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AFTER enucleatioin of an adrenal, hypertension develops quickly in rats giveni
salt to drink (Skelton, 1955). Such animals sustain widespread visceral arteriolar
muscle necrosis. Evidence derived from experiments with ani antihypertensive
ageint has shown that muscle cell death may be prevented by intermittent re-
duction of the blood pressure (Gardner and Brooks, 1962). These observations
are in accord with studies made in steroid hypertension with the drugs hydralazinie
(Gardner, 1960) and bretylium tosylate (Gardner, 1962).

Although raised blood pressure and vasospasm play essential parts in the
genesis of hypertensive arteriolar necrosis (Byrom, 1954), it appears possible that
an associated initial alteration in arteriolar metabolism may increase the suscepti-
bility of muscle cells to the injurious effects of sustained high blood pressure
(Gardnier, 1960). Disturbance in tissue electrolyte conicentrations may accompanly
the hypertensive state in the rat (Tobian and Redleaf, 1958) and these changes
may be related to the destructive effect of raised pressure. Duriing a recent
experiment with adrenal-regeneration hypertension (Gardner and Brooks, 1962)
the opportunity was therefore takeni to examine the concentrations of electrolytes
in selected relevant tissues. These figures were compared with those obtained
from tissues of rats in which arteriolar necrosis had beeni prevented by appro-
priate treatment. The results of this comparisoni are described in the preseint
paper which represents therefore a continuation of the previous report (Gardner
and Brooks, 1962).

MATERIAL AND METHODS

Fifty-five male albino WXistar rats, mean weight 145 g., were mnaintained on a (liet of
known adequacy. Adrenal-regeneration hypertension was induced in 43 animials. Twenty
of these animals were treated with hydralazine once dailv, as described previouslv (Gardner
and Brooks, 1962) 11 survived 56 days of treatment. Twenty-three animals received no
hydralazine; 12 survived 56 days. Twelve rats were maintained as untreated controls.
The body weights, salt intakes and blood pressures were recorded. At the conclusion of
the experiment, samples of kidney, aorta, remaining adrenal, heart, skeletal muscle and
inesentery were taken and analysed for sodium, potassium and chloride, using methods to
be described elsewhere (Gardner, unpublished observations). Serum sodium, potassium and
chloride levels were measured on samples of blood collected at the time of death and haves
been reported previouisly (Gardner and Brooks, 1962). The results of the analysis on tissues
and sera of the 12 surviving untreated rats and 11 surviving treated rats were compared
with those obtained from 12 normal animals.

From these figures were calculated the concentration of sodium, potassiumn and chloride
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1er 100 g. of fat-fiee, dlry tis'sue. Chloride resuilts were also calcutlate(l in termtis of w?et tissute
wNeight. Chloride spaCe was obtained from- the ratio

tisstie chloiide in in.Eq./kg. wet weight
serumn chloride in iin.Eq./ .

and (orrecte(l by ap)plying a D)onnan constant, of 0 96.
Inuulii space was determined, uising the imethod of Fleai-, Cratiipton a,nd Matthew-s (1960).

'I'wo( hindleg muscles (soleus an(I flexor digitorumll longus) were removed from eachl animnial
imnme(ediately after evisceration. Similar mutscles were removed fronm 12 addlitional contiol
rats. All muiiiscles were dissected out intact, a shloirt length of ten(lon being left at eacih end.
Alkali-stable inuilin was prepare(d by heating with NaOH and repeated precipitation withi
alcohol (WA eil, 1952). AMuscles were left overnight in an inulin/saline mtixture at 2 -3 . Inulin
concentrattionis were estimnate(l by a colorimnetric imiethod using indolvl avetic acid (Hevrovsky,
1956).

RESULTS
ISodliuin (Table I)

Inl adrenal, skeletal muscle and mesenterv from rats with adrenial-regenieratioli
hypertension the concentrationi of sodium in fat-free, dry samples was found to
be raised above normal but the differences did not reach conventional levels of
significance. After 536 days treatment with hydralazinie the sodium conicenitration
in aortic samples was founid to be significantlv reduced (P < 0.02). In the
other tissues. with the exception of mesenterv. there was a reductioni ini sodium,
concentratioin which did Inot reach acceptable levels of significanice.

Potassiun (Table II)
The concentrations of potassium in samples of regenerated adrenial

(P < 0-01), of heart (P < 0.01) and of mesentery (0-02 < P < 0.01) were found
to be significantly reduced in animals with adrenal-regeneration hypertension
by comparison with normal. After 56 days treatment with hydralazine the
mean potassium concentration in the samples of aorta, slightly lower than
normal in hypertensive animals, was found to be further reduced. However, the
extent of the reduction was of uncertain significance (0 1 < P < 0.05). The
potassium content of regenerated adrenal and of mesentery also fell but in kidney,
heart and skeletal muscle samples there was Ino evidence of change.

(hloride (Table III)
The concentrations of chloride in fat-free, dry samples of tissue from aorta

(P < 0-01), heart (P < 0.01), skeletal muscle (P < 0.01), mesentery (0 05 <
P < 0-02) and adrenal of rats with adrenal-regeneration hypertension were
lower than normal. Treatment with hydralazine for 56 days resulted in an
increase in the concentration of chloride in skeletal muscle (P < 0.01), adrenal
and heart muscle. The concentration of chloride in kidnev, aorta and mesenterv
was slightly lowered.

(hloride space
The calculated chloride space of all 6 tissues of animals with adrenal-regenera-

tion hypertension was lower than that of normal controls, although in the case
of the regenerated adrenal and the mesentery, the differences failed to reach
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acceptable levels of significance. By contrast, treatment of a further group of
animals with hydralazine for 56 days did not significantly change the calculated
chloride space in any of the 6 tissues examined.

Inulin space
Inulin space of animals with established adrenal-regeneration hypertension

(338.4 ml./kg.) was higher than in normal controls (287.5 ml./kg.) but the
difference did not reach levels of significance. The corresponding measurements
made in animals treated with hydralazine for 56 days (409.1 ml./kg.) revealed a
rise in inulin space, the figures being significantly higher than those for untreated
hypertensive animals and significantly higher than normal. In each group the
variability of results was considerable.

TABLE V.-Inulin Space (ml. /kg.) ± Standard Deviation
b. Untreated c. Treated

adrenal-regeneration adrenal-regeneration
a. Normal hypertension hypertension
(12 rats, (12 rats, (11 rats,

24 muscles) 24 muscles) 22 muscles)
287 5 338-4 . 4091

±i120O I85-8 ±114*O

Significance of difference between
aand b
band c . . +
a and c . . . +

DISCUSSION

Whether in established rat hypertension the cells of the aorta (Tobian, 1960)
and arterioles (Tobian, Janecek, Tomboulian and Ferreira, 1961) come to contain
increased amounts of sodium and potassium is still debated. The present results
do not support this suggestion directly but indicate that antihypertensive treat-
ment may effectively lower the overall aortic concentrations of these two ions.
The influence of treatment on ion concentrations in other tissues is less consistent,
but is in the same direction.

Observations made with antihypertensive drugs have shown that the necrosis
of blood vessels which develops early in severe rat hypertension is related to the
raised blood pressure (Gardner, 1960) and have suggested that a local change in
muscle cell metabolism may be concerned with subsequent necrosis. The demon-
stration that the prevention of vascular necrosis is accompanied by a decrease in
aortic sodium and potassium but not by a significant change in chloride con-
centration may be presumptive evidence that the changes in aortic electrolytes
are predominantly intracellular. If this is accepted, then it appears reasonable to
suggest that an alteration in intracellular electrolyte concentrations may be the
factor which, with sustained raised blood pressure, leads to arteriolar muscle
necrosis.

The changes in calculated chloride space which accompany the evolution of
adrenal-regeneration hypertension are more difficult to explain. Figures for
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plasma. and. by iniferenice. extracellular fluiid chloride conicenitratioins are Inot
altered bv antihypertensive treatment (Gardner anid Brooks, 1962). The de-
creased tissue chloride concentratioin of rats with adreinal-regeineratioin hyper-
tenisioni is unlikely to be accounted for bv a reductioi inl the customarilv small
initracellular chloride cointenit anid may therefore be a conisequienice of cellIlIar
overhxvdration.

This view may be compatible with the demonstrated chainge in iniim space.
the inicreased calculated volume of w-hich is further increasedl b)v aintihvpertenisive
treatmeint. The inutilin measuremeints support the suggestioni of a raised extra-
cellular fluid volume. the high sodlium coincenitrationi of which is niot reduced by
treatment (Gardner anid Brooks, 1962). It should be noted that thle figures fol
iniulini in inormal skeletal muscle are considerablv higher thain those obtained by
Flear. Grampton and AMatthews (1960) and by Creese. D'Silva aind Hashish (1955)
but the results are comparable with those obtaiined for i'at diaphragm by Creese
(19154). No similar figures are available for skeletal muscle in adieinal-regeniera-
tionl hypertension bhut thie differeince in the l)present results fIom those oltaiined by
Ledfingham (1953. 1957) by a differeint metho(l. for skeletal muiscle ini renial hypei-
tensioni. is very considerable. The explaniationi for this renmaiins innicertaiin. The
(lif-ereiices betw-eeni chloride space and iniulini space are sufficiently clear to suggest
that chloride measuirements alonie. as a guide to extracellutlar fluii(d space in ad(renal-
regenieration- hypertension. shouild l)e u.sed with catutioni. WVhichever viewN of
extracellular compartmental fluiid volume is acce)tedl. it is likely tflat the challe
in tissuie electrolyte coniceintrationis is a fiurther niaiiifestation of a (listturl)ace in
thie cell mechanisnm w-hich reguilates ionlic exchanlge. whllether' this be operative
at the cell w-all (Conw%N-ay. 195I55). w-ithin mitochoindlria. or thlrotugoiuoit the cyto-
l)lasm. The disturbance nmax- determiine arteriolar conitactrilitv aind tlhns hyper'-
tenisioin. It is possible that stuidies; oII ar'terial muscle cell metabolism. andCl inl
1)articuilar. oIn oxi(latioin redtictioIn enzyme behaviouir. imiay lhell) to eNx)laini thle
mechlaiism of these clhainges more fully.

Such stuidies are im-oIre likelv to eluicidate the meclhaniismii of vascutlar niecrosis
if they are uniidertakeni before the time of aiterial mutscle cell (leatlh iather than
late in the evolutioni of experimental hypertenisioni wheni secon(larv vascular anllf
renal effects ma- coinceal the tuinderlying (listuirbanice. M11ich of the evidence
relatinig to vasctulai electrolytes in rat hVpertensioni has beeni obtaine(l at a late
sta(ye in the disease process. For example. it has been stiggreste(l tlat. ini aiiinials
w\ith a raised xvasctular conitenit of soditum, the inlcIrease(d w-ater conitelnt of the
affectedl vessel w-alls cauises a imechainical obstructioin to 1)loo0l flow (Re(dleaf ai(I
Tobian. 195,8). This view has nlot beeni conifirmed by (lirect ol)servatioll a(l
appears less probalble as a cauise of obstruictioin thani vasoconstrictioni ielate(d to
ionic imbalanice. Evidenlce is also available to showN thiat. simulltan1eoui.s w-ithl
these electrolyte shifts. there is a rise in the vascular conitenit of sulphated aci(l
mucol)olvsaccharide (Crane. 1 962). The relationiship) b)etw-een mutcop)olysacchari(le
accuinmullationi aind electrolyte regulationi is niot yet determinie( btut the )resenice
of mucopolvsaccharide excess offers a more acceptable imiechaniism for simall
vascular obstruction to blood flow,- in established hypertension than does the
demonistrated inicrease in w-atei conitenit (Redleaf aind Tolian. 1958). ANeverthe-
less. the experimeintal evidenice oni which both descriptionls are based has beell
obtaiined with established anid Inot with evolving hypertension. These chaniges
may therefore be the result ratheI thani a cauise of the hypertenisive process.
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SUMJMARY
Adrenial-regenieIation1 hvypertension was iInduced in male rats. Onie half of the

animals was treated with the antihvpertensive ageut hydralazine. Treatmeint
prevented the developmenit of arteriolar necrosis and of inecrotisiing arteritis.

The concenitratioins of aortic sodium and probably the aortic potassium in
drv, fat-free samples of tissue, were siginificantly reduced in the aniimals in which
treatmenit effectively preveiited vascular niecrosis. Aortic chloride concen-trations
IremaiIned unchanged in the treated aniimals and chloride space was Inot altered.
Skeletal muscle iinulin space. however, was increased.

The r-esults are believed to support the suggestion that muscle niecrosis in rat
liypertension is one result of a sequenice of events in which the development of'
stistainied raised blood pressutre anid the altered metabolism of arteriolar muscle
together result in cell death.
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