the Tesponses oi the arteries to nerve stimglation and to the
pharmacologic release of noradrenaline by tyramine were sign}ficantly
reduced. Baum and Shropshire (1967) préviously reported that at the
second week in the'developheht of renal'hypertension in rats the vascular .~ é
bed of the hindqﬁérters showed inéreased responses to sympathetic nerve 1>'
stimilation, however, responses Were slightly less than controls by

_~ the 12th Wek. Haeusler and Haefely (1970} also observed reduced

-
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responses to per1arter1a1 nerve stunulatmn in isolated perfused mesen- -

o -

teric arteries £rom renal hy'perten51ve rats whlch were also treated with

DOCA and sodium chlorlde for 6 to 8 weeks ‘I'hese flndmgs mlght mean

that the quantlty of noradrenallne released from the smpathetlc nerve

————— = n =

termmals per nerve mpulse decreased w1th the progressmn of DOCA NaCl

hypertensmn; *This. abnormahty mlght reside at the 1eve1 of the nerve

: temlnals which are sites of. noradrenallne release bv conducted 1mpulses

. - |
. §

' 3

1

and by tyramine (Burn and Rand 1958; Malmfors 1964 1965) Moreover,

ndogenous noradrenallne Stores have been reported to be reduced in the

hearts of DOCA NaCl hyperten51ve anlmals (De Champlain et et al. 1968) )
The depressed responses of arterles from DOCA- NaCl hvper—

tensive rabblts and of decentralazed arterles to- nerve st1mtllat10n from '

untreated rabblts appear to J.nvolve essentlally dlfferent mechanlsms
In the present study the frequency response curve of arterles from \ R .
DOCA- NaCl (5 weeks) hypertenswe ammals showed a oarailel Shlft to the

rlght w1thout any change in slope or maxmal reSponse. However, the '

2 : ", \ '
frequency-response curve of arteries frcm untreated anlmals Wthh we;re '

decentralized for two ‘weeks - were not only shlfted to. the rlght but the. .

510pe and max].mal response were markedly decreased Furthemore as - B -

dlscussed below the charactenstlcs of- response to exogenous noradren—

aline dlffered in the two groups.éflt was also observed that: although res-

'ponses of arteries from DO(;A-NaCl (5 weeks) h)*pertenswe animals to short

periods of stmulatlon were depressed 'durmg prolonged and- contlnuous T

nerve st:unulat_lon ‘the responses of arterles from ‘DOCA-NaCl (5 weeks) hyper-

N
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tensive animals were sustained almost as well as those of control arteries}

Several workers have presented evidence associating increased

vascular reactivity with various forms of experimentally indueed hyper-

tension (Sturtevant, 1955, 1956; McQueen, 1956, 1961; Gordon and Nogueira,

1962; Hinke, 1965, 1966 and_McGregor and Smirk{ 1968) and essential hyper-
o : .
teﬁsion-(Greisman, 1954, 195§; Doyle et al., 1959; Mendlowitz et al.,

1962). However reports of other workers are not in agreement (Redleaf

_and Tobian, 1957, 1958; Mallov, 1959; Zimmerman et al,, 1969). The

question of increased vascular reactivity in hypertension is presently
unresolved.

- In the current study a significant increase in vasciilar

' reactivity of arteries with an intact sympathetic inmervation from

DOCA-NaCl trEated rabbits was observed at both the early (2 weeks)'and .

advanced (5 weeks) stages of the hypertens1onl,,PreV1ous reports have

r—*_'_‘--_‘___—

suggested that. increased vascular react1v1ty develops early in essential
hyperten51on (Mendlowitz et al., 1962) It appears that the 1ncreased
vascular re5p0n51veness like the electrolyte dlsturbance does ot
' occur merely as a result of the elevated blood pressure in DOCA-NaCl
hypertenslve animals but may be an important factor in the pathogenes1s
of this forr of hyperten51on Decentrallzatlon of nonvascular tissues
(Trendelenburg, 1963; Westfall, 1970) and denervatlon of the arterial
vessel (De 1a Lande et al., 1967) also lead to increased responsiveness
to noradrenaline. Thus decentrallzatlcn or denervation supersen51t1v1ty
provides a basis for camparlson with DOCA- ~NaCl hypertension.

- De la Lande et al, (1967) proposed that noradrenaline storage

\
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. sites (nerve terminals) in the medial-adventrtialtboraer of the central
ear artery of the rabbit’influence the sensitivity of'the artery to
extraluminally applred noradrenaline. According to these workers extra-. -
1um1na11y applxed noradrenallne dlffuses from the adventitia and it is

exposed to and taken up by storage 51tes in the nerve. terminals thus’

reducing its cancentration before it enters the smooth muscle layer. :

|
|-ll

On the other hand, the concentratlon and thus physrologlcal action of
intraluminal noradrenaline-on the smooth muscle 1s_1ess affeEted-by )

uptake because noradrenallne is exposed to storage sites at the nerve
tgrminals anly after it has dlffused through the smooth muscle layer. v -
Lonsequently, pe la iande et al. (1967) have attrlbuted the spec1f1c¢ |

' supersen51t1V1ty to extralumlnal noradrenallne but not to 1ntralum1nal;

noradrena11ne, which develops after denervation: (2 weeks) of the

arteries to a defect in nerve uptake. S

There is no clear 1nformatlon on the effects of decentra-.'-
llzatlon ‘on the react1v1ty of the arterral vessel however, ev1dence
on supersen51t1v1ty resulting from decentrallzatlon of the n1ct1tat1ng
hembrane and vas deferens suggests that an. alteration at the level of -

1

the smooth muscle is 1nv01ved in thlS phenomenon (Fleming, 1963; .V._‘_ oy

Trendelenburg, 1966; Westfall, 1970) .. - ) o |

The data obtamed in the present.\ﬂud)r are 1 not entlrel)f in L
agreement with the results of De 13 Lande, It was foumnd that two ‘weeks - '
following either decentrallzat1on or denervatlon, arteries from untreated

rabbits demonstrated-a significantly increased sensitivity to low'

T, . N
- 5. .

concentrations of extralumlnal but not to 1ntra1um1nal noradrenallne.
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There was 11tt1e d1fference in the sen51t12at1on produced by these
two' procedures. Slnce 1t has been shown+that uptake proceeds normally -
1n decentrallzed vessels 1t appears that denervatlon as well as decen-

trallzatlon supersen51t1v1ty may have a postsynapt1c basis in vascular

-

tissue.. : ! ST i

s S s gl e i mr =

After-long-term decentral1zat10n (5 weeks) the arteries

-~

- -

showed a tendency to be less sensitive to. both extraluminal and intra-
. lumlnal noradrenallne. Thls f1nd1ng suggests that sympathetic dener- i
g vatlon or deCEntral1zat1on does not always result in an increased

respons1veness of vascular smooth muscle to noradrenaline. In fact,

1t seems that in the long-term ‘absence of a tonic or trophlc influence

of the sympathetlc ervous system the vascular tissue tends to_lose
\\En51t1V1ty to exogenous noradrenallne. I E wil
| Contrary to the respons&;characterlst1c of decentrallzed
or denervated'vessels from untreated rabbits the innervated arteries
from DOCA-NaCl hypertensive'rabhlts demonstrated a significant increase:
-in Sen51t1v1ty to hlgh concentrations of intraluminally administered
3, noradrenal1ne. In this case, it app\“T§ quite clear that an alterat1on
; in the, sen51t1V1ty of the smooth muscle to the amine is involved.
Therefore, it is unlikely that the increased vascula;‘react1V1ty . |
exhibited by the arteries from IOCA-NaCl hypertensive rabbits was . -
' caused by patholog1cal denervation or decentrallzatlon of two or five
weekS'duratlon. It may, in part, be assocrated.wlth an’ alteratlon in |

arterlal electrolytes since the’ sodium and potassium contents of the

i

ear arteries were elevated. The supersensitivity of the arterles



-1~ S

‘from untreated animals following 2 weeks denervatien or decentraiization‘
appears not to 1nv01ve an alteratlon in vascular smooth muscle electrolytes
;since:the sod1um and potass1um conterts were unchanged after sympathe
decentralizatlon. Westfall (1970) also réported that the electrolytzts
cnntent of vas deferens is unchanged after decentralization.
:An.increased-intracellular sodium is reported to iead to
.increased‘vascular reactivity in -arterial smooth‘muscle (Raab, 1952, 1959).
Accordlng to Raab, the sodlum gradient across the cell membrane (the §
~ Na, /Na ratio) influences the membrane potentlal which in turn determlnes

the contractile amplltude of muscle cells upon adequate stimulation,

However, other workers relate sodium to contraction 'in a more indirect

”‘. ." N

| way (Somlyo and Somlyo, 1968).
.\ The present observatlon that in the absence of a functional
sympathetic innervation the responses-of the ear arterles_from DOCA-NaCl
(5 weeks) hypertensave animals were markedly decreased rather than
increased, although the characterlstlc increase in arter1a1 sodium st111
occurred, raises doubt that increased 1ntrace11u1ar sodlum alone is the
‘cause of the increase in vascular react1v1ty or the elevatlon in blood
pressure in hypertens1on. If the increase in arterial sodium contént
in DOCA-NaCl (5 weeks) treated rabblts accurately reflected the state
of 1ntrace11u1ar sodlum one WOUld anticipate, according to Raab, the

same 1nc4ease in vascular reactivity, in arteries with or w1thout an
1ntact sympathetlc 1nnervat1an. These findings suggest the 1mportance
of the trophic 1nfluence of the sympathetlc nervous system on vascular

smooth nuscle and 1ts relevance to the development of hyperten51on.
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When the blood vessels (ear arteries) of hypertensive rabbits are de-
centralized so as to eliminate the continuoﬁs rél_ease of noradfenaline .
on the muscle cells the changes characteristic of .hypertension do not .‘
‘occur. This result calls for a suggestion that vascular contraict'ility

-in hypertens:xon may not depend smply on an alteratlon in mtracellular

sod1um concentratmn per se, but on' a more. compllcated mechamsm mvolv-

e e b = et r AP S oo

ing other electro\lytes and noradrenaline or a functional sympathet1c _
" nervous system. It can be speculated from these 'fi.ndinlgs that if the : -
rabbits o'.re extensively sympathectomized they will not become hyper- |
‘tensive since the entire vastﬁiar.'.oystém’may 'ondergo'changes similar .
to those wﬁich occurred in decontralized ear arteries. if has beeh'
reported by several workers that mmmosympathectanlzed animals failed

. to develop or sustain hypertensmn (Wlllard and Fuller 1969 Ayitey-

Smith and Varma, 1970; Clark, 1971). ' The present results may . explain
these findings. It is proposed that the maintenance of the mﬁtegr'ity .
of the vascular smooth muscle and the increase in v_rascular ;-eactivity_

_in hypertension may be the cutcome of the interaction of smooth muscle

-electrolytes with noradrenaline released 1

11y by the tonic ctiv?ty
of the sympathetic norves. _ .
It can be recalled that the 'react vitf of the 'deceﬁtralized
ear arteries to noradrenalme was not impaired dl._lfing_gl}e second week. |
of the D(XLA-NaCI treétment. It is likely thatisince -the reSponses‘ of.
these artenes to nerve stmmlatlon were not m&kedly depressed that.

. sufficient noradrenaline was still available to fpintain the integrity

of the vascular smooth mscle,



-137-

The observation that pretreatment of DOCA-NaCl hypertensive -
rabbits with exogenous noradrenallne restored the . responsiveness of the |
depressed decentralized arteries to noradrenaline and to nerve stimulation
'attests to the need for noradrenallne in the _maintenance of the reactivity
of Vascular smooth nuscle 1n hyperten51on. Pretreatment with exogenous
noradrenallne did not increase the reactlvity of decentralized:arteries
from control rabbits. | |

" Othér data obtained in the present study elso supperted the
proposed view that increased vascular reactivity in hypertension is the
outcome of the interaction of sodium and possibly other electrolytes,
with the neurotransmitter (noradrenaline)., It was found that chronic
intake of sodium chloridetby'control rabbits did not alter the reacti-
vity of ear arteries,yith an intact sympathetic innervation'to noradrenaline.
However, the same treatment in adrenalectomlzed rabbits resulted in
51gn1f1cantly 1mcreased responsiveness to noradrenallne. Bilateral
adrenalectomy in animals is known to increase sympathetic nerve act1V1ty'
‘(Imms and Jones, 1968; Westfall and Osada, 1969) and high dietary sodlum
elevated'the arterial sodium content in adrenelectomlzed rabb1t5 1n the -
present experiments.. Therefore, the increesed reactivity observed in
thése arteries may be associatedAvith the interaction-of increased
concentratioﬁs of sodium and locally reieased noradrenaline on the_'
smooth muscle cells; In support of this intérpretation was.the_find%pg
that in the absedce of a functionel sympathetic innervation (following
decentralization) sodiumfzhloride treatment did not significantly |
increase the reactivity of the ear arteries from adrenalectomized

rabbits.
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One possible ﬁsplanation for increased vascular reacfivity ?

i T n

in hypeften51on is to postulate an increase in. the population of
functlonal alpha receptors. An increase in the receptor areg for the
neurotransmitter acety}chollne has been reported by Axelsson and
Thesieff (1959) afterldenerbgtion of skeletal qu?Ie. If increased

vascular reactivity in DOCA-NaCl hypertension is due to an increase

in the number of.receptors, the dose-response curves to nbradfenaline
should remain significaﬁtly different in preparations from uﬁtreated J :
and DOCA-NaCl treated ;abbits after partial alphé'receptof blockade.
- However, aftér treatmeht with a moderate concentration of phenoxy-
benzamlne the. responSes of arteries from normotensive and DOCA~NaCl
hypertensive animals were both shlfted markedly to the right and there
were No significant differences between them. It appéars that the
population of'alpha receptoré'aoeslnot differ in normotensicn and
hypertension. | B
‘It is recognized that the basic defect in hypertension is | | ‘
an increased peripheral resistanée due to a diminiéhed internal calibré '

of arter131 vessels, espec1ally in small arteries and arterioles

'(Plckerlng, 1955; Folkow, et al., 1958). It should be pointed out that

in the present éxperiments} in cdﬁscious hypertensive animals the in-
-nerfated central‘ea; arteries were markedly constricted while the ' o
contralateral arteries which ;ere decentralized at the time of the |

1nduct10n of the hypertension were dilated. This narrow1ng in the

vessels with an intact sympathetlc innervation could be due to a number i

of factors such as mﬂscular hypertrophy, swelling of the vascular walls
< o -



. as has ev1dence for its dependency on, a funct1onal sympathetlc 1nner-

-"'139‘-' . : /

S

.

. as a. result\t of waterloggmg or to mcreased muscular a‘:}”’m Incréased k

muscular activity in turn could result from excessive sympathetlc nerve ..

r

"'act1v1ty, elevated concentratlons of c1rculat1ng pressor substances or

|
.“1ncreased responsivity of smooth nuscle cells to a.given concentratlon ' '}_

of pressor'agent (Mendlowitz and Naftchl, 1958; Fitz and Armstrong, 1964).

'Evldence for the latter possibility has been presented above as well

vation, : - o . o !

- -

Data were presented in the present study Wthh 1nd1cates that

the 1n vitro rate of flow of fluad through the lumen of control and .

' pdecentra11zed artgrles from DOCA NaCl hyperten51ve anlmals d1d not

differ from that through the lumen of control and decentra11zed or

.-denervated vessels fran untreated rabblts. Slnce rate of flow through

a vessel is d1rect1y related to the ‘diameter of the vessel the results

appear to 1nd1cate that the arterial walls of vessels from DOCA-NaCl

reated hyperteh51ve rabblts did not undergo any structural change
resultlng in narrow1ng of the lumen of the’ arteries, It should be

emphas1zed that the situation w1th.respect to arterioles cannot be

N

extrapolated with safety frém the present data obtalned on a small

artery.

Recently, De Champlain et al., (1968) have demonstrated a

pronounced increase in monoamine oxidase (MAD) act1v1ty in the hearts

L

of DOCA—NaCl and renal hyperten51ve rats. ‘This increase in enzyme

'act1V1ty was attr1buted to cardiac hypertrophy which occurred durlng

the development of hypertensmn and not to DOCA or SOdlum In the present
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study it was found that MAD activity was. significantiy increased in the
ear artery, heart and hypothalamus of DOCA-NaCl (5 weeks) hypertensive
| rabb1ts This increase in MAO activity appears to be associated with

hyperten51on rather than card1ac hypertrophy 51nce the mean W81ght of the

- hearts: from the “hypertensive animals was 20% less than the control value

and the phenomenon was also observed in tissues other than the heart.

It is interesting that the hypothalamlc region of the brain had both ele-
vated sodium content and also 1ncreased MAD act1v1ty

In renal hyperten51on 1nnervated arteries responded normally

to nerve stlmulatlon and to‘noradrenallne. -In this form of hyperten51on,
unllke DOCA-NaCl hyperten51on angloten51n has been shown to elevate the
blood pressure (Laragh 1967 chklnson ‘and Lawrence 1963) Angloten51n
is also known to 1nf1uenee sympathetlc function in varlous ways thus
'1t has been shown to stimu ﬁuﬂate ganglla (Farr and Grupp, 1967 A1ken and
Re1t 1968, Lewls and Reit, 1968) to increase:. blosynthe51s of nora-,
»drenaline (Boadle et al., 1969), £o potentlate responses to sympathetlc
nerve stimulation (Benelli et al. al., 1964 7 immerman and Gomez 1965)- and -
to enhance the release of noradrenal1ne from the nerve endlngs (Hughes '
and Roth 1969) All these pharmacologlcal actions of anglotensin could

contrlbute to the pathogene51s of -renal hypzr‘en51on in anlmals with a-

functional sympathetlc nervous system, The'éfore it appears that in
this form of hypertengion 1ncreased vascular react1v1ty may not be fundar
| mentally essential for the induction of hypertensdon. However, contra- -
1atera1 decentralized arterles from these animals showed profound

impalrment to nerve stimulation and markedly reduced responses to

- e —————— < -

e
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exogenous noradrenaline. It seems that the integrify of vascular smooth
muscle which is determined by a functiocnal sympathetié nervous system
and electrolytes, interacting at the level of smooth muscle celis, is
~.essential in the pathogenesis of this form of hypertehsion as it was
shown to be for DOCA-NaCl hypertension.

In conclusion, the pertinent'findings in this study show-that
the integrated role of the vascular system and eleétrolytes, particularly
sodium ionﬁ’gnder the influence of adrenal hormones, and noradrenaline
released by sympathetic nerve impulses‘are'essential for the developmenf

and maintenance of hypertension.
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VI. SUMMARY AND CONCLUSION

The telatienships of the sympathetic nervous system, electrolyte
‘metabolism and vascular reactivity in the development and maintenance of
expcrnnental hyperten51on has been 1nvest1gated using, as A model, the
central ear artery of DOCA-NaCl and renal hyperten51vc rabblts. The
results obtained are summarlzed as follows:

1. Hyperten51on due to the chronlc administration of VOCA-
NaClmnas produced in unllaterally nephrectomlzed rabbits only when
potassium chloride was included in the treatment regimen. In p;elii
minary,enperiments, the omission of potassium chloride,resulteq.in
paralysis.and death of the rabbits. |

| 2. There was a generalized increase inlsodium,content of
the arteries of rabbits with either DOCArNaLI or renal hyperten51on.
This increase in arterial sodlum was observed as early as. two weeks
after the initiation of the DOCA—NaLL'treatnent and at a,stage -when-
arterial pressure was gradually -increasing.

3. Although there was 2, 51gn1f1cant increase-in potassium
content of the ear artery in DOCA NaL hypertension, th1s was not con-
:sistent with the potassium changes in other arteries.

4, The hypothalamus of the hyperten51ve rabbits was found
to contain a greater concentration of sodlum and the cerebral cortex
a lower concentrat1on of potassium than in control anlmals.T

5. Chronic sympathetic decentrallzatlon of the central

Y
%
ear artery did not alter the sodium and pOt&SSlum contents of the artery
R . .

'
i
i

X

——— e cam
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from untreated rabbits, nor did it mod1fy the marked elevation in tissue
sodium content produced by treatment w1th DOCArNaC1 However the
elevated potassium content of the ear artery produced by DOCA-NaCl
trcatment was‘51gn1f1cant1y less after decentralization although still
above the control values. |

6. Surgical denervation (2 weeks) of the ear artery from
untreated animals aoolished completely responses to periarterial sym-
pathetlc nerve stimilation.

7. Two weeks after decentralization, arteries from un-
treated animals gave responses to low frequency sympathetic nerve
stimulation which did not differ from those of contralateral arteries’
with an intact sympathetic innervation. However, responses of these
arteries to high frequency stlmulatlon were 51gn1f1cant1y decreased;
Five weeks follow1ng decentrallzat1on responses of the arterles to
nerve stimulation were comparable,to those of contralateral innervated
-arteries at all test frequencres.

8. Two weeks following decentralrzatlon ‘or denervation,
arteries from untreated rabbits exhibited a significantly increased
responsiveness to low concentratxons of extraluminal but not to 1ntra—
1uminal'noradrenaline. However after five weeks decentralization the.
arteries showed a tendency to be 1ess responsive to both extra- and
intraluminal noradrenaline.

"9, Two wéeks'following the-initiation of DOCA-NaCl hyper-
ten51on the responses of innervated arteries to nerve stimlation were

unchanged. However, after five weeks and when the hypertension ap-

[———— .

 —— e e
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~peared to b€ fully developed the responses of the arteries to nerve
stimulation and to the pharmacologic release of noradrenallne by tyra-
mine were 51gn1f1cant1y reduced.
10. Two and five weeks fdituggng the initiation of DOCA-
N5C1 hypertension, central ear arteries with-an intact sympathe{;c
innervation from these hypertensive rabbits exhibited a 51gn1f1cant
increase n responsxveness to 1ntralum1nal noradrenallne. However,
after sympathetlc decentralizati esponses to both extra- and intra-
1uminal noradrenaline of arteries from LDOCA-NaCl (5 weeks) but not from
DOCA-NaCl (2 weeks) hypertensive rabbits were markedly depressed. |
11. Pretreatment of DOCA-NaC1 hyperten51ve rabbits with - ;
exogenous noradrenaline (1 mg NA per rabbit for 10 days) restqred the ‘
depressed re5ponses of the decentrg¥ized arteries to nerve stimulatiql
and to noradrenaline. However, the same pretreatment in nonnoten51ve;>
rabbits did not increase the respon51veness of the decentrallzed arteries
to.noradrenaline. The nechanism underlying these changes is discussed

in relation to other resn};s.
1z, Monoamine oxidaee activity-was significantly increased
in the ear artery, heart and hypothalamis &f DOCA-NaGl hypertensive
rabbits. This increase may be relevént to the development of the
hypertension.
13. In renal hypertension, jnnervated arteries responded

normally to nerve stlmulatlon and to excgenous noradrenaline. However,

responses to nerve stmulatlon and to noradrenaline were markedly

depressed in the contralateral decentralized arteries.

o

. e e e ——— .=
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14.. The react1v1ty to noradrenallne of 1nnervated central

T

ear arteries was not influenced by the ChTOHlC intake of a hlgh sodium
chicride diet. However, the innervated arterlgs of rabbits on a hlgh
sodium chloridé diet after. adrenalectomy exhibited a significant in-
crease ifl responsiveness té foradrenaline. It was observed that
responses to noradrenaline were not 51gn1ficant1y'increased in the

contralateral decentralized arter1es from sodium chlorlde treated

b e . — e i ——— - ==

adrenaleétcmized rabbits. : o | ) 1
From the present data the following conclusions  were drawn:
1. The elévation of'artefiél sodium in DOCA-NaCl and renal
hyperténsion.and the elevation of hypothalamic sodium in DOCA-NaCl
hypertension may, in part, be involved in the pathogenesis of the
disesse.
| 2. There isno simple direct»relationship betﬁeen arte£ia1 ‘
sodium and potassium distribution or the sodium depositing effect of
DOCA and the-state of?activity of the sympathetic nervous system or o
vascular reactiviiy. . |
3,' The increased vascular reactivity exhibited by the

innervated arteries from DOCA-NaCl hyperten51ve rabbits cannot be

attrlbuted to pathologlcal denervation or decentralizgtion of TWO Or -
five weeks durftign. It may, in part, be associated with an alteration A i‘
'in arterial electrolytes since ‘the sodium and -potassium contents of the -
.ear artery were elevated. However, it ap?ears quite clear that an : : ;ﬁ

|

alteration in the reactivity of the smooth muscle to biogenic amines : |
. - ) - i . I

is involved.

R i Tt
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4. The 1ncreased vascular react1v1ty may have an etlologlcal_
role in DOCA-NaCI hypertension although it may not be an essential
factor in renal hypertension.

5.. In the 1ong-term absence of a tonic or trophlc influence
of the sympathetic nervous system the vascular smooth muscle tends to
lose sensitivity to 'ex0genous noradrenallne in untreated anlmals and
undergoeS‘a marked reduction in responsiveness to noradrenaline in
-the course of the development of hypertension without concomittant
‘reductlon in sodium or pota551um content. Thus, those changes in
respon51veness to noradrenaline Wthh are characterlstlc of the central -
ear artery in hypertens1on do not occur when the artery is deprived of
its sympathetic innervation during the induction of the hypertension.
Further support for this conclusion'wes the finding that the decreased
TESpPONS1VEness to noradrenaline in decentralized arteries from hyper-
tensive rabbits was reversed by depot 1nJect10ns of exogenous noradrena-
“line, _ —

It appears that the 1ntegrated'role of the vascular system
and electrolytes, particularly sodium ions under the 1uf1uence of

adrenal hormones and the’ noradrenallne released locally on'the vascular

smooth muecle by sympathetic nerve impulses 1s essent1al\for the deve- .-

- AR
lopment and maintenance of the hypertension.




- 147 -

" VII BIBLIOGRAPHY -

AGHESON, G.H. and PEREIRA, S.A.: Blocking effect of tetraethylammonium
ion on superior ﬁe{vical ganglion of cat. J. Phammacol. Exp.-Ther. 87:
273-280, 1946. ¢ . . - | ST

" AIKEN, J.W. and REIT, E.: Stimulation.of the cat stellate ganglion by
‘_angiotensin. - J. Pharmacol. Exp. (Ther. 159: 107-114, 1968.

ALEXANDER, N., HINSHAW, L.B. and DRURY, D.R.:- Development of a strain

of spontaneously hypertensive rabbits. Proc. Soc. Exp. Biol. Med. 86: - . i
855-858, 1954. ' : . - '

ALLEN, F.M.: Arterial hypertemsion. J.AM.A. 74: 652-655, 1920,

AI.DUISI, A. and WEINER, N.: The regulation of norepinephrine synthesis
in sympathetic nerves: Effect of nerve stimulation, cocaine and catechol-
amine releasing agents. Proc. Nat. Acad. Sci. U.S. 56: 1491-1496, 1966.

. AMBARD and BEALJARD. La retention chloruree seche. Sem Médicale 25:
133, 1905. ; | |

AXELROD, J.: Uptake and rélease of catecholamines and the effects of
drugs. In Progress in Brain Research, Vol. 8.. Biogenic amines,

pp. 81-89, (Himwich, Publishing Co. Amsterdam, the Netherlands, 250 pp.
1964). . ' ]

AXELSSON, J. and THESLEFF, S.: A s‘tudy'of supersensitivity in ‘demervated
mammalian skeletal muscle. J. Physiol. (London) 147: 178-193, 1959. '

AYITEY-SMITH, E. and VARMA, D.R.: An assessment of the role of the sym-
pathetic nervous system in experimental hypertension using normal and
jmmmosympathectomized rats. Brit. J. Pharmacol. 40: 175-185, 1970.

BALM,.T.: Sympathetic responses in cardiac tissue in experimental hyper- - .

. tension. " J. Phamacol. Exp. Ther.  165: 176-180, 1969. . _ : : -
BAWM, T. and SHROPSHIRE, A.T.: Vasoconstriction induced by sympathetic
stimuilation during . -development of hypertension. Amer. J.

Physiol. 212: 1020-1024, 1967. o ‘

BENELLI, G., DELLA BELLA, D. -and GANDINI, A.: Angiotensin and peripheral
sympathetic nerve activity. Brit. J. Phamacol. 22: 211-219, 1964,

 BHAGAT, B.: Role of adrenal homrones in the synthesis of noradrenaline
in cardiac sympathetic neurons.  Brit. J. Pharmacol. 37: 34-40, 1969.

‘BOADLﬁ,jM.C,E HUGHES, J. and ROTH, R.‘H‘.:' Angiotensin accelerates cate- i

. cholamine biosynthesis in S)nllpathetlcqlly jmmervated tissues. ‘Nature |
(London) 222: 987-988, 1969. o -

BOLING, E.A.: A flame photometer with simultaneous digitalxread'o:i.tt
for sodium and potassium. J. Lab. Clin. Med. 63: 501-510, 1964.



[
- TN
‘o

- 148 -

'BOYD, J.D, and MONRO,. P.A.G.: Partial retention of aitomomic function
after paravertebral sympathectomy. Lancet II: 892-895, 1949,

lgiiAlM-MﬁNEl\IDEZ, E. and COVIAN , M.R.: Mecanismo de la hipertension de las .
ratas totalmente nefrectomizada. Rev. Soc. argent. de Biol.24:130; 1948,

BROWN, G.M. and MAEGRAITH, B.G.: Characteristics of circulation of
hypertensive rabbits. J. Physiol. (London} 95: 304-311, 15941. '

BURN, J.H. and RAND, M.J.: The cause of the supersensitivity of srmoot_h
‘muscle to noradrenaline after sympathetic degeneration. J. Physiol. .
(LONDON) 147: 135-143, 1959, - o

BURN, J.H. and RAND, M.J.: The action of sympathomimetic amines in animals vt

treated with reserpine. J. Physiol. (London) 144: 314-336, 19538,

BURN, J.H. and ROBINSON, J.: Hypersensitivity of the denervated ﬁictit_ati_ng
membrane and amine oxidase. J. Physiol.(London) 120: 224-229, 1953. /

CAPON, A.: Vascular responsiveness in hypertensive rabbits.
Arch. Int. Pharmacodyn 151: 440-458, 1964.

CHASE, H.F., YONKMAN, E.F. and LEHMAN, A.J.: Effect of ethyl yohimbine in .
experimental hypertension. J. Pharmacol. Exp. Ther. 72: 6 - 7, 1841.. © ..

CLARK, D.w.J.:Effects of immnosympathectomy on the blood pressure of gen-
etically hypertensive rats Proc. Univ.Otago Med. Sch. 47: 42-44, 1969.

CLARK, D.W.J.: Effect of immmnosympathectamy-on development of high bléod

. pressure in genetically hypertensive rats. Circ. Res. 28: 330-336, 1971.
CLEGHORN, R.A., FOWLER, J,L.A., GREENWOOD, W.F. and CLARK, A.P.W.: Pressor
responses in healthy adrenalectomized dogs. Amer. J. Physiol, 161: 21-28, 1950.

- CONWAY, J.: Changes in sodium balance and hemodynamics during deveiopment of
experimental renal hypertension in dogs. Circ, Res. 22: 763-767,.1968. - -

DAHL, L.K., and SHACKOW, E.: Effects of chronic excess salt ingeétion:
Experimental hypertension in the rat. Can. Med. J. 90: 155-173, 1964.

DALY, J.J. and DUFF, R.S.: Direct effects of angiotonin on peripheral
vessels of subjects with normal and raised blood pressure. Clin. Sci. 19:
457-463, 1960. | :

DANFORD, H.G., DIETER, D.G. ;CIFII_{ISTOFFERSON, J.W, and HERRIN, R.C.:
Effect of dietary restriction of salt and protein.on blood pressure of
hypertensive rats. Amer. J. Physiol, 163: 180-196, 1950,

DAR'RG\(,‘ D.C.: Effect of low potassium diet and desoxycq{"ticost_erone on the
rat heart. Proc. Soc. Exp. Biol. Med. 55: 13-14, 1944: ¢

:" De CHAMPLAIN, J., KRAKOFF, L.R. and AXELRQD, J.: Catecholamine metabolism
~in experimental hypertension in the rat. €irc. Res.20: 136-145, 1967. _

De LAIN, J., KliAKDFF, L.R. and  AXELROD, J.: Defect in the accumulation

of H°-NE in experimental hypertension. Clin. Res. 14: 241, 1966. :




: | - 149 -y - | .
De CHAMPLAIN, J., KRAKOFF, L.R. and AXELROD, J.: Relationship between sodium =
intake and norepinephrine storage during-the development of experimental
hypertension, Circ. Res. 23: 479-491, 1968. o ‘

De CHAMPLAIN, J., KRAKOFF, L.R. and AXELROD, J.: Increased monoamine oxidase
activity during the development of cardiac hypertrophy in the rat, Circ.
Res. 23: 361-369, 1968. .- _ . |

PRRIPYS AEL )
.

EEERN

De CHAMPLAIN, J., MUELLER, R.A. and AXELROD, J.: Turnover and synthesis of
norgpinephrine,in experimental hypertension in rats Circ, Res. 25: 285~
291, 1969. - o -

De La LANDE, I.S., FREWIN, D. and WATERSON, J.G.: The influence of sym-
pathetic innervation on vascular sensitivity to noradrenaline, Brit.
J. Pharmacol. 31: 82-93, 1967.

L e gt oot o i o

De La LANDE, .1.S. and RAND, M.J.: A simple isolated nerve-blood vessel
preparation. Aust. J. Exp. Biol. Med. Sci. 43: 639-656, 1965.

. De QUATTRO,V,, NAGATSU; T., MARONDE, R. and ALEXANDER, N.: Catechdlaminé‘ -7>i
synthesis in rabbits with neurogenic hyperténsion. Circ. Res. 24:545-555, '
1969. ) ‘

DICKINSON, C.J. and LAWRENCE, J.R.: A Siow developing pressor response to
small concentrations of angiotensin. Lancet. 284: 1354-1356, 1963,

: - -
DOCK, W.: Vasoconstriction in renal hypertension abolished by pithing.
Amer. J. Physiol. 130: 1-6, 1940. 1 ‘

DOCK, W. and RYTAN, D.A.: Absence of vasconstrictor substance in blood of .
rats with renal hypertension. Proc. Soc.Exp. Biol. Med. 3Z: 374-375, 1934,

DOCK, W., SCHIDLER, F. and MOY, B.: The vasomotor centre essential in
" maintaining renal hypertension. Amer. Heart J. 23: 513-521, 1942.

DORR, L.D. and BRODY, M.J.: Preliminary observations on the role of the . B
sympathetic nervous system in development and maintenance of experimental :
renal hypertension. Proc. Soc. Exp. Biol. Med. 123: 155-158, 1966.

DOYLE, A.E. and BLACK, H.M.: Reactivity to pressor agents in hypertension.
Circulation 12: 974-980, 1955. o -

DOYLE, A.E. and FRASER, J.R.E.: Vascular reactivity in hypertension. ' Circ. L
Res. 9: 755-761, 1961. | o | .

DOYLE, A.E., FRASER, J.R.E. and MARSHALL, R.J.: Reactivity of forearm f
vessels to vasoconstrictor substances in hypertensive and normotensive
subjects, Clin. Sci. 18: 441-453, 1959. :

FARR, W.C. and GRUPP, G.: Sympathetically mediated effects of angiotensin
on the dog heart in situ. J. Pharmacol. Exp. Ther. 56: 528-537, I967. . i

- FERREBEE, J.W. PARKER, D., CARNES, W.H., GERITY, M.X., ATCHLEY, D.W. and
LOEB, R.F.: Certain effects of desoxycorticosterone, The development of

. diabetes insipidus and replacement of muscle potassium by sodium in normal

*".dogs. Amer, J. Physiol. 135: 230-237, 1941. : S

”~ . - . ,
holte ’ E



S180 -0 -

FINCH, L..and LEACH, G.D.H.: The contributioﬁ of the synrpéth t‘ic nervous -
system to the development and maintenance of experimental hype tension.
Brit.. J. Pharmacol. 395: 317-324, 1970. L

in patiernts

FITZ, A.E. and ARMSTRONG, M.L.: -Plasma vasoconstrictor activity
9-414, 1964,

" with. renal malignant and primary hypertension. CGirculation. 2:

F-S

ELEMING, N.: A comparative. study of supersensiti\}ity to noradre \‘line and .
acetylcholine produced by denervationydecentralization and reserpine. J.

o

Pharmacol, Exp. Ther. '141: 173-179, 1963,

FLOTHOW, P.G.: The surgical treatment of"éssential hypertexisipn.
J. Surg. 44:535-543, 1939, C ek

FLOYER, M.A, Effect of- nephrectomy and adrenalectomy upon ‘the blood pressure .,

_in hypertensive and normetensive rats. Clin. Sci. 10: 405-421, 1951,

" FOLKOW, B., GRIMBY, G. and THULESIUS, C.: Adai:tive structural changes. of
the vascular walls in hypertensive and their relation to the control of .
the peripheral resistance. Acta. Physiol. Scand, 44: 256=272, 1958.

" : FREED, .S.C. and F!iIE.DdAN, M.: The dep.ressor‘ effect of potéssium restriction

" on blood pressure of the rat. Proc. Soc. 'Exp. Biol. Med, 78: 74=77, 1951.

FREED, S.C. and FRIEIMAN, M,:. Hypotension in the rat following limitation
_of potassium intake.. Science 112: 788-789, 1950. ' - :

FREED, S.C. and PROCTCR, J.H.: Hydration of arterial muscle and blood
pressure response, Proc: Soc. Exp. Biol. Med. 118: 44-47,.1965. !

IFREEMAN, N.E. and PA_GE, 1.H.: ‘Hypertension prodiiced by constriction,of = .
the renal artery in ‘Sympathe.ctanized dogs. Amer, Heart J. 14: 405-4}4,1937. .

FRIEDEN, J., STAMLER, J., HWANG, H.. KURAMOTO, K. and KATZ, LiN.: Effect
of chronic salt-depletion on blood pressure of renal hypertensive dogs. °
_Amer. J. Physiol. 168: 500-503,1952. ~ . L

—

_FRIEIMAN, M., FREED, S.C, and ROSENMAN, R.H.: Effect of potassium admin-

gstration on peripheral vascular reactivity and blood pressure of potassium )

deficient rat. Circulation, 5: 415-418, 1952.

FRIEIMAN, S.M., JAMIESON, J.D. and FRIEIMAN, C,L.: Sodium gradient, smooth
muscle tone and blood-pressure regulation., Circ. Res. 7: 44-53, 1959.

FRIEIMAN, s;: m?asrlzﬁm, M. and FRIEIMAN, C.L.: Sodium, potassium and
sistance in the rat tail. Circ. Res. 13: 223-231, 1963.

o ripheral T
FRIEmAN, M., ROSENMAN, R.H. and FREED, S.C.: Depressor effect of potassium

rivation on the blood pressure of hypertensive rats. Amer. J. Physiol. :
© 167: 457-461, 1951.. ‘ R

FRITZ, 1. and LEVIRE, R.: Action of adrenal cortical ste'ri_ods’and nore-
pinephrine on vascular TESpOnses of stress in adrenalectomized rats.
_ Amer. J. Physiol. 165: 456-465, 1951 , | \

GASKELL, J.R. Jomes, R.K. and SHAPIRD, A.P.: Hyperresponsiveness of renal®
hypertensive rats to intravenous angiotensin II. Proc, Soc. Exp. Biol. Med.

[,

R

. ,
. s s e = a




.- 151 - 0

1i5: 179182, 1964.

GAUDINO, M.and LEVITT, M.F.: Influence 'of the adrenal -cortex on body’

water distribution and renal function. J. Clin., Invest. Z8: 1487-1497,
1949, a -

_GILL, J.R., MASON, D.T. and BARTER, F.G.: Adrenergic nervous system in
* godium metabolism: Effect of guanethidine and sodium retaining steriods
in normal man. J. Clin. Invest. 43:177-184, 1964,

Ry
)

GITLOW, S.E., MENDLOWITZ, ., WILK, S., WOLF, R.L. and NAFTCHY, N.E.:
plasma clearance of dl-B-H “NA -in normal human subjects and patiens with
‘essential hypertension. J. Clin, Invest, 43: 2009-2015, 1964, ‘

GLENN, F., CHILDS, C.G. and PAGE, I.H.: . The effect of destruction of the
spinal cord on rerial hypertension artificially produced in dogs. Amer. J.
Physiol. 122: 506-510, 1938. - .

- e e . am a— N

GOLDBLATT, H., GROSS, J. and HANZAL, R,.F.: .Studies of experimental
hypertension I1I: The effect of resection of splanchnic nerve on experimental
renal hypertension. J. Exp. Med. 65: 233-241, 1937. ‘

GOLDBLATT, H., LYNCH, J., HANZAL, R.F, and SUMMERVILLE, W.W.: The production
of~persistentuye1evation of systolic blood pressure by renal ischemid. J.
Exp. Med. 5S: 347-349, 1934, ' |
GOLDBLATT, H., LYNCH, J. HANZAL, R.F., and SUMMERVILLE, W.W,: Studies on

experimental hypertension. I. The production of persistent elevation of

systolic blood pressure by means of renal ischemi§. J, Emp. Med. 53: :
347-379, 1934. ' | ' ' K .
GORDON;wD.B. and NOGUEIRA, A.:~Inc%eased vasculaﬁ rea;tivity in exﬁerimenfal
hypertension. Circ. Res. 10: 269-273, 1962. | ’ ‘ |

GRANT, R.T. and ROTHSCHILD, P.: A device for estimating blood pressure in . '
the rabbit. J. Physiol, (London) 81: 265-269, 1?34. : ) s .

— r o
GREEN,R.W. and SAPIRSTEIN, L.A.: Total body sodpum, potassium and )
. nitrogen in rats made hypertensive by subtotal nephrectomy. _‘Amer.J . Physiol,

169: 343-349, 1952.

o] 9 .
GREISMAN, E.S.: The reaction of the capillary bed of the nailfold to the
continuous intravenous infusion of levo-norepinephrine in patients with
normal blood pressure and with essential hypertension. J. Clin. Invest. 33:
975-983, 1954 < , |

. T _ 7 - . U
. GREISMAN, S.E.: The reactivity of the capillaﬁy,bed of the nailfold to

circulating epinephrine and norephinephrine in |patients with normal blood "
pressure and essential hypertension. J. Clin. Invest. 31:782-788,1952. . A
GRIFFITHS, W.J. and COLLINSON, S.: The estimation of noradrenaline . i
in urine and its excretion in normal and hyperFenSive subjects. J. Clin. .
path, 10: 120-125, 1957. .

GRIMSON, K.S.: Role of the sympathetic ﬂérvausgsysfehlin experimental
. neurogenic. hypertension, Proc. SoC. Exp. Biol. Med. 44. 219-221, 1940.
. . l. J



.- 152 -

GRIMSON, K.S.: The sympathetic nervous system in neurogeni& and renal
hypertension: experimental correlation and clinical consideration.
Arch. Surg. (Chicago) 43:284~305, 1941, -

. ‘ - e
GRIMSON, K.S., WILSON, H. and PHEMISTER, D.B.: The early and remote effects -
of total and partial paravertebral sympathectomy on blood pressure. Ann.
Surg. 106: .801-825, 1937. N ; : '

[

GRIFBON, K.S., ORGAIN, E.S., ANDERSON, B.Q. and D'ANGELO, G.J.: Total
thoracic and partial to total lumbar sympathectomy, splanchnicectomy
and ;eliaq ganglionectomy for hypertension. Ann, Surg. 138: 532-547, 1953.

GROLLMAN, A.: A simpl'ified procedure for inducing chronic renal hyperten-
sion in the‘mm. Proc. - Soc. Fxp. Biol. Med. 55-57, 102-104, 1944,
1

- GROLIMAN, A, ISON, T.R. and WILLIAMS, J.R, Jr.: The. mechanism of
experimental renal hypertension in the rat: the relative significance of

larr

. pressoi and anti-pressor factors. Amer.’J. Physiol. 139: 293-298, 1943, S

N, A. and HARRISON: Effect of rigid sodium restriction on blood -
pressure and survival of hypertensive rats. Proc. Soc, Exp. Biol, Med.
. 60:52-55, 1945.° - : .-
GROLLMAN, A. and SHAPIRO, A.P.: Thé volume of the extracellular fluid in
‘experimental and human hypertension.. J. Clin. Invest. 32: 312-316, 1953.

GROSS, F.: Adrenmocortical function and renal pressor mechanisms in -
experimental hypertension. In Bock, K.D. and Cottier, P.T. eds.. Essential
" Hypertension. "An international symposium, Berne, June 7th -10th, 1960,
p. 92, Berlin:‘ Springer 1960. ‘ C : C L
GUTMAN, Y. and WEIL-MALHERBE, H.: Kinetics of catecholamines release by _
tyramine in rat heart, spleen and utexus. Life Sci. 5: 1293-1298, 1966. :

HAEUSLER, G. and HAEFELY, W.: Pre + and Postjunctional supersensitivity
of the mesenteric' artery preparation from normotensive and hypertefsive:
‘- - rats, "Naumyn-Schmiedebergs Arch, Pharmak. 266: 18-33, 970. . .

HALLY, ?,M.: The i’lame photahétef for measufement of sodium and ' , - . N
_potassium in bioldgicalmaterials, J.- Biol. Chem. 167: 499-510, 1947,
_WH, -CC-.W'.: ,"Ihe fect of denervation on the sensitivity to |

adrénaline of the th muscle inthe nictitating membrane of the

cat, Amer. J. Physiol. 11l: 611-621, 1935, : v

* HENNING, M.: . Noradregafline urnover in renal hypertensive rats, J. Pharm. o
Pharmacol, 21: 61-62;71969. S ) ) . B
'FIERTFING,.G. and AXELRDD, 'y.: Fate of tritiated noradrenaline at the N
sympathetic nerve endings. Nature (London}. 192: 172-173, 1965. : |

HERTTING, G., AXELROD, J., KOPIN, I.J. and WHITBY, L.G.: Lack of uptake - - 4
of catecholamine after chronic denervation of sympathetic nerye. Nature |
(London). 189: 66, 1961. . , .



" - 183 -
HERTTING, G., POTTER, L.T. and AXELROD, J.: Effect of decentrglization

and ganglionic blocking agents on the spontanecus release 6f H™-NA, J.
Pharmacol,Exp. Ther. 136,289-292, 196Z. - :

HINKE, J.AM,: In vitro demonstration of vascular hyperrésponsiveneés in
experimental hypertension. Circ. Res. 17: 359-371, 1965.

HINKE, J.AM.: Effect of caléium contractility of small arteries from
DCArhypertensive rats. Circ. Res. 18 and 19: Suppl. 1, 23-33, 1966.

 HUGHES, J. and. ROTH, R.H.: Enhanced release of transmitter during sym-
pathetic nervé stimulation in the presence of angioténsin. Brit. J.

. Pharmacol. 37: 516-517p. 1969,

IKOMA, T.: Studies on catechols with reference to hypertension.
(Chap. 1) Jap. Circ. J. 28: 1269-1276, 1965.

. DMS, F.J.and JONES, M.T.: Vascular sensitivity following adrenalectomy
in the rat. Brit., J. Pharmacol. 33: 212-213, 1968. )

ONICO, A.N. TAIANA, J.A. :Hypertension arterial,
Pyl Tratamiento guirurgico. Semana Med. 1:841-845,1938.

INTROZZI, A.S.
Estudio experime,

_ JACOBS, J. and
hypertension.

b .

JONEé, D.R, and DOWD, D.A.: Development of elevated blood pressure in o
young genetically‘hypertensive rats. Life Sci. 9: 247-250, 1970,

, F.F.: Sympatholytic treatment of experimental,

b,'Clin.‘Med.'gg: 1217-1221, 1944. -

KALSNER, S.: Steroid potentiation of responses to sympathomimetic amines
in aortic 'strips. Brit. J. Pharmacol. 36: 582-593, 1969. :

KALSNER, S. and NICKERSON, M,: Disposition.of norepinephrine and epinephrine

in vascular tissue determined by the oil-immersion technique..l._Pharmacol.

_Exp. Ther. 165: 152-165, 1969.

'KIRPEKAR, S.M., CERVONI, P, and FURCHGOTT, 'R.F.: Categﬁélamine content.
of the cat- nictitatingmembrane ‘following procedures S }sitizing to
norepinephrine. J. Pharmacol. Exp. Ther. ;§§:180-190; 1962,

_KNOWLTON, A.I. and LEOB, E.N.: Depletion of carcass potassium in rats
made hypertensive with desoxycorticosterone acetate (DCA) and with
cortisone, J. Clin. Invest. 36: 1295-1300, 1957. "

. . , o .
KNOWLTON, A.1., LOEB, E.N., SEEGAL, B.C. STOERK, H.C,and BEBG. J,L.::
" -Development of hypertensidn in the adrenalec;omizgd_nephr1t1c rat main-
tained on sodium chloride. -Proc. Soc. Exp. Biol. Med. 74: 661-660, 1950.

KNOWLTON, A.I., LOEB, E.N., STOERK, H.C.,:and SEEGAL, B.C.: Desoxycorticos-.
‘terone acetate; the. potentiation of its activity by sodium chloride.
J. Exp, Med, 85: 187-197, 1947.

. KOCK, E. and MIéS, H.: Chronischer, arterieller hochdruck durch experimentalle
Dauerrausschaltung der Blutdruckzyder. Drankheitsforschung. 7: 241, 1929.

.-

B P



© e - 154 -
- ’ "

KOLETSKY, S., and PRITCHARD, W.H.: Failure to demonstrate VOSOPressor .
material in salt hypertensive rats. Amer. J. Physiol. (London) 207: o 3
152-154, 1964. : | '

' KOPIN-,‘ 1.J.: Storage "and .inetabolism of catecholamines: The role of manoamine !
oxidase. Phamacol. Rev. _1_6_:/179-191; 1964. ' . -

'KRAKOFF, L.R., De CHAMPLAIN, J. and AXELROD, J.: Abnormal storage of
norepinephrine in experimental hypertension in rat. Circ.*Res. 21: 583=591,
1967, . . _ -
KRAML, M.: A rapid mic'rofluorimet,ricJdetermination of monoamine oxidase
Riochem. Pharmacol, 14: 1684-1685, 1965. :

KREMER, M., WRIGHT, S. and SCAFF, R.W.: Experimental hypertension and the
arterial lessions in the rabbit. Brit. J. Exp. Path, 14: 281, 1935,
KUHIMANN, D., RAGAN, C., FERREBEE, J.W. ATCHLEY, D.W, and LOEB, R.F.:
Toxic effects of desoxycorticosterone %ers jn-dogs. Science. 90:

496-497, 1939. . - )

g

 LARAGH, J. H., SEALEY, J.E. and SQMMERS, S.C.: Patterns of adrenal secretion
and urinary excretion of aldosterone and plasma renin- activity in normal
and hypert&\sive subjects. Circ. Res. 18 and 19: suppl. 1, 1-158, 1966,

' LARAGH, J.H., VLICK, S., JANUSZEWICZ, V., DEMING, Q.B., KELLEY, W.G. and |
LIEBERMAN, S.: Aldosterone secretion and primary and malignant hypertension.
J.Qlin. Invest. 39: 1091-1106, 1960. S

. LARAGH, J _H.: Renin, angiotensin, aldosteroﬁe and hormonal regulation of
arterial pressure and salt balance. Fed. Proc. 26: 39-41, 1967.

RE, D.C. and GROLIMAN, A.: Water and electrolyte content of tissues
_in normal and hypertensive rat. Amer. J. Physiol. 161: 278-282, 1950.

',5 LEFER, 'A.M'. and STUFIN, D.C.: cardiovascular effects of catecholamines in
experimental adrenal insufficency. Amer. J. Phygiol,_ 206: 1151-1155, 1964.

LENEL, R_.‘, KATZ, L.N, and’ RbDBO y Ou3 Arterial hypertension in.chickens. =
Amer. J. Physiol. 1_5_;:562a-5_5'1 1948. : .

]

LEVI-MONTALCINI, R. qnd'ANGELE'I"I‘I, P.V.: . Immungsympathectomy . Pharmacol.
* Rev. 18: 619-628, 1966. CL - '
LEVI-MONTALCINI, R. and BOOKER, B. Destruction of the Sympathetic ganglia
in mamnals by an antiserum to *he nerve-growth protein. Proc. nat.Acad.

Sci., Wash, 46: 384-391, 1960. -

| LEWIS, G.P. and'REIT,"E.: 'Iﬁe action- of angiotens;',._x}‘am bradykinin on
the superior cervical ganglion of the cat. J. Physiol. (Lor_ldon) 179:
538-533, 1965. '

LOUIS, W.J., SPECTOR, S TOBEI, R. and SJOERDSMA, A.: Synthesis and
turnover of norepinephrine jin the hearts qf the spontaneously hyper-

-



-, 155 -

LOUSI, W.J.; SPECTOR, S., ROBEL, R. ‘and SJOERUSMA, A.: Noradrenaline in the
heart of the spontaneously hypertensive rats. Lancet, 1:294, 1013-1015, 1968.

MAEKAWA, M., SERIU, Y. and WAKABAYASHI, ‘A.: The role of catecholamines in the
pathogenesis of hypertension. Jap. Cire. J.30: 162-166, 1966.

MALLOV, S.: Comparative reactivities of aortic strips from Hypertensive and '

normotensive rats to epinephriné and levarterenol, Circ. Res. 7:196-201, 1959.

) MALMFORS, T.: Release and deﬁletion'of the transmittér in adrenergic terminals

produced by nerve impulses after the inhibition of noradrenaline symthesis: OT
reabsorption. Life Sci. 3: 1397-1402, 1964. ‘ ' :

MAIMFORS,T.: Studies on adrenergic nerves. Acta Phyéiol Séand,‘64;
Suppl. 248,.7-93, 1965. - ‘

MANGER, W.M., WAKIM, K.G. and BOLIMAN, J.L.: Chemical quantitation of epine-
phrine and norepinephrine in plasma. Charles C. Thomas, Springfield, 1959.

MANNING, J.W. Jr. and PEISS, C.N.: Cardiovascular responses to electrical

‘stimulation in the diencephalon. Amer. J. Physibl:*1§§:—566-5101-1960.

MASSON, G.M. AOKI, K., MATSUNAGA, M. and FISHER, E.R.: The tole of adrenal
in renin-induced hypertension. Lab, Invest. 15: 449-454, 1966. 7 D

MASSON, G.M.C., LEWIS, L.A., CORCORAN, A.C., and PAGE, I.H.: Desoxycorticos=-

~ teyone in rabbitst gimulation of rabbit ''toxemid of pregnancy'. J. Clin. Endocr.
©13: 300-315, 1953. | .

" McCUBBIN,J. W, and PAGE, 1.H.: Renal pressor system-and neurégenic controi of
arterial pressure. Circ. Res. 12: 553-559, 1963.

‘McGREGOR, D.D. and SMIRK, F.H.: Vascular Tesponses in mesentéric arteries_
from genetic and remal hypertensive rats. Amer. J. Physiol. 214: 1429-1455,
1908. ’ : : : :

McQUARRIE, I., THOMPSON, W.H. and ANDERSON, J.A.: Effects of excessive |
ingestion of sodium and potassium salts on carbohydrate netabolism and blood
pressure in diabetic children.’ J. Nutr, 11: 77-101, 1936.

McQUEEN, E.G.: The effect of control of blood pressure on vascular re-
activity-in experimental renal hypertension. Clin. Sci. 21:133-140, 1961.

MCQUEEN, E.G.: Vascular rééctivity in expérimental and renoprival hyper-
tension. Clin. Sci. 15: 523-532, 1950,

MENDLOWITZ, M., ALTCHEK, A., NAFTCHI, N. and SPARK, R.: Digital vascular
reactivity to 1-norepinephrine in the second trimester of prégnancy as a
test for latent essential hypertension and toxemia., Amer. J. Obst. and
Gynec. Bl: 643-652, 1961.

MENDLOWITZ, M. and NAFTCHI, N,: Work of_digital vasoconstfic@ion produced by
infused noradrenaline in primary hypertension. J. Appl. Physiol, 13: 247-

251, 1958.

™
[




- 156 - -

MENDLOWITZ, W., NAFTCHI, N.E., WOLF, R.L. and GITLOW, S.E.: Vascular
reactivity in the patient with essential hypertension and hypertension
of renal origin. Amer. J. Cardiol. 9: 680-684, 190Z. .

MENEELY, G.R. and BALL, C.0.T.: égperimental epidemiology of chronic , : \
sodium chloride toxicity and the protective effect of potassium chloride. ,
"Amer. J. Med. .25:713-725, 1958. _

MENEELY , G,R.,'TUCKER;.R.G. DARBY., W.J. and AUBERBACH, S.H.: Chronic sodium
chloride toxicity in albino rat. II Occurrence<ﬁ:hypertension and of a '
syndrome of edema and renal failure. J. Exp. Med. 98: 71-80, 1953,

MOERMAN, E.J., HERMAN, A.G., BOGAERT, M.G. and De.SCHAEPDRYVER; AF.:
Noradrenergic vascular responsiveness in hypertensive dogs. Arch, Int.
Pharmacodyn. 178: 492-493, 1969.

- et ————

MOLLER, P., BUUS, D., and BIERRING, E.: Blood pressure and urinary excretion
of noradrenaline. Scand. J. Clin. Lab. Invest. 9: 331, 1957, '

MUSCHOLL, E. and VOGT. M.: The action of reserpine on-the peripheral’
sympathetic system. J. Physiol (London) 141: 132-155, 1958.

" NAGAOKA, A., KIKUCHI, K. ind ARAMAKE, Y.: Blectrolyte pattem of the
aorta in the spontaneously hypertensive rats. Jap. J. Pharmacol. 19:
462-463, 1969. . '

NEILLANDS, J.B. and STUMPF, P.K.: Outlines of enzyme chemistry. Second Ed-
ition, p. 93, 1958.-

NICKEL, J.F. SMYTHE, Mc. C., PAPPER, E.M. and BRADLEY, S.E.: A_studJ‘M\ ) _ ™
of the mode of action of the adrenal medullary hormones on sodium, potassium
and- water excretion in man. J. Clin. Invest 33: 1687-1699, 1954.

NOWAK, S.J.G. and WALKER, 1.J.: Experimental studies concerning ihg
nature of hypertension. Their bearing on surgical treatment. New England. J.
Med. Z20: 269-274, 1939.

OGDEN, E.: The extfa-renél séquel to experimental renaI’hypertgnsion.
Bull.N.Y. Acad. Med. 23: 643-660, 1947.

OKAMOTO, K. and AOKI, K.: Development of a.strain qf;spontanqously'
hypertensive rats. Jap. Circ. J. 27: 282-293, 1963.

OKAMOTO, K., NOSAKA,:S., YAMORI,Y.and MATSUMOTO, M.: Participation of

neural factor in pathogenesis of hypertension in spontaneously hypertensive
rat, Jap. Heart. J.8:168-180, 1967.

PAGE, I.H. and HEUER, G.J.: A surgical treatment of essential hypertension.
J. Clin. Invest. 14: 22-26, 1935. : = ’ :

PATON, W.D.M. and ZAIMIS, E.J. @ Clinical potential@tigs of certain
- bisquaternary salts causing neurosuscular and ganglionlc block. Nature
(ummm)ggzsm,lms.

4



- 157 -

PHELAN, E.L.,sERYETISOIR, I. and SMIRK, F.H,: Observations on the

responses of rats with spontaneous hypertension and control rats
to pressor drugs and hexamethonium. Circ. Res. 10: 817-824, 1962.

PICKERING, G.W.: The role of the kidney in acute and chronic '
hypertension following renal artery constriction in the rabbit. Clin.
Sci. 5 229-247, 1945. ;
PICKERING, G.W., PRINZMETAL, M. and KELSALL, A.R.: The assay of renin
in rabbits eith experimental renal hypertension. Clin. Sci. 4:401-420,
1942, . S

PICKERING, G.W.: High blood pressure. New York, Grune and Stratton. 1955.

RAAB, W.: Cardiovascular effects of-désoxycorticosterone acetate in man.
Amer. Heart. J. 24. 365-377, 1942, :

RAAB, W.: The integrated role of cafecholamine, mineralocorticoids and -
sodium in hyper- and hypotension. J. Mt $inai Hosp. 19: 233-239, 195Z.

——

RAAB, W.: Transmembrane catiqnié gradient and blood pressure regulation.
Amer. J. Cardiol. 4:752-774, 1959, ‘ : -

" Pressor effects of epinephrine, norepinephrine and desoxycorticosterone
acetate weakened by sodium withdrawal. Circulation 6: 373-377,1952.

RAAB, W., HUMPHREYS, R.J. MAKOUS, N., De Grandpre,.R, and GIGEE, W.:

RAAB, W., HUMPHREYS, S.J. and LEPESCHKIN, E.: Potentiation of pressor
effects of norepinephrine and epinephrine in man by deseoxycorticosterone
acetate. J. Clin. Invest, 29: 1397-1404, 1950.

RAMEY, E.R., GOLDSTEIN, M.S. and LEVINE, R.: Action of norepinephrine and
adrenal cortical steroids on blood pressure and work performance of
adrenalectomized dogs. Amer. J. Physiol. 165: 450-455, 1951.

REDLEAF, P.D. and TOBIAN, L.: Question of vascular hyper-responsiveness

~in hypertension, Circ, Res. 62 185-193, 1958. '

REDLEAF, P.D. and TOBIAN, L.: The question of vascular hyper-respons iveness
in arterial hypertension. J.‘Lab, Clin. Med. 50: 943, 1957,

REED, R.K., SAPIRSTEIN, L.A. SOUTHARD, FD. Jr. and OGDEN, E,: The effect.
of nembutal and ychimbine on chro?ic renal hypertension in -the rat, Amer.

J. Physiol. 141: 707-712, 1944. , ‘
REHN, N.0.: Effect of decentralization on the content of catecholamines in T

the spleen and kidney of the cat. Acta. Physiol. Scand, 42: 309-312, 1958,

REHINGTQN, J.W.: Circulatory factors in adrenal crisis in the dog. Amer.
J. Physiol., 165: 306-318, 1951, ‘

r



- 158 -

ROSELL, S,,'KOPIN,'i.J. and AXELROD, J.: Eate of Hs-norepine- =
- phrine in skeletal muscle before and following sympathetic
‘ stimulation. Amer. J. Physiol. 205 317-320, 1963. ‘

"ROSENFELD,'H., SEVY, R.W. and OHLER, E.A.: Vascular responses
~to noradrenaline in adrenal insufficiency. .Proc. Soc. Exp.
- Biol., Med. 100: 800-802, 1959, :

ROSENMAN; R.H., FREED, S.C. and FRIEDMAN, M.: The peripheral
vascular reactivity of potassium-deficient rats. Circulation
S: 412-414, 1952. T

ROSENMAN, R.H., FREED, S.C. and FRIEDMAN, M.: Effect of variation
of potassium intake on pressor activity of desoxycorticosterone.
Proc. Soc. Exp. Biol. Med. 78: 77-79, 1951. |

ROSENOW, G. and JAGUTTIS: Blood sugar.in addison's,disease.‘
~ Klin. Wchnshr. 1: 358, 1922. A
ROSS, E.J.: Ekchangeable sodium in hypertensive pafients. Clin.
Sci. 15: 81-91, 1956.

. X ‘ ; . ) .
ROWNTREE, L.G. and ADSON, A.W.% Bilateral lumbar sympathetic
neurectomy in the treatment of malignant hypertension. J.A.M.A,
85: 959-961, 1975, - : ’

RUTLEDGE, C.0., WEINER, N.: The effect of reserpine upon the
synthesis of norepinephrine in the isolated Tabbit heart. J.
Pharmacol. Exp. Ther, 157: 290-302, 1967.

" SAPIRSTEIN, L.A., BRANDT, W.L. and DRURY, D.R.: Production of
hypertension in the rat by substituting hypertonic sodium
chloride solutions for drinking. Proc. Soc. Exp. Biol. Med. 73:
82-85, 1950. . S L

SAPIRSTEIN, L.A. and REED, R.X.: Effects of Fourneau 883 and
Fourneaus 933 on late Tenal. hypertension in the rat. Proc.
Soc. Exp. Biol. Med. 57: 135~136, 1944, . :

SARRE, H.: Untersuchungen uber Beziehungen zwischen Hochdruck.
Nebennierenrinden hormon. und Kochsalz. Deutsches Arch. f. -
Klin., Med. 192: 167, 1944. ™ .

SCHNAITMAN, C., ERWIN, V.G. and GREENAWALT, J.W.: The sub-
mitochondrial localization of monoamine oxidase. J.Cell Biol.
32:719r735,_1967. ‘ .

SELDIN, D.W., WELT, L.G. and CORT, J.H.: The Tole of sodium
salts and adrenal steroids in the production - of hypokaleniic
alkalpsis. Yale J. Biol. Med. 29: 229, 1956. - . :

SEL{E,'I{. and HALL, C.E.: Pathological changes induced in -
svarious species by overdose with desoxycorticosterone.  Arch.
" Path. 36: 19-31, 1943. \ ' ﬂ '



v

. SMIRK, F.H. and HALL, W.H.: Inherited hypertension in rats.

- 159 -

i

SELYE, H. 'and HALL, C.E. and ROWLEY, E.M.: Malignant
hyperten51on produced by treatment with desoxycortlcosterone
acetate and sodlum chloride. Canad. Med. Ass. J. 49: 88- 92

11943,

SJOERE5MA;A.: Relationship between alterations in amine
metabolism and blood pressure. Circ. Res. §: 734-745, 1961.

Nature (London) 182: 727- 728 1958.

SMYTHE, C. McC., NICKEL, J.F. and BRADLYS, S.E.: The effeCt

of 1- eplnephrlne and l—noreplnephrlne on glomerular filtration
rate, renal plasma flow, and the urinary excretion of sodium,
potassium and water 'in man. J. Clin. Invest. 31: 499-506, 1952.

SNYDER, S.H., FISHER, J. and AXELROD,.J.: Evidence for the presence -
of monoamine oxidase in sympathetic nerve endings.. Biochem. .
Pzﬁmmacoi ' 14: 363-365, 1965. : : L . : f\\
SOMLYO;, A.P. and SOMLYO, A.V.: Vascular smooth muscles. I.

Normal structure, pathology, biochemestry and blophy51cs

Pharmacol Rev. 20: 197-272, 1968.

SMITHWICK, R.H. and THOMPSON, J.E.: Splanchnlcectomy for essentlal
hyperten51on JAMA. 152: 1501-1504, 1953. -

SQUIRES R.F. and LASSEN J.B.: Some pharmacological and
biochemical properties of morphollno butyrophenone (NSD 2023),

a new monoamine oxidase inhibitor. Biochem. Pharmacol 17
369~-384, 1968,

STEEL, R.D.G. and TORRIE, J.H.: Principles and procedures of
statistics. Ed..l, 1960. : ' ‘

'STOTT, A.W. and ROBINSON, R.: Urinary normetaadrenaline

excretlon in essential hyperten51on€F'Clin. Chim. Acta. 16:
249-252, 1967. S

STURTEVANT, F.M: : Studies of vascular reactivity in normotensive
and metacort1c01d hypertensive rats. Amer. Heart J. 52: 410-
418, 1956, | /

STURTEVANT, F.M.: The vascular reactivity of normotensive

- and metacortlcold hypertensive rats. Anat.liec. 122: 479-483,
“1955 : . .

'TOBIAN L. The electroytes of arterial wall in experimental

renal hyperten51on. Circ. Res. 4: 671-675, 1856,
TOBIAN, L: Interrelatioanship of electrolytes, Juxaglomerular
cells and. hypertenszon Phy51ol Rev. 40: 280-312, 196@



—

S0 -

s . . ) ‘
TOBIAN, L. and BINION, J.T.: Tissue cations and water in

_arterial hypertension. Circulation.5: 754-758, 1952.°,

TOBIAN, L. Jr. and BINION, J.T.: Artery wall electrolytes. in
renal and DCA hypertension. J. Clin. Invest. 33: 1407-1414,"
1954. - . LT
TOBIAN, L and CHESLEY, G.: Calcium content of arteriolar
walls. in normotensive and hypertensive rats. Proc. Soc.

Exp. Biol, Med. 121: 340-342, 1966. . B

TOBIAN, L. and FOX, A.: The effect of noradrenaline on the
electrolyte composition of arterial smooth muscle. J. Clin.
Invest 35: 297-301, 1956. _ ' T

"TOBIAN, L,, JANECEK, J. , TOMBOULIAN A. and FERREIRA, D.
Sodium and potassium in the walls: of arterioles in exper- -

imental Trenal hyperten51on J. Clin. ‘Invest. 40: 1922-1925,
1961. . ""%

TOBIAN, L. Jr. and REDLEAF ‘P.: Effect of hypertension on
arter1a1 wall *electrolytes during desoxycortlcosterone
administration. Amer. J. Physiol. 189: 451-454, 1957.

TOBIAN, L. ana‘REDLEAF P,: Ionic composition of the aorta .
in renal and adrenal hyperten51on Amer. J, Physlol 192:

. 325- 330 '1958.

.TRENDELENBURG ‘U.: Mechanism of supersen51t1v1ty and sub- '~

sensitivity to sympathomlmetlc amines. Pharmacol. Rev.
18: 6295640, 19%6. ‘

TRENDELENBURG, U.: Supersensitivity and subsensitivity to

sympathomimetic amines. Pharmacol. Rev. 15: 226-276, 1963.

‘Von! EULER, 115 : A sPeC1f1c sympathomlmetlc ergon in adrenergic- =~

VARMA, D.R.: Antihypertensive effect of methyldopa in meta-
corticoid immunosympathectomized rats. J. Pharm. Pharmacol.
19: 61-62, 1967. :

_ : J -
VICK, J., EDERSTROM, H.E. and VERGEER, T.: Epinephrine
sen51t1V1ty of blood vessel strips from salt- fed and castrated
rats. Proc. Soc. Exp. Biol. Med. 93: 536-539, 1956.

VOLICER, L., SCHEEN, E., HILSE, H. and WISWESWARAM, D.: Turn-
over of norepinephrine in the heart during experimental
hypertension in rats. Life Sci. 7: 525-53Z, 1968.. -

i

nerve fibres (sympathin) and its relation to adrenaline and
noradrenaline. Acta. Physiol. Scand. 12: 73-97, 1546.

», T

. Vor EULER,'U.S.: Noradrenaline. Charles Thomas, Springfield,

1956. . -

.



- 161 -

b

Von EULER, U.S. HELLNER, S. and PURKHOLD, A.: Excretion of
noradrenaline in urine in hypertension. Scand. J. Clin, Lab.
Invest.6: 54-59, 1954, : ' C

Von EULER, U.S. and PURKHOLD, A.: Effect of sympathetic dener-

vation ‘'on the noradrenaline and adrendline content of the spleen,
* - - kidney and salivary glands 'in sheep. Acta Physiol. Scand.

24: 212-217, 1951, = - -

. Von EULER, U.S., STJARNE, L -and LISHAJKO, F.: Uptake of radio-
actively labelled DL -catecholamines in isolated adrenergic
nerve granules with and without reserpine. Life Sci. 2: 878-
885, 1963, ST T
WAGNER, H.N. Jr.: The influence of autonomic vasoregulatory -
reflexes on the rate of sodium and water excretion in man.

J. Clin. Invest. 36: 1319-1327, 1957. :

. WATERSON, J.G. and SMALE, D.E.: Location of adrenergic
. Structures in the central artery of the rabbit ear. Aust. J. Y

Exp. Biol. Med. Sci. 45: 301-308, 1967. : S '
WEIL-MALHERBE, H. and BONE, A.D.: The estimation of catechola-
mines in urine by a chemical method. J. Clin.. Path. 10: 138-
147, 1957, : - L

WEISSBACH, H.,sSMITH, T.E., DALY, J.W., WITKOP, B. and UDER-
_ FRIEND, S8.: A rapid spectrophotometric assay of monoamine- :
- - oxidase based on the rate of disappearance of kynuramine. J..Biol.
Chem. 235: 1160-1163, 1960. . o

-

WESTFALL, D.P.: The effect of réserpine and decentralization on t:
the ion distribution in the vas deferens of the guinea-pig. 4
" Brit. J. Pharmacol. 39: +121-127, 1970.

WESTFALL, D.P.: -Nonsgecific supersensitivity of the guineéw
..~ plg vas deferens produced by decentralization and reserpine
‘ treatment. - Brit. J. Rharmacol. 39: 110-120, 1970. '

; WESTFALL, T.C. and OSADAYH.: Influence of adrenaiectomy on
the synthesis of noradrenaline in the rat heart. _J. Pharmacol. :
Exp. Ther. 167: 300-308, 1969. ' S :

< _WHITBY, L.G., AXELROD, J. and WEIL-MALHERBE, H.:.The fate of
* H3-norepinephrine in animals, J. Pharmacol. Exp. Ther. 132:
193-201, 1961. S , '

~ WHITE, S.W.: Adrenalectomy in the rabbit. Aust. J. Expt. Biol.
‘Med. Sci. 44: 447-449, 1966. e

. WILSON, H., ROOME, N.W. and GRIMSON, K.: Complete sympathectomy.
" /7 - Observations of certain vascular reactions during and after '
complete exclusion of the sympathetic nervous system in dogs.
Ann. Surg. 103: 498-509, 1936. ' . - o

<




162 -/

. WILLARD, P.W. and FULLER, R.W.:  Fﬁh6t1bna1wsignif;gance.of‘
the sympathetic nervous system in production-of hypertension.- .- ..
Nature (London), 223: 417-418, 1969,

WRIGHT, E.B. and LESTER, E.J.: .Effect of adrenalectomy and
cortisone on peripheral nerve function. Amer. J. Physiol. -
196: 1057-1062, 1959. ' . :

WOODBURY, D.M.: Extrarenal actions of desoxycorticosterone
and adrenocorticotrophic hormone on electrolytes.- Fed. Proc.
10: 149, 1951.- .

YAMORI, Y. and OKAMOTO; K.: H&pothalamic toniC'fegulafion of
blood pressure in spontaneously hypertensive rats. Jap. Circ.
~J.33 : 509-519, 1969. - -

,ZIMMERMAN, E.G. and GOMEZ, J.:-IndréaSed response to sympathetic
stimulation in the cutaneous vasculature in presence of angio--
. tensin, . Int. J. Neuropharmacol. 4: 185-193;, 1865. - /

iIMMERMAN, B.G. ROLEWICZ, T.F., DUNHAM, E.W. and GISSLEN,\J.L.:
Transmitter release and vascular responses. in skin and musc
of hypertensive dogs. Amer. J. Physiol. - 217: 798-804,1969.

A

(-

- -
=

t





