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ABSTRACT

Chronic hypertension was induced in female albino
rats. Amelioration by means of daily feeding of histidine
and ascorbic acid, histidine and vitamin E, histidine
and urease, vitamin E, urease and ammonium chloride was
attemyted. - Blood pressures were determined under sodium
pentathol anesthetic by the indirect method using the
foot. Chronic hypertension was produced»by two methods,
(1) Injections of DCA. This method was found to give
inéonsistant results. Several modifications of this
pfbdedure were tried unsuccessfully. (2) The use of a
éholine deficient diet. This method‘proved to give
consistant results in producing chronic hypertension.
Vitamin E was the only substance found useful in
amalioratlng the experimental ohronic hyperten81on. This
amelioration.resulted only in the presence of excess
vitamin E. This fact was thought to mgive further evidence
for the vasodilaﬁoriproperties of vitamin E. |

An hypothesis was advanced that DCA may inhibit the
sympathetié nervous system, to sensitize the vascular

responsiveness to pressor and depressor substances.
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THE AMELTIORATION OF EXPERIMENTAL CHRONIC

HYPERTENTION BY VITAMIN E

¥ INTRODUCTION

: One of the most controveﬁsial iséues of present
day medical research is hype:tension; The enigma of
this problem has kept some of our keenest medical minds
in,cénstant.ressarch sinece the year 1934 when Goldblett
showealit was experimentally possible to induce a
hypertensive state. This in itself was a major step
forward because it made feasible the first controllable
experiments on hypertension under carefully supervised
laboratory conditions.

Previous to this time the amount of work done on
this problem, qu&litatlvely'and quantitatively, was from
a co-ordinated viewpoint, negligible. There were various
men Iike Bright, who precipitated the problem,of hyper-
tension which, even-now, is.onlyJPartially resolved.,'
But on the whole investigation into the problem was the
éxception rather than the rule. -

Hypertension was at one time considered &
hemodynamic response to aging of the blood vessels - a
final effort on the part of the body to mgintain
perfusion of bloocd through narrowed vessels., But this
view has long since been supe;ceaed and to-day we firmly

believe that elevation of blood pressure is only &



symptomlof some preceding disorder and, as such, has
numerous causes. | | »

This change in thought coupled with the ability to
artificially create hypertension has been undoubtedly
respdnsiﬁle for the recent acceleration of research.

The v&ridus ramifications.of the problem of hyper-
tension are now approéched from & number of bases. The
fields of investigetion ere usually clessified as (1) the
renal origin of hypertension (2) the humoral pressor
mechanisms (3) the neurOgenic'origins end (4) endocrine
origins of hypertension. These classifications are for
convenience only and must not be mistaken for separate
and non-overlapping research. But even with this category
simrlification,&nd corresponding research humen hyperten-
sive disease remains & baffling and mystifying disorder.
The more %time, thought, work and effort thet is devoted to
the preblém.fﬁeana@,we discover the complexity of the .

proble@?%? its ultimate etiology.

A.  THE PATHOGENESIS OF HYPERTENSION

l. ROLE OF THE KIDNEY IN HYPERTENSION

There i1s no reasonable dqubt that some cases of
human hypertension are of renal origin. The unsolved
problem is whether many or most of those.still referred

to as "™ essential™ are also of renal origin (20).



Essential hypertension has usually béen defined}as the
persistent elevation of sygtolic and diastolic pressures
without aceompanying;renal disease, and has therefore
excluded the renal origin of hypertension by'defiﬁition.
However, numerous mechanisms have arisen which centre

about the kidney as the possible initiator of hypertension.

(a) RENIN - ANGTOTONIN PRESSOR SYSTEM.

The publications of Richard'Bright (;) (1827-1836)
- were the first to iinklthe role of the kidnéy and,hy@er?
tehsion;‘but it was Tigerstedt and,Bergmann.in 1898(83),
who first demonstrated a blood pressure ralsing principle
'from.a saline extraet of renal tissue which they called
"renin". However, it was not until such investigators as
ﬁoussa&, Plentl, Taguini, Fasciolo, Braun - Merendez,
Page, Munoz, £e1oir, Kohlistaedt and Helmer (1937 ~ 1941)
(9, 37, 38, 39, 47, 48, 61, 62) that the pressor response
was found due to a substance they called "angiotonin"™ or
"hypertensin®, 'Angiotonin,préved to be the result of a
éhemical reaétion between a pseudoglobulin of the plasma
and the substence "renin™ found by Tigerstedt and Bergmann.
Investigations byvfhe above mentioned authoré ha#e
revealed a fundaﬁental scheme for the renal pressor
mechanism. Renin is produced by the kidney contex, of
which the exact site is unknown, ﬁut it has been associat-

ed with tﬁe juxtagloﬁerular &pparatus and the macula



densa of the kidhey. Renin has been found to have the
properfy of a proteolylic enzyme'(9,758) and a protein.
Renin is physiologically inert, but possesses the ability
to break down a substrate compound known preferably as
"renin - substrate" (12) or as hypertensinogen; into an
active vasopressor material "angiotonin"™ (or hypertensin).
Renin - substrate is & protein produced by the liver and
is found in the alpha - 2 - globulins of the blood. Renin-
substrate has a relatively large molecule, which under-the
1nflu§nce of renin is decomposed to & smaller polypeptide,
"angiotonin® '”
Angiotonin is decomposed by the action of another

enzyme "angiotonase" (or hypertensinase). Angiotonase

is found inﬂfarious tissues namely, kidney, plasma,
eryﬁhroéytes, and intestinal wall. It is probable that
angiotoﬁin ié destroyed by a number of other enzymes, such
as, proteinases of renal and intestinal origin, by amino
polypeptidases found in kidney extracts and in blood plasme,
.by tyrosinase, by carquylpolypeptid&se as well as by
oxidizing systems (15).

WEAKNESSES OF THE RENIN THEORY.

Using the most sensitive methods of detection, some
renin has been found during the acute phase of hypertension

in experimental animels (30) (Haynes and Dexter 1947),



and also in same patients with acute hypertension due to
glomerulonephritis and toxemia of pregnancy. 1In dogs with
chronic hypértension of three months to four years duration,
no renin has been detected, nor in the systemic blood of
p&tients with chronie hypertension (12) (Corcoran 1948).
Renintis no more commonly present in the renal venous |
blood of patients with essential hypertension th&n it is
in others with no hypertension (Haynes et al,1947) (31).
Failure to demonstrate the presence of renin in h&pérten-
sion might be due to the lack of sensitivity of the
methods (12). If this were the case, Leloir (41) reised
the Questioh as to how such a small concentration of renin
in the blood could lead to such'marked hypertension, as

it has been shown that tﬁé methods are adeéuate to show
its presence when . in concentrations sufficient to increase
arterial pressure in normel &niﬁals (12). But Page (51)
has found a greater sensitivity to rénih injections in
hypertensive anim&ls.- Verny and Vog¥ (84), and Brown and
Maegraith (8) have also found a greater sensitivity of
hypertensi#e.animals to pressor substances.such as
adrenalin and tyramine. (55, 59);

The phenomena of rénin tachyphylaxls is another
we&kneés in the renin - angiotonin theory. It is well
recognizeﬂ’that it is difficult or impossible to maintain
increased pressure by infusion of renin for periods of

more than a few hours (33, 52, 82). This tachyphylaxis
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to renin was thought to be due to a disappearance of
blood hypertensinogen or renin - substrate. Page (51)
has found however, that injection 6fjrenin'- substrate
does not restore the response to renin and has shown that
exhaustion of the substrate is only part of the phenomensa
of tachyphylexis (57, 53, 54). (See "Neurogenic
Significance").

(b) ~ THE EFFECTS OF NEPHRECTOMY

The view that chronic hypertension as observed in
the exﬁerimental animal, results from the elaboration of
& clirculating pressor substance has been raﬁher‘genérally
accepte&. However the experimenfal data of Grollman and
co-workers cited in the following sections, not only are
contrary to this view, but present definite evidence

- against it.

(i) UNILATERAL NEPHRECTOMY

It‘has been generdlly assumed that unilateral
nephreétomy has no effect on normal animals (25).
Although this is usually true, a certéin peréentage of
animals develope a moderate but definite increase in
blood pressure which is evident somé weeks following
removal of one kidney (28, 25). Similar results have
been shown to occur with uniléteral,operations on the

kidney by application of a cloth capsule,figure-of-eight



etc. This rise may, however, not be evident for weeks or
~even months following the operation (Grollmen et al (28,35) )
However, Halpert and Grollman (39), have recently shown
fhat the induction of hypertension as a result of ﬁnilateral
nephrectomy and unilatergl operations is apparentl&
dependent wupon the existance of some lesion in the
contralateral kidney. A& study of kidneys of rats with
chronic hypertensioh revealed the presence of local lesions
not only in the kidneys to ﬁhich alfigure-of-eight had
been applied but also similar lesions in the contralateral
unoperated kidney. This finding is cited as evidence
that unilateral injury induces hypertension only in the
presence of some anatomical lesion in the contraslateral
kidney.'_Otherwise5 application of the figure-of-eight
and removal of the remaining kidney is necessary to
induce chronic hypertension. Grollman (26).has cited
these experiments as incompatable with the'view that
hypertension is due to the elaboration of a pressor
substance by the injured kidney. They are better ex-~
plainad.ﬁy assuming that coﬁstriction of the kidnéy
interferes with a normal fuﬁction of this organ essential
for the maintenance of normsl blood pressurs. _
Grollman (85,28), Patton and assoclates (60) have
found that if the bloéd pressuré of experimenﬁél énimals
is elevated to hypertensive levels by the application of

a figure-of-eight, cellophane wrapping, etc., to;one



kidney, the subsequent removal of this kidney fails to
restore the blood pressure to normal levels. Also,
following the removal of the single remaining kidney in a
hypertensive, unilaterally nephrectomized animal, the
blood pressure remains elevated for several days, until a
few hours before death of the animal. They state that
were the injured kidney responsible for the liberation of
a pressor substance, its removal should obviously result.

in a return of blood pressure to normal levels.

(ii) BILATERAL NEPHRECTOMY.

The effecté of bilateral nephrectomy on the blood

- pressure is difficult to determine, since animals deprived
of all renal tissue succumb from uremia before any effect
of the deficiency of renal tissue on the blodd pressure
can manifest itself (26). Following the removal of the
remaining kidney from‘a'hypértensive animal Grollman (28,25)
has found that the blood pressure remains at its elevated
level, declining only as uremia sets in during the last
days before death. However, the insufficient time offered
by complete nephrectomy has somewhat been overcome by
Grollman and Rule (27) by utilization of the parabiotic
preparation. When one of the parabions was bilaterally
nephrectomized, this animal became hypertensive, while

the blood pressure of the parabiont with intact kidneys

remained at a normal level. Nore recently (Grollman (23)



- has shown that bilaterally nephrectomized dogs, maintained
by an artificial kidney, show an elevatiqn of blood
Pressure to hypertensive levels. These experiments have
been steted as evidence for the absence of renal tissue
rather than the presence of an abnormel kidney that is
responsible for the developement of hypertension.
According to Grollman (24) all the experiments cited
above are consistent in showingAthe possibility of induc-
ing hypertension by methods which reduce the total amount
of renal tissue and the possibility of the existence of
hypertension in the absence of any renal tissue in the
organism. Grollman's alternative hypothesis to explsin
the role of the kidney in the pathogenesis of hypertension
is to assume that this organ elaborates a humoral agent
essential for the well-being of the organism, in the

absence of whiech hypertension results.

(c) HEPATO-RENAL VASOTROPIC FACTORS

& pressor-antipressor system has been described by
Shorr & Zweifach (79) end other workers (11,86,81,80).
Their experiments have shown the regular participation in
the hypertensive syndrome in man and animsls of a pair of
vasotropic principles of hepatic and renal origin, whose
opposite action on the.vascular bedl&re of sucth a nature
that they are said to constitute a circulatory homeostatic
system. This system consists of a vasoexcitor substance

(VEM) released from the kidney under stress, and which is
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apparently neither renin or angiotonin, and a vasodepressor
substance (VDM) formed in the liver. The vasoexcitor
apparently acts by increasing the vasomotion of the
meta&rterioles,'and enhancing these vessels to epinéphrine.
The vasodepressor exerts an opposite effect. VEM has been
shown present in the blood of animals during acute experi-
mental renal hypertension, and both VEM and VDM are present
in high, neutralizing concentrations in the chronic stage
of experimental renal hypertension. Derangements in the
balance of these factors have been postulated as a possible

mechanism in the pathogenesis of hypertension.

2. ROLE OF THE ADRENALS IN HYPERTENSION

The only endocrine organ which mey possibly play &
significant part in hypertension, even if only a secondary
one is the adrenal system. According to Goldblatt (20),
Best and Taylor (4), there is no evidence that the adrensl
medulle plays a part in hypertension, but recently Mylon
and Heller (46) 1948; have found that "angiotonin™ appar-
ently needs minute quantities of epinephrine, tyrosine
and other tissue products to make it effective. However,
there are more definite indications that the adrenal cortex
plays a role in high blood pressure, as its secretions
have been found essential to the experimental establishment

and maintenance of hypertension (56,34).
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Goldblatt (20) has found that the excision of both
adrenals in dogs interferes with the developement of hyper-
tension due to the constriction of the main renal artery;
and unless supportative therapy is given high blood pressure
ié not established. Ogden and associates (49) and Anderson
et al (5) 1944, have shown that excision of the anterior
pituitary in hypertensive rats results in a fall of blood
pressure, but becomes normal onlyiif hypertenéion is of less
thén one month dur&tion; Oﬁher'werBBS‘have found no
definite effect (26). Also Houssaytand Dexter (34) and
Munozetal (47) have shown that bilateral adrenalectomy,
although it has no immediate effect, is followed by a pro-
gressivé decrease in the response to intravenous injections
of renin. These inhibiting effects of adrenal insufficiency
are possibly due to a decreased concentration of renin-
substrate, since Lewls and Goldblatt (42) have shown that the
level of renin-substrate is reduced in adrenalectomy. The
edrenal secretions are postulated as necessary for the
production of the substrate.

Recently Zweifach and associates (85) 1947, have
found that the kidneys of adrenalectomizéd rats,¢ats and
dogs progressively lost the capacity to produce the vaso-
excitor principal (VEM) which appeared in the blood of
hypertensive animals (See "Role of Kidney"). The adminis-~
tration of desoxycorticostérone acetate (DCA) restored the

capacity of the kidney to produce VEM. They'state that the
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question remains as to whether the withdrawal of the

adrenal hormones fromrthe circulation produces a specific
leslion in the kidney VEM mechanism, or, ﬁhether the general-
ized cellulgr dysfunction, characteristic of adrenal
insufficiency, is the factor responsible for the decline in
the blood pressﬁre of both normel and hypertensive individ-
uals,

Selye (69,70) has postulated on the basis of his
work on the "adeptation syndrome", the hypersecretion of
mineralo-corticoid hormones of the adrenals as a possible
cause of hypertension. ZExperimentally it has been demon-
strated that chronic exposure to non-specific dameging
agents produces adrenal cortical enlargement with an over-
production of cortical hormones and simultaneous nephros-
clerosis with hypertension in the rat. At present though,
there is no direct evidence indicating that hypersecretion
of the animal's own cortex leads to the developement of
high blood pressure (70). However, hypertension has been
produced experimentally by Selye and co-workers (68,71,72,
73,7&,75,76) and others (40,7) by the administration of
large amounts of desoxycorticosterone acetate (DCA)
particularly when combined with a high salt diet and
unilateral nephrectomy, with pathological changes simulating
renal hypertension. Recently Selye (70] has found that
doses as small as 1 mgm. of DCA per day are sufficient to

produce the same results. But little evidence exists that
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injections of cortical extracts or the administration of
adrenocorticotropic hormone (ACTH), which mediates its
effects through the adrenal cortex, will preduce hyperten-l
sion (16). However, both adrenal cortical extracts and
ACTH'have been found by Dougherty (16) to exert similar
effects on the aiteratioﬁ.of the juxﬁaglomgrularaapp&ratus
with the similar effects ascribed to DCA, although DCA was

found more effective.

e - NEUROGENIC SIGNIFICANCE IN HYPERTENSION.

There have always been‘suspicions that nervous
factors were important in the génesis of'hypertension, but
crucial experimental evidenée was lacking, and for a time
it seemed decisive that hypertension was due to a humoral
mechanism. However, aé'will be seen below, a number of
investigators have thrown doubt updn the purely;chemical
nature of experimental hypertension.

Dock (17) has shown that pithing a hypertensive
rabbit results in & drop inwblbod'pressure. The blood
pressure of the pithed rabbif, however, étill increased
by the administration of remin. It was concluded that the
mechanism responsible for the maintenance'of high Dblood
pressure is not depehdant upon circulating renin and
anglotonin, and suggested the participation of the nervous

system in the mechanism of renal hypertension.
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Similar experiments have been carried out by Pége~(57)
in which he found sectioning of the brain at varioué levels,
widespread direct injury to the'central'nervous system, and
severe shqck, abolished the pressor response of angiotonih.

Even more recently Page and Taylor (57) have shown a
further connection between the eentral nervous and the renal
pressor systems. They found that previpus administration
of tetraethyl ammonium chloride (TEA), an agent which blocks
- the transmission of impulses through autonomic ganglis,
overcame the phenomena of renin tachyphylaxis and augmented
the response to angiotohin, TEA augmented the effects of
both pressor and depressor substances. ‘Corcoran (12) has
taken this action of TEA to mean some central influence
which l1imits vascular responsiveness. He has postulated
two stales of tachyphylaxis, the first resulting from the
exhaustion of renin-substrate as seen in hepatectomized
animals, and the other caused by some autonomic influence
which inhibits the action of renin.

- Evidence has been obtained,by Ogden and associates
(50), showing that a neurogenic mechanism may be involved
in chronic‘hypertension. From studies on the sensitivity
of experimentally hypertenéivé animals to sympathoparalytic
agents such as phenobarbital, yohimbine; and F 933. They
'consideredvit likely that renal hypertension proceeds in
two phases. Cl)fThe first phase is of humoral origin depend-
ant on excesé iiber&tion of renin. This phase 1s resistant

to dépressors; (2) The second phase is assumed to be one
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in which neurogenic influences predominate. In this phase
the blood pressure is depressed more by agents which affect
the central nervous or sympathetic activlty. Thése effects
have been conflrmed by other workers (63, 65).

More recently Corcoran,and associaﬁes\(1$;14)1948,
have demonstrated the &ependanée of:E}inical and experi-
mental renal hypertenéion,on centralwﬁérvous activity.

They foﬁnd functionel denervation (high spinal and caudal
anaesthesia) of the renal vascular system will lower the

blood pressure of most hypertensives‘tq normal levels.

This response was thought to arise from renal vasodilation.

B. STATEMENT OF THE PROBLEM OF THIS THESIS.

The problem of this thesis consists basically of
three parts (1) to learn the efficient use of the apparatus
utilized by the previous workers of this laboratory
for the determination of rat blood. pressures, namely, the
indirect method using the foot. (2) To find a suitable
method for the establishment of 6hr9nic hypertension in
female rats and (5) to fihd an agent for amelioration of

this high blood pressure.

1. METHODS USED IN THE PRODUCTION OF EXPERIMENTAL
CHRONIC HYPERTENSION |

Success by Semple (77) and Fitch (19) of this
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laboratory in producing an acute, transitory hypertension
by & 1 mgm injection of desoxyoorticosﬁerone acetaﬁe (Dca)
led to the method of producing chronic high blood pressure
in rats by repegted adminlstratlon of DCA. However, other
‘methods, including modificatiops in the use of DCA, were
decided upon. These were (1) a starvation diet“and sub-
seéuént injectionswith DCA. (2) Injections of epinephrine
and DCA given simultaneéusly; followed by daily injections
of epinephrine. (5) The use of a choline deficient.diet
with “the possible acceleration of its effects by a DCA
injection. . - ‘ )

The first modification, namely, the use of a star-
vation diet was initiated by Samuels (66) work on estrogens.
He observed that obese women frequently showed irregular
menstrual cycles and found evidence that estrogéns when in
high concentrations in the circulating ﬁluids, Were’absorbed
by the fatty tissue, and diffused out Whgn in low 6oncentr&-
tion in the circulating fluids. A similar effect was postu-
lated for desoxycorticosterone, béc&usevof itsisimilarities
in chemical properties. This action would minimize its
effects to produce hypertension.

The second modification was the administration of
epinephfine with DCA. This method of raising the blood
Pressure was thought poésible because of the recently dis-
covered importance of epinephrine in the vasotropic factors
of Zwelfach and Shorr, and in the renal pressor system

(See "Role of the Kidney" and "Adrenals"™ p.9,10 )
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The last procedure decided upon for the production
of chronic hypertension was the use of a choline deficient
diet. Best and Hartroft (5) discovered that hypertension
,developéd in weanling rats approximately 4 to 7 months
after the initiation of a 5 to 6 day choline deficient
diet. Histological sectioning of livers and kidneys of
the above rats showed irrgversible deamage. The kidneys
‘had widespread tubular lesions, which were thought respon-
sible for the elevation of blood pressure. Because of the
limited time at our disposal, DCA was administered &long;
with the diet with hope that it would accelerate the

inchoaﬁe hypertension.

2. METHODS OF AMELIORATING EXPERIMENTAL

CHRONIC. HYPERTENSION.

~ Success by the previous workers of this laboratory

(1) in emeliorating acute hypertension with the administra-
tién of histidine and ascorbic acid, led the way to fuither
investigation in the use of this amino écid. Since the
effects of histidine were studied only on an acute,temporary
stage of hypertension, it was decided to investigate its
depressor effects on chronic high blood pressure. The
pdssible ameliorating effecté of ammonium chloride were
also investigated.

Histidine was found to have little depressor effect

without~the simultaneous use of excess ascorbic acid, a
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strong reducing agent. _Histidine, therefore, was thought
to be converted to histamine in the body, probably by the
action of several strains of B. Coli in the intestines;
and the depressor'aCtipn_of histamine was}thdught to be
protected from the oxlidative enzyme, "histaminase™, by
the reducingﬁpowers of ascorbic acid.' With this principle
in mind, the replacement of ascofbic acid by some other
agent was deemed‘possible, Two othér substances were
decided upon, namely: Vitamin E and ureass.

vitamin B (toedpherol) has béen found essential for
numerous phases of metabolism.(éz) (45). The action of
vitamin E in manyvof these biochemic&l‘systems seems to
be greatly dependant upon its powerful antioxidant action.
Tocopherol, therefore, was thought to be a suitable re-
placement for ascorbic_&cid. The apparent clinical success
of Shute and associates (78] in vitamin E therapy of many
cardiovascular diseases was sufficient to assume that
vitamin E may play an independant role in the amelioration
of hypertension.

It has been reported that urease was helpful in the
hyperténsive stage during pregnancy (2)}. Because of the
possible reducing effect of urease by fhéﬁproduction of
ammonia from urea, urease was postulated as a possible
agent in replacing ascorbic acid.

Tt is well established that an overdosage of
desoxycorticosterone acetate produces nephrosclerosis and

hypertension. Biochemical studies of changés precipitated
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by DCA overdosage in animals revealed striking disturbances
in fhe electrolytic metabolism and particularly a marked
fisa in the éerum Na/ €1 ratio (70,73). The Na/Gl ratio
could pe partially restored tovit‘s normal by the adminis-
tration of ammbnium chloride which at the same time
prévents the production of nephrosclerosis and hypertension.
It was decided to confirm further this action of ammonium

éhloride.<

3. THE GENERAL DELINEATION OF THIS THESIS.

In light of the foregoing considerations, a formal

summary.of our problem.can be stated as follows:
| (1) To become proficient in determining blood

pressurésgof albino rats by the indireet method of using
the foot. | |

(&) To try to induce chronic hypertension by
repeate& injectiops,of DCA, and to try numerous modifica-
tions of this procedure, namely; The administration of
DCA with a starvation diet, daily injections of epinephrine,
and a choline deficient diet.

(5) To discover-the ameliorating action of histidine
‘and ascorbic acid, hi§tidine énd vitamin E, histidine and
urease, Vitamin E, greaée, and ammonium chloride on chronic

high blood pressure.



IT APPARATUS

The apparatus used fqr determining the blood
pressure of rats in this investigation utilized the
indirect foot method. The basis for this method is
described by Griffith and Ferris and the numerous |
modifications used have been reported by Allardyce,.

Semple and Fitech (1); previously of this laboratory.

Ao DESCRIPTION’OF THE APPARATUS.

The apparatus.hgs been fully reported by Fitch (19),
therefore the following sections on the apparatus will-be
~dealt with briefly, and will Include a few modifications
decided upon tq improve thg accuracy o the pressure
determinatiqns.  A photograph of the apparatus is shown
in- figure I. |

1. LIGHTING

‘The source of light used was from a 100 watt
diaphram spotlight. The llght was passed through. the
microscope condenser to the web of the foot under consider-
ation. The field was found to be well and regularly

illuminated, particularly if the condenserfwas regulated

to ' give the most diffuse light.

2+ MECROSCOPE

The microscope was fitted with a mechanical stage
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onto which a woaden platform was attaeﬁed for supporting
the rat. There is an aperé%ure in the platform coinciding
with the passage of light. This apefgfﬁre is surrounded
by plasticine onto which the web of the foot is spreéd

and fixed to visualize the capillary movement. Because

of the supporting arrasngement for the web, 1t is only
rossible to use a low power objective. However, for more
accurate observation and 1ess strain on the eyes; the use

of & 13 X eye-piece (magnification 150X) was found
helpful,

%+ CUFF,

The_méking>of the cuff is adeguately described by
Fiteh (19). 1In this investigation the cuff was made longer
than previous1y réported,to ensure complete encircling of
the rat thigh. This procedure was found to give more
definition in determining the systolic pressure, and thus

more acecuracy.

4. CUFF PRESSURE SOURGE.

Briefly, the‘pressure in the cuff is obtained 
through,the use of a mercury column. The mercury tube is
attéched to the euff, a pressure guage (aneroid menometer)
and e syringe, for aiding the initial pressure to the euff;
The mercury column is so assembled as to be used for fine

adjustment.



Figure 1. Photograph of the apparatus used in
determining rat blood pressures.
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IIT METHODS

The previous work done in this laboratory investi-
gated and established two very important problems, namely,
finding a safe and effective means of anésthesia and the
mastery of the microscopiec technique involved in deter-
mining accurate blood pressures. The establishment of
these results aided greatly in the development of our own
technigue. The solution to these two problems is adeguately
deseribed by both Semple (77) and Fitch (19).

A. THE PROCEDURE FOR MEASURING BLOOD PRESSURE.

1. ANESTHESTA.

The anesthesia found most safe and effective by the
p:evious investigators was sodium pentathol (monosodium
salt of 5 - ethyl - 5 - (1 - methylbutyl) thiobarbituric
acid), and was the angsthetic used_throughout our entire
expefimental research.

Sodfum Pentathol is obtained in ampoules containing

.5 gms, Since it is necessary to have a fresh solution of
pentathol daily for blood pressure determinations, with a
2;5% solution as the most reliable, it was found convenient
to subdivide the .égms into five groups of 100 mg., and
store it In a refrigerator in dry, sterile bottles '
especially fitted with hypodermic rubber stoppers. When

required, 4 cc. of water were added to make up the 2.5%
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solution, an amount sufficient to do 8 - 10 rats. o
From the previous work of Semple (77) end Fitch (19)1
~and our own observations, the therapeutic dose for most
‘\%&ﬁﬁmﬂg was established., Contrary to Fitch and Semple,
who did not find the administered dose influenced by such
factors as body weight, we did'find the dose of sodium
pentathol was most dependant upon the factor of body weight.
Othexr féctors such as recent meals also effects the dose.
The value of the therapeutic dose was well defined by
Semple; " that volume‘bf”ZsS% sodium pentathol that is
required to completely anesthetize the rat for a period
lasting over 30 mihutes but not longer than one hour."
However, with the devélopment of & more rapid technigque,
i? was possible to lower the period of anesthesia from
20 - 40 minutes, thus lowering the possible effect of an
overdose. .Table I shows the therapeutic dose found for
most aﬁ&ﬂéﬁs. If the rat fails to succumb to the regular
dose, it is permissable to give only‘;i ce more of the
anesthetic at thet time. If more than .1 cc of sodium
pentathol is given, the rat usually suceumbs to respiratory
failure. | |
Sodium pentathol ié injected;interpafitoneallyg
Care must be taken that the needle of the hypodermic is in
the péritoneal cavity and not in the abdominal wall or
some visceral tissue. The administration of the anesthetic

was previously Sweay.:gy‘ffﬁﬂsél&dp 'a@ an assistant to hold the rat,
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- ard—en—operator—for—theinjeetions, but with'practice an
adequate method can be developed ':’:m:fzo}i.’féb e ké‘pﬁﬁ@f&awmc‘

. 8.2 a ,
LRt .2
LNCAILVIOYT L,

2+ BLOOD PRESSURE DETERMINATTIONS.

& rat is anesthetized and left for about 5 - 10
minutes. After the anaesthetic has ﬁaken,effect,_the
animal is laid face down, and the thigh of the left leg
(found most convenient) is wrapped somewhat firmly with the
cuff. Holding the cuff in position, the rat is lifted onto
thé adjustab;e platform and pléced in position, namely, with
the web to be examined (preferably between digits 4 & 5)
spread over the light aperature on the stage and fixed in
place with plasticine. The web is searched under low
power for a suitable field of capillaries'with a rapid flow
of corpuscles. When the most satisfactory field has been
located, the pressure in the cuff is raised by means of the
syringe to approximately 110 - 115 mm. of Hg. The pressure
is then raised by the use of the syringe and by allowing
mercury to fun into the U-tube, until the blood flow and
movements have been arrested. The pressure is released,
and a second pressure reading is recorded. The average of
these two values is taken as the systolic pressure. It is
necessary that several groups of vessels be observed
simultaneously to meke sure that the blood flow has ceased

‘throughout the web.



25,

B. METHODS IN EXPERTMENTATL, CHRONIC HYPERTENSION.

RUN _I: For the first run, 11 female raﬁs were chosen, -
and their.normal blood pressures established for 3 consecu-
tive days. Of the 11 rats, two were set aside as normal
controls, the other 9 were then injected ;ntramnscularly
with 1 mgm. of desoxycorticosterone'(DCA); The day of

DCA injections were termed day "o". Subsegquent readings,

starting from day "“o" were takeh up to day 23. Since the

desired chroﬁic hypertension was obtained by one injection
of DCA, the rats were divided as follows:

GROUP.(az Two rats set aslde at the starf of the run for

| normal controls. They received no treatment.
‘GROUP_(b) Two rats which received 1 mgm. of DCA, and
‘ received no fuxther treatment; _

GROUP (c¢) One rat, which received 20 mgm. of histidine
and 70 mgm. of ascorbic acecid daily in powdered
fox chow (Purina Mills)

This wes prepared as follows:

A quahtity of special diet in the form of a
mixture consisting of (40 gm of powdered fox chow, 140 mgm
df histidine, and 490 mgm of ascorbic acid was prepared
for a seven day period and was divided into 7 equal
portions. »

GROUP (d) One rat, which received 20 mgm of histidine

“ in powdered fox chow, and 10 mgm of vitamin E

in o0il (alpha-tocopherol, British Drug Houses)
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were added daily. The histidine and powdered fox chow

were mixed as described above.

GROUP (e) One rat, which was given 10 mgm. of
vitamin E daily on powdered fox chows

GROUP (f) One rat, which received 20 mgm of histidine
and 25 mgn of urease daily in powdered fox
chow. A mixture of powdered chow, 140 mgm
of histidine and 175 mgm of urease was pre-
pared as for group (e¢)

GROUP (g One rat, given 25 mgm of urease daily in
powdered fox chow as described in group (c).

GROUP. (h) One r&t, which received 2% ammonium chloride
(NH4 C1 ) daily in powdered fox chow.
Ammonium chloride was prepared with powdered
fox chow as described for group (c).

A11 special diets were started on day 27. Pressure
readings of these groups were taken up to day 48, when the
special diets of groups (c) to (h) were stopped. A reading
of all.rats was again takeh on day 62, and the diets of |
only groups (d) and (e) were resumed. Subsequent readings
on these two groups were taken on days 71 and 78. The
results of this run are shown in table 2, and figures
5 - 6. |
RUN ITI: For this run 12 female rats were selected and
thelr normal blood pressures established as in the previous
experiment. Two.rats were kept as norm&lvcontrols and

received no treatment. The remeining 10 rats'were injected
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with 1 mgm of DCA on day "o". Failure to produce high
blood pressure resulted in further injections of DCA (lmgm.)
on days 11 ahd lé. The pressure readings were.continued
until day 38. The results>ére shown in table 3 and figure
7.

RUN III: 10 female ra£s were chosenfand their normal
‘blood pressure determined as before. On day "o"™ all rats
_were injected with 1 mgm of DCA. Failure to obtain
hypertension resulted\in a sécond injection of 1 mgm of
DCA on day 12. Pressure readings'were taken up to day 32.
' The results are shown in table 4 and figure 7.

RUN.IY: The proecedure for this run was the same as
for runs IT end III. DCA (1mgm) injections were given to
12 female'rats on days "0"’,“9"; "29¢ and “52". Blood
pressure readings were éstabl;éhed up to day éé- The
results are shown in table 5 and figure 7.

RUN V: Failure of runs II, IIT and IV in establishing
hypertension by repeated injections of DCA, resulted in a
modification of its use (See introduction p.15}, In this
run 8 female rats were chosen and their normai blood
pressures established for 2 days. Two of these rats were
kept fof normal controls and received no treatment. The
éﬁremaining rats were placed on & "starvation diet"™
consisting of /2 gms of the regulér diet (fox choW), an
amount found adequate in reducing the welght. This‘diet

was continued for 17 days with intermitient blood pressure
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readings. “The rats were found to lose an average of 35 gmsl
in this 17 day period. On day 17, the six rats were f
injected with l:mgm of DCA. Subsequent readings were taken
up to day 33. The results are shown in table 6 and

figure 8.

RUN VI: This run consists of a further modification in
the use of DCA in producing high blood pressure. For this
Tun 5 female rats were obtained and their normal pressures
recorded. Two rats were set aside as normal controls and
were given no treatment. The remaining 3 rats were in-
jected with 1 mgm. of DCA and .002 mgm. of epinephrine on
day "o". The adrenalin injections were giﬁén'daily up to
day‘24. Nine pressure readings were established up to

day 84. The results are shown in table 7 and figure 9.
RUN VII: Unsuccessful attempts to obtain hypertension
since run I, culminated in using & choline deficient diet.
Five female rats were used. \After théir normal pressures

' were established, they were placed on a prepared choline
deficient dietv(see'figure 2) for 9 days starting on day
vot Qn day 9, 4 of the 5 rats were injected with 1 mgm
of DCA. Readings were taken of all rats up to day 29.
Results of this run are shown in table 8 and figure 10.
RUN VIII: This run was composed of 12 female rats. The
normai blood pressure of each rat was established for two
days. On day to" g11 rats were placed on a 7 day choline
deficient diet (figure 2). Chronic hypertension was

established in all rats Ey day 20, and were then divided



Weight in Grams . _ Dose in cc.
under 150 «350
150 - 180 35 = 38
180 - 200 38 - LU0
200 - 250 Ao - 45
250 - 300 -50
Table 1. Showing the dosage of e 2.57% solution of

sodium pentothel necsssary for anesthetizing rats as
determined by their weight. ‘




Sucrose 67.5% *3alte 5¢0% Beef fat 12.0%

Gelatin 7.0% Celluflour 2.0% Cod liver oil 1.0%

Caesin 5 e0% *Vitamin mix 1.0%

Fibrin 1.0% Cystine 0.5%

* Salte * Vitamin powder/100 gm.

(N.B.0. selt mix No.2)

: Thiamin 500 mg
NaCl 4,354 Riboflavin 250 mg
MgS0y 13,70% Pyridoxine 200 mg
NaHoPOy 8.72% Ca Pantothenate 1 gnm.
KzPOy 22,98% Nicotinic acid 1 gnm.
Ca(H,POy) 13.58%
Ferric Citrate 2.77% -added to 997.05 gm

Calcium Lactate32,70% of powdered.sugar.

\ Showing the constituents of the choline deficient
diet ussed for the production of chronic high blood pressure.
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into the following groups.
GROUP (a)‘Two rats used as hypertensive controls
and received no further treatment.
GROUP_(b) Four rats, which were given 20 mgm of
| histidine and 70 mgm. of ascorbic acid
daily /rat. in powdered fox chow. The
mixture was given as described in Run I,
- group (e). |
GROUP (c) Six rats, which received 40 mgm of vitamin
E in oil added daily /rat. to powdered
fox chow. _
Both supplemented diets were continued for 13 days.
On day 33 the speciai diets were stopped. The test
continued for 59 days. The results are shown in table

9 and figure 11.

IV RESULTS

The results of this investigation are listed in
tabular and grephic form.

Figures 3 - é (teble 8, Run I ) show a rise of blood
pressure of ten female rats injectéd with 1 mgm of DCA on
day "o". The blood pressure rose in four days, 170 mm of
Hg above normal, to systolic pressures of over 500 mm of
Hg. Pressures over‘éoo mm of Hg could not be recorded
by the aneroid manometer. Figure (3) shows the amelior-

ative effect of histidine and vitamin E and vitamin E
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supplement. The pressures dropped to an average of 252 mm
of Hg with both diets. These diets were stopped in 21
days, after which the hypertensive levels returned to
their_previous state. The diets were reinstituted on day
62 for 18 days. The preésures again. lowered to an average
of 215 mm §f Hg. Figures 4, 5 and 6 show the negative
results of histidine and -ascorbic, histidine and urease,
urease, and ammonium chloride respectively.

Figure 7 (tables-é - 5) shows the negative response

of Runs II,'III and IV to 1 ﬁgm.injgctions of DCA. The
rats showed ho response to DCA injections with the ei-.
ception of Run IV, in which a temporary rise of 25 mm of
Hg was observed.
| Figure 8 shows the negative response of 6 rats to
a 17 déy starvation diet followed by : l_mgm.injectiqnsof
DCA to raise the blood pressure.
4 Figure 9 shows the negative effects on the blood
pressufe of 5 female rats after 24 daily injections of
adrenalin with an initial 1 mgm injection of DCA on |
day '"ov.

Figure.l@ shows the rise in systolic pressure of
8 rats placed on a gholine deficient diet for nine days
starting on day "o". 4 rats were injected on day 9 and
their systolic blood preésure\fose to an average of 210 mm
of Hg on the l4th. day. These 4 rats remained at this
level until day 20. On déy-ao the uninjected DCA rat had

a pressure of 200mm of Hg. From day 20 to 26 fhe systolic
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blood pressure of all rats rose to 300 mm of Hg.

: Figure 11 shows the effects of histidine and
ascorbic acid and vitamin E on chronic hyperténsion
produced by‘a 7 day choline deficient diet. Most of the .
rats had systolic pressures of over 560 mm of Hg. ao'

dgys after the start of the choline deficient diets.
Vitemin E is shown effective in lowering the blood pressure

to an average of 205 mm of Hg.



Time in Days

@
552101 2|3 | 416 | 7|9 [13]16]20 | 25|27 (% |35 (38 |41 |44 |4s |4B|62 (62 | 71 | 78
e (1261127 & |- | 1311134132 | & |134 | 134{132 [ 133]134 | 132|152 | - | 136] 134|134 135 131 135 | - [ 134
a [129 126|124 | - | * 1130(133 | 134|134 | 136(132 | 133135 1381140 | - | 136 135{134 132 [135 1324;: 135
b 120 | 126|122 140| 230|300 | 300|300 | 300 [300 | 300|300 | 300|300 | = | 300 |300 {300 {500 |%00 300 | = | 300,
b (130 | 131130 § 145/ * | *| & 1300 | 300|300 | 300 300 | 300300 | = | 300 [300_|300 [500 | 300 300 | = | 300
c |108 | 109{108 119 173 212 | 300|300 | 300300 | 300{300 | 300|300 300 {300 |300 {300 | 300|300 | 300] -
d {110 [ 116|114 % 144] 210300 | 300|300 | 300300 | 300| 300{ 300|300 é’ 260 |242 | 244 1240 | 246 {230 l§ 300 §§ 280 {215
e |116 | 116117 | £ | 156] 275|300 | 300|300 | 300|300 | 300| 300| 300 300 | & | 280 265 |254 1240 | 235 235 [ & | 300| &5 284 | 220
e [125 128|128 | * | 148] 227|255 | 300 # ' % | §
£ |116 | 118{120 156] 215 |288 | 300|300 | 300 {300 | 300|300 | 300300 | = | 300 (300 |300 300 |300 [500 | | 300

120 | 122|124 154( 297 {300 | 300|300 | 300 |300 | 300 |300 | 300|300 300 {300 |300 {300 |300 [300 300]

118 | 116[118 148{ 190 [260 | 300 {300 | 300 |[300 | 300|300 | 300 |300 300 300 {300 300 |300 [300 300

+
Table 2,  Showing the results of the daily feeding of histidine and ascorbic acid(groups),histidine

and vitemin E (group d), vitamin E
ammonium chloride (group h) on the chronic hypertension of female rats

injection of desoxycorticosterons acetate (DCA) on day '0'.

(group e), histidine and urease (group f),

* not properly anesthetized.

= no reading.

# died under anesthetic.

ureass (group g), and

(Run I) produced by a 1 mgnm.
(see figures 3-5)




Time in Days

*ON 18Yd

521o11+71111141616202226505458
1 | 145 144 143 § 146 | 150 140146 | - |140 | 138] - 11381135 134 (136 | 138 | 134
2 | 145] 140|138 é 140 | 140 155{1%5 g 120 | 125 §’ 1301134 | 132|134 | 136 | 136

3

5 | 144 | 145|143 ..‘;I 130 | 140| 160{130 '?3 125 | 126 ‘é 135(140 | 138 142 | 140 | 143
4 1{45 145 | 145 % 130 {150 | 130|132 g 130 | 1%2 ;‘1 136|146 | 145 |142 | 144 146
|5 | 140|144 145'§ 130{125 | 144|135 f:: 120 | 132 % 138 | 128 | 150|136 | 140|140
|6 138|142 1ho§ 135{135 | 150{ 135 ;‘; 125 135 3 125 | #
7 |145(145 | 144 5 135(132 | 130| 134 % 120‘!125 g 122 132136 {138 [142 |138
8. | 1301132 153% 125|140 | 135| 125 ;. 1204115 ‘3 132 |30 | 134{128| 130|132
9 |145] 140§ o {140 | 135] 142 L‘é 140 146 % 144 140 [142 | 146 (160|140
10 | 135(136 | 138 130 (126 | 136 135 1. 134 § 130 125' 1341130 | 131} 134
11 | 142|140 | 144 140130 | 130{ 130 115|130 130|132 134{132 | 136|138
12 | 134]132] 130 138 125 128| 126 130 (122 128| 134 1134 (132 | 136|135
Teble 3. Showing the Tesults of 1 mgm. imjectiona o'f. desoxycorticosterons acetate

(DCA) on the blood pressure of female rats (Run II ). (see figure 7).

* not properly enesthetized.
# died under anestetice.



Time in days

ON 138y
N7
N
v
o
—

L 1 8 12121416 19|24 | 27| 32
- ——

[

1 26| 130 [130 130 [125] 132] 134 136 {134 | 130 | 132|{ 130|126

2 {126 [ 128|130 132 [126| 130{ 134 128 [130 | 132 | 126{127] 128

3 (134 [ * | 132 128 1125 135|132 129 | 131|134 | 132|130 126

4 {128 {134 126 1%0 | 126 | 132|130 132 | 138|132 | 128]128 | 132

5 [130 132 134 134 132 136]1%0 128 | 129|132 | 134] = | 132

6 22 |134 138 136 134 | 132|136 128 | 130[136 | 130|134 | 130

7 134 132} 128 130 |126 | 134|128 130 | 133[136 | 132{134 | 132

8 B35 |136 ) 134 134 | * | 136{130 138 | 1341135 | 120|134 | 128

uotqoefuUr ©183608 EUOIBIB800T11004x083(]

9 P38 [140 | 136 140 | 1238 | 142 134 136 [ 134|138 | 138|140 | 135

uo119o({UT 8481908 OUOIS1B80013400Ax088(]

10 f25 [132 ] 128 128 |126 | 130|132 129 | 125(128 | 122]130 | 128

Table 4. Showing the results of 1 mgm. injections of desoxycortico=
sterone ( DCA ) on the blood pressure of female rats (Run III)
(see figure 7).

* not properly anesthetized.
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le rats (Run IV) (see fig. 7).

Showing the resulte of 1 mgm. injections of desoxycortico-

sterone acetate (DCA) on the blood pressure of fema

Table 5.



-3’ Time in Days

S s {1y fols | 1| 17|17 | 23[24 | 28|33
a | 124 128#=-T 129 130{128 | - |127| - | 126|128
a |128{129| - {129 128|129 | - [132] 128]128 | 133
b |128{124 @ 130 | 130|133 138 138 | 132
b | 128{130 § 126 | 129(132 | 8 |133| 8 [134 | 150
b |136]|132 g 134 | 128|130 "2: 134 ‘;,E 135 | 13%
b |120{125| & |124| 128]130 i:: 125 f} 132 | 126
b | 140|138 - 1351 135{136 ; 142 ” 140 | 138
b | 133|134 132} 131|126 136 139 | 140

Table 6. Showing the results of a starvation diet
(group b ) with subeequent 1 mgm. injections of DCA .
on the blood pressure of femals rate (Run V). (seefigure 8)

=~ no reading.



g_ Time in days
[~
S lol1lol2]|3|6 |10[13]15]| 20 {24
a |1450143 | - 142 | 140(143 | 143|142 | 144 140) 142
a |132[130 | - [133 [ 138[139 [ 136135 | 136| 133|134
— =
[« %
b [ 145(142 |3 § 146 | 142140 | 138|145 | 1421145 | 136
=
3 -
b | 142|142 [ 5 145 | 144|161 | 144]138 | 140|139 | 136
SN
[= 9
b 1136(138 2 [139 | 142140 | 137{138 | 138|142 | 135
Table 7. Showing the results of a 1 mgm. injection

of desoxycorticosterons acetate (DCA) on day 'O', with

with daily injections of

of epinephrine(adrenalin)

(group b) on female rats(Run VI). (eee figure 9)




Time in Days

isa g - |1s0180
b | 140] 14 % 142 150’5 185|185
b | 144l 142 § 142 | 144 3: 180 200 | 195|225 | 300 300
b 156 138 :'3: 135 126 ‘;;; 205 210 | 205|215 296 | 298
b 140| 140 ) 138 | 142 ° 230|235 | 245|260 | 300 | 300

Teble 6. Showing the results of & 9=day choline deficliemnt
diet (group a) with a lmgme injection of DOA on the blood
pressurs of female rate (Run ViI) . (eee figure 10).

« no reading.



g Time in Days
S 4 110 "b, 8 | 16| 20|20 [ 27129 | 33|33 | 0
a |125 | 128| - |126] 125 210]285 | - |300 | 300300 [ - 1300
a [1%6|140] - [138] 150/ 185|290 | - [295 |295[298 | - |296
b {142 | 140 5 144 155 200 {300 300 | 300|300 300
= S
b (145 142 :)’jf 1461 148{ 195 (300 @ 300 | 300|300 ® 300
b 132 130 i 128] 146| 190290 g 295 | 290296 :‘g 294
o o a
b {136 138 g 134 152 215{285 & 300 | 300|300 ,2: 300
c |135] 136 E 133{ 142 220500 % 240 | 220}210 a 280
c [123] 126 125 1% 130|280 220 | 215200 285
o | 144|142 142| 154 205|300 2Lo | 225|215 295
c | 140} 144 1450 154 21%300 245 | 235| 220 270
c [125} 125 138] 138 1201295 215 | 200 150 286
c | 138|140 141] 144 | 210[300 220 | 210]200 290
Table 9. Shoving the effects of histamine and ascorbic acid

(group b), and vitamin E (g
of female rats produced by a choline deficient diet{Run VIII).
(see figurs 11)

roup ¢) on the cnromic blood pressure
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¥, DISCUSSION OF RESULTS.

‘A, METHODS IN PRODUCING EXPERIMENTAL

. HYPERTENSION.

1. DESOXYCORTICOSTERONE.

The‘use of désoxycorﬁicostenene:acetaté has shown
éxtremely va:ied results in the'prodﬁction of chronic
hypertension. In the iﬁtroduction, it was postulated on
the basis of previous work, that repeated injectiops of
desoxycorticosterone acetate (DCA) would be necessary for
the produetlon of chronic high blood,pressure. But, as
shown by the results of Run I (figures 3 - 6), a very
marked hyperten31on_occurred in all rgts with a s1ngleﬁ
injéctiqn (lmgm) of DCA. Values of 300 mm of Hg and over
were recorded. Aside from the ameliorating of blood
piessures in two rats with vitamin E therapy, all rats
remaiqed'ﬁhronically hypertensive for the remainder of the
test which lasted 68 days. Two rats from this rum that

were histologicglly seetioned by Logan (43) were still
’chronically hypertensive eight moﬁﬁhs éfter'administration
of DCA.. These results differ from Fitch (19) and Semple
(77j, who obtained only &cute, transitory hypertension by
the same inJectlon.of DCA.

Runs II, III, and IV‘(flgure 7) showed even more
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divergence than the preceding run. No significént rise
in blood pressure occurred with single br repeated
injectiong\(l mgm) of DCA. These latter results were the
ones obtained by Salter-(é4) of this 1aboratoiy, who
worked primarily with male rats. The ﬁegative results of
these'experiments,'hoWever; were more in keeping with the
literature, whichimhedithat very large repeated injections,
or implants of DCA are require&; with a diet supplement of
sodiumxchloride.(see introductionp.lzie Although some
~_workers are finding that lower amounts of DCA will produce
the same effects, these amounts arg still much higher fhan
the dosage used In this experiment.

| Histological inspection,of renal tissue'taken from
animals.subjected.to overdosage of DCA has revealed'that
kidney demage In the form of nephrosclerosis is necessary
for the production of hypertension. This_explanationfmay
account for the negative results in Runs II, IIT, IV '
(figure 7) in which 54 rats failed to reach hypertensive
levels. ﬁowewer; it is inadeguate to explain the results
of Run I, since sectioning of kidney tissue from two rats
in this Run by Logan (43), failed to show any kidney
dam&ge,'even afﬁer‘hyﬁertension of 8 months duration. It
is clegrly shown from this_evidence that the hypertension
produced in Run I was po;sibly'due to some extrarenal
mechanism, If it were possible to repeat the production
of hyperteﬁsion after thg method of Run I by DCA injections,

certain experiments could be carried out to &éﬁermine any



neurogenic influence, namely, the use of sympatholytic
&mugs; These have been successfully employed by Ogden
and associates ( see introducion p.l14 ) in showing the
influence of the nervous system in chrénic hypertension.

The inability to préduce even a marked rise in
-bloo& pfessure by the intramuscular injection of DCA made
it necessary to modify the technique. The modifications
were (1), a starvation diet with subsequent injections
‘(l_mgm) of DCA, and (2) the injection of epinephrine and
DCA simulteneously, with subsequent daily injections of
épinephrine (see introduction p. 16). As can be seen from
figures 8 and é,sbh& modifications of these experiments
proved unsuccessfﬁl;

‘Hoﬁever certain factors were established. Mr. Salter
(64), a co-worker in these investigations, observed that
Eoth,the starved rats which received DCA injections and
also those which obtained no treatment with DCA4,
produced hypertension é months aftervthe inifial sﬁarvatidn,
with average pressures of 195 mm of Hg. This evidence
points to a possible dietary deficiency as an initiaﬁbr
of high blood pressure. Such a possibility hes Been
suggested by various workers. Calder (iO) and Durlacher
.and Darrow (18) have shown the production-of hyﬁertension
by a diet deficient in the heat-stable fraction of the
vitamin B complex, which can be reversed by restoring
this fraction. However, the involvement of a choline

deficiency could be evident here, as will be seen in
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the following sections.

The experiments with epinephrine and DCA may show
that Qesqucorticosterone Plays a role in cdunteracting
the nérvous system. bek.done“in conjunction with Mr,
Salﬁer (64) (reportea in Mr. Salter's thesis) has shown
that DCA injections sensitize rats fo the pressor response
of epinephrine. The results show that rats increase their
sensitivity to the pressor response of epinephrine from
9 to 16 mm of Hg, over a 3 day observational period. But
rats that were given daily injections of 1 mgm of DCA
brevious to a small amount of epinephrine showed a higher
preséor response inereasing from 16 ﬁo 521mm,of Hg. over
the same observational period. These results might
possibly indicate the participation of the nervous system
in this pressor response. Page and Taylor (57) have
recently found that injJections of tetraethyi ammonium
chloride (TEA), an agent which blocks sympathetie ganglia,
increasesfthe.response of both_pressor and depressor
substances. Among these substances they found a manjifold
increase in the pressor response to epinephrine and
angiotonin and in the depressor response of histgmine.
Corcoran (12) has taken this action of TEA to mean some
central nervous influence which limits vascular responsive-
ness to pressor substances. DCA may have a similar effect
in the inhibition of this neuﬁogenic mechanism, thus
increasing the response to epinephrine. Howev¥er, more

experimental evidence is needed to justify this hypothesis,



This will be referred to later.

2. CHOLINE DEFICIENCY.

_ As can be seen from figures 10 and 11 this method,
as found by Best and Hartroft (see introductiom p. 17 ),
was the onlyvdefinite means of inducing experimental |
hypertension. Best and Hartroft found that in a group
of weanling rets which had been subjected to a 5 and 6
day choline deficient diet, hypertension occurred 4 to
7‘months later, elong with irreversible liver and kidney
damage. However figures 16 and 11 show that in the case
of this investigation only a few weeks“ﬁg% necessary to
induce hypertension by this method;l Specifically in
the case of Run VII, 17 days, and Run VIII, 13 days.

The mean pressure of the most severe group obtained by
Best and Hartroft was 195 mm of Hg, from which we can
estimate the severest systolic pressure as being 260 mm
of Hg, whereas systolic pressures in these experiments
were consistantly above 290 with the majority over 300mm
of Hg. However, several factors could possibly account
for these differences in results: (1) The period of
deficiency was longer in both triais; Run VII having &

9 day choline deficient diet and Run VIII’&-T day
deficiency. (3) The use of weanling rats by Best and
Hertroft rather than adult rats ( 6 months) as used in
this investigation. Young rats may be more resistant to

such changes. (3) The last factor is that the choline

36,
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deficient diet mixed for the purpose was not identical to
that used by Best and Hartroft. A comparison will show
a lack of "arachin™ and "corn oil". However it does not
seem likely that the unsaturated and saturated fatiy acid
metabolism would enter into the problem for such a short
deficienty period.

Figure 10 represents the first attempt to obtain
hypertension by alcholine deficiency supplemented by DCA.
As.the graph shows the injection of DCA at the end of the
choline deficlent diet, raised the blood pressure infive
days to a hypertensive level. However, this hypertensive
1evel an average of 205 mm of Hg, remained constant for
6 days until the blood pressure of the control which
reeeived no DCA, rose to meet this level, at which time
the blood pressures of all rats rose concomitantly beyond
readable levels (500 mm of Hg). The manner in which these
hypertensive levels were reached faises a‘very'interesting
point.

Is the mechanism which raises the blood pressure in
choline deficient rats the same a&s in choline diet deficient
DCA injected rats ?

We have two possible 1nterpretatlons. If we assume
that renal lesions produced by the choline deficienty
initistes the renal pressor system as suggested by Best
and Hartroft, then two possible mechanisms are involved
in using DCA.

(1) Dpeca may act on the renal tissue causing an
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earlier secretion of renin thereby allowing the renin;
angiotonin mechanism to come into play more quickly;

(2) DCA may function in inhibiting a neurogenic
mechanism as discussed in a previous‘seégon, in which it
was noted that the inhibition of this mechanism sensitized

the pressor response to anglotonin

B. AMELIORATION OF HYPERTENSION WITH
VITAMIN F.

Of the various ameliorating agehﬁs used in this
investigation, only vitamin E or alpha-tocopherol seemed
to be of value in chronie hypertension. In Run I (figure 3)
rats which had been made hypertensive by a 1 mgm'DCA
injectidn, were given vitamin E and vitamin E in combination
with histidine (see introduetion p.17-18) In both cases
the effects were similar in partially réducing the blood
pressure. The ameliorating-effecté of the histidine and
. vitamin E combination were in the initlal stages f&ster,
although somewhat more 1r:egular'than vitamin E alone,
posaibly indicating the participation of histamines.
However'the final ameliorating results of the above pro-
cedure was similar to that obtained by vitamin E, and wes
considered as being primarily caused by vitamin E therapy.
In Run VIII (figure 11), results almost identical with
the first Run were obtained with alpha-tocopherol treat-

ment on rats made hypertensive by a choline deficienty.
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Althoﬁgh these latter finds seem more effective, it is
explanable on the basis of a highef dosage of alpha;
tocopherdl.

The cessation of the vitamin E supplement re-
established the hypertension to ifs former level. This
fact shows very Qlearly that the presénce of Vitamin E
in excess amounts is needed for amelioration. To further
" substantiate this fact the special diets of the rats in
Run I (figure 3) were reinstituted with préviously noted
results. This singular effect of vitamin E indicates its
independant action, particularly if the hypertension
induced by a choline deficiency and DCA are assumed to
be different.

Recently Shute and associates (45) 1949, have shown
a similar ameliorating effect by vitamin E therapy on
hypertensive patients.. Théy state that all their evidence
indicates vitamin E is a capillary dilator. However,
they have found that alpha-tocopheroi does not always
show ameliorative action, and have come to the conclusion
that some hypertensiveé have constriction higher iIn the
vascular tree, perhaps at artefialar levels. They have
found some evidence that estrogens may act as arterielar
dilators. In this respect, combinations of alpha-toco-
pherol and eStrogens have proved useful.

Frdm the results of our experiments this dilatory

action of vitamin E seems quite probable, Also, the
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presence of artérialar constrictiah could very possibly
account for the pértial amelioration effects of vitamin
E on these chronically hypertensive rats. It would
therefore Be of interest to find the effects ofrcombined
vitamin E and estrogens. Mr. Salter (64) of this
laboratbry, however has found estrogen injections capable
of inducing high blood pressure. Nevertheless McGrath and
Hermann (44) and Kaiser (éé) have found prolonged and
considérablé dilafion of cabillaries.resulting from intra-

muscular injections of estrogen.

C. CORRELATION INADEQUACIES BETWEEN THE DATA

OF ACUTE AND CHRONIC HYPERTENSION.

'Attempts to ameliorate chronid hypertensions on

the whole, have been unsuccessful, Fitch (19) and

Semple (77), who worked exclusively on acute hypertension
had definite ameliorative success. Thesekworkers found
that histidine and ascorbic acid had a d&efinite effect on
lowering the systolic pressure of acute hyperteﬁsion; In
comparison, these substances were found to be ineffectiﬁe
in chronicaelly hypertensive rats (Run I and VIII; figures
5’and 11) of a DCA and choline deficiency origin. The
explanation probably lies in the basic dissimilarities

between these two forms of hypertension.
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D. NEGATIVE RESULTS OBTAINEDDWITH UREASE AND
AMMONTUM CHLORIDE.

The individual effects of urease and its effective
replacement of ascorbic acid in combination with histidine
(see introduction p. 18) has been found unsuccessful in
émeliorat;ng DCA - chronically hypertensive rats (Run I,
figure 5). The use of histidine and ascorbic acid was'
found ineffective in the chronic stage but successful in
ameliorating the acute stage of hypertension; therefore
the inabiiity of urease in replacing the reducing action
of ascorbic acid and its singular effect in ameliorating
acute hypertension is yet to be determined;‘

Ammonium chloride was also unéuccessful in ameliorating
chronic hypertension produced by a DCA injection (Run I,
figure é). The literature finds that acidifying salts, such
as‘ammonium chloride did lower the blood pressure of hyper-
tension Produced by larger doses of DCA. This hyperten-
slon, however, was always accompanied by nephrosclerosis.
The effects of ammonium chloride are attributed to its
balancing effects on the sodium metabolism (see
introduction p.18). Since the DCA - chronic hyperten-
sion of Run I (figure 6) no such kidney damage was
observed (Logan 45), therefore it would seem that sodium
metabolism was not involved in this type of experimental

hypertension.



E. SUGGESTICNS FOR FURTHER RESEARCH,.

Examination of the results of this investigation
and their s.ubseciuent discussion, puises the following
suggestions for further research:

l. The use of vitamin E in ameliorating hyper-

tension needs to be investigated further.
{a) Experiments could be conducted to discover
the effects of vitamin E in preventing the
production of experimental hypertension,and
its ameliorative effecfs in acute high blood
pressure. o
(b) To discover the maximum ameliorating
action of vitamin E by prolonged therapy on
hypertension.
(e¢) To discover the effectivness of combined
éstrOgens and vitamin E therapy on chronic
‘hypertension. |
(d) To diseover further the vasodilator action
of vitamin E, by testing its ability to lower
the blood pressure of normal rats. Such in-
formation would add further confirmation to
this action.

2 The effect of histidine and ascorbic acid has been

found ineffective in chronic hypertension and s comparable
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situation arises in the replacement of ascorbic aéid by
urease. However, histidine and ascorbic acid were
successful in ame;iorating”acute hypertensive. An
experiment could then be carried out to establish the
effectiveness of histidine and ﬁrease in acute high

blood pressure.

3. To investigate the possibility of & dual mechanism
between acute and chronic hypertension prqduced by (1) a
choline deficienty and (2) DCA injections. Such experi-‘
ments could be carried out by the use of sympatholytic
dfugs such as phenpbarbitol and yohimbiné. This procedure
Wouid possibly'détermine the influence of the nervous
system on the problem, particularly in chronie hypertension.
4.  Evidence in the effect of DCA in inhibiting the
nervous system, as previously discussed, could be obtalned
in paralleling the respbnse of pressor and dépressor
substances in rats singularly injecfed'with either DCA
and TEA (tetraethyl ammonium). The pressure respohse

of angiotonin and adrenélin, énd fhe depressor action

of histamine might be determined.



VI CONCLUSIONS.

1. The production of experimental hypertension by
1 mgm injections of desoxycorticosterone acetate has been
found to be unreliaeble in female albino rats.
2. A choline deficient diet was found dependable
in producing severe hypertension in adult female albino
rats.
3e The deily feeding of vitamin E to female rats was
shown tb be partially effective in ameliorating experi-
mental hypértension caused by both desoxycorticosterone
acetate injections and a choline deficient'diet.
'é. The partial emelioration of hypertension résulted
onlj in the presence of excess vitamin E, This fact Was 
thought to give further evidence to the vasodilator
p;operties.of vitemin E.
5‘ The feeding of histidine in combination with
ascorbic acid and with urease were ineffective in
ameliorating chronic hypertension produéed by a choline
deficiency and DCA injections.
é. | The feeding of urease and ammonium chloride
‘individually have been shown in effective in DCA -
chronic hypertensive rats. i

The hypothesis was advanced that DCA may inhibit
the sympathetic nervous system %o explaih the increased
pressor response of epinephrine in rats injected with

desoxycorticosterone acetate.
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SUMMARY

This investigation deals with the possibility of
ameliorating chronically hypertensive female rats by
means of the daily feeding of histidine and ascorbic
aeid, histidine and vitemin E, histidine and uresase,

vitamin E, urease, and ammonium chloride.

45,

The apparatus used in determing the blood pressures

was the indirect method using the foot, of Griffith and

Farris, as-modified by Allardyce, Fitch and Semple.

Sodium pentathol was used as anesthetic.

Two methods were used to ihduce chronie hypertension

(1) desoxycorticosterone acetate (1 mgm) injections,

This method was found to give very diverse results, and

was disregarded as unsatisfactory. Modifications of
this method were used involving a starvation diet and
epinephrine injections. Both of these modifications

failed.to produce hypertension. (2) The feeding of a

choline deficient diet. This methéﬁ proved consistant

in‘producing a8 severe hypertensive state. A DCA
injection was tried with the purpose of initiéting an
earlier hypertensive“state.

Vitamin E was the only substance found useful in
ameliorating the experimental chroniec hypertension.
This amaiioration.resulted in fhe presepce of excess
vitemin E. This fact was thought to give further

evidence for'the vasodilator properties of vitamin E.



An hypothesis was advanced that DCA may inhibit
the sympathetic nervous system, to sensitize the
vascular responsiveness to pressor and depressor

substances.
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