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PROLOGUE

Recent advances in our knowledge of renal hypertension represent
an outstanding accomplishment 1n experimental medicine An in-
sight has been given nto ts pathology, an important field of investiga-
tion has been opened, and the hope of being able to prevent and
cure one of the gravest of human diseases has been renewed.

The first real knowledge concerming renal hypertension began
with Bright's accurate observation that hypertrophy of the heart
frequently accompantes diseases of the kidneys. Later, on discovering
methods of measuring artenal blood pressure, 1t was easy to demon-
stratc that such diseases were associated with hypertension and that
the cardiac hypertrophy was a consequence of the hypertension.

No new important advances were made 1n our knowledge of the
rdle of the kidney until Tigerstedt and Bergman demonstrated, in
1898, that extracts of the kidney possess a hypertensive action. They
gave the name, rentn, to the impure substance which produced this
elfect,

In that period the vasoconstrictor action of extracts of three organs
had been demonstrated- the adrenal medulla, the hypophysis, and
the kidney.

The discovery of adrenalin led to the hypothesis that its hyper-
sccretion was the cause of hypertension. The adrenal theory, or more
cxactly that of hyperadrenalism, was formulated almost immediately
after 1ts discovery, first byiJosué, and subsequently by many other
«Jintcians This theory transferred interest from the kidney to the
adrenal medulla, .

Much credit is due the indefaugable investigations of Volhard
who was convinced that a vasospastic factor existed m the so-called
pale hypertension, as was indicated by ocular and cerebral symptoms
and by blanching of the vessels of the skin. Since he believed that the
exaggerated contraction of these vessels was due to a substance circu-
latng in plasma, he devoted lumself with the help of his students
to a search for 1ts presence He first showed the impossibility of
demonstrating the presence of an excess of adrenalin in the circulat:
g blood, although later some of his students, such as Bohn (1931),
described the presence of specific vasoconstrictor substances in the
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Vi RENAL HYPERTENSION
blood of hypertensives ‘This was subsequently disproven by numer-
ous investigators

In our Institute, plans for the study of this problem began when
we had the misfortune of losing Juan Guglielmetti, in 1923, who
died of malignant hypertension at the age of 33. Among those who
have worked with us, he ranks as one of the most capable and talented.
An attempt was made to produce experimental hypertension of
renal origin in dogs by subtotal nephrectomy with limited success
(Buasotti, 1927) New attempts were made by constricting the rénal
vemn, but the hypertension was mconstant and transient (Braun-
Menéndez, 1932).

Shortly after the discovery that permanent hypertension might be
produced by section of the four pressor receptor nerves, attentton
was directed toward nervous factors which for some time had been
considered as possible causes of arterial hypertension.

‘The modern period is due entrely to Goldblatt who, in 1982,
and 1n a classical report of 1934, gave investigators an easy and sure
method of producing permanent hypertension of renal onigin. This
procedure sumply consusts of reducing the diameter of the renal artery,
and is referred to, with dubious correctness, as producing a partial is-
chemia or incomplete ischemia, which are terms now established by
usage In the skilled hands of this trained investigator and with the
contributions of many other mvestigators from different countries,
it was shown that this hypertension was not due to a nervous mecha-
nism such as a reflex of renal origin or hyper-reactivity of the vaso-
constrictor nerves New investigations were carried out principally
in the United States, Belgrum, Argentina, and England.

In 1936, we renewed our studies with Fasciolo who energenc'ally
overcame innumerable initial difficulties After conﬁr_min_g previous
studies we )
kidney of =
a hypertensive substance which today we know as Tehu i wu
demonstrated by grafting a kidney by vascular anastomosis of its
artery to the carotd and of its vemn to the Jugular mtq the neck' o‘[
a dog recently nephrectomized The following year, with an“m.l'
we showed that the citrated plasma of venous blood ‘of an lsch.emlc
kidney contained a vasconstrictor substance which did not exist 1n
the plasma of normal venous blood
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At that point the subject passed into the hands of a team of -
vestigators at the Institute of Physiology, whose combined efforts
led to important discoveries This group consisted of E Braun-
Menéndez, ] C. Fasciolo, L. F Leloir, J. M Muifoz, and A. G
Taquini, while 1mportant contributions over shorter periods of
ume were made by ] W Bean, R. Dell'Oro, L Dexter, V G. Foglia,
M. Gaudino, F Huidobro, F P. Ludueiia, and J. M Moglia.

1 1939, an important discovery was mwade almost simultaneously
in Argentina and wn the United States. Braun-Menéndez, Fasciolo,
Lelowr and Muiioz extracted a substance which they called hyper-
tensin [rom the venous blood of 1schemuic Nidneys, which was
produced by the action of renm on a plasma globulin called hyper-
tensinogen or precursor of hypertensin They showed that this same
hypertensin was produced by incubating remin with hypertensinogen
in vitro It was demonstrated, furthermore, that the krdney secreted
renin which, though not of 1tself vasoconstrictor, apidly produced
the vasoconstrictor substance, hypertensin, upon coming in contact
with the hypertensinogen of plasma Evidence was presented that
the reaction was enzymatic in nature

Attacking the problem from a different angle, Page and his col-
laborators reached similar conclusions, They showed that renin
did not possess a vasoconstrictor action when'it was perfused in
saline solution through an 1solated surviving vascular system When
scrum or plasma was added, vasoconstrictor properties appeared.
"They at first believed that the plasma contamed an activator of renmn
but later showed that the appearance of the vasocomstrictor action
was due to the [ormaton of a new substance which they called
angiotemn Unfortunately, the numerous publications of Page and
hts school, althongh making tmportant connibutions and advances,
included many assertions not always well demonstrated, affirmed the
esstence of many substances which are doulitful, and formulated
numerous hy patheses and concepts which were not always m accord
Fortunately, therr conclusions have gradually become sumlar to
our own Today the prinaipal discrepancy 1s one df terminology
All agree that renin through 1ts action on a plisma globulin (h)pcr-
'.(‘l]Sl“l)"(‘l\ Ienih activator, bstrate or p\'
duces a vasoconstrictor substance (hypertensin or :mgmmnm)

In the clinie, the exstence of hypertension from renal ischemia

) pro-
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similar to experimental renal hypertension, has not only been demon-
strated but the hypertension has been cured by removal of the
diseased kidney in some cases of unilateral renal disease. There are
no definite proofs, however, that all hypertensions have a renal
origin Nervous factors appear to participate in variable degree in
the genesis and maintenance of human hypertension,

Finally, endocrine and other metabolic factors are recognized as
playing a réle in certamn 1nstances Whatever may be the respective
importance of these various factors and whatever may be the course
of future investigation, there is no doubt but that experimental
studies on renal hypertension have strongly influenced current ideas
and have sumulated numerous investigations These have further-
more been facilitated by recent outstanding advances in the physi-
ology of the kidney and in the development of renal function tech-
niques It 1s important, however, to recognize clearly the obscure
and badly demonstrated points in order to undertake new investiga-
tions.,

Although numerous medical and surgical therapeutic attempts
have given variable results and as yet can not be considered to be
satisfactory, we have the advantage of new knowledge which allows
us to test expenimentally the action of various therapeutic agents
on renal or neurogenic hypertension mn animals before testing them
on man We should not be alarmed if it takes considerable time to
attain success since advances are always slow in biology, It only
suffices to recall that tharty-three years elapsed between the dem(?m
stration of expermmental pancreatic diabetes and the discovery of
insulin

The secretion of Tenin 1s one more example of a homeostatic Sl.le
stance produced by the orgamism It is a true intermal secretion wlucl}
does not exist or 1s onfy of shght mportance undc.r normal condi-
tions In the presence of severe hypotension, it constitutes one of Ll}c
numerous mechanisms at the disposal of the bod)" for m'd.mg in
the recuperation of blood pressure, Under palho!oglc condmons.OE
renal 1schemi# this secretion unfortunately acquires a hypertensive

racter. .
chaA q:::gulmofy mechamsm of blood pressure has thus been dis-
covered, and has been clearly demonsrrated.xp birds :fnd mammxl)s.
Since 1t appears only in pathologic conditions which affect the
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Lidney, it is presumably an advantageous mechanism, It is easy to
postulate, for example, the attractive but uncertain teleologic hypoth.
csis that the hypertension thus produced is useful in increasing
the remal blood flow or the glomerular filtration.

A curious fact is that the action of remin is indirect. Itself inert,
it acts upon the hypertensinogen of plasma to produce the con-
strictor substance, hypertensin, whose action 1s ephemeral since it is
rapidiy destroyed in the body,

Tins monograph 1s a study of renal hypertension only and sum-
marizes the present state of our knowledge. The enarmous amount
of work done on thus subject 1s reflected by an abundant literature.
Conclusions have sometimes been contradictory and sometimes ex-
cessive The authors have an extensive firsthand experience which
permits them to destnbe their own valuable contnibutions and 10
discuss the problem in critical fashion This book, 1n addition to
its oniginal contribution wherein lies 1ts true value, constitutes at the
present time the most impartant source of information on the sub-
ject. T thunk that its reading will not only be structine but will
suggest new ideas and new subjects of study and imestigation. An
appendix describes the methods which have not as yet been published
i detail. It is hoped that 1t will facihitate the work of future .
vestigations,

B A Houssay






INTRODUCTION

Study of hypertension has expenienced a remarkable impetus in
recent years thanks to the efforts of both ph)slologlsts and clinicians.
Tt has at times been considered Dy those unfamihar with research
that imvestigations by climicians and by physiologists have no commeon
ground Both are actually sources of mutual mformation which
fielp m the interpretation and discorery of natural phenomena
Trolution 1 our knowledge of arterial hypertension ts a clearcut
example of this The clinical pathologic approach led to the dis-
covery of the rdle of the kidney 1n hypertension, and the physiologic
approach 1o the reproduction of this disease and to the study of ats
pathogenesis. Knowledge acquired expertmentally made it possible
for the cimiian to discoser new renal disorders capable of producing
hypertension which had passed unnoticed unul that time, and 10
develop methods of unquestioned value for the investigation of the
funenon of the fadney.

As Professor Houssay stated 1n the prologue, the subject of renal
hypertension has heen mtensnvely studied at the Institute of Physis
ology of the Faculty of Medical Saiences of Buenos Arres. Intestiga-
tions performed up to the year 1938 had demonstrated that the
ischiemic hidney of a hypertensise dog liberated a pressor and vaso-
constrictor substance mto the blood stream At the end of that year,
at the suggestion of Professor Housszy, we jomed forces with the
object of tolatng this substance Such collaboration is a necessity
i modern msvestigation when one aspires to solve a problem of
considerable magnunde The nse of many available resonrces de-
mands the distribution of responsibihity and the help of specialysts.

We have worked together for fise years, each one contbuting
tus measure 1n a common cffort to clucidate the probicm of hyper-
tenston which 13 so defeterious to the health of mankind and for
which there 13 s0 great a need of solution, We have depended on other
colteagues for their fielp, knowledge and ingenmty We have counted
aborve atl on the wsprration, stimulus, and disiterested help of our
teacher, Professor Housay The 1 of Cardiology, Found.

V. FL Grego, which one of us (ACGT) directs, was founded in 1611,
As members of this and as guests of the Institute of Physinlogy, two

“
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of us (A.C'T. and J.CF) have worked for the last two years. May
we express our deep appreciation to the members of each institution.
We have believed that it would be useful at this stage of our efforts
to unite in writing a monograph concerning our present knowledge
of renal hypertension Several excellent articles on this subject have
been written by investigators with wide personal experience,® but
these articles by their nature have not been able to embrace the
subject in all its ramifications. Our main purpose has been to ex-
plain as cleasly as possible the present status of the probler, mention-
g what is defintely hnown, mdicating the gaps in our knowledge,
and pointing out new hnes of attack. Since our own endeavors have
been mainly concerned with experimental renal hypertension, we
have given particular attention to this aspect of the subject.
Although 1t has not been shown that human hypertension is due
to the same mechanism as that produced by experimental renal
ischemia, considerable evidence exasts to suggest that the mechanism
of each is closely related. Although our personal contribution in
respect to human hypertension is limited, we have felt that it is
necessary to discuss the pros and cons of the rdle of the kidney in
human hypertension and to point out the similarities and differences
which exist between human and experimental renal hypertension.
Only 1ncidentally will we refer to other aspects of the wide field of
human hypertension which have been well analyzed in several pmt}}o-
logical monagraphs
We have endeavored to make our bibliography complete, Smnce
causes of error mn biologic investigation are numerous and may
well escape even a careful critique, we have in each case cited the
authors on whose shoulders falls the responsibility of a given state-
ment. The reported results have at times been contradictory. In our
interpretation, we have depended mainly upon the scientific accuracy
of the investigation In addition, however, we have taken into ac- *
count the authonty of the nvestigator presenting a given statement
as judged by the calibre, integnty, and critique of s writings. .
Finally, we wish to explain certamn features of this book. Since

+ Blalock, 1040, Fasciolo, 1939: Goldblatt, 1938b, 1940, (l;gt):sb‘l;;t, Kahnl;;:
1942, Goldblatt, Lewss and Kahn, 1942; Grumson, 1912 Houssay, 1940,
ey E 1042, Lewss and Goldblatt, 1942; Page.
Smith, Goldnng and Chasss,

Lews,
1941, Houssay and Braun-Menéndez,
19040, 1941b, 1943b, Page and Corcoran, 1942,
1943, Goldring and Chassis, 1944
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some of the fundamental concepts may not be sufficiently clear to
the reader due to the abundance of bibliographicul data, we have
written a résumé at the end of each chapter for those who are not
familiar with the subject. In the appendix, some of the techniques
which we have devised are described, These we have used in the
m1Jcnly of our experiments Our object in describing them here is

to fi ton and 1on of our work by other
investigators,
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of us (AC.T. and J C.F) have worked for the last two years. May
we express our deep appreciation to the members of each institution.
‘We have believed that 1t would be useful at this stage of our efforts
to unite 1n writing 2 monograph concerning our present knowledge
of renal hypertension Several excellent articles on this subject have
been written by investigators with wide personal experience,! but
these articles by their nature have not been able to embrace the
subject in all 1ts ramifications Our main purpose has been to ex-
plain as clearly as possible the present status of the problem, mention-
ing what is defimtely known, indicating the gaps in our knowledge,
and pointing out new lines of attack. Since our own endeavors have
been mainly concerned with experimental renal hypertension, we
have given particular attention to this aspect of the subject.
Although it has not been shown that human hypertension is due
to the same mechanism as that produced by experimental renal
ischerma, considerable evidence exists to suggest that the mechanism
of each is closely related. Although our personal contribution in
respect to human hypertension is himited, we have felt that it is
necessary to discuss the pros and cons of the réle of the kidney in
human hypertension and to point out the similarities and differences
which exist between human and experimental renal hypertension.
Only incidentally will we refer to other aspects of the wide field of
human hypertension which have been well analyzed in several patho-
logical monographs
We have endeavored to make our bibliography complete. Since
causes of error i biologic mnvestigation are numerous and may
well escape even a careful critique, we have in each case cted the
authors on whose shoulders falls the responsibility of a given state-
ment. The reported results have at times been contradictory. In our
interpretation, we have depended mamly upon the scientific accuracy
of the investigation In addition, however, we have taken into ac-
count the authority of the mvestigator presenting a given ftatement
as judged by the calibre, ntegnity, and critique of his writings.
Fially, we wish to explain certain features of this book. Since
3 , 1040, Goldblatt, Kahn and
Lo ot W ana Ry 1045, Grmon, 191, Horssay, 1910
1841, Housay and Brawn Menéndez, 1942, Lews and Goldblars, 1942, Page,
1940, 1941b, 1943h, Page and Corcoran, 1212, Smith, Goldring and Chasis,
1943, Goldring and Chassis, 1944
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of us (AC.T. and J C.F.) have worked for the last two years. May
we express our deep appreciation to the members of each institution.
‘Ve‘ haye believed that it would be useful at this stage of our efforts
fo unite in writing a monograph concerning our present knowledge
of renal hypertension. Several excellent articles on this subject have
been written by investigators with wide personal experience,! but
these articles by their nature have not been able to embrace the
subject in all 1ts ramufications Our main purpose has been to ex-
plain as clearly as possible the present status of the problem, mention-
ing what is definitely known, indicating the gaps in our knowledge,
and pointing out new hines of attack Since our own endeavors have
been mainly concerned with experimental renal hypertension, we
have given particular attention to this aspect of the subject.
Although it has not been shown that human hypertension is due
to the same mechanism as that produced by experimental renal
ischemia, considerable evidence exists to suggest that the mechanism
of each is closely related. Although our personal contribution in
respect to human hypertension is limited, we have felt that it is
necessary to discuss the pros and cons of the réle of the kidney in
human hypertension and to pont out the similarities and differences
which exist between human and experimental renal hypertension.
Only incidentally will we refer to other aspects of the wide field of
human hypertension which have been well analyzed in several patho-
logical monographs
‘We have endeavored to make our bibliography complete. Since
causes of error in biologic investigation are numerons and may
well escape even a careful critique, we have in each case ated the
authors on whose shoulders falls the responsibility of a given state-
ment. The reported results have at times been contradictory. In our
interpretation, we have depended mainly upon the scientific accuracy
of the investigation In addition, however, we have taken into ac-
count the authornty of the investigator presenting a given statement
as judged by the calibre, integrity, and critique of his writings.
Finally, we wish to explain certan features of this book. Since
1 Blalack, 1940, Fasciolo, 1939, Goldblatt, 1938b, 1940, Goldblatt, Kahn and
Lewss, 192, Goldblatt, Lewss and Kahn, 1942, Grimion, 1912, Houssay, 1940,

1941, Houssay and Braun-Menéndez, 1912; Lewis and Galdb!.an. 1942; Page,
1940, 1941b, 1913b, Page and Corcoran, 1942, Smith, Goldring and Chasis,

1943, Goldnng and Chassis, 1944



INTRODUCTION xiti

some of the fundamental concepts may not be sufficiently clear to
the reader due to the abundance of bibliographical data, we have
written a résumé at the end of each chapter for those who are not
familiar with the subject In the appendix, some of the techniq
which we have devised are described, These we have used in the
majority of our experiments, Qur object in describing them here is
to facilitate confirmation and continuation of our work by other
investigators,




xif RENAL HYPERTENSION

of us (A.CT. and J C.F) have worked for the last two years. May
we express our deep appreciation to the members of each institution.
‘We have believed that it would be useful at this stage of our efforts
to unite in writing a monograph concerning our present knowledge
of renal hypertension Several excellent articles on this subject have
been written by 1nvestigators with wide personal experience,! but
these articles by their nature have not been able to embrace the
subject in all its ramufications. Our main purpose has been to ex-
plain as cleatly as possible the present status of the problem, mention.
ing what is definitely known, indicating the gaps in our knowledge,
and pointing out new hines of attack. Since our own endeavors have
been mainly concerned with experimental renal hypertension, we
have given particular attention to this aspect of the subject. |
Although it has not been shown that human hypertension is due
to the same mechanism as that produced by experimental renal
ischemia, considerable evidence exists to suggest that the mechanism
of each is closely related. Although our personal contribution 1n
respect to human hypertension is limited, we have felt that it is
necessary to discuss the pros and cons of the réle of the Lidney in
human hypertension and to pomnt out the similarities and differences
which exist between human and expersmental renal hypertensian
Only inaidentally will we refer to other aspects of the wide field of
human hypertension which have been well analyzed in several pad}o-
logical monographs
We have endeavored to make our bibliogtaphy complete. Since
causes of error mn biologic investigation are numerous and may
well escape even a careful critique, we have in each case cited the
authors on whose shaulders falls the responsibility of a given state-
ment. The reported results have at times been contradic.tory, In our
interpretation, we have depended mainly upon the scientific a.ccumcy
of the investigation In addition, however, we have taken into ac-
count the authornty of the investigator presenting a given statement
as judged by the cahibre, integrity, and critique of his‘writingi. i
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< Blalock, 1940, Fasciolo, 1939, Goldblatt, 1938b, 1940, Coldblatt, Kahn and
1942; Goldblatt, Lewss and Kahn, 1942, Grimson, 1942, Houssay, 1940,
’ 1942, Lewss and Goldblatt, 1042, Page,
Smuth, Goldnng and Chasis,

Lews,
1941, Houssay and Braun-Menéndez,
1940c, 1911b, 1948b; Page and Corcoran, 12,
1943, Goldring and Chassis, 1914
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i Kahn and
* Blalack, 1940, Fasciolo, 1939, Goldblat, 1936b, 1940, Goldblatt,
Lewss, 1912, Goldblats, Lewis and Kahn, 1942, Grimson. 1912; Huussay', 1940,
1941, Houssay and Braun-Menéndez, 1942, Lewis and Goldblatt, 1342; Page,
1940¢, 1941b, 1913b, Page and Corcoran, 1932, Smuth, Goldring and Chasss,
1943, Goldning and Chassis, 1944



TRANSLATOR'S PREFACE

It has been a litle more than a decade since the discovery of a
satisfactory method for the expenimental production of renal hyper-
Jtension in ammals During this period, an cnormous amount of
investigation has been performed and rapid strides in the understand-
ing of this disorder made Although much remains to be accomplished
both in the esperimental and in climical fields, 1t 1s approprizte that
a summary of the work performed to date should appear at this time
not only to describe what has been accomplished but ta point out
the gaps 1n our present hnowledge

The authors are particularly qualified to do this Their members
tepresent the physiological, chemical, and clinteal fields working
together in the laboratory of Professor Bernardo A Floussay. Their
method of presentation consists of critically reviewng practically alt
pertinent literature concerned with renal hypertension and of offer-
mg their interpretation m the hight of avalable evidence Inany field
as controversial as this, the reader may well disagree with the au-
thors’ interpretation since many problems, as they point out, are un-
settled The reader has the advantage, however, of becoming
acquainted wath the stews of those who have perhaps been responsible
more than any other group for the clarification of the renal humoral
pressor mechanism

The first edition of thns book was pubhished 1913, Advances
made since then have been incorporated n this English edition.
The translator has not attempted to produce a line for Line transla-
tion but has tried to present a version which would convey the
authors’ views to readers an this country In difficult passages he has
been arded Iy Dr Luwis T Lelorr and Dr. Juan Reforzo-Membrives.
Preparauon of the lustrations for reproduction was performed by
Mr James Ulford of the Photographic Department of the Togg Art
Museum [In preparing the manuscript and tllustratsons, the trans
lator 13 indebted w Dr Flovence W Haynes, Mrs Wiley F. Barker,
Miss Ann Tz Gibbon, and to hus wife He espeaally wishes to express
tus thanks to Miss Trances | Cushman for her untiring cffort in
yprng and checking the manusarapt

Lrwis Dexrrr
Harvard Medical Schoot

Peter Bent Brigham Hospual
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CHAPTER I

_PRODUCTION OF PERMANENT
HYPERTENSION

For many years attempts were made to produce permanent hyper-
tension 1n Jaboratory animals with the object of systematically study-
ing the factors concerned 1 1ts production

The majoruty of attempts were performed on the kidney due to the
fact that 1t was repeatedly suspected to be the organ responsible for
hypertension 1n man. Before the investigations of Goldblatt, how-
ever, attempts were unsuccessful because erther hypertension i the
animal could not be produced or the elevation obtamned was shight,
transient, or reproductble with difficulty Certain investigators, on
the other hand, demonstrated the possibility of producing hyperten-
sion without the participanton of the kidney, which tended to wrest
away from this organ 1ts importance as a cause for the disease

In the year 1934, Goldblatt, Lynch, Hanzal and Summerville made
a brilltant discovery by showing that reduction 1n the amount of
blood brought 1o the lidney gave rise to permanent hypertension 1n
the dog This discovery changed the orientation of investigations on
hypertension, ‘The simple and reliable techmque of Goldblatt and
bis collaborators allowed a methodical study of the problem to be
made

In this chapter the various procedures employed for obtaning pro-
longed hypertension of renal ongin will be described Procedures
will also be mentioned which do not act directly through the hidney
As will be seen later, however, there 15 evidence that the kidney plays
a1dle in the production of all these types of hypertension

Before examining the results obtamed with different procedures,
the possible causes for contradictory results obtamed by different
authors 1n their wse of a given procedure should be pornted out
These discrepancies can in part be explaned by (a) different species
of animals employed, (b) individual variations i operative tech-
Mques, (c) different periods of obsersation to which the ammals
were submutted: (d) elevation of blood pressure considered sig-

3
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nificant; and (e) methods employed for the determination of blood
pressure.

. The technique used in recording blood pressure is of fundamental
importance in evaluating the results obtained by different authors
In the dog, arterial puncture is an excellent method as long as the
animals are maintained perfectly quiet during the determination. In-
direct methods are less reliable with the exception of the method of
Van Leersum (1911). Kernodle, Hll, and Grimson (1944) have re-
cently described a method of recording blood pressure in dogs during
activity, rest, and natural sleep This consists of suturing cuffs eh-
closing a rubber balloon around femoral and iliac arteries and con-
necting them with a suitable recording Although no
comparison with direct blood pressure readings was described, this
is the only method at this time for obtaining blood pressure under
conditions of sleep and activity in dogs.

In the rat, the plethysmographic method of Williams, Harrison
and Grollman (1939) gives results which are satisfactory although
when compared with readings obtained by direct arterial punc-
ture and recorded with 2 Hamilton manometer, Shuler, Kupperman
and Hamilton (1944) found the true pressure to average 40 == 10.7
mm. Hg higher than that recorded by the tail method with tail cuffs
26 to 40 mm wide as are usually advocated. Much greater accuracy
was obtained with 5 mm. cuffs,

In small animals, such as the rat, rabbit, and so forth, general
anesthesia and subjective méthods for the recording of blood pres-
sure have been devised. Results obtained by these techniques are not
entirely reliable.

Many details of the varions procedures for recording arterial bl_ood
pressure in animals can be found in the monograph by Fasciolo
(1939).

NEUROGENIC HYPERTENSION BY SECTION OF
THE PRESSOR REGULATOR NERVES

Arteral pressure is regulated by reflex pathways th\:ough pressor
receptor mechansms located principally in the carotid and aortic
sinuses For a description of these mechanisms, we refer the rea.dcr
to the excellent monograph of Heymans, Bouckaert and Regmc.rs
(1933). A schema of the principal circulatory reflexes is shown in
figure 1. )
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Hering, in the year 1927, showed that Temoval of the pressor
regulator system—aortic and carotid sinus nerves—produced acute
hypertension in several species of animal, especially in the rabbit.
His attempts to obtain chronic hypertension were not entirely suc-
cessful. His disciples, Koch and Mies (1929), however, obtained rises
of blood pressure in rabbits lasting many months Koch, n 1931,
obtained hypertension which lasted several months in the dog as 2

Vasomotor center

1
Aorhic nerve fGa) Vasomator
e Nom iy’ Adrenainaccreting
ordiorem! s
Caorolid yous Cart. - ‘
Aotla. , ) |
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Heart {1 nc| Aﬂenull
(N i j
: ! ""-plx\c‘rd
! circulation
piid 7 .
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oot X

Peripheral heal
arculation
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Hepatic aircutation

FIGURE 1 DIAGRAMMATIC REPRESENTATION OF THE MAIN Prysiorocic FuNcrions
©OF THE PRESSO-SENSITIVE REFLEXOGENIC VASCULAR AREAS IN THE Honrostasis
OF CIRCULATION
(After Heymans, New England | Med, 1938, 219, 147)

result of resection of the carotid smus and of the depressor nerves
Similar results were obtained in the same year by Heymans and
Bouckaert (1931) Further confirmation has been offered by Kremer,
Wnight and Scarff (1938) and Introzzi, Amici dt San Leo and Rosito
(1938) 1 rabbits, and Dautrebande (1932), Nowak (1910), Grimson
(1940), Thomas (1944) and Bing (1944) 1n dogs Perststence of the
hypertension by this method has not, howeser, been observed in all
cases Koch and Mattonet {1931) were unable to obtain chronic
hypertenston Green, De Groat and McDonald (1935) observed only
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8 RENAL HYPERTENSION

Kernodle and Hill (1944) found blood pressure and pulse to be
markedly reduced during sleep in dogs with neurogenic hypertension
and to be eleyated during activity. The response to several sedatives
and anesthetics was variable. At times, prolonged reniissions have
been observed, although in some cases these have been attributed
fo some intercurrent process; in others no satisfactory explanation
has been found (Nowak, 1940).

’I‘hf: degree of hypertension reached in these animals depends
principally on the v tone of the sympathetic nervous system
Bacq, Brouha and Heymans (1934) and Heymans and Bouckaert
(1935, 1936) showed that total bilateral gangliar sympathectomy, -
from the cervical ganglion to the pelvic chain, cured or prevented
the hypertension produced by section of the pressor regulator nerves
The studies of Grimson (1940) and Nowak and Walker (1939)
indicated that such an operauon performed previously did not
prevent a slight rise of pressure in all cases, Schafer (1942) observed
that paravertebral sympathectomy caused a reduction of the blood
pressure in these amimals, and if the sympathectomy was carried
out previous to section of the pressor regulator merves, only a
shght elevation of blood pressure took place. More recently, Schafer
(1944) found that the blood pressure of four dogs with neurogenic
hypertension fell markedly as a result of the administration of 2,5
dimethy] paraquinone (xyloquinone) whereas the blood pressure
of three normal dogs remained unchanged. -~

TFigure 3 demonstrates the effect of section of the pressor regulator
nerves in 2 normal and 1n a totally sympathectomized animal, and
in figure 4 the effect of sympathectomy on the blood pressure of
dogs with neurogenic hypertension is shown. -

Extirpation of the thoracic sympathetic nerves in animals with
neurogenic hypertension causes the pulse rate to return to normal
but the blood pressure remains elevated (Heymans and Bouckaert,
1935
Ngrdmann (1929), Introzzi (1939) and Gorev and Budnitzka
(1940) demonstrated the existence of cardiac hypertrophy 1n rabbits
and dogs made hypertensive by section of the pressor regulator
nerves Leriche, Fontaine and Froehlich (1936), and Fontaine and
Mandel (1938, b) showed that it is possible to remove one and a
half adrenal glands in these ammals without modifying the hyper-

tension,
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Schafer (1942) studied the blood volume in this type of hyper-
tension After section of the pressor regulator nerves, the red cell
solume increased withont change of plasma volume. Gangliar sym-
pathectomy diminished the blood pressure and brought the blood

Ficure 3, EFFEGT GF SFCTION OF TP DErressor NERVES 1%
SYMPATHECTOMIZED ANIMALS

£,487),

volume back to normal Afier sectioning the pressor receptor nerves
in sympathectomized animals, z shight rise of blood pressure appeared
wlile the blood volume remained unchanged

Nowsk (1910} did not abserve changes in red celt voliime or in
the number of red cells crculating in the Ulood of these ammals
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NEUROGENIC MYPERTENSION AND SYMPATMECTOMY
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FIGure 4 EFFECT OF S3MPATHECTOMY ON THE Broon PRESSURE oF DoOGs wrth
NeuroceNIc HYPERTENSION

This hypertension was produced by division of the modulator nerves Total
paravertebral sympathectomy was performed on dog 712 i three stages, A, B,
and C Bilateral subdiaphragmatic splanchnicotomy and lumbar sympathectomy
(D) and later bilateral lower thoracic sympathectomy and splanchmicectomy (E}
were performed on dog 139 Some restoration of hypertension occurred after
each procedure The complete sympathectomy efiected a more pronounced lower-
1ng of the blood pressure than the partial sympathectomies The restoration of
the blood pressure after the total sympathectomy was mcomplete (After Grim
son, Internat Abstr Surg, 1942, 75, 421 in Surg Gynec & Obst, 1942 By per-
mission of Surgery, Gynecology, and Obstetrics)

No sigmificant changes were fonnd mn the concentration of sugar,
fat, protein, chloride, calcium, oxygen and carbon dioxide content
of the blood

Bing (1944) found that as ths type of hypertension developed in
dogs, heart rate and cardiac output increased while the systolic dis-
charge remained constant. Renal blood flow and the filtration rate,
as measured by clearance techniques, showed no significant change,
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but blood flow through the limb, measured plethysmographically,
increased in every instance. Total peripheral resistance rose slightly
n two animals and remained constant in the remainmg four, Renal
resistance increased more than 50 per cent while vascular resistance
m the forehmb fell It was concluded that neurogenic hypertension
1s accompanied by 2 rise i cardiac output, constriction of the renal
afferent arterioles, and an accelerated circulation in the extremities
indicative of ncreased sympathetic tone Thomas and McLean
(1844) found that the pressor action of epinephrin and hypettensin
were not significantly altered in unanesthetized dogs by the inductton
of neurogenc hypertenston Hypertensin accelerated the heart rate
1 these dogs while the rate was slowed in dogs without neurogenic
hypertension

HUMORAL FACTORS Humoral factors appear to play a certain
role m this type of neurogenic hypertension Hartwich and Hessel
(1931), and Konschegg (1935) demonstrated vasoconstrictor sub-
stances 1 the blood of rabbits made hypertensive by section of the
pressor receptor Derves Simular results were obtained later in dogs
by Heymans and Bouckaert (1938) Hermann and Delrien (1939)
and Hermann, Jourdan and Delrieu (1939b), using the Lawen-
Trendelenburg preparation, noted a vasaconstrictor action of the
serum of hypertensive dogs The partiaipanon of adrenalin or sym-
pathin in this type of hypertenston has recerved certain support from
the experiments of Jourdan and Galy {1939) and Heymans and
Bouckaert (1933) who showed that the tnjectron of such sympathi-
colytic substances as Fourneau 933 or ergotamine into dogs with
neurogemc hypertension produced a dutinet fall of blood pressure.
The constrictor action of the serum could not be attmbuted entirely
to adrenalin, however, because Hermann, Jourdan and Delrieu
(19392) found that 1t persisted after denervation or removal of the
adrenal capsules These invesugators believed that sympathn might
be respansible The vasconconstrictor action of the serum of animals
with this type of hypertension must be accepted with reservation since
Taquuu (1938b), using the Lawen-Trendelenburg preparation,
id not observe any vasoconstrictor action of the arterial blood of
dogs recently subjected to denervation of the pressor receptor nersves

RENAL TACTORS Gumson, Bouckaert and Heymans (1939)
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obsrfrved that excision of the sympathetic chain in dogs with neuro-
genic hypertension produced only a partial fall of blood pressure
providing the splanchnic innervation of the kidneys remained intact.
Subsequent denervation of the kidneys produced a fall of blood
pressure to normal levels Grimson (1940) confirmed these findings
These results appeared to indicate that an increase of sympathetic
tone is capable of producing some modification in the kidney which
is responsible for the maintenance of the hypertension. It is not
clear whether thus is attributable to vasoconstriction with resulting
renal ischemia or to some other mechanism. The results obtained by
Taquini (1938b) do not support the existence of renal ischemia
Using the preparation of Liwen-Trendelenburg, he was unable to
demonstrate vasoconstrictor substances in the blood of the renal
vemn in dogs with acute hypertension from section of the pressor
regulator nerves. In order to elucidate this point, the presence of
renin in the renal venous blood should be investigated.

Thomas (1941) sectioned the ‘pressor regulator nerves in intact
and nephrectomized dogs and observed that the rise in pressure which
followed immediately after the denervation was not significantly dif-
ferent in the two groups of animals. This apparent contradiction to
the results found by other authors may possibly be due to the acute
character of Thomas” experiments.

Elaut (1935) observed that renal denervation alone neither pre-
vented nor modified the hypertension produced by section of pressor
regulator nerves This confirmed by Grimson (1941). Kin (1939)
claimed, however, that renal denervation caused the pressure
of rabbits with neurogemic hypertenston to return to normal. I:{ocr-
ner, Fontamne and Mandel (1938) observed no signs of renal insuf-
ficiency (blood urea nitrogen, Ambard’s constant, phenolsulphon:
phthalein test) in dogs with neurogenic hypert?nsion of two years’
duration. Nowak (1940) observed no abnormalities u.f the urine f)f
dogs with chronic hypertension of this type. Anatomxclely: certain
renal lesions have been observed i animals with hypertension from
section of the pressor receptor nerves (Nordmann, 1929; Goormagh-
tigh, 1931), Hoemer, Fontane and Mandel (1938) and Thomas
(1944), however, did not observe any renal lesions attributable to
this type of hypertension in dogs. .

The participation of the renal circulatxon' in the v?somolm‘ Te-
flexes arising in the carotid sinus has been studied by various authors.
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According to Unna (1935), Hartmann, @rskov and Rein (1937) and
Schneider and Wildbolz (1937), the renal circulation does not take
part in the vasomotor reflexes of the carotid sinus while Handovsky
and Samaan (1939) and Malméjac and Donnet (1939) claim that it
15 possible to observe vasoconstriction

In regard to the relationship between neurogenic and renal hyper-
tension, Grimson (1942) suggested the followng hypothes:s in order
to explain hypertension in man: (1) disturbances of the pressor
receptor mechanism by psychic, somatic, or visceral stimuli may initi-
ate a 1ise of blood pressure without at first producing anatomic
changes 1n the vascular system; (2) the persistent hypertension eventu-
ally produces vascular sclerosis, and (3) the kidney becomes altered as
a result of changes in the renal arterioles As Grimson pointed out,
however, this succession of events 1s putely hypothetical and further
studies are necessary before they can be considered as proven

In summary, therefore, we can say that artenal hypertension pro-
duced by section of the pressor receptor nerves 15 due to an mcrease
m tone of the sympathetic nervous system due to the absence of
reflex tonic action Thus hypertonaty may possibly be due to secre-
tion of adrenalin or sympathin The relation between the kidney and
this type of hypertenston 1s not clear and requires further study.

Ths type of hypertension 15 somewhat different from that of
renal origin The tachycardia and marked cardrac hypertrophy, which
have been described in the former, are not characteristic of the
latter. The hypertenston from renal 1schemia is not modified by total
sympathectomy as will be seen later The following monographs on
neurogenic hypertension can be consulted by those who are in-
terested. Heymans (19382, b), Heymans and Bouchaert (1939),
Delrien (1939) and Grimson (1911),

HYPERTENSION OF CENTRAL ORIGIN

Dixon and Heller (1932) and Heller (1934) reported prolonged
hypertenstoht in dogs following the mtracisternal mnjection of a sus-
penson of kaoltn  According to these investigators, this type of hyper-
tension of central nervous origin 1s secondary to the mcreased 1ntra-
cranial pressure produced by obstruction of the subarachnord spaces.
These results have been confirmed by Hoff (1935) in dogs, and by
Giordano and Galigani (1937, 1939), Griffith, Jeflers and Lindauer
(1935) and Gniffith and Roberts (1938) in rats The latter authors
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‘:’;l’::{"‘;"';’l:ifd :2; exisuj{\ce of a lymphatic block and mcrease in the
Samet (1984 Flo3ss, b ccording to Braun (1933) and Braun and
o conin lh’l ; 2, f). renal denervation is c;fpab]e of preventing
(037) flaimsed“;;e of bhypertensmn. Jeflers, Lindauer and Lukens
dend that bilateral adrefmlecto.my did not prevent the

evelopment of this hypertension if cortical extracts and sodium
chloride were admunistered Pick (1935) and Vogt (1938) reported
the exastence of vasconstructor substances in the blood of these ani-
mals Lindauer, Gnffith and Jeffers (1938) claimed that the admin-
1stration of efgotamune tartrate produced a fall of blood pressure in
rats with hypertension produced by increased intracranial pressure.

In contradistinction to the results described above, Fod. List and
Peet (1941) were not able to produce a lasting elevation of blood
pressure in dogs from the mjection of kaolin. In only half of the cases
did chey obtamn moderate elevations of blood pressure, and in these
it did not persist for more than three weeks. At autopsy, however,
the existence of a typical hydrocephalus was demonstrable. These
investigators believed that the method of recording blood pressure
might have been responsible for these differences. They used direct
arterial puncture in tramned dogs Lambert and Wakerlin (1942)
wete also unable to produce persistent hypertension in rats, rabbits
and dogs from the intracisternal njection of kacln, and Lindauer
and Guiffith (1938) were unable to produce hypertension in the
cat by this method,

In considenng the hypettension produced by increased intra-
cramal pressure, the acute rise, which 15 produced immediately atter
elevating the spmal flud pressure and which persists for a vanable
time, must be distingmshed from the chronic elevation of the blood
pressure The former 1s an accepted finding and was demonstrated
by Cushing (1903} and was confirmed recently by Freeman and
Jefters {1939, 1940). Forster (1943) has shown that in order to ob-
tain a rise m pressure the medullary centers must remain ineact. In
regard to permanent hypertension, the contradictory results noted
above make 1t necessary to judge the reported results with cautiatt,
CHRONIC HYPERTENSION FROM CEREBRAL ISCHEMIA

v (1939), chronic hypertension n
.i1e caroud, vertebral and spinal
the collateral circulation is in-

According to Nowak and !X"= -
dogs may be produced by
arteries. To™"  ‘ng this pi=



PRODUCTION OF PERMANFNT HYPERTENSION 15

suffictent and produces cerebral 1scherma which 1s then responsible
for the hypertension. Fishback, Dutra and MacCamy (1943) have
recently confirmed these results

HYPERTENSION PRODUCED BY STEROLS

In the year 1912, Fahr observed artertosclerotic lesions and arterial
hypertension in rabbits folloning the daily admnistration of egg
yolk. Van Leersum (1912) produced rises of bleod pressure as a result
of a diet of ground-up hver, and his results were confirmed by
Schmidtmann (1922), who attributed 1t to the amount of choles-
terol contained 1n the diet. Schonheimer (1924) supported this con
cept by observing rises of blood pressure in some animals on 2 high
cholesterol diet Shapiro and Seecof (1925) were unable to produce
elevations of blood pressure by this means but did produce arterto-
sclerosis Lowenthal (1926) observed that the majonity of rabbits
fed with diets rich 1n cholesterol developed lesions of arteriosclerosis,
and 1n some a rise of blood pressure appeared.

Appelrot, 1n 1933, found that the administratton of massive doses
of vitamun D, to dogs produced a rise of blood pressure Handovshy
{1937) confirmed these results, finding that the oral administration of
calaferol 1n a dosage of 100 to 700 gamma per hilo per day produced
hypertension in dogs Following the withdrawal of calaferol, blood
pressure returned to normal after a samable length of ume The

studies of Handovsky and Goormaghtigh (1935) and
Gogrmaghtigh and Handovsky (1938) revealed hypertrophy of the
smooth muscle fibers of the media of the artertoles of various or-
gans, such as the kidney, spleen, and the Itke These lestons were
particularly prommnent n the htdney where arteriolo-necrosis was
observed with or without 4 concormtant nephnitis according to the
dose of calciferol employed Signs of hyperfunction of the thyrowd
were observed with doses up to 250 gamma and those animals which
recerved a dosage of 70 gamma or more showed a hypersensitivity to
the pressor action of adrenalin Mrazel, Novak and Reed (1942) and
Ham (1910) obtained hypertension 1n rats by the admenstrauon
of vitunin D or desovycorticosterone More recently, Katz, Rodbard
and Meyer (1913) and Mrazek, Jensik and Reed (1944) were unable
to produce hypertension in dogs by the adminustration of vitamin D.

Grollman, Harrison and Williams (1910b) found that the admin-
istration of estradiol, desoxycort progesterons
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or diethylstilhestrol produced hypertension in some rats. Blackman,
Thomas and Howard (1944) observed no rise of blood pressure
from the administration of testosterone propionate. Selye (1939,
1942) has shown that certain steroid hormones exert a specific reno-
tropic action and that depending upon the chemical structure of the
steroids, they may produce tubular hypertrophy and hyperplasia
with improvement of kidney function and no sign of hyperiension
(true renotropic action) or nephrosclerosis with hypertension (neph-
rosclerotic action) (Selye, 1942, Selye and Stone, 1943; Selye, Hall -
and Rowley, 1943, Selye and Pentz, 1948; Selye and Hall, 1944)
The most active representatives of compounds exhibiting a true
renotropic action were some of the androstane derivatives, while,
among many steroids examined, desoxycorticosterone acetate pmved
to be the most potent 1n producing nephrosclerosis in several species )
of animal. Extrarenal vessels, especially the medium-sized pancreatic
arteries, may be affected (Selye, Hall and Rowley, 1943). The ad-
ministration of sodium chloride 1n large amounts sensitized the ani-
mals to this action of desoxycorticosterone (Selye, 1943a; Selye and
Stone, 1943; Selye and Hall, 1943; Selye, Hall and Rowley, 1943)
Selye and Rowley (1944) prevented the nephrosclerotic action of
desoxycorticosterone by the simultaneous administration of methyl-
testosterone indicating that the nephrosclerotic and renotropic acfm.ns
of steroids are independent of each other and actually amagom'stlc-
Beland, Mason and Selye (1948b) subjected heminephrectomized
rats to cold, exercise and njections of formalin and noted the de-
velopment of adrenal hypertrophy and hypertension. T‘he :futfw“
attributed the hypertension to increased corticoid production in asso-
ciation with sensitization from previous unilateral nephrcctomhy Rod-
bard and Freed (1942) also obtained rises of blood pressure in dlfgs
with desoxycorticosterone. This has been confirmed by Briskin,
Stokes, Reed and Mrazek (1943) 1n rats. These anthors were l}mbk
to obtain elevations using other sterol preparations. Th? daily -
jection of diethylstilbestrol, a synthetic estrogen, in spite of not
being a sterol, produces hypertension in rats according ta Leathem
and Dnll (1943). They observed a fall of pressure with the same
b in hypophy ized rats Neither Gandino (1944) “:‘
Braun.-Menéndez and Foglia (1944) obtained hypertension in the
normal rat by administermg desoxycorticosterone. Pe:rera, Kvno\::;l“:
Loweli and Locb (1944) observed that 11 of 23 patients xv?lh 5
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son’s disease and 3 patients without adrenal disease treated with
desoxycortit developed blood p in excess of 140 mm.
Hg systolic and 90 mm Hg diastolic, which was not correlated with
excessive salt and water retention or with a positive cold pressor test.

‘The experiments discussed above indicate that a series of sub-
stances, with the common characteristic of possessing a phenanthrene
nucleus or similar structure, are capable of producing hypertension
in a number of species when administered in sufficient dosage The
mechanism of this hypertension has not been elucidated. The ar-
teriolar lesions encountered and the hypersensitivity to adrenalin
perhaps play some réle, Bearing mn mind the anatomic lesions
described by Handovsky and Goormaghtigh, renal involvement in the
pathogenesis of this hypertension appears probable.

In support of the renal origin of this type of hypertension, Taquini
(1938b) observed vasoconstrictor action in the renal venous blood
of 2 dog made hypertensive by the ingestion of calciferol m contrast
to negative findings in a dog without hypertension treated in the
same manner, Grollman, Harnson and Williams (1940b) reported
curing this type of hypertension in rats by means of renal extracts,

HYPERTENSION PRODUCED BY EXPERIMENTAL
MODIFICATIONS OF RENAL FUNGTION

Numerous experimental procedures have been devised for the pro-
duction of hypertension of renal origin ‘The results have varied
according to the method used, the technique utilized for the deter-
mination of blood pressure, the species of ammal employed, and so
forth. Generally speaking, 1t can be stated that none of the procedures
described before the work of Goldblatt and his collaborators was
capable of producing permanent hypertenston with the regulanty
necessary for undertaking a systematic study. The rises obtained in
most 1nstances were slight and transient, and n the majority the
blood pressure was measured by methods of dubious accuracy and
were subject to considerable individual variation, For tlus reason
we will consider them only briefly, pornting out the importance which
they may have 1n the interpretation of renal hypertension

NEPHROTOXIC SUBSTANCES. Bechmann (1925) was able to
produce nephritis and elevation of blood pressure m rabbits through
the use of diphthera toxin and salts. D guez (1928),
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or diethylstilbestrol produced hypertension in some rats, Blackman,
Thomas and Howard (1944) observed no mse of blood pressure
from the administration of testosterone propionate. Selye (1939,
1942) has shown that certain steroid hormones exert a specific reno-
troprc action and that depending upon the chemical structure of the
sterouds, they may produce tubular hypertrophy and hyperplasia
with improvement of kidney function and no sign of hypertension
(true tenotropic action) or nephrosclerosis with hypertension (neph-
roscleratic action)  (Selye, 1942; Selye and Stone, 1943; Selye, Hall
and Rowley, 1943; Selye and Pentz, 1943; Selye and Hall, 1944).
The most active representatives of compounds exhibiting a true
renotropic action were some of the androstane derivatives, while,
among many steroids examined, desoxycorticosterone acetate proved
ta be the most potent in producing nephrosclerosis in several specifs .
of animal. Extrarenal vessels, especially the medium-sized pancreatic
arteries, may be affected (Selye, Hall and Rowley, 1943). The aq-
ministration of sodium chloride in large amounts sensitized the ani-
mals to this action of desoxycorticosterone (Selye, 1943a; Selye and
Stone, 1943; Selye and Hall, 1943, Selye, Hall and Rowley, .1943)
Selye and Rowley (1944) prevented the nephrosclerotic action of
desoxycorticosterone by the stmultaneous administration of methyl-
testostevone mdicating that the nephrosclerotic and renotropic actions
of steroids are independent of each other and actually amagom_suc.
Beland, Mason and Selye (1943b) subjected heminephrectomized
rats to cold, exercise and injections of formalin and noted the de-
velopment of adrenal hypertrophy and hypertension. T.he ?uthors
attributed the hypertension to increased corticoid production in asso-
ciation with senstization from previous unitateral nephrectom.y. Rod-
bard and Freed (1942) also obtained rises of blood pressure in d?gs
with desoxycorticosterone. This has been confirmed by Briskin,
Stokes, Reed and Mrazek (1943} in rats. These authors were xfml:ﬂﬂ
to obtain clevations using other sterol preparations, The daily in-
jection of diethylsulbestrol, a synthetic estrogen, %n spite oEﬂnal
being a sterol, produces hypertension in rats according to Lea 16!:
and Drill (1948). They observed a fall of pressure. with the s:nmf
b in hypoph ized rats. Neither Gaudino ('1944') nl‘:

Braun-Menéndez and Foglia (1944) obrained hypertcnsu’)n m‘ the
normal rat by administering desoxycorticosterone. P?rera, BYLIIO‘:;;’::
Lowell and Loeb (1944) observed that 11 of 23 patients with
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Corcoran and Page (1941), on the contrary, have not observed rises
of pressure in dogs with neplritis produced by nephrotoxic serum.

SURGICAL REDUCTION OF RENAL PARENCHYMA The
effect of bilateral nephrectomy on arterial pressure has been the
object of numerous investigations The animals die after four or
five days without showing elevation of blood pressure (Backman,
19163, b, in cats, and Cash, 1926; Harrwich, 1930, Goldblatt, 1937a;
Dicker, 1937b, and Houssay and Taquim, 1938b, i dogs). In many
tnstances a fall of pressure 1s actually observed as in our cases and in
those of Verney and Vogt (1938) and Harnson, Mason, Resnik and
Rainey (1936) According to Wintermitz, Mylon, Waters and Katzen-
stein (1940), if the trauma of operation 1s kept at a mimmum by
carrytng out nephrectomy n two stages, more prolonged survival can
be obtamed--seven or more days—without appreciable change 1n the
blood pressure Blalock and Levy (1937) made an extensive study
on dogs with extirpation of one hidney and explantation of the
other. Removal of the explanted kidney under local anesthesta did
not produce alterations of the pressure for the ume that the animal
survived, These experiments are mteresting because they appear to
indicate that the lidney 1s not necessary for the maintenance of
normal blood pressure

Katz, Friedman, Rodbard and Wemnstein (1939) observed that
nephrectomy 1nitiated a transient nise of the blood pressure from
five to six hours following operation Thus they attributed to a
reflex mechanism

Jeffers, Lindauer, Twaddle and Wolferth (1910) found that
totally nephrectomized rats, parabiotic with normal rats, survived
20 to 90 days after the second nephrectomy, showing a progresstve
loss of weight and uremia, and 1n the last week an mcrease of blood
rolume and a terminal hypertension

In summary, therefore, 1t may be concluded from the experiments
discussed above that the retention of metabolites produced by com-
plete renal insufficiency 1s not capable of mitating a nise of blood
pressure

Unilateral nephrectomy, as 15 well known and as we have repeatediy
confitmed, is not followed by any appreciable change of blood pres-
sure or of renal excretory function. Netther in unilateral nor in bi-
hteral nephrectomy are the condittons of chronte renal wmsufficiency
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using uranium, produced generalized arteriosclerotic lesions in rab-
bits but the blood pressure was normal in all of the animals except '
one in which severe renal sclerosis and hypertension were present.
Arnott and Kellar (1935) obtaned transitory elevations of blood
pressure n rabbuts from injections of sodinm oxalate. Later (1936)
they reported that renal denervation abolished this hypertension.
Istael (1938), using potassium oxalate in rabbits, showed that such
nses did not occur in all animals. Scarff and McGeorge (1937), on
the other hand, were unable to reproduce the results of Arnott and
Kellar. Israel (1938) was unable to produce rises of blood pressure
in rabbits using such other nephrotoxic substances as mercury, bis-
muth, and the like. Dicker (1935) was the only investigator to pro-
duce elevanions of blood pressure by the injection of streptococcus
toxan in dogs The rises obtained were slight and transitory. Although
Fouts and Page (1942) were unable to obtain hypertension following
the administration of lead salts, Griffith and Lindauer {1944) were
able to obtain hypertension from lead in all their rats surviving 40
days or more.

Studies have been made on the effect of injecting nephrotoxic sub-
stances nto the renal artery, Friedman and Katz (1938) produced
nephrits by the injection of trypsin into this vessel, observing only 2
slight elevation of blood pressure during the acute phase The ani-
mals which survived showed renal msufficiency without hypertension
Dicker (1937a) observed rises of pressure from the injection of
sclerosing substances into the renal artery.

Of particular interest are the results obtained with the so-called
nephrotoxic serums prepared by the repeated injection of renal ex-
tracts of one spectes of ammal into another. Antibodzes in the serum
of the njected animal are thereby produced. The injection of this
antrkidney serum produces renal lestons which reproduce those
found in glomerulonephntis and undetgo the same evolution.
Masug: (1934) showed that the injection of duck serum, nephrotovic
for the rabbut, not only produced lesions of glomerulonephritis but
also a shght elevation of blood pressure These results have been
confirmed and amphified by Arnott, Kellar and Matthew (1936},
Hamori and Koranyi (1938) and Kay (19403, b, 1942) and Kay,
Lucchest and Rutherford (I941) in the rabbit, and by Smadel
(1987) and Smadel and Farr (1937) in rats, Kay states ll}at the fre-
quency of hypertension 15 related to the degree of nephrips, Fouts,
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of cases have produced a stight transitory hypertension (Cash, 1924;
Mark and Gi dorfer, 1930; H T 1931; Femis and
Hynes, 1931).

COMPLETE OCCLUSION OF THE RENAL ARTERY OR OF
ITS BRANCHES, Katzenstein (190%5) obtained shight rises of blood
pressure in rabbits and dogs by complete occlusion of both remal
arteries. Similar results were obtained in dogs by Cash (1926), Gold-
blatt (1937a), Dicker {1937b), Blalock and Levy (1937) and Win-
ternitz, Mylon, Waters and Katzenstein (1840) These results tale on
greater significance when compared with those obtained by bilateral
nephrectomy. In both cases the animals die in uremia at the end
of severat days, but the arterial pressure falis or is unaltered in ne-
phrectomized animals while 1t is elevated in those in which the renal
arteries are ligated. This may be attributed to the reabsorption throngh
the coll t arcul ot lymphatics of pressor substances pro-
duced by the kidney undergois i The of such
pressor substances m Kidneys aftcr complete ischemia has been dem-

onstrated by Dicker (1937d) and Taquint (1938a) and corrobo-
rated by numerous investigators (Collins and Hamilten, 1910z, b;
Friedberg, Landowne and Rodbard, 1910, and Prinzmetal, Lewis and
Leo, 19103, b, and others),

Complete occlusion of the tenal artery on one side in the dog bas
produced only y elevation of blood f * Pickenng and
Prinzmetal (1638b) obtained negatve results in rabbits. As in the
case of bilateral ligation of the renal arteries, the hypertension ob-
served in dogs may be due to the reabsorption of pressor substances
by way of the collateral arculation Indeed, Verney and Vagt {1538)
observed that the elimmaton of this collateral circulation prevented
the rise of pressure produced by higanion of the artery of one kidney.

Ligation of several of the branches of the yenal artery has been
carried out with the object of producing partial necrosss of the
kidney. The results have 1n general been accompanied by transitory
rises of blood pressure*

*Friedmann and Wachsmwth, 1950, Hartwich, 1932, Hartwich and Hessel,
1932; Koozett and Unna, 1937, Verney and Vogt, \958 Robbers and Westen-
hotﬂ:r, 1939, and Wintermitz, Mylon, Waters :lml hapenstein, 1910

* Janeway, 1908, 1913, Mark, 3028, larmwach, 1930, Friedmann and Wachs-
muth, 1930, Woll and Hemsen, 1933; Konzett and Unna, 1937, and Verney and
Vogt, 1938
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eproduced. In order to do this, it is necessary to excise a variable
mount of renal tissue according to the species employed. The hyper.
ensive action of these subtotal nephrectomes differs according to
he species

In the dog, reduction of renal mass has produced only shight and
ransitory rises of pressure.! Backman (1916a, b) claimed to have
btained elevations in cats, while Anderson (1926) observed no rise
n rabbits. .

In the rat, all investigators agree as to the possibility of producing
hronic hypertension through surgical reduction of the renal paren-
hyma.2 Ample excision of up to fivessixths of the kidney of the rat
Chanutin and Ferris, 1932) can produce polyuria, albuminuria,
ematuria, anemia, cardiac hypertrophy, and hypertension. The
lood pressure becomes gradually elevated, reaching maximal values
fter several months. This type of rise suggests the possibility that
he hypertensive effect of reduction of renal substance is due to a
econdaty process (cicatricial contraction) more than to the reduction
f the parenchyma itself

Wood and Ethridge (1938) found that hypertension reached a
eak some 60 days after performing subtotal nephrectomy in rats.
"he kidney showed certain histologic changes, espccial_ly in fhc

eduction of the lumen of the arterioles occurred. Such changes sug:
est that 1n these cases the renal tissue undergoes a certain degree ol
chemia. Dock and Rytand (1937), however, did not ol{serve 2
iminution of renal blood flow per gram of kidney in rats with sub-
tal nephrectomy. )
Other nvestigators have employed slightly dxﬂ‘erent. techniques
y combining unilateral nephrectomy and partial excision of the
ther with ligation of some of the branches of the renal artery:
‘hese procedures have been carried out on dogs and int the majority
nd Heineke,
1027, Eried-
1935,

1Allen, Scharf and Lundn, 1025; Mark, 1925, 1928, Passler ai
937. Other authors who were unable to Cbiain nises are, Bastits,
ann and Wachsmuth, 1930, Hartwich, 1932, Alle‘;-x,B llhillr:ar; ;;‘n;i Mann,
ogt, 1938; and Mason, Robinson an alock, .
e"?::lya::gnvaid Ferris, 1932, Chanutn and Barksdale, 1933, ;v;a;c!ih;‘::l
thridge, 1933, Rytand and Dock, 1985; Harrison, Grollman ant ’rollksdorf:
910, Diaz and Levy, 1939, Gnffith and Ingle, 1940, Jensen, Corwin,
asey, Bamman, 1941, Gémez Salazar, 1942
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hypertrophy 1n rats subjected to irradiation of the kidneys They
considered that this was sufficient evidence to indicate the absence of
hypertension.

PASSIVE CONGESTION OF THE KIDNEY BY VENOUS OB-
STRUCTION. Pedersen, in 1927, observed an elevation of blood
pressure in rabbits by partial compression of the renal vein Bell and
Pedersen (1930) unsing the same procedure obtarned elevations in

dogs. Braun-Menéndez (1932) obsersed rises only 1n certain dogs.
In these the elevations were transitory 1n that they fell to normal

levels after two or three weeks Dicker (1937b) and Friedberg -
(1941, 1944) were also able to produce transitory elevations of the

blood pressure Bender and Hayman (1935) found that partial oc-

cluston of the renal vein for a period of 6 to 72 hours gave rise to

renal tubular lesions More prolonged occlusion led to fibrosis of the

kidney. According to Friedberg, the hypertension n this type of

lesion 13 transttory due to the rapid formation of a collateral circula-

tion This belief 15 supported by the fact that if the blood pressure

has nsen and then fallen as a result of partial obstruction of the

renal vern m dogs, a new rise of pressure may be obtained by removal

of part of the collateral circulation

ARTERIOVENOUS ANASTOMOSIS OF RFNAL VESSELS, Ma-
jor, Weber and Rumold (1939) obtamned hypertension and renai
insufficiency 1n three dogs by anastomosing the vessels of one kidney

and removing the other kidney The ammals survived only a few
duys.

OCCLUSION OF THE URETERS. Rautenberg (1910) obsersed
albuminuria and prolonged hypertension in rabbits by higating one
ureter for three weeks Pickering and Prinzmetal (1938L) were
umble to obtain a nise of blood pressure i the rabbie by ligating
one ureter only The Lidney showed diffuse fibrosis Hartwich
(1930) produced hypertension which appeared within three hours
of the Ligation of both ureters in dogs Umlateral ligation was
effcctive i some cases hcker (1937¢) confirmed the rise of pressure
fiom Drlateral ureteral higation and found that it was not presented
by renal denervation Rises of blood pressure i dogs by higation of
the ureters have also been observed by Harrison, Mason, Resmik
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These results appear to indicate sufficiently clearly the possibihity
of obtaining transitory elevations of blood préssure by a more or
less extensive blocking of vascular areas of the kidney In the light
of the expertments of Goldblatt, its mechanism of production appears
understandable. Those areas in which the circulation has been dis-
turbed develop a condition of incomplete ischemia due to the col-
lateral circulation which they receive, When reabsorption of the
necrosed areas has become complete, or when the collateral circula-
tion becomes adequate, ischemia and hypertension disappear

MULTIPLE RENAL EMBOLI Injections of suspensions or emul-
sions mto the renal artery give rise to the formation of areas of 1n-
farction of vartable size In some, all of the kidney is involved in the
necrotic process and death of the animal ensues; in others, the
lesions are more localized and the animals survive a longer time
Attempts have been made to produce h';'pertension with multiple
embolr by using emulsions of bismuth, oil or paraffin (Senator,
1911y, *

Ca)sh (1924) using Berlin blue, and Apfelbach and Jensen (1931)
using carbon, were unable to produce hypertension n dogs. Maeg-
raith and McLean (1938) reported prolonged elevations of blood
pressure in rabbuts following the injection of a suspension of Liesel-
guhr 1nto the renal artery on one side only Cressmann and Blaloch
(1939) were unable to produce rises of pressure in dogs even though
they injected kieselguhr into both renal arteries.

IRRADIATION OF THE KIDNEY BY X-RAYS Hartman, -Bol-
liger and Doub (1929) demonstrated that x-rays produce renal lesions
and moderate rises of blood pressure n dogs Histologically th.e'rc
was destruction of renal parenchyma, fibrosis, and diffuse endarteritis
These lestons had already been observed by O'Hare and collabo-
rators 1n 1926. Page (1936b) irradiated kidneys which thd been
explanted under the skin These dogs developed ]oss' of uclgl{t, de-
bility, albuminurna, cylindrunia and hematuria, Definite ele\mtlon'of
blood pressure occutred except during the terminal stage. The Lid-
neys showed atrophy of the cortex, fibrosis, and necrosis of t.he 1oops
of Henle Avascular glomeruli were observed as well as perivascular

fibross. . dae
Herrmann, Decherd and Erhard (1941) did not observe cart
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hypertrophy in rats subjected to irradration of the kidneys They
considered that this was sufficient evidence to indicate the absence of
hypertension.

PASSIVE CONGESTION OF THE KIDNEY BY VENOUS OB-
STRUCTION Pedersen, 1n 1927, observed an elevation of blood
pressure in rabbtts by partial compression of the renal sein Bell and
Pedersen (1930) using the smme procedure obtamed elevations in
dogs Braun-Menéndez (1932) observed rises only in certain dogs.
In these the elevanons were transttory in that they fell to normal
levels after two or three weeks Dicher (1937b) and Friedberg
(1941, 1944) were also able to produce transitory elevations of the
blood pressure Bender and Hayman (1935) found that partial oc-
clusion of the renal vewn for a period of 6 to 72 hours gave rise to
renal tubular lesions More prolonged occlusion led to fibrosis of the
Kdney, According to Friedberg, the hypertension mn this type of
lesion 1s transitory due to the rapid formation of a coltateral circula-
tion This belief 15 supported by the fact that 1f the blood pressure
has fisen and then fallen as a result of partial obstruction of the
renal vem 1n dogs, a new rise of pressure may be obtained by removal
of part of the collateral urculation

ARTERIOVENOUS ANASTOMOSIS OF RENAL VESSELS Ma-
jor, Weber and Rumold (1939) obtamed hypertension and renal
insufficiency n three dogs by anastomosing the vessels of one kidney
and removing the other hidney The animals survived only a few
days

OCCLUSION OF THE URETFRS Rautenberg (1910) observed
atbuminuria and prolonged hypertension 1n rabbuts by ligatng one
ureter for three weeks Pickening and Prinzmetal (1938L) were
unable to obtain a nise of blood pressure in the rabbit by higating
one urcter only The hidney showed diffuse fibrosis Hartwich
(1930} produced hypertension which appeared within three hours
of the ligatton of both ureters mn dogs Umilateral Ligation was
effective in some cases Dicker (1957¢) confirmed the nise of pressure
from Inlateral ureteral igation and found that 1t was not prevented
by renal denervation Ruses of blood pressure 1 dogs by ligation of
the ureters have also been observed by Harmison. Mason, Resnik
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and Rainey (1936), Blalock and Levy (1937), Megibow, Friedberg,
Rodbard and Katz (1940), Megibow and Katz (1941) and Megi-
bow, Katz and Rodbard (1942). Levy, Mason, Harrison and Blalock
(1937) studied the effect of ureteral occlusion on the circulation
and on the consumption of oxygen by the kidney in unanesthetized
dogs. They found that bilateral occlusion produced a rise of blood
pressure in only three of eight dogs studied. In all of the animals, a

FIGURE 5 LiGATION OF URETER AND RENAL BLood FLow
Blood flow from the renal vemn was measured with a thermostromuhr after
ligation of the ureter. U, ureteral pressure, D, renal blood flow; B, blﬁ
pressure Time m hours Note that by increasing ureteral pressure renal bl d
flow 15 reduced, and by decreasing ureteral pressure there is an increase of m;;
blood flow (After Enger, Gerstner and Sarre, Zentralbl f inn Med, 1937,‘ A
865).

decrease of approximately 41 per cent in renal blood flow was
observed

‘These Tesults were in accord with the observations of Enger and
Gerstner (1938) and Enger, Linder and Sarre (19383, b) who ob-
tained a rise of blood pressure in dogs by grafting kidneys, the ureters
of which had been ligated A diminution of renal blood ﬂz.)w. was
likewise observed in these animals (see figure 5). In the rat, ‘Williams,
Wegria and Harrison (1938) observed that spontaneous hydro-
nephrosis was accompanied by hypertension Schroeder (1942) men-
tioned that he had obtamed hypertension in rats by producing
hydronephrosis by partial constriction of the ureters. i

YElirchelierger ({9‘;8, 1939) produced no hypertension i.n dog; “22;
unilateral nephrectomy and contralateral hydronephrosis prodtr
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by partial constriction of the ureter of one kidney, even though the
animals were followed for several weeks after the operation Accord-
ing to Megibow, Katz and Rodbard (1942) partial bilateral ureteral
compression produced only transitory elevations of blood pressure in
dogs.

Goldblatt and Kahn (1910, 1941a) studied extensively the effect
of ligation of the ureters in dogs. Umilateral occlusion did not pro-
duce any elevation of blood pressure Hypertension was not ob-
served in dogs with unilateral renal ischemia and ligation of the
ureter of the same lidney In dogs made hypertensive by compres-
sion of one renal artery, ligation of the ureter of the same hidney
caused the blood pressure to return to normal afrer several days.
Constriction of the artery of one kidney and occluston of the ureter
of the same kidney followed by removal of the opposite Nidney pro-
duced moderate elevations of pressure which lasted until the death
of the animal from uremia These results have been explained by
Goldblatt and Kahn by the suppostuion that the effect of ureteral
occlusion on a kidney with the main renal artery constricted inter-
feres with the rate of passage of pressor producing substances from
the kidney into the systemic circulation or dimimshes the amount
produced.

‘The possibility that hydronephrosis can produce permanent vas-
cular changes 1n the hidney was studied histologically by Hinman and
Morison (1926) Winternitz and Katzenstein (1940) observed intra-
and peri-renal vascular lesions, venous thrombosis, infarction of the
kidney, hyalin necrosis of the glomerular captllaries, and necrotizing
arteriolitis in other organs following ligatton of the ureters in dogs.

It appears, therefore, that acclusion of the ureters produces a state
of renal ischemia which 1s responsible for the formation of pressor
substances These are hiberated into the circulation with difficulty
because of the condittons created by the hydronephrosis Hyperten-
sion would thercfore appear only under certain circumstances such as
when the occlusion is carned out on both hidneys or unilaterally in
association with removal of the other. (This will be more easily
appreciated after consulting the section describing the protective
action of the normal Lidney.)

INTERMITTENT OCCLUSION OF THE RENAL PEDICLE.
Loesch (1933) studied the effect on blood pressure of intermittent
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compression of the renal pedicle in dogs with kidneys previon
explanted subcutaneously The compression was performed eve
twa or thtee days for a maximal period of 30 minutes, After a certa
length of tme, albuminuria, nitrogen retention and hypertensi
occurred which persisted even after the compressions were stoppe
Since it appeared strange that intermittent occluston of the circu
non was capable of producing persistent hypertension, Goldbla
Weinstern and Kalin (1941) repeated these expenments using
differenc techmque Hypertension and renal insufficiency were o
served only when the artery was permanently constricted either ac
dentally or intentionally For this reason they attributed the resul
of Loesch to a possible permanent constriction of the artery as
1esult of the explantation or of lestons produced by the compressio
Allen (1943), on the other hand, insisted that chronic hypertensio
could be obtained by intermittent occlusion of the renal pedicl

PARTIAL OCCLUSION OF THE AORTA (COARCTATIO!
OF THE AORTA) Goldblatt and Kahn (1938) and Goldblat
Kahn and Hanzal (1939) demonstrated that constriction of the al
donunal aorta mmmediately above the origin of the ren.a) vessels 1
dogs produced a permanent rise of the carotid arterial pressur
without modification of the femoral pressure. Immediately ?{ter th
aoruc constriction hypotension developed distal to the aortic ¢om
pression without modification of the carotid pressure At the gnd} o
several houts, a 11se of pressure both above and below the constrictior
occurred Finally a frank hypertension developed above the constric
tion and a normal pressure or only slightly elevated pressure wa:
lound below the point of constriction If the aortic compression wa
carried out below the origin of the renal arteries, hypertension did not
ensue As a tesult of these findings, the authors believed that d"c’:
type of hypertension was due to renal ischemia which was produce
by the aortic compression . on of
The relationship between experimental and human conrctation )
the aorta will be discussed 1n 2 later section. At this point it is o
interest to consider 1if this type of experimental hypertension can be
attrsbuted to renal ischemia The work of Goldblate has been cort
firmed by Rytand (1938a, b) in rats Ti}is investigator used Cﬂ;dl::
hypertrophy as a cniterion of hypertension because of the find ino
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of Chanutin"and Ferrts (1932) who observed a correlation between
the weight of the heart and the blood pressure in rats with hyper-
tension from subtotal nephrectomy Rytand concluded that in order
to produce hypertension {cardrac hypertrophy), coarctation of the ab-
dominal aorta had to produce renal 1schemia Brotchner (19392, b) in
actite experiments observed that aortic compression produced an im-
mediate rise of blood pressure which was independent of the presence
of the hidneys and was due exclusively to essentially mechanical fac-
tors Barcroft (1931) and Barcroft and Formijne (1931) demonstrated
increases of blood pressure which were entirely mechanscal in origin
by compresston of the thoracic aorta i acute experiments Stecle
(1939) observed that constriction of the aorta above the ongin of the
renal arteries was followed by a persistent elevation of the diastolic
pressure not only 1n the carotid artertes but in the femorals as well

He concluded that the hypertension was on the basis of a gen-
eralized arterral constriction as occurs following renal jschemia
Ogden, Page and Hildebrand (1942) concluded {rom their exper:-
ments carried out on cats and dogs that complete occlusion of the
aorta above the renal arteries produced two types of pressure rise.
(2) an immediate wncrease from mechanical factors which occurred
inconstantly, and (b) a slower mcrease due to renal ischemia

Page (1910b) confirmed the results of Goldblatt on compression
of the abdominal aorta in dogs He was unable to produce hyper-
tension above the point of constriction, however, if the aortic com-
pression was carried out at the level of the arch of the aorta This
was attributed by this investigator to the abundant collateral circula-
tion which is rapidly formed under these conditions and which
assures a sufficzent renal circulation

We believe that the studies mentioned above allow us to conclude
that chronic hypertension produced experimentally by constriction
of the abdomtnal aorta immediately ahove the origm of the renal
arteries js attnbutable to a contomitant renal 1schemia

RENAL COMPRESSION AND PERINEPHRITIS Alwens (1909)
demonstrated that compression ol the cat hudney by an oncometer
Pproduced a siight nise of blood pressure in acute experiments

Page (1939h, ¢) produced persistent hypertension in dogs, catsand .
fabbits by emeloping the hidneys in cellophane ur/:lkqjl_‘h‘rcqlmc
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five days after performing the operation, the tissues react to these
foreign bodies forming within two or three weeks an actual fibro-
collaginous shell which compresses the renal parenchyma. Three to
five weeks are usually necessary to obtain pronounced rises of pres-
sure. These results have been confirmed by Hermann, Jourdan and
Vial (1940) Greenwood, Nassim and Taylor {1939) obtained hy-
pertension in dogs by enclosing the kidney in collodion.

In rats, Friedman, Jarman and Klemperer {1941) and Schroeder
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(1942) obtained hypertension by means of cellophane periflephrl.tl's
Herrmann, Decherd and Erhard (1941) observed that perinephritis
produced by collodion in rats was followed l.:y the development of
cardiac hypertrophy which was taken as an index of hypsrtf:n(sl::‘
They did pot observe rises in rats, however, with permeph_rmsb:a -
cellophane. Dell'Oro (19422, b) and Gaudmno (1944) did 1‘1 e
hypertension in Tats by means of collodion (figure 6). Kemp
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Tenal 1schemia, In each paragraph we have mentioned the arguments
on which such a supposition is based. Generally speaking, the period
of time which 15 necessary to produce a pressor effect in a given pro-
cedure coincides with that which one would anticipate i the pressor
action were attributable to 1schemia. In subtotal nephrectomy in the
rat or in pennephritis, for example, the hypertension appears grad-
ually after the operation The reduction of renal mass in rats accord-
ing to Grollman and Williams (1942) is apt to be much more
effective 1n produang hypertension when the amount of cicatricial
tissue produced 15 great The fact that many of the rises of pressure fol-
lowing the procedures described are transitory can be explained by
the formation of a collateral circulation. Although Corcoran and Page
(1911a, b) believe that partial constriction of the renal artery can
produce hypertension without 1schemia, 1t would appear logical to
us to attribute an identical mechanism to all the hypertensions ol
1enal origin Naturally mn order to demonstrate the existence of
ischenma in each one of the experimental conditions studied, it is
necessary to measure the renal blood flow which has not as yet been
done

These considerations jusufy the use of Goldblatt’s method for the
generic study of renal hypertension.

INCOMPLETE RENAL ISCHEMIA, The idea of produang
ischemia of renal tissue by means of constricting the lumen of the
renal artery dates from the year 1905 when Karzcnsmf\ noted afll.glll
elevation of blood pressure 1n dogs as a result of partial constnctmdn
of the renal artery. Bridgman and Huirose (1918}, on the ?lher hand,
did not observe a nise of blood pressure from constriction of one
renal artery and contralateral nephrectomy. Botl investigations }verc
carned out 1n acute experiments, although Bridgman and Hirose
mentioned the nterest which would ensue upon prolonged expert-
ments which would simulate a chronic lesion. To Goldblatt, Lynch,
Hanzal and Summerville (1934) is due the credit of demonstraung
conclustvely that localized 1schemia of renal tissue is capable olf pg?()l
ducing persistent hypertension 1 the dog They not only'com;l tu .
a proof of the important réle of the kidney in hypertension, ul ’;‘hc
devised an experimental method for the study of this disease. o

work of Goldblatt and collaborators, published in the year 1934,



PRODUCTION OF PERMANENT HYPERTENSION 31

was rapidly confirmed and amplified by numerous investigators®
By the use of thrs method, hypertension has been produced in the
following animals. in the monkey by Goldblate (1937h); in rabbits
by Pickering and Prinzmetal (1938b), Drury (1938), Rytand (1938a,
b), Wilson and Pickering (1938) and McLean and Maegraith (1939);
in goats and sheep by Taquini (unpublished) and more recently by
Goldblatt, Kahn and Lews (1913), in rats by Rose and Weil (1939),
Schroeder (1942) and Kempf and Page (1942) Apart from these early
confirmations of the results obtained by Goldblatt in the dog and
in other species, numerous other publications have appeared which
will be cited presently Vogt (1940) was not able to obtain perma-
nent renal hypertension in the [rog On the basis of the present in

terpretation of the mechamism of production of renal hypertension,
this negative result 1s explainable by the lack of renin in the kidney
of this ammal (see Chapter IV)

Methods—The method employed by Goldblatt, Lynch, Hanzal
and Summerville (1934) for producing renal ischemra consisted of
applying a small adjustable stlver clamp as shown 1n figure 7. A screw
allowed the degree of constriction to be regulated to the desired
degree of ischema. The guantitative evaluation of the degree of
1schemia duning the operation offers certain difficulties owing to the
difference in size of the renal atterial trunks or of the collaterals in
iiferent amimals One may speak, however, of pronounced 1schemta,
medium ischemua, or shight ischerma depending upon the degree of
constriction employed.

The operation 1s carried out under general anesthesta, preferably
by the extrapenitoneal lumbar route, retracting the hidney without
separating it from its attachments and freeing the renal artery in
order to apply the clamp as closely as possible to the onign of the
tenal artery at the aorta. One very important precaution is to deter-
wine the number of renal artertes present In the dog, 1t 1s extremely
common for a short trunk to divide into several branches or for two

—_—

*Page, 19352, Colliny, 1936, Flaut, 19362, b, Wood and Cash, 1936 Prinz
metal and Trredman, 1936, Goraerts and Dicker, 1936, Martinetts, 1936, Har
Tson, Blalck and Mason, 1936, Heymans, Rouchaert, Elaut, Bayless and
Ssmaan, 1937, Houssay and Fasaolo, 19372 b, Child and Glenn, 1937, 1938,
Introzt, Amici i San Leo and Roswo, 1938, Iteael, 1938, Verney amd Vogt, -
1988, and sa forth
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or even three renal arteries to arise independently from the aorta,
Estimation of the degree of ischemia is always difficult and can be
determined by inspection of the constriction, or better by palpation
of the pulse on both sides of the clamp.

‘The material from which the clamp is made is also of importance

gnninnn'h1nhJﬁl’lmimﬂuuh

a4

FioUure 7 Cranmes FoR CoNSTRICTION OF RENAL ARTERIES
Clamp with movable and removable plates and double-acting scnw) Ordx:r‘l:!g
type. (2) Movable plate in open position; (b) movable plate p.m{ wy .
daown, (¢) side view. Scale m centimetess {Alter Goldblate, Am. J. Chn "
1910, 10, 40).

since some metals produce necross of tissue. Goldblatt advocates
the use of pure silver. . bl wit

Naturally, many modifications of the technique are possible y
out altering the principle or the result Collins (1936), for cxar?};) k.
produced the constriction by including a wire or a x}eedle of vam\‘hc
thickness 1n the ligature around the artery. On tying the knot],wd
wire was withdi thereby blishing the passage of bl o
The degree of ischemia depends naturally on the size of the mbE
used. Details of the techniques for producing renal ischemia lé;: o
found in the writings of Goldblatt and collaborators (19?4), %8
and Child (1938), Introzzi, Amici di San Leo and Rosito { g
Fasciolo (1939), and Goldblatt (1940).
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Unilateral Renal Ischemia —Constriction of the artery of one
kidney produces a rise of pressure which in general begins 24 to
48 hours after the ischemia. The rise continues in the ensuing days
to reach jts maximum some two to ten days later. Such early rises
are not always observed In some animals it is necessary to wait sev-
eral days before obtaining significant 1ncreases When the ischemia
is produced in one kidney only in dogs, the hypertension persists in
general for several weeks or months, and then gradually returns to
normal. In rats, however, persistent rises have been obtained by
unilateral ischemia. The reason for the gradual disappearance of
the hypertension in animals other than the rat has not been com-
pletely elucidated. The formation of a collateral airculation and the
protective action of the normal Lidney (sce Chapter IX) un-
doubtedly play an important rdle. In those animals in which the
opposite kidney remains intact, the elevation of pressure is less than
in those in which both arteries are constricted or  those in which
one artery is constricted and the opposite kidney removed. Fasciolo
(1938a) observed a rise of 47 mm Hg (average of 18 amumals) in
uninephrectomized dogs with the remaming kidney ischemic, and
of 37 mm. Hg (average of 23 anmmals) when the opposite hidney
temained mtact. Although these figures were taken from actual ex-
periments under similar conditions and although they were statis-
tically sigmficant, they must be accepted with certain reservation
since the degree of ischemia is of basic importance and is difficult to
estimate with exacutude There appears to exist an optimum of
ischemia above and below which the rises of blood pressure are not
maximal,

Onset of Hyperlension.—As we have mentioned, the greatest ele-
vation of blood pressure does not immediately follow the application
of the clamp, In most cases, 1t appears one or two weehs later. The
degree of remal 1schemia must be greatest at the moment of the
constriction since 1t subsequently tends to become reduced because
of the formation of a collateral crrculanon and atrophy of the
Lidney. There 1s thus a discrepancy between the time of greatest
renal ischemia and of greatest hypertension It is possible that the
effects of anesthesia and the trauma of operation counteract the effects
of renal ischemia on the blood pressure In order to avoid these
aiticisms, Grimson (1939) made use of a special type of clamp
which was placed on the renal artery and later tightened without
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the use of anesthesia or of an operative procedure. By this method,
he was able to show that constriction of one or two renal arteries
produced a significant increase in the blood pressure in the first two
or three hours which followed the constriction. In this way, he con-
firmed the results obtained by Verney and Vogt (1938) who em-
ployed a somewhat similar technique.

In acute experiments under general anesthesia, it has been shown
that partial constriction of the renal artery produces a rise of pressure

—
o 10 20 30 o 10 20 3o
DAYS DAYS
FIGURE 8 HYPERTENSION FROM UNILATERAL RENAL ISCHEMIA

Four observations on removal of one kidney and constriction of the artery of
the remawung hidney 1 dogs The first arrow represents the time of nep!:‘r_;c
tomy, and the second, constriction of the artery of the remaining kidney ’e
base lnes represent the tnteal blood pressures Note the nse of blood pressure

when the normal Aidney 15 removed (Modufied from Fasciolo, 1939)

within a few minutes (Enger, Linder and Sarre, 1938a, b.; Grim.sm'l.
1939; Braun-Menéndez and Fasciolo, 1939a) When the ischemia is
abolished, the pressure returns to normal within hallf an hour. \Vh‘:lt-
ever techniques are used 1 expeniments with or wnthfmt nneslhcs;.
however, pronounced rises of pressure cannot be obtained before

h T more.

O;l;sn(()zl Ischemia 1 Anmimals with Unilateral sz/xreclansy.—lz
1schemma of one Kidney is carried out in dzzgs, a greater ‘r\l'zen:
pressure takes place 1n a shorter period of time if the opposu; [l,]oc()l'
15 removed (Fasaiolo, 1938a) (see figure 8) The Flevnte mently
pressure tends to persist in these cases and may remain pe.rnx'l1 15y
elevated for years, and Goldblatt (personal comx.numcano'e, Jovis
has had dogs with experimental renal hypertension surviy .
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least 7 years. In some cases, however, the pressure may fall or become
normal after a certain length of time, In these cases, further constric-
tion of the renal artery can restore the hypertension (Goldblate,
Lynch, Hanzal and Summerville, 1934; Dicker, 1937a; Fasciolo,
1939).

The fall of pressure observed after a certain period of remal
ischemia is due to the development of a collateral circulation, Ex-
cision of the collaterals is accompanied by a new rise of blood pressure
(Cerqua and Samaan, 1938, 1939, Verney and Vogt, 1938). We have
been able to confirm these observations (unpublished results).

Doed @
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FIcuRE 9 HYPERTENSION FROM BILATERAL RENAL IscrEva

Chart showing the blood pressure after severe constriction of the left main
renal artery (LK) and sesere constriction of the right main renal artery (RK).
The left ey was enucleated (LE) thuty-four months after the development of
hypertension, and the nght eye (RE) was enucleated thirty-six months after the
development of hypertension, The blood pressure sematned elevated for 50
months following the constriction of both renal arteries The dog was killed
(K) because metritis with p developed (After Keyes and
Goldblate, /\rch Ophlh 1937, 17, 1010).

Bilateral Renal Ischemia~Constriction of both renal arterres hke-
wise produces permanent hypertension (figure 9) I the constriction
is carried ous in two stages, the elevauon obtmined by the first
ischemia rises further when the second kidney is made ischemic.
Aside from this, the behavior of the animal 1s stmilar to that following
unilateral renal ischemia, Removal of one of the tschemic kidneys
is followed by a further rise of blood pressure, according ta Gold-
blatt, Lynch, Hanzal and Summervitle (1931) and Verney and Vogt
(1938).

Constriction of both renal arteries does not produce permanent
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hypertension in all cases. In some animals, it is necessary to increase
the constriction after a time, whereat a definite hypertension almost
always follows In some, the collateral circulation may be so well
developed that it is necessary to carry out complete occlusion of hoth
renal artertes (Goldblatt, 1937a, Blalock and Levy, 1937) If com-
plete occlusion of the renal arteries is carried out progressively, it is
posstble to obtain longer survival periods. Under these circum-
stances, Goldblatt has been able to keep a dog alive for four years
with extreme elevation of the blood pressure and only minimal signs
of renal insufficiency. In order to obtain a permanent hypertension,
the formation of a collateral circulation can be prevented after con-
stracting the renal artery Goldblatt (1940) suggested the use of mem:
brane of lamb cecum as described by Bell and Pedersen (1930). This
does not form fibroblastic reactions around the kidney as does cello-
phane.

In dogs with two renal arteries supplying one hidney, it 1s possible
to constrict only one of them Fasciolo (1939) carned out this pro-
cedure in three dogs in which the opposite kidney had been removed
or made ischemic previously. The constriction was followed mn thése
three amumals by a definite rise of pressure which lasted only 2 few
days. The rapid fall may be explamed by the ease with which a
collateral circulation within the kidney became re-established.

Removal of the Ischemia —1f hypertension from renal ischemta has
become established, st disappears if the constriction of the renal
artery 1s removed (Goldblatt, 1937a, Dicker, 1937c, Bla}ud\ and
Levy, 1937) The pressure usually becomes normal within a few
hours In some arumals the fall of pressure takes several day§ to
return to normal This has been attributed to the existence of lesions
in the renal artery which are capable of maintaining the ischemia
(Goldblatt) i a

Removal of 1schemic renal tissue in the dog is followed by a ap!
fall of blood pressure to normal levels (Goldblatt, Lynch, Hanlﬁ
and Summerville, 1934, Houssay and Fasciolo, 1937b; Blalock an!
Levy, 1937, Rodbard and Katz, 1939, Verney and Vogt, 1938, 1943)
as can be seen n figures 10 and 11 In the rat, on the ot'her hand,
removal of the 1schemia or of the 1schemic hidney producing llYPvclr'
tension may not be followed by a fall of pressure to no.rmal 1:9‘;;
(Wilson and Byrom, 1941, Grollman, Harrison and Wlllmms.d C‘;
Gaudino, unpublished). Patton, Page and Ogden (1943) produc

s
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Mean blood presure in mm Hg (RK), rght mamn renal artery moderately
constricted, (RN), right nephrectomy at a nme when the mean blood pressure was
clevated resulted mn #ts prompt return to normal (LK), severe constriction of
main renal artery of telt kidney Thys was followed by sery high elesanon of
mean Llod prevsure 4 the mean blood pressure st this time was more than
300 mm Hg (h) killed {\ter Goldblate, Aun Inc Med, 1937, 27, 69)
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hypertension i rats by means of unilateral renal ischemia, Removal
of the ischemic kidney produced no drop in pressure in half of the
cases. Only in 20 to 30 per cent did the pressure become normal. In
the animals with hypertension of short duration, removal of the
ischemic kidney produced a fall in a greater percentage of cases.
Blalock and Levy (1937) studied the time elapsing before the

200~
O
x
3
>

1504 J

] 7 oy
0 10 20 /.

DAYS

Ficure 11 Errect oF ReMovAL of THE Iscusdic KioNey v A Doc
At the first arrow, the left mam yenal artery was constricted, and at the second
arrow, the left kidney was removed The interrupted line represents the h:hte
of the ininal blood pressure. Note the rapid fall of blood pressure When
1schemic kidney is removed (Modified from Fasciolo, 1939).

pressure fell to normal when the ischemic kidney was removed.
In order to avoid the effects of operation and anesthesia, they first
explanted the kidney subcutaneously which allowed them to rcm;:"'e
it subsequently through a small incision under Jocal anesthesia. T ey
observed that the arterial pressure generally began to fall'wl!hm an
hour or two of nephrectomy, reaching the initial values in thcg;!;fi-
jority of cases within six to twelve hours Rod})ard anfi Katz (il > o)('
in experiments made under general anesthesia, vbtained a :; e
blood pressure to normal within six hours of vv_he 1:emova; olh e
ischemic kidney when the opposite kidney remained intact, In tho:
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hypertension has been obtained in different species of animals such
as dogs, rabbits, rats, goats, sheep and monkeys In the dog, removal
of the ischemic kidney or removal of the ischemia is followed by a
rapid fall of blood pressure to normal.

The production of perinephritis by cellophane or other material
is a satisfactory method of producing hypertension. It is particularly
useful in small animals such as the rat in which partial constriction
of the renal artery is difficult to perform.

Other procedures which modify renal circulation have been shown
to produce small and transitory rises of blood pressure. Subtotal
nephrectomy in the rat produces persistent hypertension.

The charactenistics of the different types of renal hypertension
studied lead to the conclusion that the mechanism of production is
probably the same in all.

The administration of large doses of certain substances of biologic
importance, 1 general the sterols, has produced elevation of blood
pressure in certain cases

Experimental elevanon of ntracranial pressure produces hyper-
tenston, but the possibility of obtaining a persistent hypertenston by
thus method 15 subject to doubt Chromic jschema of the brain, how-
ever, has been shown to produce prolonged rises of blood pressure.



CHAPTER 11

THE ANIMAL WITH HYPERTENSION FROM
RENAL ISCHEMIA

We bave seen how permanent hypertension can be produced
different anmals by constriction of the renal arteries or by other
procedures which alter renal dynamics. A desription of the func-
tional and morphologic changes 1n animals with renal hypertenston
will be discussed 1n thns chapter This will permut an interpretation
later of the mechamism of this type of hypertension, In the great
majority of cascs, studies have been cartied out on dogs made hyper-
tensive by constriction of the renal artery, and on only a few by
such procedures as perinephrnius, reduction of renal parenchyma,
and so forth We believe that all experimental hypertensions of renal
origmn should be included in the same group although we recognize
that it has not been proved that thewr mechanistms are identical

FUNCTIONAL STUDIES

THE KIDNIY 4} Methods —Belore refernng to changes m
renal function i hypertensive animals, we will describe the physi-
ology of renal excretion whuch 1s based on the recent deselopment
of methods which have been used in mtact amimals and patients
For detatled accounts, we refer the reader to the excellent mono-
graphs of Smuth (1937, 1910, 1911, 19133, b), Newron (1939), Winton
(1937), Hernn (1911), Bradley (1911), and Goldring and Chasis
(1914),

Renal function ts accomplished by glomerular filtration and by
reabsorption and excretion by the tubules The process of glomernlar
filtration 1s a reversible process comparable to the passage of liquid
[rom the capillataes mto the interstitial spaces It depends upon 1he
telation between the hydrostatic pressure of the glomerular capil-
Tarzes on the one band and the oncotic pressure of the blood colloids
and the capsular pressure on the other Varianons of glomerular
pressure govern the amount of hiquid Altered which 1s therefore in-
dependent within certun himits of the amount of blood passing per

41
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hypertension has been obtained in different species of animals such
as dogs, rabbits, rats, goats, sheep and monkeys In the dog, removal
of the ischemic kidney or removal of the ischemia is followed by a
rapid fall of blood pressure to normal.

The production of permephritis by cellophane or other material
is a satisfactory method of producing hypertension. It is particularly
useful in small animals such as the rat in which partial constriction
of the renal artery is difficult to perform. .

Other procedures which modify renal circulation have been shown
to produce small and transitory rises of blood pressure. Subtotal
nephrectomy in the rat produces persistent hypertension.

The characteristics of the different types of renal hypertension
studied lead to the conclusion that the mechanism of production s
probably the same m all.

The admimstration of large doses of certain substances of biologic
importance, in general the sterols, has produced elevation of blood
pressute in certain cases

Experimental elevation of ntracranial pressure produces hyPCr-
tension, but the possibility of obtaining a persistent hypertension by
this method 1s subject to doubt. Chromic ischemia of the brain, how-
ever, has been shown to produce prolonged rises of blood pressure



CHAPTER 1T

THE ANIMAL WITH HYPERTENSION FROM
RENAL ISCHEMIA

We have seen how permanent hypertension can be produced in
different ammals by constriction of the renal arteries or by other
procedures which alter renal dynamies A description of the func.
tional and motrphalogic (hanges 1n animals with renal hypertension
will be discussed m this chapter This will permut an interpretation
fater of the mechamsm of this type of hypertension Iu the great
majority of gases, studies have been carried out on dogs made hyper-
tensine by constricuon of the renal artery, and on only a few by
such procedures as perinephrins, rednction of renal parenchyma,
and so forth We believe that all experimental hypertensions of renal
ongm should be snclnded i the same group although we recognize
that it has not been proved that their mechanisns are identical.

FUNCTIONAL STUDIFS

THF KIDNFY. 1) Methods —Belore referring to changes in
venal function m hypertensive animals, we will describe the physi-
ology of renal excreton which s bised on the recent desvelopment
of methods wluch hie been used in sntact animals and patients
For detaled accounts, we vefer the reader to the excellent mono-
graphs of Smith (1937, 19106, 1941, 1913, b), Newton (1939). Winten
(19%7). Hernm (1911). Bradley (1911), and Goldnng and Chasis
(1011)

Renf funcion 1s accomplishied by glomerufar Gltration and by
reabsorption and excretion by the tubules The process of glomerular
filtration 15 A reverable process eomparable to the passage of Liquad
from the caprilanies into the inmerstinal spaces 1t depends upon the
relation between the hydiostane pressure of the glomerutar capil
laties on the one hand and the oncone pressure of the blond collouds
and the capsitlar pressure on the other Variations of glomerular
pressure govern the amount of hquid filkered which 1s therefore m-
dependent withw certnn hmus of the amount of blood passing per
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unit of time. When the pressure in the glomerular capillary is in-
c'reafed as occurs when the efferent vessel contracts, the amount of -
liquid filtered increases despite the fact that there is a diminution in
the amount of blood which circulatss.

T_he term glomerular filtrate refers to the total amount of fluid
passing across the glomerular membrane. Since the water filtered
into the glomerulus is reabsorbed in large part by the tubules, the
urine volume represents only a small fraction of the glomerular fil
trate.

Although glomeralar filtratton 1s a passive process, tubular reab-
sorption and excretion are mainly active processes. The excretion of
a substance depends not only on the amount passing through the kid-
ney, which varies with 1ts concentration in the blood, but also, at 2
given concentration, on the amount of blood passing through the
kidney per unit of time.

Inulin 15 used to measure the glomerular filtrate, Inuln is a
polysaccharide with a molecular weight of about 5,000, This sub-
stance 15 excreted exclusively by glomerular filtration and is not re-
absorbed by the tubules. The concentration of inulin in grams per
cent is the same m the glomerular filtrate as in the blood plasma
Since it is not reabsorbed by the tubules, the entire amount which
15 filtered appears 1n the urine. The total amount of inulin filtered,
therefore, depends upon glomerular filtration while its concentration
m the unime (gm per cent) depends upon the reabsorption of water
by the tubules Providing the concentration of inulin in the plasma
1s known, the amount of inulin eliminated in the urine daring 2
given period 15 a measure of the amount of fluid filtered by the
glomeruli during the same time. In other words, the plasma clearance
of wnulin,® Gy, i e., the volume of plasma equuvalent to the amount of
inulin appearing in the unine 1n one minute, is equal to the glo-
merular filtrate formed 1n one minute. The plasma clearance of any

substance is expressed by the formula FX V where U equals the

concentration of the substance in the urine; P, its concentration in
the plasma, and V, the volume of urine.
e

*Plasma clearance of * <" Gi Plasma’ ’

excretory mass TMp¥', - A .
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Diodrast is excreted mainly by the tubules since it passes from the
penitubular capillaries into the lumen of the convoluted tubule.
When the concentraton of diodrast in plasma is low, its excretion is
almost complete (85 to 90 per cent), The remaiming 10 to 15 per cent
which is found in the renal venous blood, represents the volume of
plasma flow circulating through non-excretory tissues Diodrast
clearance (Cp) refers to the amount of plasma corresponding to the
diodrast eliminated or cleared by the renal parenchyma, and is equal
to the amount of plasma passing through the Lidney per unit of
time, or at least through the functioning tubular areas (effective
renal plasma flow).

Phenol red 1s excreted like diodrast, but less efficiently, since only
50 per cent 15 extracted from the blood. The plasma clearance of
phenol red, therefore, 1s only about 50 per cent of that of diodrast.
Sodium para ammo hippurate is hkewise excreted ke diodrast. At
low concentratton, Bradley and Curry (1944) and Warren, Mernll
and Brannon (1911) found that the extraction ratio varted betseen
83 and 100 per cent, the average being 84 9 and 88 per cent respecs
tively 1in normal unanesthetized subjects The extraction ratio was
determined from samples of systermic blood and renal senous blood,
the latter being wihdrawn through a long radiopaque catheter in-
serted by way of the basilic vein, subclavian vein, supernior vena cava,
right auncle and infenior vena cava into the renal vein Since clear-
ance techniques are based on the assumption that the test sub-
stance is completely remosed from the blood durning one airculation
through the active renal ussue, renal vein catheterization should
serve as a useful refi of clearance methods applied to human
disease

If the clearance of mulin (glomerular filtrate) and of diodrast
{renal plasma flow) are measured simultancously, the proportion of

C,
plasma filtered by the glomerulus, 'c—l, (filtration fraction) can be
o

determined If the pressure in the glomerular capillaries increases,
the glomerular filtrate and therefore the filtration fraction will Iike-
wise increase

‘The amount of plasma airculating through the hidney in a given
time is determuned from the plasma clearance of diodrast. Since the
weight of the Lidney bears an appronimate relation to body surface,
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the blood flow per gram of kidney can be calculated This is nc
sufficient, however, for estimating whether or not renal ischemi
exists because m addition to individual variatons in the weight ¢
the kidreys, pathologic processes may have destroyed a certai
number of nephrons. Under these circamstances, the blood flow t
the nephrons which remain may be adequate although the tots
renal plasma flow may be reduced. The functional tubular mass mus
therefore be determined Goldring, Chasts, Ranges and Smith {1940
have described the following method for its estimation®

If the concentration of diodrast in plasma 1s increased, a leve
will finally be attamned which exceeds the excretory capacity of th
tubules. Under these conditions, the diodrast excreted by the tubule
(diodrast in the urine munus diodrast by filtration) reaches a constan
level which expresses the maximal capacity of the tubules to excret
this substance Simce this depends upon the activity of the wbula
cells, 1t may be concluded that the maximal excretion of drodras
15 an expression of the functsonal tubular mass This value has beel
called TMy (tubular mass, diodrast).

The ratio

G :
Thrg CXpresses, therefore, the plasma flow per unit o
functioning tubular tissue. In this way, errors of interpretation dut
to differences in kidney size of indwviduals of similar surface ares
disappear. Under pathologic conditions when nephrons are Ei}hfl
inactive or nonfunctioning, study of the Cp may suggest the presence
of renal 1schema, but since the tubular mass, TMp, may likewis

Co
be diminished, blood flow per unit of functioning tissue, -~—— may
TMo»

be normal i
The circulation of the kidney has considerable influence on 1t
funcuonal acuvity Glomerular Fliration depends mainly on the
pressure in the glomerular capillaries When the capillary pressure
of the glomerulus falls, as a result, for example, of narrowing of the
afferent arteriole, vasoconstriction of the efferent atteriole can cor-
pensate for this fall and matntain normal values. In this way :.he
process of filtration (plasma clearance of urea, inulin, etc) remam:
unaltered, but tubular ischemta is produced, 1€, the clearance 3
diodrast 15 diminished When tubular function becomes 1mpatrec,
the power of reabsorption and excretion diminishes which results I\:
poor concentration of the vrine and a diminution of the TM»
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this case, the renal plasma flow falls while the glomerular filtration
C;
is maintained and the filtration fraction = increases
3

Some of the relattonships of altered renal function to changes of
ren1! arculation are shown schematically in figure 12,

B) Renal Blood Flow —Renal blood flow in the animal made
hypertensive by renal ischemia will now be considered. It would
appear at first glance that the amount of blood passing through the
kidney must necessarily be diminished 1n this type of hypertension
since the procedure consists of constricung the renal artery. It must
be borne in mind, howeser, that the blood flow through an organ does
not depend on any one factor hut 1s determined by the arterial
pressure, the resistance offered to the passage of blood by the vessels
of that organ, and the venous pressure As regards the Kidney, the
1enous pressure 1s of little significance 1n experimental conditions
since it remains constant as long as cardrac insulficiency 1s absent. The
renal blood flow will, therelore, depend upon the arterial pressure
in the renal artery and upon the resistance to blood flow in the
intrarenal arterioles and capillaries One of the most stiiking charac-
tensucs of the renal cirenlation 1s 1ts adaptation to changes in arterial
pressure The blood flow may remain unaltered despite considerable
variations in blood pressure Studies of renal blood flow and of
mechanisms concerned 1 1ts maintenance have been made possible
by the unique distribution of blood vessels in the hidney and by the
property of certain substances to be chnunated exclustvely by either
the glomernl or the tubules Thus, glomerular Kltration depends
largely upon the pressure mn the glomerular capillary The filtration
pressure ancreases when the arterial pressure increases or when the
efferent artersoles constrict Contrartwise, 1t dimimishes when the
blood pressure falls or when vasodslatation of the efferent asteriole
occurs It appears to have been demonstrated experimentally that in
some cases the renal blood flow may remain unchanged alter constre-
tion of the renal artery and development of hvpertension in dogs
This can be explamed mn two ways: {1) The rise of blood pressure
may compensate for the narrowing of the artery so thit the pressure
in the renal artery distal to the clamp 1s the same as before operaton
{figure 12-1), (2) “The autonemic control of the renal sasentar bed *
may maintain blood flow despite the {all of pressure If the blood
flow s mamntained by the former mechansin, glomerular filtration
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this case, the renal plasma flow falls while the glomerular filtration
G
is maintained and the fltration fraction .é—, mncreases.
>

Some of the relationships of altered renal function to changes of
rena| circulation are shawn schematicaily n figure 12

B} Renal Blood Flow.~Renal blood flow in the ammal made
ypereensive by renal 1schemma will now be considered, It would
appear at first glance that the amount of bieod passing through the
Lidney must necessarily be dimunshed in this type of hypertension
since the procedure consists of constricting the renal artery It must
be borite in mind, however, that the blood flow throngh an organ does
not depend on any one factor but 1s determined by the arterial
pressare, the resistance offered to the passage of blood by the vessels
of that ovgan, and the venous pressure As regards the hidney, the
venous pressure 1s of lttle sigmficance 1 experimental conduitions
stuice it remarns cansteat as lang as cardiac sufficiency 1s absent The
renal bloed flow will, therefore, depend upon the arterial pressure
m the renal artery and upon the resistance to blood flow 1 the
intrarenal arterioles and capiliaries One of the most strhing charac
tenstics of the renal circulation ts sts adaptation to changes m arteriat
pressuse The blood flow may remain unaltered despite considerable
vanatiens 10 blood pressure Studies of renal blood flow and of
mechanisms concerned 1 ns mamtenance have been made possible
by the unique distrihution of blood vessels in the kidney and by the
property of certatn substances to he ehmmated exclusively by either
the glomeruls or the tubules Thus, glomerular filtration depends
largely upon the pressure in the glomerular capsttary, The filtration
pressure increases when the arterial pressure intreases or when the
efferent arterioles constrict Contranwise, 1t dimimshes when the
blood pressure falls ar when vasodilatation of the efferent arteriole
occurs It appears to have been demonsirated experimentally that in
somte cases the renal blood flow may remarn unchanged after constne-
tion of the renal attery and development of hypertension mn dogs
Thus can be explamed 1n two ways. (1) The rise of blood pressure
may cotpensate for the narrowing of the artery so that the pressure
11 the renal artery distal to the clamp s the same as before operation
{hgure 12:1), (2} “The autonomic control of the renal vascular bed”
may maintain blood flow despite the fall of pressure If the blood
flow 15 mamtained by the former mechanssm, glomernlar firation



Icy) MATIC Repgeg ENTATION o A Neenrgy
(3), rengp tery; (), affereny glomerular 2Iteriole; (. (). g mcrulus. (d) eflerent
glomeryy,, arterigle, (e), tubyfe; (), renaf v, € (o) and (h) Tepre, musar.
fature of € afferen; 30 efferen, artenoks ). consryeyy, n of xrnal anery by
clam, ferticay colum, re:

Tepresent the pre :
Tena] axtery; oy 1 the glomerulux ( ) lhe effereny anen'ole: the sohd e
indicarcs 1he fall of Ppre Te in the cular 5 Systes doucd line repre.



HYPERTENSION FROM RENAL ISCHEMIA 47

should not change, while if it is maintained by the latter, glomerular
filtration should become reduced.

Levy, Light and Blalock (1938) measured the renal blood flow in
dogs before and after renal ischemia and found a decrease of 40
per cent in the hypertensive dogs Pressure in the renal artery distal
to the clamp was found to be reduced in all cases. Mason, Robinson
and Blalock (1910) used unanesthetized ammals with explanted kid-
neys which allowed them to take the pressure in the renal artery by
direct puncture without laparotomy. The pressure in the renal
artery 1n the majonity of instances was less than that before constric-
tion of the artery, although there was a tendency for this pressure to
rise gradually In one of fifteen cases the pressure 1n the renal artery
was equal to that which existed before the constriction No correla-
tion existed between the pressure in the renal artery and the systemic
arterial pressure

Kohlstaedt and Page (1910a), in perfusing isolated kidneys, re-
ported that renin was secreted as a result of reducing pulse pressure
without modifymng blood flow Since renin 1s now considered to be
the probable chemical mediator of renal hypertension, these experi-
ments would appear to indicate that 1ts production does not depend
upon ischemia, although it is freq 1y iated with it These
expermments will be discussed in detail in Chapter VIII

Corcoran and Page (1938) extended these studies and tried to as-
certain if 1t were possible to obtain hypertension by constriction
of the renal artery without producing ischerma of the kidney In

sents the fall of pressure i the normal renal vascular system; (1) glomerular
fltrate, (5) renal blood flow Arrows 6 and 7 represent tubular excretion and
reabsorption respectively, dotted arrows represent normal values

1 Constriction of the renal artery produces hyperiension The pressure distal
10 the clamp is normal and therefore there 1s no change of glomerular ltration,
of tubular excretion and reabsorption, or of renal blood flow

II Constriction of renal artery with hypertension The pressure dustal to the
damp has fallen Pressure i the glomerulus, however, is normal due to vaso-
constriction of the efferent artenole Glomerular filtration 15 normal but the
tubule is schemuc so that its capaaty to reabsorb and excrete 1s reduced Blood
fow 15 duminished Filtration fraction increases

I Constriction of the renal artery with hypertension As in the presious
case, the pressure distal to the clamp has fallen, but i this case vasoconstriction
of the efferent artersole does not entirely compensate and, therefore, the pressure
in the glomerulus 15 Jess and the glomerular filtrate becomes diminished producs
g an ancrease of nonprotein mtrogen tm the blood Changes i tubular re-
absorption and excretion are more pronounced Renal blood flow 15 diminished
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investigations carried out with indirect methods of plasma clearance,
they showed that moderate elevation of blood pressure could be
obtamned in the dog by constriction of the renal artery without pro-
ducing more than transitory changes in the clearance of phenol red
and mulin These experiments suggested that neither the renal
blood flow nor the intraglomerular pressure were diminished, Their
observauons were further amplified and confirmed in subsequent
studies (Corcoran and Page, 194la, b, 1942) from which they con-
cluded that it is possible to obtain hypertension by constnetion of
the renal artery or by compression of the renal parenchyma by pen-
nephritis without constant or persistent changes in the clearances
of diodrast, phenol red, inulin, or urea, and, therefore, probahly
without the existence of 1schema of the renal excretory tissues This
has received further support in experiments in which renal blood
flow was studied by measuring the percentage extraction of phenol
red and of mnulim. In view of these findings, Corcoran and Page sug-
gested that diminution of pulse pressure might be the factor re-
sponsible for the elevation of blood pressure (see Chapter VIII) Al-
pert and Thomas (1940) also concluded from their experiments that
renal blood flow may remain normal in hypertensive animals

Enger, Linder and Sarre (19382) and Warthin and Thomas (1943)
have given certamn support to the conclusions of Corcoran and Page
by showing 1 acute experiments that blood flow rapidly returned
to its normal level after constriction of the renal artery by a clamp
despite the elevation of blood pressure.

Schroeder and Steele (1940) also studied the behavior of renal
blood flow after constriction of the renal artery. They observed that
the blood flow returned to 1ts normal level within a few minutes of
compression unless the constriction was extreme. X

C) The Metabolism of Ischemic Renal Tissue has been the object
of considerable investigation Mason, Evers and Blalock (1937) found
that the renal venous blood was no more reduced in hypertensive dogs
with explanted kidneys than in normal dogs. Levy, Light ﬂ“f‘ Blalock
(1938) confirmaed this finding by showing that the arten.o-venmls
axygen difference of the kidney was not significantly altered in l_lypcré
tensive dogs Since these animals showed a 40 per cent reduction ©
renal blood flow, it may be concluded that the consumption of oxygﬂ;
by the kidney was reduced to a similar degree 'Mm?n, Fyens ;ma
Blalock (1987) concluded that these results might indieate (B
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reduction of kidney metabolism, (2) a reduction in the amount of
functioning tissue, or (3) the presence of vascular changes interfering
with oxygen diffuston,

In normal kidneys, Glaser, Laszlo and Schurmeyer (1933) and Van
Slyke, Rhoads, Heller and Alving (1934) found a linear relation be-
tween oxygen consumption and renal blood flow. Levy, Mason,
Harrison and Blalock (1957) observed a reduction of blood fidw and
of axygen consumption 1n hidneys with occluded ureters It shauld
be pointed out that the hadney may well react to ischemia by reducing
its oxygen consumption since 1t is an organ having a venous oxygen
saturation of 85 per cent (Van Slyke, Rhoads, Heller and Alving,
1931, Levy Light and Blalock, 1938).

Studies of the oxygen consumption of slices of renal tissue by War-
burg’s method have given contradictory results According to Gerbi,
Rubenstein and Goldblatt (1940), the oxygen consumption of
1schernic renal tissue was reduced in rabbits Raska (1943) found
that 1schemic kidney tissue of hypertensive dogs had a diminished
oxidative capacity as indicated by oxygen consumption and by am-
moma production 1n the presence of amines and amino acids

Mason, Robinson and Blalock (1910), on the other hand, found
no differences in the oxygen consumption of kidney slices 1n dogs
Attnibuting the results of Gerbi and collaborators to the presence
of necrotic tissue 1n the kidney slices employed, they concluded that
reduction of oxygen consumption was not an essential characteristic
of the kidney of a hypertenstve animal

Cruz Cole, Niemeyer and Fernandez-Popelacre (1944) found that
the oxygen consumption without substrate was the same 11 normal
and ischemic rat Midney but that in the presence of 001 M lactic
acid or 0 01 M succinic aaid, 1t was less i the 1schemic kidney

Certain differences between ischemic and normal ussue have been
demonstrated i studies of several enzyme systems of the Kidney
Dicher (1937a) found that the ischemic kidney had less mvertase
action and less ability to reduce methylene blue than the normal
kidney Studies concerning decarboxylation and deamination of the
sschenue hidney wall be described in Chapter X1

D) Excretory Function of the hadney has recewved considerable
attention If both renal arteries are markedly constricted, or if only
one 1s sumilarly constricted and the other kidney removed, a rise of
blood pressure ensues together with a retention of urine, nqn‘p\'ogem_),h f
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nitrogen, creatinine and guanidine, and a marked reduction of the
plasma clearance of urea and of the excretion of phenolsulphon-
phthalem (Goldblatt, Lynch, Hanzal and Summerville, 1934), Some
animals develop convulsions, hypertension, and not infrequently -
separation of the retina by exudates or hemorrhages. Death may occur
a few days after the operation (Fasciolo and Cramer, 1938). We will
return to this convulsive uremia later, Other animals survive for
longer periods and present a picture of asthenia, weight logs, anorexia,
and terminal coma. Vomiting, gastro-intestinal hemorrhdge, and
marked elevation of blood urea or nonprotein nitrogen occur at
times. This resembles the syndrome of true uremia.

If the renal artenal constriction is moderate or carried out in
stages, permanent hypertension may be obtained without changing
renal excretory function as indicated by normal blood levels for
nonprotein nitrogen, ures, creatinine, and guanidine,’ by the normal
excretion of phenolsulphonphthalein;® and by normal clearances of
urea, 1nulin, phenol red, and diodrast (Goldblatt and collaborators,
1934; Corcoran and Page, 194la, b, 1942; Alpert and Thoma's,
194G) These findings indicate that hypertension from renal ischemia
can be produced without changing gross excretory function of the
kidney. N

Between the two extremes of renal funcdion mentioned, that is
to say, that which 1s incompatible with life and that which can not be
revealed by the most delicate tests, all stages of transition exist. Two
types of hypertension can be obtained by Goldblatt's .method. T.hc
first is one of benign hypertension with or without slight renal in-
sufficiency, and the second 1s accompanied by pronounced rez.ml in-
sufficiency, and by anatomic lesions characteristic of the malignant
stage. This wall be discussed later. ,
EXTRARENAL CHANGES. Ej. Hemodynamic Cﬁange:.—Bfflh
systolic and diastolic blood pressures have been ﬂclcrn.nned wn:x
precision by the use of oscillatory and auscultatory techniques (Col-
lins, 1936; Wood and Cash, 1986; Freeman and Page, 1937), and

1935a; Elaut, 19562,

* Goldblatt, Lynch, Hanzal and Summerville, 1934; Page, Poaelo, 1659, and

b; Collins, 1936; Dicker, 1938, Gibson and Robunson, 1938,

others
*Goldblatt, Lynch, Hanzal and Summerwlle, 1934 Elaut, 19562, by Cotluas,

1936, Gibson and Robinson, 1938; Dicker, 1938 -
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better still by the use of the optical manometer of Hamilton (Fasciolo,
1939; Katz, Friedman, Rodbard and Weinstein, 1939). Elevations

- of both systolic and diastolic pressure have been found regardless
of the method ntilized

The pulse rate remains essentially unchanged,

The minute volume output of the heart was studied by Holman
and Page (1938) 1n dogs before and after the production of hyper-
tension The minute volume output was determined by the Fick
principle which depends upon measuring oxygen consumption and
the arterto-venous oxygen difference, The mixed venous oxygen
sample was obtained by puncture of the right ventricle. No signifi-
cant changes n cardiac output were observed when the anmmals
became hypertensive

The pulmonary artery pressure was measured by Katz and Steinitz!
in dogs before and after the production of hypertension Using a
laborious method based on the principle of London’s cannulas, they
measured the pressure without resorting to thoracotomy or anes-
thesia Average readings of 28 mm. Hg systolic and 11 mm. Hg
diastolic were obtamed in both normal and hypertensive animals
mdicating clearly that the pulmonary vessels do not participate in
the vascular constriction of this type of hypertension.

‘The blood volume of hypertensive dogs was determmed by Free-
man and Page (1937) and by Gibson and Robinson (1938) using
Evans blue dye, T 1824 No sigmficant variations were found. The
blood volume of rats made hypertensive by subtotal nephrectomy
was studied by Beckwith and Chanutin (1941) who found certain
changes in the plasma and red cell volume but no significant differ-
ences in total blood volume According to Griffith and Ingle (1910)
the posterior pituitary may play some rdle in the changes of blood
volume which they observed

Composition of the Blood of hypertensive animals has received
considerable attention We have already referred to the renal func-
tion of these amimals, We must repeat that if constriction of the
Tenal artenes is excessive, the resultant hypertension is accompanied
by renal insufficiency characterized by a retention of substances in
the blood and by the appearance of abnormal elements in the urine.
This prcture 15 too well known to be described here. Since hyper-

*Stemnez and Ratz, 1939, Katz and Stewntz, 1940
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tension without excretory mnsufficiency of the kdney can be obtained,
however, 1t 15 of interest to consider the studies which have been
performed in this type of hypertension with regard to blood changes

The hydrogen ion concentration of the venous blood was studied
potentiometrically by Muller and Nickel (1940), who found an aver-
age pH of 7 82 1n hypertensive dogs. This was essentially the same
as 1 normal controls, -

Page (19852) observed no significant changes in the lipid and pro-
tein content of plasma except for a slight increase of free cholesterol
at the expense of the esterified fraction.

The guanidine group of substances is of special interest because
they are retained n renal insufficiency Since they also possess a
pressor action, 1t has been postulated that they may play an important
réle in human hypertension (see Chapter XI) From the literature
it may be concluded that although the guanidine concentration of
plasma increases when renal excretory insufficiency appears, hyper-
tension may occur without any increase in its concentratton (Gold-
blatt, Lynch, Hanzal and Summerville, 1934, Child, 1938b, Helmer
and Page, 1938, and Major, Weber and Rumold, 1939).

Eichelberger (1948) observed a redistribution of water chIeu.l
muscles of dogs with experimental renal hypertension which indi-
cated that an extracellular edema existed.

Studies concerning tyramine are discussed in Chapter XI

Vasomotor Reactions —One of the interesting problems in (ex}ﬂl
hypertension is that concerning the functional state of the nervous
regulators of blood pressure. The carotid sinus and cardiozortic
nerves are incapable of maintaiming blood pressure within normal
limits once the kidney has become ischemic. According to Bouckaert,
Flaut and Heymans (1937) and Grimson (1939), occlusion of l!_\e
carotids produces only slightly greater rises of blood pressure in
hypertensive than in normal dogs. Verney and Vogt (1938) did not
find appreciable differences Goldblatt, Kahn, Bayless and Simon
(1940) showed that removal of both carotid sinuses di.d not {I\Odlfy
the development of hypertension produced by renal 1s€hem|a,l not
was the level of pressure reached by the hypertensive animals differ-
ent from that of normals 3

The pressor regulator system, therefore, appears to be actively
functioning in renal hypertension, but whether it 15 more or less
active than normal is not entirely clear. The evidence suggests that 1t

functions normally at a higher level
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The pressor response to various substances has also been investi-
gated in hypertensive dogs The significance of these studies will be
discussed 1n greater detail later and will be mentioned here only in
passing, Verney and Vogt (1938) found that some hypertensive dogs
are more sensitive than normal to the pressor action of adrenalin
and that the njection of tyramine consistently produces a greater
rise of pressure in the hypertensives than in the controls. Brown
and Maegraith (1941b) confirmed these findings in rabbiss, They
also found that the pressor response to extracts of the posterior lobe of
the pituitary were exaggerated while those to acetylcholine were
diminished 1n rabbits made hypertensive by constriction of the renal
artery or by glomerulonephritis produced with nephrotoxic sernm

Brown and Maegraith (1941a) were unable to demonstrate that the
hypersensitivity of hypertensive animals to adrenalin, tyramine and
pitressin was due to a diminished destruction of these substances in
the body Ogden, Brown and Page (1940) found a greater sensitivty
to pitressin during the pre-hypertensive phase i rabbits Katz and
Friedberg (1939) injected Fourneau 933 into unanesthetized dogs in
sufficient amount to invert the action of adrenalin In normal and
hypertensive dogs, Fourneau 933 produced quantitatively the same
fall of pressure accompamed by tachycardia, diminution of pulse
pressure, sahvation, sweating, and so forth These authors concluded
that the hypertensive substance was not sympathomimetic (see Chap-
ter VI) Robbers and Westenhoeffer (1939) obtained no fall of pres-
sure from cocamne m erght dogs made hypertensive by higation of one
renal artery From this they concluded that tyramine can not be
the cause of renal hypertension Friedberg and Katz (1939) found
similar responses to renin and adrenahin i normal and hypertensive
dogs

Leiter and Tichelberger (1939), and Page and Helmer (1940D),
on the other hand, found a greater response to renin in hypertensive
dogs Leiter and Eichelberger (1943) observed that the intravenous
injection of remin produced rises of simular degree and duration
in unanesthetized normal and renally abnormal dogs. Such renal
abnormalities as 1schemia and constriction of the ureter were em-
ployed After stopp d or conti j of renin,
on the other hand. they showed that the pressor effect was main-
tained for a much longer tme m the hypertensives than mn the
normal controls Kapp, Friedland and Landis (1941) injected kidney
extracts heated to 55° to 56°C for 20 minutes The increases in
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pressure were slightly greater in hypertensive rabbits than in the
normal controls except when the dosage of extract was very great,
in which case the response was maximal and was equal in both
groups

Page (1941a) studied this point in a larger number of dogs before
and after producing hypertension, and concluded that the responses
to renin were somewhat greater after the development of hyperten-
sion while those to hypertensin were the same. He interpreted the _~
results as being due to a greater amount of “renin-activator” (hyper-
tensinogen) supposedly present in the hypertensives (see Chapter V).
In some cases, the response to angiotonin was also greater.

The greater sensitvity of hypertensive animals to tyramine, renin
and pitressin appears to be definite. As yet, however, the cause of this
phenomenon remains to be elucidated. -

The action of hypertensin is potentiated by tyramine {(unpublished
observations) (see figure 56b). This might perhaps be explained by
the greater sensitivity of hypertensive animals to this substance

It would be of interest to know if a previous injection of renin
in small amounts produces an increased sensitivity to tyramine,
pitressin, and perhaps to renin and hypertensin.

The behavior of dogs before and after the production of renal
hypertension has been studied in regard to the “cold pressor test”
of Hines and Brown (1933). According to Thomas and Warthin
(1940) the responses are normal in 89 per cent of the cases before the
hypertension and are essentially the same after hypertension has
been produced.

CHANGES OF BLOOD PRESSURE FROM INTERCURRENT
CAUSES. Intercurrent diseases are apt to produce falls of blood
pressure m hypertenstve dogs. According to Levy and Blalock (1938),
Katz, Friedman, Rodbard and Wemstein (1939) and Wakerlin and
Gaines (1940), distemper produces a fall of pressure which returns
to its 1nitial level as the infection disappears. Our observations are
in agreement with these findings Levy and Blaloclf (1938) have
also observed that the administration of typhoid vaccine a{ld other
pyrogens produces a transitory fall of pressure in hy[.;ertenswe dois;
These results may perhaps be explained at least in part by ‘1

studres of Chasis, Goldring and Smith (1942), who observed that the
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administration of pyrogens to human beings produced marked renal
hyperemta This subject is considered in greater detail in Chapter
XVI. The eftect of pregnancy on the course of renal hypertension is
discussed in Chapter X,

INFLUENCE OF DIET ON RENAL HYPERTENSION

Chanutin and collaborators® carried out an extensive study of the
action of protein diets on the kidney and systemic circulation of the
rat The diets employed contained different percentages of protein
varymg from 10 to 80 per cent The proteins administered consisted
of whole meat, extracted meat, whole liver and extracted hver. In
normal rats, renal hypertrophy developed which was proportional
to the amount of protein in the diet, but no rise of blood pressure
occurred. In rats with subtotal nephrectomy, the mcidence of hyper-
tension was greater in the animals treated with the extract of whole
meat. In dogs with hypertension from renal ischemia, Verney and
Vogt (1938) studied the effect on blood pressure of imposing an
excretory burden on the kidney Rises of blood pressure were ob-
tamed by administering sodium chlortde, meat or urea Sodium
chloride produced the greatest rises while meat and urea had a similar
but less pronounced action This effect was abolished by changing
the diet, and dd not occur in normal animals or n those with sub-
total nephrectomy. Cash and Wood (1938), using meat diets, observed
similar rises when the diet produced an increase of body weight
Maclachlan and Taylor (1940) observed that in a dog a meat diet not
only intensified the hypertension but also produced cerebral symp-
toms and separation of the retma This effect was repeated several
ttmes, Furthermore, the daily administration of 50 gm. of urea was
just as effective as meat Philipsborn, Katz and Rodbard (191), on
the other hand, were able to obtain this elevation in only 2 of 14 dogs
studied. Goldblatt, Kahn and Lewis (1942), using dogs, and Groll-
man, Harnison and Willlams (1940a), using rats, ikewise observed
no rise of pressure from meat diets or from salt Guerrant, Scott and
‘Wood (1918) recently noted no signuficant increases of blood pressure
from the ingestion of meat diets or from the administration of urea
to hypertensive dogs Alpert and Thomas (1913) Itkewtse observed

* Chanutin, 1931, Chanutin and Ludewig, 19362, b, ¢, 1939, b, ¢
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no change of blood pressure in 2 dogs with remal hypertension,
with neurogenic hypertension, and 1 with nommal blood pressi
as a result of varying the proten intake,

That high protein diets are capable of producing renal changes i
the rabbit was observed by Newburgh (1919) and Newburgh an
Clarkson (1923) and confirmed by Nuzun, Osborne and Sansus
(1925), Nuzun, Seegal, Garland and Osborne (1926); and Anderso

" (1926). Nuzun and collaborators seported the development of hype
tension n these anmmals, but Anderson observed none even in an
mals in which a high protein diet was combined with reduction ¢
renal mass In the rat, Newburgh and Curtis {1928), Newburgh an
Johnson (1931), and Blatherwick, Medlar, Connolly and Bradshay
(1951) observed renal changes with diets rich in proteins from differ
ent sources Alpert and Lilienthal (1943) noted no significant ar
atomic changes from the administration of high protein diets t
normal dogs and dogs with renal and neurogenic hypertension
Mitchell (1929) and Bischoff (1932) have discussed the older liter
ature on the effect of high protein diets on the kidney. Van $lyke
Rhoads, Heller and Alving (1934) observed that high proteu
diets were capable of producing a considerable increase of rema
blood flow 1n normal dogs Alpert and Lilienthal (1943) found that
diodrast, 1nulin, and urea clearances became higher in dogs on 2
high protein diet Patts (1944) noted an mereased renal b]ooq flow
and filtration rate, a normal filtration fraction, and a decrease |'n the
total renal resistance latgely due to the vessels on the efferent side of
the glomerulus following the admnistration of high protern diets to
dogs

It may be concluded that it has not been definitely demonstrated
that diets rich i protein are capable of exaggerating renal hyper-
tenston Taking into account, however, the importance of the Lu{ngy
in the elimination of products of protemn catabohsm, 1t 18 possible
that these diets modify to some extent the evolution of renal hyper:
tension

Calder (1942) reported that he had observed an el'evazinn vf_ lﬂO‘i’:
pressure 1n rats from the adminustration of diets partially deﬁmen:m
the thermostable complex of the vitamin B group. whereas those t .
received diets deficient in all of the vitamins of the B group 5}‘°“’;c
a slight hypotenston More recently, Calder (194) described ¢
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tion in the size of the kidney and an increase of the collateral circu-
lation (Elaut, 1986a, b; Collins, 1936, and others). Microscopically
there may be a complete absence of lesions or a slight atrophy of the
tubules according to the degree of the ichemia {Goldblatt and col-
Iaborators, 1934; Elaut, 1936a, b; Collins, 1936) .

UP to this point we have considered only those studies which have
been carried out in dogs in which renal function has been measured
with appropriate methods Findings in other species resemble maore
closely the malignant type of hypertension which will be described
later.

Elaut (1936a, b) first called attention to minor changes in the
juxtaglomerular apparatus 1n dogs with benign hypertension pro-
duced by renal ischemia. This was subsequently confinmed and
these lesions have also been shown to be present in animals with
malignant hypertension Since importance has been attached to
these observations in relation to the interpretation of the mechanism
of renal hypertension, we will discuss the present status of our
knowledge concerning this apparatus and its changes.

In the year 1925, Ruyter observed that the afferent arteriole of the
glomerulns in its juxtaglomerular portion in rats was made up of
one ar several layers of nopfibnllary cells rich in granules, which
he identified as epithelioid cells. Smooth muscle fibers were lacking
at this point so that the epitheliold cells rested directly on en-
dothelium. Ruyter suggested that these cells might be coxzcemed in
the regulation of the glomerular blood flow. Later, Oberling glf)_27)
and Goormaghtigh (1982) described epithelioid cells of a similar
nature in human kidneys. Zimmermann (1938) observed that as the
afferent arteriole approached the glomerulus in mammalian kxdne_)‘s.
there was a multiplication of the cells of the medsal layer which
enveloped the arteriole and part of the glomerulus like 2 slee}'e. He
gave the name “polkissen” to this formation in virtue of its ";F
pearance. Another characteristic described by Zim.mermm’m wasj !1:
appearance of the intermediate segment of the distal tubule. W] lff‘

it came in contact with the afferent arteriole. Here the ?p“heha
cells changed in form, becoming Iugher, and therr nuclel becnmz
closely grouped together, from which the term macula densa wa
derived. . _

There is considerable disagreement among investigators conccmﬂ(!(:
the nature of the cells of the juxtaglomernlar apparatus as Tegan
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both origin and function. For further details we refer the reader
to Smith (1940) who has reviewed this subject in detail. The recent
publication of McMatius (1942) should also be consulted

Goormaghtigh and Grimson (1939) and Goormaghtigh (19392,
1940a, b) came to the conclusion that renal ischemua in dogs and
rabbits produced a proliferation and hypertrophy ot the afibnllar
cells of the juxtaglomerular apparatus, transformation of fibnllar
into afibrillar cells, and increase in the granulation of these cells
They also observed changes in the macula densa Goormaghtigh and
Handovsky (1938) observed hypertrophy of the juxtaglomerular
apparatus in dogs made hypertensive by excessive doses of calaferol
These findmgs have been interpreted as indicating the existence of
a true gland of internal secretion located 1n the wall of the afferent
arteriole of the glomerulus Dumhue and Candon (1940) and
Dunthue (1941) observed hypertrophy and hyperplasia of the
granular cells mn rabbits when hypertension was produced by cello-
phane perinephritis Graef and Smrth (1910) likewise observed that
renal ischerma produced hyperplastic, hypertrophic and metaplastic
changes of the epithelioid cells of the juxtaglomerular apparatus
although they emphasized that many individual variations existed
even in normal kidneys. Goldblatt, on the other hand, has not ob-
senved characteristic changes (personal communication). Oberling
(1944a, b) rejected Goormaghtigh's hypothesis relating the juxta-
glomerular apparatus to hypertension because of technical difficulties
in making reliable comparisons of hypertensives to normals and
because the juxtaglomernlar apparatus tended to degenerate and
disappear as hypertension progressed

GROUP B-MALIGNANT HYPERTENSION (ACUTE LE-
SIONS) ‘This type of hypertension 1s observed 1n animals in which
the renal artery s constricted to an extreme degree The blood
Ppressure nises rapidly, the general condition of the ammal is pre-
¢arious, and obvious renal nsufficiency 1s frequently present, Vomut-
ing, melena, and blindness produced by detachment of the retna
or retinal hemorrhages often occur In extreme cases convulsions
. may appear and the ammals may die in a comatose state. A few
hours before death, the blood pressure falls
There 15 general agreement as regards the macroscoptc and micro-
scopic lesions present. Concerming the mechamsm of production
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FI1GURE 13 PrTECHIAL HEMORRHAGES IN EXPERIMENTAL
MALIGNANT HYFERTENSION
Section of abdominal wall showing the pentoneal surface Subperitoneal
pungtate hemorrhages are seen (After Fasciolo, 1939).

Firorr 14 ViscERAL HEMORRHAGES

mutral valve, hemorrhage 1s eXIensIve s «ues
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of these lesions, howeser, there is a certain amount of controversy.

Lesions have been observed in the dog by Goldblatt (19°8a),
Child (1938b), Verney and Vogt (1938), Fasciolo (1939), and
Winternitz and Waters (1940), in rabbits by Drury (1938) and
Wilson and Pickering (1938); and in rats by Wilson and Byrom
(1939), Diaz and Levy (1939) and Schroeder and Neumann (1912).

Macroscopic Study.—Vascular changes conststing of petechiae,
hemorrhages, and in some cases exudation, are easily obsersed macro-

FIGURE 15 ) (TR or Tie

Interstiual hemorrhages in the heart of a hypertensne dog Hemalum Eosin
(After Fasciolo, 1939)

scopically The distribution and seventy of these lesions vary
different species Subperitoneal punctate hemorrhages are frequently
seen. In the small intestine they occur particularly along the mes-
enteric border and on the mesentery itself In the ntestine and
stomach, submucous hemorrhages are frequently observed which n
some cases are so pronounced that the ntesunal lumen contams
blood, In the pancreas, subserosal and parenchymatous petechae are
encountered In some cases, large hemorrhages occur in the ‘b{addgr“\‘
esophagus, adrenal, gonads, bram, and so forth Unficr. the parietal
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peritonenm {figure 13) small petechize may be observed. In the
heart, subendocardial hemorrhages are Jocated especially along the
papillary muscles of the left ventricle (figure 14). They tend to
becotne confluent and extend deeper and take on the characteristics
of a hemorrhagic infarct (figure 15). Hemorrhages within the walls
of the Jarge vessels, such as the pulmonary artery, aorta, and large
veins, have also been observed.

“These acute artersal lesions are frequently found in the eyegrounds

Figure 16 OQcurar HEMORRHAGES "
in a dog wit
Hemorrhages may be seen on the antenor surface of the ins in a dog
hypenzmmngfmm Zenzl 1schemia (After Fasciolo and Cramey, Rev. Soc, argent
de biol, 1938, 14, 393).

(Fasciolo and Cramer, 1938; Verney and Vogt, 1938; Child, 19?8\!‘,
Cramer. 1940) In the dogs of Fasciolo 1nd Cramer, the rem;)a

changes appeared 8 to 15 days after constricting the renal :Erm':/r h‘i
which time the pressure had undergone a pronounce({ nsc:,f .
lesions observed were 1rius, hemorshages, and separation of t .
retina, The fritis consisted of inflammatory lesions between ’h-clm

and anterior surface of the lens which was follow?d by the (i;\e (;;::
ment of synechize in one animal that subseq{nemly 1mpraveg. \YZH:G)

thages weTe seen in the anterior and posterior chambers {figv o
‘These were at times small and punctate, nn.d at others so larg:rmon
fill the vitreous and obscure the fundus. Partial or complete separ
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of the retina occurred. The retina was raised by 2 homogeneous
gelatinous-like substance (figure 17). Large serous effusions of 300 cc.
or more have been described in the pericardial and peritoneal cavities
(Fasciolo, 1939).

Macroscopic changes in the Lidney depend upon the duration
of the ischemia Following p ed constriction of one renal
artery, the clamped kidney becomes atrophic and fbrous. The capsule
is adherent, the surface is grossly granular, and on section the kidney
is tough and fibrous Renal function may be very poor. Maintenance
of excretory function by the normal kidney prevents the development
of the general picture of malignant hypertension. One cutious fact,

L

Ficure 17. SEPARATION OF THE RETINA 1N A DOG WITH EXPERIMENTAL
RENAL HYPERTENSION
Antero posterior section of an eye Note that the retina 15 separated and raised
by a substance of gelatmous consistency (After Fasciolo and Cramer, Rev
argent, de biol, 1938, 14, 393)

the sigmificance of which is discussed below, s a lack of acute vascular
lesions, petechiae, and hemorrhages in the ischemic kidney (Gold-
Dlatr, 19383, and Chuld, 1938, in dogs, Wilson and Pickering, 1938,
in 1abbits; and Wilson and Byrom, 1939, in rats) Schroeder and
Neumann (1912), on the other hand, did observe these changes i
Tats.

. Microscopre Study —Mucroscopic study of the organs reveals even
In the absence of macroscopic lesions, degenerauve changes of vari-
able degree in the artenioles consisting of hyalinization and necrosis
In some arterioles, hyaline material is deposited immediately beneath
the endothelium which remarms intact This deposit may be located
Sccentrically or concentrically, may not impinge upon the lumen
of the vessel at all, or may obliterate it partially or even completely
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(pla'te 1). At times, the wall of the arteriole may be necrosed. Serial
sections of an artery may show it to be relatively normal in one part,
Pamally or completely hyalinized in another, or completely necrosed
in still another (Goldblatt, 1938a). There is neither a reduplication
of the elastica nor praliferation of the intima (Goldblatt, 1938a;
Wilson and Pickering, 1938), -

It 15 not always possible to detect the site of origin of the hemor-
rhages. They may be due to rupture or to leaks along the wall of
the necrosed arterioles In some cases they can be attributed to capil-
lary lesions. The distribution of the arteriolar lesions 15 the same
as that described 1 the macroscopic section. Some structures appear
to be undamaged Goldblatt (1938a) found only slight hyalinization
of the inuma without necrosis in skeletal muscles Pulmonary lesions
are confined to bronchial arterioles. The branches of the pulmanary
artery remain unaffected. There are likewise no arteriolar changes
mn the ischemic kidney Wilson and Pickering (1938) and Wilson
and Byrom (1939) found no lestons of necrotizing arteritis and
artertolitls m the skin, striated muscle, and schemic Nidney of rats
and rabbits Wilson and Pickermg (1938) found that in rats with
permanent hypertension from umilateral renal ischemia it was pos-
sible to observe fibrinord and hyaline degeneration and necrosis

PLATE | ARTERIAL LESIONs IN MALIGNANT HYPFRTENSION

Figure 1 Arteriole mn submucosa of large intestine. Begrning subendothelal
deposit of hyalin Endothelum well preserved Hematoxylin and Eosi X265

Figure 2 Arteriole in submucosa of stomach Oblterative hyalmzation of
intima, endothelium still recognuzable but pucler seduced in number and
pyknouc Hematoxyhin and Eosin  x430

Figure 3 Arteriole m submucosa of small mtestine Lumen completely obli!
erated by accumulation of hyalin contaimng a few pyknotic nucler Hematoxylin
and Fosin X430

Figure 4 Arteriole in submucosa of stomach Portion of entue thickness of
wall necrotic Normal thickness of wall and lumen natural size Hematowlin
and Eosin %325

Figure 5 Artenole, cut longitudinally, in submucosa and mucosa of 1:{"8'
intestine, Partly hyalintzed, partly necrotic, with Extrams?led blood aroun 'Jl:
A portion of the same arteriole, m the submucosa, immediately proximal 10 2515
part included 1n this figure, was entrrely normal Hematoxylin and Eosin X'
(After Goldblatt, J Exper, Med, 1938, 67, 809)
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of the arterioles and capillaries with proliferation of the intima and
fragmentation of the elastica in the nonischemic Midney. No vascular
lesions, however, were observed in the ischemic hidney Hemorrhages
within the walls of the arteries were found.

Changes in the histology of the Lidney depend upon the duration
and degree of ischemia as was menttoned 1n the macroscopic section.
Tubular atrophy and degeneration or complete necrosis of the
hidney may be observed Connective tissue proliferation occurs in
the atrophic krdney,

Pathogenesis of the artental lesions —Since the arteriolar lestons
Just described appear 1n hypertensive ammals with renal insufficiency,
Goldblatt (19382) suggested that two factors were involved in ther
production—a mechamcal factor, the arterial hypertenston, and a
humoral factor, renal insufficiency The following findings support
this interpretation Bilateral nephrectomy produces nitrogen reten-
tron without necrotizing arteriolttis These arteriolar lesions do not
appear in cases of benign hypertension even of long duration. The
absence of arteriolar lesions 1 the ischemic lhidney 1s, accordmg
to Goldblatt, a further proof 1n the sense that i this case the applica-
tion of the clamp prevents the development of hypertension n the
vessels dustal to the clamp The renal vessels would, therefore, be
protected from the elevation of blood pressure

In order to verify this hypothesis, Goldblatt and Kahn (1910)
constricted one renal artery markedly and higated the wvreter of the
opposite hidney in dogs In this way they produced hypertension
with renal insufficiency m dogs with only one 1schemic kidney. The
vascular lesions described above were present in various organs as
well as in the kidney with the ligated ureter but not in the ischemic
Kidney. Control ammals with ligaton of only one ureter developed
neither hypertension, renal nsufficiency, nor arteriolar lesions In
addition, renal isuflficrency produced by uranium nitrate m animals
with benign hypertension, was accompanied by fibrinoid artenits,
artentolar necrosts, hemorrliages, and petecluae

The Iach of macroscopic and microscopte changes in the 1schemic
hdney of animals with malignant hypertension has been confirmed
by Child (1938b) i dags, Goldblatt (1937b) n monkeys, Wilson
and Pickering (1938) 1n rabbuts, and Wilson and Byrom (1939)
inrats The latter investigators found that it was possible to produce
Persistent hypertension in rats by constriction of one renal artery
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only, leaving the other Lidney intact. The animals frequently de- '
veloped convulsions, weakness, and coma, which were curable by
removal of the 1schemic kidney The blood urea nitrogen was normal
or increased. The vascular lesions of malignant hypertension were
present but not in the 1schemic kidney. In the opposite intact Kidney,
however, hemorrhages and subcapsular petechiae, hyaline and fibri-
noid degencration of the arteries and arterioles, proliferation of
the intima, and necrosis of the walls were observed, Fibrinoid de-
generation or necrosis of the capillaries occurred in the glomeruli.
Since these animals had one normal kidney and since in some of them
the blood urea nitrogen was not elevated, the authots concluded that
excretory insufficiency of the kidney was not necessary for the pro-
duction of this type of leston. In this connection, our observations
(Fasciolo and Cramer, 1938) on the production of acute retinal lesions
are pertinent. These lesions appeated in some animals without any
increase of blood urea nitrogen. In one animal with unilateral
1schemia and normal blood urea nitrogen, bilateral separation of
the retina and mitis were observed -

Wilson and Byrom (1989) believed that the production of arteriolar
lesions was not dependent upon renal function but rather upon the
combined effect of hypertension and vasoconstriction. Goldblatt
and Kahn (1940}, on the other hand, insisted that the measurement
of blood urea nitrogen was not a sufficient criterion for estimating
the state of renal fanction They assumed that rats which developed
malignant hypertension suffered from disturbances of the non-
ischemic kidney, probably hydronepk which is freq in the
rat, and, therefore, that the results of Wilson and Byrom {1939)
were similar to those obianed by them jn dogs in which the ureters
of the opposite kidney were ligated (Goldblatt and Rahn, 1940).

Recent studies of Winternitz and his collaborators have thiown
new light on the production of the arteriolar l'esifms. In the dog{.
bilateral nephrectomy caused death generally within seven du(y‘]’: of
the operation (Winternitz, Mylon, Waters and Katzenstein, s ” 0);
The arteral pressure was hittle changed and at autopsy few .16510{1
were observed beyond slight edema of the tissues and occasionally
subendocardial hemorrhages, valvular and visceral hemor_:hage&
and focal necrosis of cardiac muscle and of arterial walls. Ligation
of both renal arteries cansed death within three to .fum' .ﬂﬂys ffﬂ?‘:
most. Autopsy revealed in these animals hemotrhagic lesions wi
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distnbution similar to that found m malignant hypertenston as
described above Furthermore, there was edema and necrosis of
cardiac muscle, of the smooth muscles of the walls of the vessels,
and of hollow organs Ligation of both ureters produced a similar
amatomic picture except that in both kidneys there were pro-
nounced necrouc lestons in the glomeruls

These experiments suggest that the absorption of breakdown
products from the kidney which has become necrotic as a result of
ligation of the renal artery, may be the cause of the earlier death
of these animals as well as the cause of the extensive vascular lesions
produced In order to clanfy this pownt, Winternitz, Mylon and
Katzenstein (1941b) 1njected renal extracts into animals previously
nephirectomized and obtained a pathologic picture similar to that of
dogs with ligation of the renal artertes The substance responstble
for the necrosis and hemorrhages appeared to be a protein and al-
though 1t was not possible to obtain a complete separation, they
observed a dissoctation between the pressor prmaple, remn, and the
necrotizing action Furthermore, the injection of extracts of testicles
mto nephrectomized dogs produced extensive arteriolar necrosis
which they observed even m the cerebral vessels (Winternitz, Katzen-
stein, Mylon, Murphy and Zimmermann, 1941) Dutlacher and
Winternitz (1912) also observed focal necrosis of the myocardium
following 1njection of renal extracts into nephrectomized dogs.
Goldblatt (1915b) 1njected one to five umits of crude or moderately
purtfied renin 1nto dogs over a period of three years or langer without
producing arteriolar necrosss

In the interpretation of these results, account must be taken of
the action of tissue extracts on the coagulation of blood Winternutz,
Mylon and Katzenstein (1911a) observed extensive thrombosis as the
result of the mjection of different extracts, especially those of testicu-
lav ongin Leter and Lichelberger (1912, 1913) observed that in-
jecuons of pig renin mto dogs with various renal abnormalities
accelerated the production of hemorrhages and necrosss in different
parts of the body In animals with normal hidneys, no lesions were
observed

In considering the puhogenesis of the artenolar Jesions of malig-
nant hypertension, the following ponts anse According to Goldblatt,
their production depends upon two factors—renal wsufficiency and
arterial hypertension If we admut that the lesions observed by
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Winternitz and collaborators, resulting from the injection of different
extracts, are identical with those of malignant hypertension, it is
evident that the hypertensive factor is not necessary, Furthermore,
Winternitz, Katzenstein, Mylon, Murphy and Zimmermann (1941)
were able to produce these lesions in normal dogs. This was con-
firmed by Leiter and Fichelberger (1942). These different points
of view may perhaps be reconciled by assuming that the three factars
mentioned, that is to say, renal insufficiency, hypertension (vaso-
constriction), and tissue autolysts, are capable of producing capilfary
and arteriolar changes The existence and severity of the vascular
Iesions would depend upon the association of two or more of the
causative factors The vascular changes would, therefore, not be
specific but would be attributable to several processes having the com-
mon property of being highly irritative to the vessels

GROUP C—INTERMEDIATE FORMS. In some animals the
renal artery may be constricted so as to produce irreparable renal
lesions with varying degrees of renal insufficiency but compatible
with long survival Changes in function vary with the degree of
1schemia and may be characterized by only slight reduction in the
clearance of various substances (urea, creatinine, inulin, and so
forth) or, in severe cases, by azaterma. - i

In these cases the vascular lesions are minimal. If renal mfufﬁ-
ciency does not exist, hypertrophy of the muscularis of art.crwles
15 the only finding If renal insufficiency is consid_cmble, lesions ?f
mahgnant hypertension may appear. Hyalinization :m‘d ne(.:rus;s
appear to be more pronounced and more widespread in animals
with benign hypertension of long duration (G.oldblmu, 19382

Renal hypertension produces atheromata in the aorta of rabbl;s
(Dill and Isenhour, 1942) Cardiac hypertrophy, predominantly lIJc t
sided, is frequent 1n most animals such as dogs. rats, and rabl “f
(Elaut, 1936a, b, Collins, 1936; Gibson and Robinson, 1938; Cha'nu‘
tin and Ludewig, 1936a; Diaz and Levy, 1939; Schfoedcr and r\scl\]l
mann, 1942b; Gémez-Salazar, 1942; Pickering and Prinzmetal, 1938b;

hers, o
a’]‘Cill::nges)in the kidney are charactenized by r.cduction in in S:Jl::
thickemng and adherence of 1ts capsule, ?nd mcre.::se in its c
i is i i and tubular

sistency. Microscopically, there is interstitial _ﬁbwsls e
atrophy and degeneration. Hyaline degeneration, fibrosis,
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ticulosis is found in some glomernli {figures 18 and 19) (Goldblatt,
1938b; Child, 1938 b; Fascialo, 1339; Wilson and Byrom, 1939, 1941;
and others). Along with these chronic lesions, acute necrotic and
hemorrhagtc changes may appear if the process becomes malignant.
Wilson and Byrom (1939) observed that constriction of the artery
of one kidney in rats produced lesions in the opposite kidney. These
lesions appeared to be capable of producing chronic changes in that

Fiure 18 MicROSCOPIC S:cTION OF NORMAL GLOMERULUS
Glomerulus from a normal kidney showing the delicate fibnils of reticvlum
Silver carbonate of Del Rio Hortega (After Fasctolo, 1939)

Lidney since if the constricting clamp of the ischemic kidney was
removed after six to nine months of ischemia in two thirds of the
cases residual hypertension remained, the degree of which was related
to the vascular lesions 1n the nonischemic kidney. Patton, Page and
Ogden (1913) have made similar observations This residual hyper-
tension was progressive since new lesions appeared even after removal
of the ischemic hidney The objection has been raised that the lesions
found in the nonischemic hidney may have existed before the pro-
duction of ischemia of the other hidney. The evperiments of Wilson
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and Byrom (1941), however, suggest the possibility of a vicions
carcle—the hypertension produces vascular lesions which, by reducing
renal biood flow, aggravate the pre-existing hypertensive state,
Chronte Eye Changes —We have already discussed the acute ocular
changes which occur m malignant hypertension. Keyes and Gofdhlat
(1937, 1938), Fasciolo and Cramer (1938), and Cramer {1910) studsed
other changes of a chronic nature in monkeys, dogs, and rats. The
retinal vessels were observed ophthal moscopically to be more tortnous

Fiouse 19 Microscoric SeCTioN o IscHenre GLOMERLLUS :
i i brils of reticu
Glomerulus from an 1schemic kidney Marked prolferation of fibril
lum are observed Siler carbonate of Del Rio Hortega (After Fasciolo, 1335}

and the light reflex was increased, indicating early changes in fhe
reunal vessels Hemorrhages, exudates, and scp:xm!jon of th:: mmaf
appeared later. Microscopically, the arteriofar lesions c'on‘stfzziiol;
hypertrophy and hyperplasia of the media, an.d later of hyalini hon
of the intima with tumefaction and proliferation of the endo(h; i o
(figure 20). The Iumen of the vessel g.radu:dly became tc‘du'c::{ c-‘:;l.
even occhuded completely. The severity of the process \;:m:e o
siderably in different segmens of the same vessel so zha; I?Zrar:zd
would appear perfectly normal and another completely obli X
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reproduce experimentally the symptoms of convulsive uremia (Verney
and Vogt, 1938). Symptoms and signs appear a variable length of
time after producing ischemia and consist of hypertension and slight
ataxia at the onset accompanied at times by muscular twitching
Convulsions eventually appear characterized by rigidity of the trunk
and extremities followed by clonic contractions. Separation of the
Tetina may be observed at this stage. Although this syndrome is not
always fatal, vomuting and intestinal hemorrhages appear 1if the
disease progresses eventuating in death At autopsy petechial hemor-
rhages and exudations predominate.

The mechanism of production of experimental convulsive uremia
is not entirely clear Its cause can not be attributed to nitrogen reten-
tion since the blood urea does not have to be particularly elevated.
Bilateral nephrectomy, moreover, does not produce convulsive ure-
mia. Verney and Vogt (1938) observed that complete ligation of the
renal artery did not produce convulsions providing the function of
the opposite kidney remained normal, Ligation of one renal artery
with contralateral nephrectomy, on the other hand, readily produced
the syndrome of convulsive uremia. The conditions necessary for the
appearance of convulsive uremia appear to have a possible explana-
tion in the investigations of Winternitz, Katzenstein, Mylon, Murphy
and Zimmermann (1941} who observed that following ligation of both
renal arteries in dogs, convulsions and hemorthagic lesions of the
meninges and bram occurred. These investigators also observed
that convulsions and cerebral lesions could be reproduced in ne-
phrectomized animals by the injection of extracts of such organs a5
kidney and testicle. It is possible, therefore, that the syndrome of ,
convulsive uremia may be produced by cerebiral lesions, edema, and
hemorrhages, as a result of the formation of certain substances by
renal autolysis.

Hypertension may be produced by partial copstriction o[. the rirnhﬂi
arteries in the absence of any alteration of excretory function of ¢
Lidney as measured by extremely sensitive functional tests (b.c:;g::
hypertension) If the renal ischemia 1s extreme, 'hf hypcrttr;ixm -~
associated with a picture of severe renal insufficiency (malig
hypertension)

Both systolic and diastolic pressures
obvious change in pulse rate Pressure in the pulmo

become elevated without
nary ariery e
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mains normal, No significant changes 1n blood volume, cardiac out-
put, or blood chemistry occur, Vascular reflexes are little modified
Intercurrent diseases and febrile reactions are apt to cause the blood
pressure to fall

Pathologic changes found 1n benign hypertension of long dura-
tion are instgmificant, conststing of some hypertrophy of the left ven-
tricle and hypertrophy of the muscularis of the arterjoles. In the
kidney alene an increase of collateral circulation is occnsionally
encountered

In mahgnant hypertension, striking vascular changes characlcnzcd
by hemorrhages and exudations occur. There is hyalinization of the
intima microscopically with or without narrowing of the arterial
lumen, and in more severe cases necrosis of the artertoles occurs
Several [actors are involved n the production of these vascular
lesions such as the degree of renal insufficiency, the reabsorption
of products of ussue autolysis, elevation of blood pressure, and prob-
ably vasoconstriction.

The retinal changes observed may be either acute or chronic. The
acute lesions frequently appear in the course of the syndrome of
convulsive uremia and are characterized by hemorrhages, exudates,
and separation of the retina They may 1mprove if the animal sur-
vives Chronic retinal lestons generally appear after several years
of hypertension and are characterized by tortuosity of the retinal
vessels, spasms, hemorrhages and exudates, according to the severity
of the disorder.



CHAPTER III

MECHANISM OF PRODUCTION OF RENAL
HYPERTENSION

In considering mechanisms involved in the production of hyper-
tensidn, it should be remembered that various factors are concerned
in the maintenance of blood pressure, such as blood volume, minute
volume output of the heart, wiscosity of the blood, and peripheral
resistance.

As described 1n the previous chapter, the animal made hypertensive
by constriction of the renal artertes has both systolic and duastolic
hypertension without important changes of blood volume, cardiac
output per minute, or blood viscosity. These findings indicate by
exclusion that the hypertension can be attributed to an inerease in
peripheral resistance, Le, to a diminution in the caliber of the
arterioles Granted this mechanism, the first possibility which presents
iself as the cause of hypertension is that constriction of the renal
arteries n itself produces suffictent obstruction to the passage of blood
to produce hypertension by simple mechanical action That this is
not the cése, however, 1s shown by the fact that unilateral or bulateral
nephrectomy, ie, complete removal of this vascular region, dOfS
not produce elevation of the blood pressure Furthermore, constric-
tion of arterses supplying other tissues, such as the femorals, splan.ch-
nics, mesenterics, celiacs, and so forth, does not produce hy pertc{lsloll
despite the extenstve vascular area concerned. It js therefore evident
that local mechanical obstruction can not be held responsible for'the
hypertension and that the explanation must be sought in a gen-
eralized change of the vascular system. X

The increase of peripheral resistance can be organic or functional
That the reduction of vascular cahber is predominantly funcuonal
is indicated by the following findings- (a) It is Eossiblc to obm}l]ﬂ
hypertension by renal ischemia without histologic changes ?f tl e
vessels (benign hypertension), (b) Remoral of the wschemte hidney,
even after long penods of hypertension, causes d'fe blood pressure

to become normal within a few hours; (c) Arteriolar constriction

74
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in the eyegrounds (Laughlin, Thomas and Friedenwald, 1910) and
in the ear vessels of hypertensiie rabluts (Abell and Page, 1942b)
have been observed directly.

The existence of a generalized vasoconstriction in ammals with
renal 1schemia mught be due to a nervous reflex mechamsm of renal
onigin or else to 2 humoral mechanism produced by the presence of
vasoconstrictor substances 1n the blood. In this chapter, investigations
wlhich have been carried out to eluadate these points will be dis-
cussed.

NERVOUS MECHANISM

EFFECT OF RENAL DENERVATION. If renal 1schermia or other
change produces a pressor reflex of renal origin, section of the af-
ferent pathways of the reflex arc (renal ncnts) of the central nerves
(medulla), or of the eflerent pathways (sympathetic nervous system)
should prevent the appearance of the hypertension or else cure a
prc-c\lsung one,

Renal denenvation has been repeatedly investigated tn hyper-
tension from renal 1scherma (Page, 1935, Collins, 1936, Vallery-
Radot, Blondin, Israel and Cachun, 1938) Denervation of the renal
pedicle 1 dogs does not modify the blood pressure and does not
prevent the developrent of hypertension by subsequent constriction
of the renal artery (see figure 21) Although all precautions possible
for the total destruction of the nerves of the 1enal pedicle were taken
n these experuments {pumung with phenot, lustological evidence,
and so forth) 1t 15 possible that some fibers remained intact or that
the kidney marntained some nersous connection through sts capsule
In order to overcome these ohjections, Glenn, Chitd and Heuer
(1937) pl 1a Midney by it to the femoral vessels
Blalock and Levy (1937) obtatned similar results by transplmting
hdneys into the neck. After several days, constriction of the artery
produced a defimte rise of blood pressure Acute experiments, lasting
only a few hours 1n anesthetized animals, also showed that a rise
of blood pressure was obtamnable from schemia of completely uolatcd
Kidneys, arculation to which was d by vascular
(Houssay and Tasciolo, 1937h, knger and Gerstner. 1938, Lraun-
Menéndez and Fasciolo, 19393, b). These results were conclusive in
demonstraing the mmpossibility of preventing hypertension from
tenal ischemia by renal denenation
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Results with other types of renal hypertension are less conclusive.
According to Dicker (1937¢) and Enger and Gerstner (1938), de-
nervation of the kidney did not prevent the rise of pressure produced
by ligation of the ureters. Braun-Menéndez (1932) found thav after
renal denervation, constriction of the renal vein did not produce
hypertension. Arnott and Kellar (1936) observed that denervation
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FIGURE 21 EFFECT OF DENERVATION OF THE KIDNEYS AND CONSTRICTION
OF THE RENAL ARTERIES

In the case of the blood pressure, each point represents an average of d:;
readings taken over a penod of ten days. Note that renal denervation due;;;s
prevent the production of hypertension (After Collins, Am, J. Physiol, ]

116, 616)

of the kidney prevented the hypertension produced by S()dlll.m
oxalate 1n rabbits. Maegraith and McLean (1938) found that !heb]',tls-
jection of a suspension of kieselguhr into the xefml artery of 1‘;\‘.]' ld
produced a transitory hypertension in the animals that sumsce.
Denervation of the kidney rapidly caused the pressure to becom

normal in these animals. The effect of renal denervation on okhc;
types of hypertension (neurogenic and centra‘]) ha§ been d::::f;i’

in Chapter I. The contradictory results obtained in hypert 3



MECHANISM OF PRODUCTION 7

produced by procedures other than that of compression of the renal
arteries, are difficult to interpret, It is possible but not probable
that the mechanism of production of the hypertension is different.
Renal denervation may produce a greater renal blood flow or the
operation performed may facilitate the formatton of a collateral
arculation 1 some way. Occasional variations may be attributed
1o the difficulty of predicting the production of hypertension and to
the transitory nature of experimental hyperstension.

Observations on renal denervation indicate that hypertension from
renal ischema is not due to a pressor reflex originating in the
kidney It is possible, however, that the function of the central
nervous system n the spmnal cord or bulbar region is altered by
humoral mechanisms, in which case section of the efferent pathways
or of the central nerves should cause the elevated blood pressure to
return to normal,

OPERATIONS ON THE SYMPATHETIC NERVOUS SYSTEM
Goldblatt, Gross and Hanzal (1937) excised the splanchnic nerves
1 the thoracic region and removed the last four thoracic ganglia
In these animals partial constrictron of the renal arteries produced
the usual hypertension In dogs with pre-existing hypertension of as
long as four years’ duration, sectton of the splanchnics did not pro-
duce a permanent fall of blood pressure. Blalock and Levy (1937)
were unable to prevent the rise of blood pressure in dogs by sub-
diaphragmauc section of the splanchnics, resection of the celiac
ganglion and of the superior lumbar ganglion associated with b
lateral partial adrenalectomy (operation of Adson and Crag) In-
trozzi, Candnico and Taiana (1938) found that resection of the
splanchnic and lumbar sympathetics nesther prevented nor cured
hypertension produced by renal ischermia Combining these nersous
resections with partial removal of both adrenals, a fall of blood
pressure was obtained in three of four hypertensive dogs

Resection of the anterior cord roots between the sith thoracic and
second lumbar inclusive, which carry sympathetic fibers, neither
prevented nor lowered the hypertension produced by constriction
of the renal artertes of the dog (Goldblatt and Wartman, 1937)

Complete resection of the paravertebral ganglia from the stellate
ganglion to the pelvic chasn did not significantly prevent, cure, ot
modify hypertension produced by constriction of the renal arteries
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in dogs (see figure 22) {Heymans, Bouckaert, Elaut, Bayless and
Samaan, 1937, Alpert, Alving and Grimson, 1937; Freeman and Page,
1937). These wide ablations of sympathetic nerves, however, le:ve
the paravertebral ganglia mntact This occurs even though their con-
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Fiourk 22 EFFECT OF SYMPATHECTOMY ON DEVELOPMENT OF
ReNaL HYPERTERSION
Lffect of constriction of the renal arteries on the systolic and duastolic pressure
of a dog 1n which both paravertebral sympathetic chains were removed from the
steifate ganglion to the petvic chain The unbroken sympathetic chais remoted
arc shown 1n the upper part of the chart. Note that sympathectomy does ot
prevent the production of hypertension (After Freeman and Page, Am Heart J.

1987, 24, 40%)

nections with the central nervous system are severed Denervation
of the heart associated with sympathectomy does not modify the
course of the hypertension

DESTRUCTION OF SPINAL CORD Glenn, Child and Page
(1938) found that destruction of the sptnal cord below the ﬁ.hh
cervical nerve produced a dramatic fafl of pressure in dogs with
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hypertension from renal ischemia. The pressure rose after several
days Teaching higher Jevels than those observed before the ischemia,
but did not reach the hypertensive level present before destruction
of the cord Destruction of the cord previously did not prevent
hypertenston from renal ischemia (Glenn and Lasher, 1938a)

These results are difficult to reconcile with those obtamned by
Dock and his collaborators' and House and Walerlin (1911a, b)
who found that acute destruction of the nervous system in normal
and hypertensive rats, rabbits and dogs lowered the pressure to the
same level regardiess of the mitial blood pressure. From their observa-
tions, they concluded that in renal hypertenston there are no circulat-
ing vasoconstrictor substances with 2 peripheral action, but rather
that the center 15 mail the pressure at a higher
level than normal It 1s difficult to accept such conclusions which
are based on expernments which are so traumauc that they produce
a state of shock with a f21l of blood pressure to only a few millimeters
of mercury Their opimion that the renal pressor hormone acts
through the vasomotor nervous control mechanism 1s not reconalable
with the fact that procedures which sever the vasomotor center from
its cfferent nervous connections, such as sympathectomy, are in-
capable of permanently curing, preventing or modifying the hyper-
tension produced by renal ischemia The effect of sympathectomy
on hypertension of extrarenal origin has been discussed in Chapter 1

In connection with sympathectomy, it should be mentioned that
extirpation of the adrenal medulla in dogs does not prevent hyper-
tenston from renal ischemia (Goldblatt, Lynch, Hanzal and Sum-
merville, 1931, Fasciolo, 1938b)

HUMORAT MECHANISM

The evidence just discussed tndicates that hypertenston from renal
1schemta can not be explamed on the basis of a nervous mechamism.
The arteriolar vasoconstriction must be due, therefore, to the pres-
ence of vasoconstrictor substances 1n the blood At this pornt 1n our
discussion. this conclusion must be coustdered to be entirely hypo-
thetreal since 1t 1s based on indirect evidence  Unless condlusive
pmuu of the evisience of a hypertensite substance causing renal

' Dok and Rytond, 1934, Dock, 19402, b, Dock, Shudler 2nd Moy, 1912



8 RENAL HYPERTENSION

in dogs (see figure 22) (Heymans, Bouckaert, Elaut, Bayless and
Samaan, 1937, Alpert, Alving and Grimson, 1937; Freeman and Page,
1937) These wide ablations of sympathetic nerves, however, leanve
the paravertebral gangha intact, This occurs even thongh their con-
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nections with the central nervous system are severed Denenan;n
of the heart associated with sympathectomy does not modify the
course of the hypertension.

DESTRUCTION OF SPINAL CORD. Glenn, Child and I;;!";?
(1938) found that destruction of the spinal cord below the f:ll
cervical nerve produced a dramatc fall of pressure in dogs with
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hypertension from renal ischemia. The pressure rose after several
days reaching higher levels than those observed before the ischemia,
but did not reach the hypertensive level present before destruction
of the cord Destruction of the cord previously did not prevent
hypertension from renal ischemia (Glenn and Lasher, 19382)

These results are difficult to reconcile with those obtained by
Dock and his collaborators' and House and Wakerlin {194la, b)
who found that acute destruction of the nervous system 1n normal
and hypertensive rats, rabbits and dogs lowered the pressure to the
same level regardless of the initial blood pressure From their observa-
tions, they concluded that it renal hypertension there are no arculat-
ing vasoconstrictor substances with a peripheral action, but rather
that the center 15 i the pressure at a higher
level than normal It 15 dufficult to accept such conclusions which
are based on expeniments which are so traumatic that they produce
2 state of shock with a fall of blood pressure to only a few milhimeters
of mercury Their opimon that the renal pressor hormone acts
through the vasomotor nervous control mechanism ts not reconcilable
with the fact that procedures which sever the vasomotor center from
1ts efferent nervous connections, such as sympathectomy, are in-
capable of permanently curtng, preventing or modifying the hyper-
tension produced by renal ischemsa The effect of sympathectomy
on hypertension of extrarenal origin has been discussed in Chapter I

In connection with sympathectomy, 1t should be mentioned that
extrpation of the adrenal medulla in dogs does not prevent hyper-
tension from renal rschemia (Goldblatt, Lynch, Hanzal and Sum-
merville, 1931, Fasciolo, 1938b)

HUMORAL MECHANISM

The evidence just discussed indicates that hypertension from renal
sschemia can not be explained on the basts of 2 nervous mechanism
The arteriolar vasoconstriction must be due, therefore, to the pres-
ence of vasoconstrictor substances tn the blood At thus point it our
discusston, this conclusion must be considered to be entirely hypo-
thetical since 1t 15 based on ndirect evidence Unless conclusive
proofs of the exstence of 2 hypertensive substance causing renal

*Dock and Rytand, 1934, Dock, 19402, b, Dock, Sidler and Moy, 1942
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in dogs (see figure 22) (Heymans, Bouckaert, Elaut, Bayless and
Samaan, 1937, Alpert, Alving and Grimson, 1937; Freeman and Page,
1937). These wide ablations of sympathetic nerves, however, leave
the paravertebral ganglia intact Thus occurs even though their con-
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of a dog m which both parasertebral sympathettc hains were remosed ffom (9
stellate ganglion to the pelvic chain The unbrolen sympathetic chams;cm e
are shown 1n the upper part of the chart Note that sympathectomy H""-‘" 7
prevent the production of hypertension (After Freeman and Page, Am Heart ],
1987, 14, 405)

nections with the central nervous system are severed Dene{vum;‘l\
of the heart associated with sympathectomy does not modify the
course of the hypertension
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DESTRUCTION OF SPINAL CORD. Glenn, Child 2
(1988) found that destruction of the spinal cord be!uwdt k
cervical nerve produced a dramatic fall of pressure in dOg%
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Lidueys there was either an increase of pressor activity or a diminu-
tion of depressor activity Harrison, Blaloch, Mason and Williams
(1937) found that the ntravenous mjection of renal extracts from
dogs into anesthetized rats had no depressor action. They also ob-
served that extracts of ischemic kidneys of hypertensive dogs produced
a greater rise of blood pressure than extracts of normal kidneys In
cases of umlateral 1schemia, the 1schemic kidney had a greater pressor
action than the normal lidney These results appear to mdicate
that the kidney with a constricted renal artery contains more pressor
activity than the normal hidney It can not be concluded from these
expermmerits, however, that pressor substances are liberated into
the blood stream

PRESSOR SUBSTANCES IN RENAL VENOUS BLOOD. Proof
that the 1schemic kidney liberates pressor and vasoconstrictor sub-
stances into the blood was offered by Houssay and Fasciolo (1937a, b)
by demonstrating a pressor effect from grafting ischemic kadneys
into the necks of nephrectomized dogs, and by Houssay and Taquini
(1938a) by demonstrating vasoconstrictor actwvity 1n the renal venous
blood of ischemic kidneys
Kidneys were grafted into dogs anesthetized with chloralose and
bilaterally nephrectomized two hours previously The bilateral
nephrectomy was carried out with the 1dea of making the amimals
more sensitive to the action of the pressor substance (sce Chapter
IX) The graft consisted of uniting the renal artery with the carotid
and the renal vein with the jugular (see figure 23) Details of the
technique are described 1n the appendix
Kidney grafts from 2¢ dogs with renal hypertenston of 2 to 40
days’ duration produced an elevation of the recipient’s blood pressure
in 22 cases (figure 24) The pressure began to rise a few minutes
after establishing the ctreulation and gradually reached a maxamum
, at the end of about five minutes, The pressure usnally remamed ele-
vated for as long as two or three hours after the removal of the
grafted kidney (see figure 26) Ruses obtained varied between 20
and 60 mm. Hg and bore no obvious relation to the pressure of the
donor dog Many of the khidney grafts produced both systolic and
diastolic hypertension 1n the recipient without changing the pulse
rate In some cases, the mean pressure rose above 200 mg Hg The
kidneys, when grafted into a second recipient, also produced a rise
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hypertension are obtained, it is only justifiable to refer to it as the
“hypothetical pressor substance.” .

Such a hypothetical pressor substance might arise from retention
of substances normally eliminated by the kidney and endowed, as in
the case of guanidine, for example, with 2 pressor action, Such a
mechamism appears to be improbable since bilateral nephrectomy
does not cause the blood pressure to rise, while unilateral ischemia
produces hypertension without producing the slightest excretory
msufficiency of the Lidney. ‘These facts, as well as the observation that
extirpation of the ischemic kidney causes blood pressure to return
rapidly 1o normal, makes one think that the ischemic kidney pro-
duces and liberates into the blood stream one or several vasocon-
strictor substances which cause the pressure to rise. The validity of
such an interpretation has been demonstrared in the experiments
which are to be desenbed.

Pressor substances have been investigated in the Kidney, renal
venous blood, systemic blood, and other body fuids. We will refer
only to the experiments performed on animals with hypertension
Experiments concerned with acute renal ischemia, perfusion of the
kidney, and renin will be described in Chapter VIIL

PRESSOR SUBSTANCES IN RENAL TISSUE. The first attempts
to investigate the presence of pressor substances in ischemic kidneys
were carried out by Harrison, Blalock and Mason (1936) and by
Prinzmetal and Friedman (1936) who observed that extracts of
kidneys in Ringer’s solution, injected intravenously to unanesthenzed
dogs produced an initial hypotension which was mare ot less marked,
followed by a definite rise of blood pressure to 2 higher level th}n
that imnally present. Extracts of ischemic kidneys of hypertensive
dogs had less depressor and more pressor action than extracts o
normal kidaeys. The kidneys of patieats with hypertensiont app{artd
to have a greater pressor action than did the kidneys of patients
with normal blood pressure, These experiments were suggestive but
ot conclusive since a sudden fall of blood pressure can be followed
by a pronounced rise even in the absence of any pressor substance.
The results described, however, represented an average of many
trials, and in that sense may have been significant. "
The results of Harrison, Blalock and Mason, and Pm}zm.e:al an
Friedman mentioned above appeared to indicate that in ischemic
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kidneys there was either an increase of pressor actvity or a diminu-
tion of depressor activity Harrison, Blalock, Mason and Williams
(1987) found that the intravenous injection of renal extracts from
dogs 1nto anesthenized rats had no depressor action. They also ob-
served that extracts of 1schemic kidneys of hypertensive dogs produced
a greater rise of blood pressure than extracts of normal ladneys In
cases of unilateral 1schemia, the 1schemic kidney had a greater pressor
action than the normal kidney. These results appear to indicate
that the kidney with a constricted renal artery contains more pressor
activity than the normal kidney It can not be concluded from these
experiments, however, that pressor substances are liberated into
the blood stream

PRESSOR SUBSTANCES IN RENAL VENOUS BLOOD. Proof
that the 1sch Lidney Itb pressor and rictor sub-
stances nto the blood was offered by Houssay and Fasciolo (1937a, b}
by demonstrating a pressor effect from grafting ischemic hidneys
nto the necks of nephrectomized dogs, and by Houssay and Taquini
(19382) by demonstrating vasoconstrictor activity 1 the renal venous
blood of sschemic kidneys

Kidneys were grafted mnto dogs anesthetized with chloralose and
bilaterally nephrectormized two hours previousty. The bilateral
nephrectomy was carrted out with the idea of maling the animals
more sensttive to the action of the pressor substance (see Chapter
1X). The graft consisted of uniting the renal artery with the carotid
and the renal vewn with the jugular (see figure 23) Details of the
technique are described in the appendix.

Kidney grafts from 24 dogs with renal hypertension of 2 to 40
days’ duration produced an elevation of the recipient’s blood pressure
n 22 cases (figure 24) The pressure began to rise a few minutes
after establishing the lation and gradually reached a maximum
at the end of about five minutes The pressure usually remained ele-
vated for as long as two or three hours after the removal of the
grafted Lidney (see figurc 26). Rises obtained varied between 20
and 60 mm Hg and bore no obvious relation to the pressure of the
donor dog Many of the kidney grafts produced both systolic and
diastolic hypertenston 1n the recipient without changing the pulse
rate In some cases, the mean pressure rose above 200 mg Hg The
kidneys, when grafted nto a second recipient, also produced a rise
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of blood pressure (see figure 26) indicating that the results obtained
were attributable to a pressor secretion of the Liduey rather than to
4 trapsfer of sut es which had ac d during the opera-
uve procedure. Control experiments were carned out by grafting
25 Lidneys from normal dogs In 21 cases there was no change in

s
Froume 23 Ripvky GRAFTED 1870 Thg NEck of A Dog 8Y ARIERINE ARD
VENOUS ANASTONMOSES

The kidney 15 shown lying on a heared plate with 2 thesmometer. At the
nght. a vessel with  Payr's cannula (After Fasciolo, 1938}

the reaipient’s blood pressure, and in 4 the blood pressure 1€

(figure 26)

The results of one experiment are reproduc o
JMustrates the result of grafung a kidney with two artertes, O ‘1
ane of wiuch was constrcted previously. Esmbli.shmem of the c\::"
fation through the ischemic tissue produced a rise of blood pres
while that through the normal portion produced no change. ized

Dicker (19376} grafted sschemic kidneys into three nephsecto
dogs In diree days he observed a shght rise of blood p’reﬁ“‘rh et

Bouchaert, Grimson and Heymans (1939), confirming the

duced in figure 27 which
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of Houssay and Fasciold, observed a tise of blood pressure in seven
of nine grafts of ischemic Kidneys performed under satisfactory con-
ditions. The results obtained by Govaerts (1939) were less conclusive.
In 2 total of ten grafts of ischemic kidneys, a pressor effect was
obtained in only six cases. Govaerts and Muller (1939, b) studied
the effect of normal kidney grafts on the blood ‘pressure of ne-
phrectomized dogs. If the graft was made in animals nephrectomized
two hours previously, the pressor action was slight or none at all
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FIGURE 26 PRESSOR ACTION FROM THE GRAFT oF AN Iscenic Kioney N
Blood pressure of two chl recently neph ized dogs in which an
ischemic fndncy from a hypertensive dog was grafted. A) At 1, the kidney from 2
hype-t-=-- RAR
graf
graf
Hou

In dogs nephrectomized two days before, a considerable rise ‘l'l::
obtained. By means of cross-circulation experiments, they mme f° :
conclusion that the difference was due to an increased sensmvnt); E
red ors] .

the animal nepk 48 hours p y to the pressor st
stance secreted by the kidney. 3 .

It may be concluded from the above observations d'm thc_ |sc!1c‘x::§
kidney is capable of secreting a pressor substance and hbcmfmg “slu]l.s
the general circulation. The cause of some of t!\e negnuv;x;cmay
is not entirely clear. The sensitivity of the animal rcc;pimd by
have been a factor of importance. The negative results obta
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FIGURE 27 GRAFT OF NORMAL AND ISCHEMIC REGIONS OF A KIDNEY
WITH Two RENAL ARTERIES
Blood pressure 1 mm. Hg of a chb d dog bilaterally nep
previowsly At 1, a kidney from a normotensive was grafted. At 2, the graft was
removed At 3, the unconstuicted artery of the wschemic kidney was anastomosed.

Boylston, McEwen and Ivy (1938) were probably due to technical
difficulties.

VASOCONSTRICTOR SUBSTANCES IN RENAL VENOUS
BLOOD. The experiments of Houssay and Taquini (19382) showed
that the blood coming from ischemic kidneys i situ possessed vaso-
constrictor properties. Using a wide abdominal incision, blood was
taken from the renal vein under general anesthesia, special precau-
tions being taken in all cases to avoid contamination with blood
coming from the adrenal. The donor dogs usually had hypertension
of only a few days’ duration. Blood pressure in all cases exceeded
180 mm Hg. About 50 cc. of blood were withdrawn from the renal
vein and diluted with an equal volume of calcium-free Ringer's
solution It was then centrifuged and the plasma mixed with Ringer’s
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solutron to a final dilution of 1.8. The blood was kept from coagu-
lating siace clotting is accompanied by the formation of vasocon-
strictor substances (see Chapter XI). Renal venous blood was taken
from normal amimals by a similar technique. The vasoconstrictor
action was tested on the isolated vascular system of the toad using
the technique of Lawen-Trendelenburg which consists of perfusing

8

;A

s

ve ¥ RINGER'S

LR

5 2

DROPS PER MINUTE

(S

Q 6 2 /8 24 6 12 I8
MINUTES

FIGURE 28 VASOCONSTRICTOR ACTION OF RENAL VENOUS BLOOD ON THE VASCULAR
Systedt oF TRE Toan, Bufo Arenarum HENSEL ACCORDING TO
THE LAWEN-TRENDELENBURG METROD
A Venous blood plasms from nermal kdngys, B Pl fom ynevs Jotl )
' H repre-
te the
sussay

i imb
the substances to be examined through the vessels of the hind llﬂilzh
of the eviscerated toad. Varations in the nulml.yer of drops whi "
flow from the abdomnal vein indicate constriction or dxlat:muns1
the vessel Derails of the technique have been discussed by Houssay
and Taquim (19382, b)

Plasma of the blood coming from emic Mdneys o
tensive dogs produced n all cases a duminution in the o

ischemic Lidneys of 15 hyper-
ber of
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drops varying between 23 and 85 per cent Plasma coming from the
kidneys of 15 normal dogs produced a munimal reduction in ten
cases and a slight ncrease in five The most marked diminution 1n
the number of drops obtained with plasma of normal hidneys was
14 per cent The 15 hypertensive animals gave an average reduction
in the number of drops of 63 per cent, while the 15 normal ammals
gave an average reductton of only 3 per cent (see figures 28 and 29)

PLASMA OF RENAL PLASMA OF RENAL
YENOUS BLOOD OF VENOUS HLOOD OF
NORMAL DOG HYPERTENSIVE DOG

DROPS PER MINUTE

FIGLRE 20 ¥ ASCCONSTRICTOR ACTION 0F RLNAL VErOUs BLoon oF
Norvaz anp Hypertensive Docs

Vasoconstrictor action of citrated blood plasma in a sascular preparation of
the toad Bufo arenarum Hensel according to the Lawen-Trendelenburg method
Perfuston with atrated plasma of venous blood of normal kidneys (left), and
atrated plasma of senous blood of ischemic kidneys (night) of hypertensie dogs
Each column ¢orresponds to one plasma, the height indicates the imitial number
of efferent drops from the preparation perfused with Ringer's solution The de-
crease 1n drops 13 indicated by the black columns, the merease by the striped
columns Note the constrictor action of the renal venouts blood from hypertensive
dogs (After Houssay and Taqumne, Rev Soc argent de biol, 1938, 14 5

The systemic blood and the venous blood of other organs of hyper-
tensive dogs always had a vasoconstrictor action wiuch was less than
that coming from the renal vein, and in many cases no effect could
be demonstrated (Houssay and Taquini, 1938b) (see figure 30)

These results have recently been confirmed by Goldblatt, Kahn
and Lewis (1941) The negative results published by Mason and
Rozzell (1939), and by Wakerhin and Salk (19%1) were probably
due to the use of a different species or to shght differences 1n tech-
nique Houssay, Fasciolo and Taqum (1938) also showed that the
renal venous blood of hypertensive dogs passessed a vasoconstrictor
acuon on the denervated dog leg

The ewstence of pressor and vasoconstrictor substances n the



8§ RENAL HYPERTENSION

zenal venous blood of hypertensive dogs appears to be conclusive and
further evidence is given in Chapter VIII. The majority of the ex-
periments which we have mentioned (renal grafes, vasoconstrictor
substances in the renal venous blood) were performed on animals
with hypertension of short duration and with an associated renat
insufficiency. It is to be questioned if the same results would be

ExP 1t 2 3 4 5 & 7

s0- l

[ » }

L FIGURE 30! VASocONSTRICTOR ACTION
oF THE Broos or Hveertenstie Dot

The vasoconstrictor effert of the
plasma of blood from different organs
of 7 dogs made hyperiensive by vni-
lateral renal aschemua was demon
strated on the Liwen-Trendetenburg
preparation It is to be noted that the
2 blood which had the greatest constrice
tor action came from the renal veln on
the ischemic side, Blood from the non-
fschemic kidaey always had less con-
stictor action (Afier Houssay and
Taqumi, Res. Soc. argent. de biol,
1938, 24, 86).
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obtained in chronically hypertensive animals without renal i
sufficiency.

PRESSOR SUBSTANCES IN THE SYSTEMIC BLOS)D Sc::ll;
{or pressor substances in the systemic blood og hypcuen:\; =m;1 e
has been fraught with difficulty, Prinzmetal, Fn.edman ar bost v
(1936} were unable to demonstrate vasoconstrictar acxmnh ‘); P e
sion of the systemic blood of h)’pcrtcnsiv’c dogs.throug ):; e
Negative results were likewise obtained wnhva d:[fercn:{ tifmwm
by Heymans and Bouckaert (1938) and by ‘Walerlin an
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(19392, b). Page (1936a) and Prinzmetal, Friedman and Oppenheimer
(1938) found no difference in the pressor action of extracts of blood
of normal and hypertensive dogs. Euler and Sjostrand (1943) re-
ported a reduction in the amount of a pressor substance insoluble in
ethyl alcohol and soluble in methyl alcohol jn the plasma of patients
with essential hypertenston and chronic nephritis 3s compared with
normal controls,

Collins and Hoffbauer (1937) transfused a normal dog with blood
from a hypertensive dog 1n an amount equivalent to 20 per cent of
its body weight without producing an elevation of blood pressure.
Negative results have also been reported by Katz, Friedman, Rod-
bard and Weinstern (1939) who, by means of cross-transfusions be-
tween hypertensive dogs and unanesthetized nephrectomized recipi-
ents, exchanged 700 to 2,400 cc of blood in the course of ten or
more hours. By perfusing the leg with arterial blood from hyper-
tensives, no significant vasoconstrictor activity was demonstrable. A
few similar experiments performed by Houssay and Fasciolo (un-
published) also gave negative results

Solandt, Nassim and Cowan (1940), using an appropriate cross-
circulation technique, transferred approximately three liters of blood
per hour from hypertensive to nephrectomized dogs In seven suc-
cessful experiments, they obtained rwses of blood pressure in the
nephrectomized ammal. The duration of the pressure rise was vari-
able and 1ts magnitude varied between 20 and 50 mm. Hg In non-
nephrectomized rectpients, no nse of pressure could be obtained.
Transfusions between 20 normal dogs and between four normal and
nephrectomized dogs produced no elevation of blood pressure Some
of the results obtained by these authors may not have been due to
the presence of specific pressor substances preformed in the systemic
blood of the hypertensive dog It is known that transfusions fre-
quently produce a fall of pressure in the recrpient as a result of incom-
patability of blood Following these abrupt falls of pressure, there
may be a rise above the intial level. In some of the recipients of
Solandt, Nassim and Cowan, the rises were small and hardly suffi-
cient to exclude spontancous vatiations The marked fall of pressure
which was observed 1n some of the hypertensive dogs might have
produced a liberation of remn, which could then have been the
agt{u responsible for the nise of pressure in the nephrectomized re-
Cipients
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renal venous blood of hypertensive dogs appears to be conclusive and
further evidence is given in Chapter iy, The majority of the ex.
periments which we have mentioned (renal grafts, vasoconstrictor
substances in the repaj venous blood) were performed on animals
with hypertension of short duration and with an associated renal
insufficiency. It js 1 be questioned if the same results would be

Ex:'rz.74557
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Fieore 30 Vasocowstaicror Acrtoy
OF THE Braop or Hyrrrtensive Docs

The vasoconstrictor effect of the
plasma of blood from different organs
of 7 dogs made hypertensive by tm-
lateral renal jschemia was demon
strated on the Lawen-Trendelenburg
preparation. It is to be noted that the
blood which had the greatest constric-
tor action came from the renal vein on
the ischemic side, Blood from the non-
ischemuc kidney always had less con-
strictor action (After Houssay and
Taquini, Rev. Soc, argent de bisl,
1938, 14, 86).
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obtained in chronically hypertensive animals without renal i
sufficiency.

PRESSOR SUBSTANCES IN THE SYSTEMIC BLO‘OD‘ :f;‘:{:
far pressor substances in the systemic blood of h)’peﬂfﬂfi";: asenlhn\
has been fraught with difficulty, Prinzmetal, Fnledm:m an bo -
(1936) were unable to demonstrate vasoc?ns[rnctyr ncnor;] Sxfemﬂ-
sion of the systemuc blood of hypertensw_e dogs‘lbm"g rechnique
Negative results were likewise obtained with a chlfcl'r,‘n:1 chawm
by Heymans and Bouckaert (1938) and by Wakerhn an
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(19394, b). Page (1936a) and Prinzmetal, Friedman and Oppenheimer
(1938) found no difference in the pressor action of extracts of blood
of normal and hypertensive dogs. Euler and Sjostrand (1948) re-
ported a reduction in the amount of a pressor substance insoluble in
ethyl alcohol and soluble in methyl alcohol in the plasma of patients
with essential hypertension and chronic nephritis &s compared with
normal controls.

Collins and Hoffbauer (1937) transfused a normal dog with blood
from a hypertensive dog in an amount equivalent to 20 per cent of
its body weight without producing an elevation of blood pressure,
Negative results have also been reported by Katz, Friedman, Rod-
bard and Weinstein (1939) who, by means of cross-transfusions be-
tween hyp e dogs and hetized nephrectomized recipi-
ents, exchanged 700 to 2,400 cc of blood in the course of ten or
more hours By perfusing the leg with arterial blood from hyper-
tenstves, no sigmficant vasoconstrictor activity was demonstrable. A
few similar experiments performed by Houssay and Fascrolo (un-
published) also gave negative results

Solandt, Nassim and Cowan (1940), using an appropriate cross-
circulation technique, transferred approximately three liters of blood
per hour from hypertensive to nephrectomrzed dogs. In seven suc-
cessful experiments, they obtained rises of blood pressure in the
nephrectomized animal The duration of the pressure rise was vari-
able and 1ts magmitude varied between 20 and 50 mm Hg. In non-
nephrectomized recipients, no rise of pressure could be obtained.
Transfustons between 20 normal dogs and between four normal and
nephrectomized dogs produced no elevation of blood pressure. Some
of the results obtatned by these authors may not have been due to
the presence of specific pressor substances preformed in the systemic
blood of the hypertensive dog. It 1s known that transfusions fre-
quently produce a fall of pressure in the recipient as 2 result of incom-
patability of blood Following these abrupt falls of pressure, there
may be a rise above the initial level. In some of the recipients of
Solandt, Nassim and Cowan, the nises were small and hardly suffi-
cent to exclude spontaneous variations The marked fall of pressure
which was observed in some of the hypertensive dogs might have
produced a liberation of renin, which could then have been the
agent responsible for the rise of pressure i1n the nephrectomized re-
cipients
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Freeman (1940) reported that the transfusion of 200 cc. of normal
dog blood to hypertensive dogs resulted in a fall of blood pressure
which did not occur when hypertensive blood was mnjected into
normal or into hypertensive recipients. According to these results,
the blood of hypertensives would be lacking in a depressor principle

MECHANISM OF ACTION OF THE PRESSOR SUBSTANCE
OF ISCHEMIC KIDNEYS

The results which have just been discussed indicate that in the

renal venous blood of hypertensive animals there are one or more
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FIGURE 8] VASOCONSTRICTOR ACTION OF Venous TLOOD FROM AN

Iscisentic KIDNEY

Perfusion of the denervated leg of a dog with defibrinate
from the heartlung circut after functioning one hour, (B) s Note he
sschemic kidney, (C) venous blood from kidney with normal o o fer
marked vasoconstrictor acton of the blood from the xscher;;s p Jss)
Braun-Menéndez, Fasciolo, Lelosr and Muiioz, J. Physiol, 1940, 93, =
ogical
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however, was
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step was to study the chemical
this pressor substance for the purpos
tated the use of large quantities of renal v 3
sive ammals The preparation of hypertensive animals,



MECHANISM OF PRODUCTION 91

laborious and difficult, In some cases the yield of pressor principle
was small. If 1t had been necessary to use the hypertensive dog as
2 source of pressor material, progress would have undoubitedly been
slow and difficult The investigations of Enger, Linder and Sarre
(1938a), Verney and Vogt (1938) and Grimson (1939) had shown
that hypertenston develops within a few mrnutes of inducing renal
ischemia These studies were repeated tn some detail by Braun-
Menéndez and Fasciolo (1939a) who showed that a diminntion of
80 to 90 per cent of renal blood flow produced pressor and vasocon-
strictor activaty 1n the renal venous blood within a few mnutes

Fioixs 32 Pressor ACToN OF VEnous BLOOD FROM AN \CUTELY IscuEntc Ripnex

Injection of venous blood comung from a kidney wcompletely 1schemic for
one hour Dog of 17 kgm chloralosed and nephrectomuzed Femoral blood
pressure in mm Hg At (I), mjection of 100 cc_of narmal saline 1nto the jugular
sein, at (2) begmning and end of anjection of 100 tc of jugular blood, at (3),
beginning and end of njection of 100 «c of renal venous bload. Time 1n
minutes Note the pressor action of the sennus blood from the 1schemic kidney
(After Braun Menéndez and Fasciolo, Rev Soc. argent de biol, 1939, 15, 161).

{figure 31) Kidneys were perfused exther by means of the heart-lung
preparation or by grafting them into the neck of another dog After
a brief period of 1schemia, 20 to 40 cc of renal venous blood had a
strong pressor action 1n dogs when injected intravenously (see figures +
32 and 33).

By means of this technique, Braun-Menéndez and Fasciolo (1939b)
carned out a pharmacologic study of the pressor substance and
showed that its action persisted after bilateral vagotomy, atropiniza-
tion (1 mgm per kgm ), cocainization (10 mgm  per hgm ), or injection
of Fourneau 933 (10 mgm per kgm of body wesght) (see figure 31).
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Nephxcctom'\led animals were showh 1o have 3% 'mcreascd sensitivity
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prolonged (20 minutes or more), while hypertenstn was thermostable
and dialyzable, and had a short pressor action. Ischemic kidney
grafts as well as the injection of blood coming from acutely ischemic
kidneys produced a prolonged pressor effect which was more easily
attributable to renin than to hypertensin If renm was the substance

Ficure 34 Action oF FOuRNEAU 933 o THE PRESSOR ACTION OF VENOUS
Broop FrRoV AN AcUTELY IschEMIc KioNEY

Twelve kgm. dog aneszh:uzed with chloralose Femoral blood pressue 1n mam,
Hg. Tume = ~ - .
vem; (2) - P .
gamma ¢ - " . ..
kgm of [
pressor action of venous blood from the 1schemic kxdney (After Bmun \knéndn
and Fasciolo, Rev Soc argent. de buol, 1939, 15, 401)

causing the nise of blood pressure mn these cases, it was difficult to
explain the sigmficance of the hypertensin which had been demon-
strated in the renal venous blood,

In order to clanfy this point, attempts were made to produce
hypertensin in wtro by mcubating renal cortex with blood serum
under conditions of anoxia The results were negative in that there
was no evidence of the f ion of any pressor sub When,
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however, an extract containing renin instead of crude renal cortex
was incubated at 37°C. for ten minutes with blood serum, a pressor
substance was formed which was identical with the hypertensin ex-
tracted from the renal vemn (Braun-Menénder, Fasciolo, Leloir and
Mufioz, 1939) (figure 35).

Several points suggested that renin behaved as an enzyme and that

- 200 . . - -

o

Fiouas 85 FormaTion oF HIVEFRIENSIN “IN VITR -
ficia} respiration

Eight kgm vagotomuzed dog anesthetired with chiaralose. Anj i3
Bload pressure 1 mm, Hg Time sn munutes Intravenons m)t;n
of {1} 70 r¢ of serum and 53 ¢c of remn jncubated siparaxe\: PR
serum and 3 8 ce of renin mcubated far fise mutes at 37°C (3 70 ct\»(o ;mm
and 38 cc of rensn wcubated for 30 minntes at 37°C. (Alter Braws Meachaeh
Fasdolo, Lelow and Moioz, Rev Soc argent de Diot, 3938, 15, 420)
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intravenously into intact animals but did not produce vasoconstric-
tion 1f it was dissolved in Ringer's solution and perfused through
the vessels of the dog's tail or the rabbut’s ear. Kohlstaedt, Page and
Helmer (1940) showed that its vasoconstrictor actwvity could be re-
established by the addition of plasma protemns To this plasma pro-
temn, they gase the name renm-activator, indicating that rentn was
inactive as the pressor substance without 1ts activator The combina-
tion of two substances without vasoconstrictor activity, 1€, purified
remin and its activator, therefore gave rise to a third with a constric-
tor action Page and Helmer (1940a, c) called this constrictor sub-
stance angiotonin

Hypertensin and angtotonin are the same substance and hyperten-
sinogen and remm-activator are synonyms These substances will be
discussed in greater detasl in their respective chapters

From the foregoing, 1t may be concnded that remn 1s not 1n atself
a pressor substance but that 1ts pressor activity depends on 1ts ability
1o form hypertensin in the orgamism These conclusions are supported
by the following observations (a) Purified remmn possesses no vaso-
constrictor activity, {b) all the pharmacologic effects of renin can be
explained by the formauion of hy pertensin, () when hypertensinogen
1s emoved from the blood by imjections of renin, the renin, iself, also
Joses ats pressor actity The most definite evidence, however, has
come from studies of its speafiaty Fasciolo, Lelorr, Mufioz and
Braun-Menéndez (1910a) observed that pig remnt did not produce
hypertensin when incubated with human plasma Incubation of the
same plasma with human remn, however. gave nise to the formation
of hypertensin On the basis of these 1 vitro experiments, they pre-
dicted that pig renm would not have a pressor action 1n man, a pre-
diction which was confirmed by the results of Battro, Braun-Menén-
dez, Lanari and Leloir (1940)

Although incubation of renin with serum or plasma gave rise ta the
formation of hypertensin, prol 1on of t d yed the
hypertensin It was shown that this destruction of hypertensin was
due to an enzyme present n the hidney which was called hyperien-
sinase Hyper 1s found th b the body, including the
blood

It remained to be scen 1f, as a result of 1schermia, the Lidney se-
creted hypertensin, or 1f it secreted remn which 1n turn gave rise to
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hypertensin in the blood through the action of renin on hyperten-
smogen.

Leloir, Mufioz, Braun-Menéndez and Fasciolo {1940a) showed that
the ischemic kidney secreted renin rather than hypertensin, since
the venous blood of the ischemic kidney contained no hypertensin,
but hypertensin appeared rapidly when the blood remained at room
temperature or at 37°C, for a few minutes. Similar results have been
obtained by Kohlstaedt and Page (1940b).

In summary we may say that renin is secreted by the ischemic
kidney and transforms a small part of hypertensinogen into hyper-
tensin, which is the substance responsible for the rise of blood pres-
sure. Hypertensin is rapidly destroyed by hypertensinase. The rise
of pressure obtained from an injection of renin is prolonged since the
production of hypertensin continues as long as renin circvlates &
single injection of hypertensin, however, produces a rise of pressure
of only three to four minutes’ duration, probably because it 1s
rapidly destroyed by hypertensinase With a continuous infusion
of hypertensin, the blood pressure remains elevated for longer pe-
riods In the chapters which follow, renin, hypertensinogen, hyper-
tensin, and hypertensinase will be discussed in detail.

Studies of animals hypertensive from renal ischemia indicate that
the hypertension is due to a generalized vasoconstriction.

This type of hypertension can be neither prevented nor cured by
renal denervation, total paravertebral gangliar sympathectomy, resec:
tion of the anterior cord roots, or destruction of the spinal cord. This
shows that the generalized vasoconstriction is of humoral rather than
of nervous origin. The substance causing the hypertension is not 2
metabolic product retained as a result of renal insufﬁci.ency. .

A pressor and vasoconstrictor substance is present in the yena
venous blood of animals made hypertensive by partial constriction
of the renal artery. The renal venous blood of actftely ischemie kid-
neys also p pressor and rictor activity. :l'hc substance
responsible for this action is renin. Renin is a protein and ha.s no
vascular action of its own. Its pressor and vasoconstrictor activily
depend upon hypertensin, which is a substance formc.d by the Lﬂlﬁf’
action of renin with hypertensinogen, the * ? ing a globulin

. °* . destroyed by

.

present in blood plasma. Tt .

hypertensinase. f" .






98 RENAL HYPERTENSION

at pH 6 (Katz and Goldblatt, 1943). It is also precipitated with 0.38
to 0.41 saturated ammonium sulfate at pH 5, with saturated sodi-
um chloride at pH 2 to 3, and with 07 to 1.0 saturation with mag-
nesium sulfate (Collngs, Remington, Hays and Dull, 1940) It is
not precipitated by acidification at any pH, at least in dilute solu-
tions

Alcohol and acetone {2 to 3 volumes) precipitate renin from
aqueous solution. Unless the temperature is kept low, however,
losses may be considerable The destructive action of these solsents is
not so great on minced kidney

REACTIONS The renin purified by Collings and collaborators
(1940) gave the following positive reactions: biuret {peptide linkagc),
Millon (tyrosine, phenols), xanthoproteic (benzene ring), Hopkins-
Cole (tryptophane), Ehrlich-diazo (histidine, tyrosine), and Sakagu-
chi (arginine). Negative reactions were obtained with Molusch {car-
bohydrate), Sullivan (cystine, cysteine) and benzidine (pentose) }le
actions for sulfhydryl groups were negative even after denaturation
and treatment with cyamde By fusion with sodium, however, the
presence of sulfur could be detected in the prepamlif)n. The renin
purified by Plentl and Page (1944b) was shown to contain carbosypep:
tidases, pepsinases, trypsinases, and aminopeptidases.

ADSORBENTS Laufberger (1937) purified renin by chromate-
graphic adsorption using a column of calcium carbonate Accordu_!g
to Hessel (1938a, b), and McEwen, Harrison and Ivy {1939). rel}‘[“
was adsorbed on kaolin (10 per cent) at pH 35 and was eluted with
disodium phosphate (1 per cent) at pH 7.5,

STERILIZATION Collings, Remington, Hays and Drill (1940) -
ported that Sextz filtration produced a total loss of activity. This wad
not observed, however, by Battro, Braun-Menéndez, Lanart an

Leloir (1940), Schales (1942), or Katz and Goldblatt (1943)

ELECTROPHORESIS. Jonnard and Thompson (1942) vﬂ‘(‘id:;‘:
renin electrophoretically and observed that it migrated (o“m;:sem
cathode between pH 8.0 and 6 5 while depressor substances, ;D -
in the crude extracts, went toward the anode be.n\'een PH~1rd ke
75. According to Katz and Goldblatt, renin migrates towa

anode at pH 76. -
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is stirred by a motor stirrer for 30 minutes and filtered. The fltrate
1s saturated with sodium chloride and made acid to pH 2 The pre-
dptate 15 dissolved in 500 cc of 0.1 M acetate buffer at pH 5. Itis
then filtered. At this stage, two lots of 3 kgm. are combined and the
solution 15 precipitated with ammonium sulfate at 04 saturation
This precipitation with ammonium sulfate is repeated five times, re-
ducing on each occasion the volume of buffer: 500, 400, 300, 200, and
100 cc. The sohds from the last precipitation are separated by cen-
trifugation The supernatant should be colorless. If the precipitate
does not dussolve easily 1 a vohume of 40 to 70 cc. of water to give a
clear light amber solution, the precipitation is repeated. The solution
is then dialyzed against water at 6°C. and the inactive precipitate
which may appear is removed This solution may be kept frozen or
may be dried from the frozen state.

Katz and Goldblatt (1943) published a method with which prob-
ably the purest renin to date has been obtained. It consists of ex-
tracting kidneys, which have been previously frozen and ground up,
with dilute sodium hydroxide A pH of 7.8 is maintained at 0‘5°§»
for 18 hours After separaung the solid part, trichloracetic acid is
added to a pH of 2.8 = 0 05, This solution is left overnight at 0 5°C
and then filtered and dialyzed The dialysis sacs are left for 24 hours
m front of a fan i order to reduce the volume to one-fifth of the
onginal The pH 1s raused to 6, a half volume of acetone added, and
the solution filtered To the filtrate 15 again added the same quantity
of acetone After 24 hours 1t 1s filtered and the active precipitate
washed with 50 per cent acetone. All these steps are carried out 1'n
the cold. The precipatate is dssolved in water, dialyzed, and cemrle'
fuged. The supernatant is adjusted to pH 4 6 and an equal V"l;""c.
of 50 per cent alcohol added. The renmn is precipm(cd A final fra
tionation with ammonium sulfate is carried out.

EXTRAGTION WITH ALCOHOL OR AGETONE ‘Vf‘;{i‘j
by " 1
met

and Harrison (1939), and othets .

Schales (194§) de\?nsed a method with which he ubla'mcd (a[)‘::;:
of considerable potency although 1t contained hypertersinase hzan‘ned
and Haynes, personal communication) The dry powt}ct Oml e
with acetone 1s estracted with 2 per cent sodium chloride a
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INFLUENCE OF THE AMOUNT OF RENIN. Using solutions
free from hypertensinase, Mufioz, Braun-Menéndez, Fasciolo and
Lelowr (1940) (figure 87) observed that hypertensin once formed
did not disappear. When the concentration of renin was increased,
a maxunum yield of hypertensin was soon obtained which corre-
sponded to the complete transformation of hypertensinogen With
lower concentrations of renin, the maximum yield of hypertensin
was reached only after more prolonged incubation. Plent and Page

30
Q .
T2
3
E
"
o + 3 L
—t — ' +
o 10 20 40 &0

MINUTES OF INCUBATION

FIGURE 36 FORMATION oF HYPERTENSIN IN SOLUTIONS
CONTAINING HYPERTENSINASE

Blood pressure increases produced by acetone extracts from ten cc. of bloo:
globulins (equivalent to 20 cc. serum) incubated 2t 37°C with 025 c;_ 1;31’:‘!(
(equivalent to one gm_ fresh ladney) for various times Note the gradu'a ‘Yaz ]

tion of pressor actvity (After Braun Menéndez, Fasclolo, Leloir and Mufoz,

Physiol, 1940, 98, 283), .

(19432, b) repeated these experiments in greater detail. It is to bc
noted, however, that they calculated the amount of hypertensxln
formed by the following equation: Units in the l.m.known s:fmp;
equal rise of pressure produced by the unknown divided .by rise 2_
pressure obtamned from one umt of standard hypertensin .(an‘gr]v
tonn) This procedure gives correct results only when approxima ely
the same amount of hypertensin is present in both the unk
and the standard solution. They obtained curves which corr;s o
fairly well to those calculated by the equation for monomo ecu!

i f
reaction (— (g: = KP) where P represents the cancentration O
that the formula for

nown
pond

hypertensinogen. It is to be noted, however,
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bimolecular reactions (figure 38) also gives similar curves:

Plentl and Page suggested expressing renin concentration in terms
of the reaction constant instead of arbitrary units, This is perfectly
acceptable but more laborious and we believe jt offers no advantages.
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Letorr, Am 3 M Sc, 1910, 200, 603)

INFLUENCE OF THE AMOUNT OF HYPERTENSINOGEN.
When the amount of hypertensinogen is vacied and the amount of
renin s kept comstant and tn excess, an amount af hypertensin fs
obtamed which is proportionat to the smount of by pertenuinogen
added (Sec de ton of hyp i Chapter V).

When smal} amounts of remn are used, variations in the concen:
tnation of hypertensmogen do ot appest o influence the velociy
of the reacton (figure 39). It will be noted that the differences in
foncentranion studred were not RYeat SMICe pULC seTum was com-
pared with serom dilueed one ta two times These differences in
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concentration, however, were well within the Physiologic range.

In a number of enzyme reactions, it has been observed that when
the concentration of substrate is increased in comparson with that
of the enzyme, the velocity of the reaction is unaffected by changes
in the concentration of substrate ‘This appears to be true of the
reaction between renin and hypertensinogen, in which the evidence
suggests that renn acts at maximal velocity The concentration of
hypertensinogen in the reacttons studied has been low and the con-

H
2- 4

——t

o- T — Tt +
° H 2 3 t
FIGURE 38 GURVES OSTAINED BY APPLYING THE FORMULA FOR BIMOLECULAR

REACTIONS TO THE RENIN-HYPERTENSINOGEN REACTION "
9 P (RE

aH FRH
The equation ~- = K (R°H) (PH) mtcgrated gives 1= Jog .

o
Taking K’ = 036, P (hypertensiogen) = 2, R (renin) vanes between 10 and 320,
H (hypertensin) 1n ordinates, and t (ime) in abscissas,

centration of renin must have been extremely small. Even if we do
not accept this, we have to admit that the velocity of reaction between
renin and hypertensinogen 1s relatively slow. y
The curves of formation of hypertensin obtained by Plentl an

Page (19432) mndicated that the veloaty of the reaclion' nas P“;po;
tional to the decrease in concentration of hypertensinogen. t
difficult at the moment to reconcile these results with those just men
tioned

OPTIMAL pH. The optumal pH of the reaction between renin and
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hypertensinogen was studied by Mufioz, Braun-Menéndez, Fasciolo
and Leloir (1910) The maximal rate of formation of hypertensin
was obtained between pH 7.5 and 85 (figure 40).

RENIN AS AN ENZYME Muiioz, Braun-Menéndez, Fasciolo and
Leloir (1939) suggested that remin is an enzyme All evidence at this
1.0
1
18
14,
e
10
a8
05
04
0 :;unl:u HYPERTEMSINOGEN 8 CC
0

UNITS OF HYPERTEHNSIN FORMED

20 €0 120 180 240
TIME OF INCUBATION IN MINUTES

Ficuar 39 or H witn
CONCENTRATIONS OF HYPERTENSINOGEN
Hypertenstn formed by mncubation of one unit of pig remin wuth hyperten.
sinase free beef phsma at 37°C It 1s 1o be obsenved that within the variation of
loyed, there 1s no difference n the amount
of h)ptl’lensm [armed (After Taquml. Braun-Menénder, Fasaolo, Leloir and
Mufior, Rev Sac argent de bol, 1943, 19, 500)

tume confirms their hypothests It is known that the two nondialyzable
substances. remin and hypertensinogen, give nise to hypertensin
which 1s chalyzable

Renin + hypertenunogen = hypertensin + X, where X may be
one or several substances The molecular weight of hypertensinogen
is probably i the order of 150,000, since 1t is a serum globulin. As
regards hypertensin, 1ts molecular n:wln appears to be somewhere
Letween 400 and 1,000 as ind by §

b4 of its
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velocity of diffusion. If X were a single substance, its molecular
weight would have to be extremely high.

It is generally considered that a reaction is enzymatic when it
satisfies the following conditions: (1) there is a specificity of reaction;
(2) there is an optimuin of pH and of temperature; {8) the amount of

]

50-1

10 4

i 5 6 7 & 8 1 7

»q
wu

FicURE 40 pH AcTiviTY CURVE OF RENIN AND HYPERTENSINASE
Black dots blood pressure increases produced by injecting the extract of x(tg
cc blood globulin solution incubated wath 0 25 ec. renin for filteen mimutes o
curve corresponds to one expeniment. White dots: lower curve. extracts Inlm:m
cc. ox-blood plasma mcubated 8o minutes with 05 cc. hypertensin so\llm‘
Upper curve. another experiment with 50 minutes’ mcub:m(zn P\::Ifho; -
peratute $7°C. pH adjusted with HCI or NaOH and measured in ar;l al,"}:ir ’r;m
with a glass electrode (After Mufioz, Braun-Menéndez, Fastiolo and Leloir
1 M Sc, 1940, 200, 608). .

substrate transformed is much greater than the amount of enzym;
needed. The specificity and optimum of pH and temperature cs
ic ions are und dly due to the protein nature o
lhclenzyme and are probably concerned in all protein xc:;c:;:!:;
The quantitative relation between enzyme and sub_strate transfo e
has not been demonstrated in the case of the reaction between re'n
and hypertensinogen stnce at the moment we have no data concerm g
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“ the amount of active material contained in the impure solutions
which we call renin, hypertensinogen, and hypertensin.

Indirect evidence Further supporting the belief that renin 15 an
enzyme is that pepsin, a known enzyme, acts upon hypertensinogen
to form a pressor substance (pepsitensin) which is quite similar to
hypertensin.

If the reaction should be carried out between one molecule of
renin and one molecule of hypertensinogen, curves sumilar to those
published by Mufioz and collaborators (1930) can be obtained by

pplying the eq for a bimolecular type of reaction: hyper-
tensinogen + renin = hypertensin - other substances (figures 37
and 38)

It may be concluded that although there is strong evidence for the
belief that renin is an enzyme, there is still a remote possibility that
1t represents a bimolecular type of reaction.

If the reaction is enzymatic, there is no doubt that the substrate
is hypertensinogen since it 1s only by i increastng the amount of renin
that the transf ion of the hyper lecule to hyper-
tensin 1s accelerated (see action of pepsin, Chapzcr XI).

CHEMICAL CHANGES PRODUCED IN THE REACTION BE-
TWEEN RENIN AND HYPERTENSINOGEN Braun-Menéndez,
Fasciolo, Leloir and Muiioz (1910) observed that fairly impure solu-
tions of renin were capable of causing proteolytic breakdown of

1 of b lobin under the condi described by Anson
(1938) Inalater “ork Leloir, Mufioz, Braun-Menéndez and Fasciolo
(1910a), using more purfied remun, observed that the proteolytic
activity measured in this way was not paralle! to the activity of the
formauon of hypertensin They concluded that this procedure did
not serve as a method for the measurement of renin Croxatto and
Croxauo (19tla) observed an increase of nonprotein nitrogen by
incubating remin with hypertensinogen. There was at first an increase
of mitrogen precipitable by phosphotungstic acid which the authors
attributed to the formation of hypertensin Later, this became di-
nunished while the nitrogen which was not precipitable by phaspho-
tungstic acid increased They attributed this change to the digestion
of hiypertensin by hypertensinase. These authors used impure sofu-
tions of renin and did not demonstrate that the nitrogen which they
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measured corresponded to the hypertensin formed in the reaction or
to 1ts breakdown products

In our laboratory, numerous attempts have been made to discorer
some chemical change in the reaction, but all, including the deter-
mination of nitrogen, have failed to the present time due o an in-
ability to detect such minute differences as occur. Those changes
which have been detected have likewise been present m control
experiments.

METHODS FOR THE MEASUREMENT OF RENIN

Remn can be measured (1) by direct intravenous injection; (2)
by measurement of the hypertensin formed in wvitro; and (3) by
measurement of the hypertensinogen which it is capable of destroying
i vitro m a given time.

{1) DIRECT INTRAVENOQUS INJECTION. Piclering and Pn{m .
metal (1938a) were the first to define a unit of measure of renin
Their unit was defined as the amount necessary to elevate the blood
pressure of a rabbit 20 to 30 mm Hg, the blood pressure being
measured 1n the artery of the ear Swingle, Taylor, Collings and
Hays (1939) studied the proportionality between action and dose of
renin injected intravenously mto dogs anesthetized with nembutal.
The unit was defined as the amount which when administered to
dogs ntravenously over a period of two to five seconds elevated
the blood pressure by an average of 40 mm Hg.

In a later work, Remington, Collings, Hays and Swmgl? (1940)
stated that with large doses of remin the pressor response varied with
the mmnal blood pressure, while with smaller doses the responsﬁ
was much more regular. They recommended the use of smal
amounts of renin and tested them several times in two or three dogs
anesthetized with nembutal ol

Wakerlin and Chobot (1939a) preferred to use nephrectomiz
dogs wiiich are more senstttve to te action of r‘m‘.’n. -

Schales and Haynes (1941} defined a rabbit unit as the nmount.pw
kilogram of body weight which when injected intravenously 'I{:c)'
four rabbuts produced an average rise of 30 mm‘AHg-prﬁsu(;c." i
observed that pig renin produced the same elevation in the o?bod !
the rabbit when the same amount was injected per kilogram 0 Y
weight,
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According to Goldblatt, Katz, Lewss and Richardson (1943), the
pressor response bears no relation to the body weight of dogs of 10
to 25 kgm, They defined the dog unit as the amount which rased
the bloed pressure 30 to 35 mm Hg within three minutes of its
intravenous mjection Measurements were made on at least three
unanesthetized dogs.

An important drawback of these methods 1s their lack of specrficity

since many substances are capable of elevating blood pressure Un-
fess the blood pressure curve is sufficiently characteristic for renm,
1t is difficult at tumes to differentiate 1t from other substances Tyra-
mine and pitressin, for example, produce similar curves.
* A further disadvantage 15 the varability of response of different
anumals, some giving a greater rise than others Sce the phenomenon
of tachyphylaxis prevents the comparison with a solution of known
potency, 1t is difficult to obwviate this drawback If the average pres-
sure nise of several ammals 1s taken, good results are obtanable
Thus method 1s not applicable for the study of phystologic amounts
of remin

{2y METHODS BASED ON THE AMOUNT OF HYPERTENSIN
TORMED: DIRECT METHOD Tlus method was devised by Le-
Yoir and collaborators {1910a) for the qualitative detection of remin
1n the venous blood of 1schemic hidneys Kohlstaedt and Page (19102)
and Page (1910a) employed a method by which the presence of
hypertensin was detected by 1ts vasoconstrictor action on the rabbit’s
ear Since perfusion of the rabbit’s ear as well as perfusion of the lund
Iimb of a frog (Lawen-Trendelenburg) gives unreliable results, due
to a lack of speaficity and reproducitality, Lelowr and collaborators
{1910b) intioduced a method for assaying hypertensim by recording
the pressor response produced 1 the dog This method 15 accurate
and permuts an easy comparson with a solution of hypertensin of
known potency Dexter, Haynes and Bridges (1915) have applied
this method sausfactontly an cats, and Soaje-Echague (1914) n rats.

Remin may readily be quanntated tn terms of the amount of hyper-
tenstn to which it gives rise under controlled conditions The vanous
factors which nfluence the formation of hypertensin must be con-
trolled  These mclude tme of mcubaton, pH, temperature, and
conce of hyper Hyper must be elunin-
ated from the solntons The destruction of hypertensinase 15 the
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most difficult part of the technique since renin is easily destroyed in
the process.

By acidifying to a pH of 8.8 « 01, hypertensinase is first de-
stroyed, then hypertensinogen, and finally renin At 17°C. the
hypertensinase disappears entirely in one hour, and at 25°C. in 20
minutes Under the latter conditions, hypertensinogen is unaftered
By incubating for 30 minutes at 37°C. at this pH, both hypertensi-
nase and hypertensinogen are entirely destroyed while renin is un-
affected.

These data apply to pig renin ‘and beef hypertensinogen. Renins
from other animals have not been studied. Human renin appears to
be destroyed with greater facility than that of pig according to Dex-
er, Haynes, and Bridges (1945) who devised the following method for
ridding human plasma of its hypertensinase without affecting the
remn: To 30 cc. of human serum or plasma at 5°C. are added 2.7
gm (90 gm. per liter) of sohid sodium chloride and a few drops of
toluol as a preservative. The pH is lowered to 2.0 (glass electrode)
with 10 per cent hydrochloric acid and left for 2 hours at 5°‘C'
‘Whereas the hypertensinase is destrayed by this procedure, the renin
remains unchanged. The pH is raised to between 5 and 6 with N
sedium hydroxide and the solution is dialyzed in a cellophane sa;
overnight against water at 5°C. The contents of the sac are remove
and divided mto 8 equal parts. To each is added an excess (6 to 8 ISC 3
of hypertensinase-free beef hypertensinogen (prepared as describe

in the Appendix), 0 5 cc. %phosphazc buffer at pH 7.3, and 0 2 cc

1-1000 merthiolate (Lilly). The first tube is incuba.tsfl for 4 ho;“:
at 37°C, the second is unincubated, and the third is incubated Od
4 hours at 37°C. with enough hemolyzed fresh human redlb!o::d
cells (blood hypertensinase) to produce a faint pmk c(.)]ur. Al’l l'e:md
of incubation, the reaction 1s stopped and the proteins pu]cq;:!cs o
by heating for 5 muinutes in boiling water and addu.lg.g VO.;l b
95 per cent aleohol The remainder of the procedure is identl

that described in the Appendix. .

The unit of renin ispgeﬁned as the amount wh{c!) prl:id“::lsbg;
unit of hypertensin in two hours under the condmogs f;sblishEd
Leloir, Mufioz, Braun-Menéndez and Fasciolo (1940b) Pchmun
results which showed the usefulness of the melhofi. The te
for the assay of renin is described in the Appendix.
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creases as hiypertensin is formed. If the incubation is sufficiently
prolonged, the hiypertensin formed is destroyed by the hypertensinase.
1£ thre hypertensinogen is measured before and after incubation, there
will be a difference which is proportional ta the amount of renin
This method 13 extremely sensitive. In order ta detect minute
amounts of renin, prolonged persods of incubation may be wsed,
due precantions being taken to avoid bacterial contamination
QOne advantage of the indirect over the direct meshod is the ¢hm-

HYPERTENSINOGEN
OR HYPERTENSIN
R
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Ficure 41, CoMPARIsoY OF THE DIRECT AND INDIRECT METHODS FOR THE

AssAy oF RFNIN

S
-

of . e . i .
- " de bict, 1910, 16 635),
BraunMenendez and Fasciolo, Rev, Soc argent, de biet, 1910, 16, 635).

ination of the difficult step of destroying hypene‘nsinase. Since ll;
presence of renin is recognized by differences in the ammm;r o
hypertensinogen present with and without incubam}n, z!lx’e fhesP
is greater than that of the direct method. Results obtained by
vo methods are shown in figure 41,

“ M:zmrcmcm of Human Ibiemn by the Ind;rect.Methad Hull!;’ﬂ::
renin acts upon human, beef, and horse hypertensinogen, w}’n::: e
of pigs acts on the latter two but not on human hyper(c;sml;?a o,
specificity of renin). This fact 1ed Mugioz, Braun-Menéndez,
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Leloir and Taquini (1943) to devise the indirect method for the
measurement of human renin. A measured amount of beef hyper-
tensinogen is added to human serum containing human renin After
a pertod of incubation 1n the presence of hypertensinase, pig remn
1s added i order to measure the beef hypertensinogen which re-
mains The difference between the amount of beef hypertensinogen
before and after mcubation gives a measure of the amount of
human renm (for details of the method, see Appendix)

Vanous factors which may influence the reaction have been
studred. It has been shown that if certain precautions are taken to
avoid bacterial ¢ ination, beef hypertenst does not disap-
pear in incubatton periods lasting 15 hours at 39°C Beef and horse
hypertensinogen are better than that of the dog because the latter
appears to be more slowly acted upon by human renin. The amount
of hypertensinase necessary for the complete destruction of hyper-
tensin without interfering with the measurement of the amount of
beef hypertensinogen was also determned.

One unexpected finding was that human renin acted equally well
on beef hypertensinogen regardless of whether or not an excess of
human hypertensinogen was present. It had been anticipated that
when human renin was mcubated with both hypertensinogens, less
beef hyper would disapf

The advantages of the indirect method are as follows (1) It permits
the detection of amounts of renin somewhat less than that by the
direct method, (2) 1t 1s unnecessary to destray hypertensinase which
15 a difficult step 1n the direct method especially m the case of human
rentn which appears to be more labtle than that of pigs

Dusadvantages of the indirect method are first that the measure-
ment s made by determining the difference between two samples
whereby there may be a summauon of errors, Using about 5 wnit
of hypertensinogen, thus difficulty 1s 1n part avoided and the measure-
ment 1s more exact Second, there is the possibility that 1n the sample
there may be substances other than renin which are eapable of de-
stroying hypertensinogen

SPECIFICITY OF RENIN
IN PITRO FVIDENCF Fasciolo, Leloir, Muiioz and Braun-Men-
énder (1910a) observed that human renin was capable of producing
hypertensin by acting on the plasma of human beings, pigs, dogs,
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creases as hypertensin 1s formed. If the incubauon is sufficiently
prolonged, the hypertensin formed is destroyed by the hypertensinase
If the hypertensinogen 1s measured before and after incubation, there
will be a difference which is proportional to the amount of renm

This method is extremely sensitive. In order to detect minute
amounts of renwn, prolonged periods of incubation may be used,
due precautions being taken to avoid bacterial contamination

One advantage of the mdirect over the direct method 1s the ehm-
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FIGURE 41 COMPARISON OF THE DIRECT AND INDIRECT METHODS FOR THE
Assay OF RENIN "
The Line with circles shows the formation of hypertensin with different am:z;;:s_
of renin The hine with crosses shows the amount of hypertensinogen ““;l 1R
formed to hypertensm Incubatton for two hours at 37:(] (After Lelor, Mufion,
Rraun-Menéndez and Fasciolo, Rev Soc argent de biol, 1940, 16, 635)

mation of the difficult step of destroying hypertensinase. Since thcf
presence of renin 1s recognized by differences in the amount Dr
hypertensinogen present with and without incubmic‘m, the ermt
is greater than that of the direct method Results obtained by thes
two methods are shown in figure 41 R

Measurement of Human Renn by the Indirect Method. ljllm;::
renin acts upon human, beef, and horse hypertensinogen, while tha
of pigs acts on the latter two but nat on human hypertensinogent
specificity of renin). This fact led Mufioz, Braun-Menéndez, Fasc!

{see
jolo,
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Leloir and Taquini (1943) to devise the indirect method for the
measurement of human renin A measured amount of beef hyper-
tensinogen 1s added to human serum contaiming human renin After
a period of mcubation 1n the presence of hypertensinase, pig remin
1s added 1n order to measure the beef hypertensinogen which re-
mains The difference between the amount of beef hypertensinogen
before and after incubation gives a measure of the amount of
human renin (for details of the method, see Appendix)

Various factors which may mfluence the reactton have been
studied It has been shown that 1f certain precautions are taken to
avoid bacterial beef hypertensi does not disap-
pear 1n ncubation periods lasting 15 hours at 39°C Beef and horse
hypertensinogen are better than that of the dog because the latter
appears to be more slowly acted upon by human renin, The amount
of hypertensinase necessary for the complete destruction of hyper-
tensin without interfering with the measurement of the amount of
beef hypertensinogen was also determmed

One unexpected finding was that human remn acted equally well
on beef hypertensinogen regardless of whether or not an excess of
human hypertensinogen was present It had been anucipated that
when human remin was L with both hyper less
i would disapp

The¢ advantages of the indirect method are as follows: (1) It permuts
the d of of renmn hat less than that by the
direct method; (2) 1t 15 unnecessary to destroy hypertensinase which
1s a dufficult step 1n the direct method especially in the case of human
renin which appears to be more labile than that of pigs

Disadvantages of the indirect method are first that the measure-
ment 1s made by determining the difference between two samples
whereby there may be a summation of errors Using about 0 5 unit
of hypertensinogen, this difficulty 1s mn part avoided and the measure-
ment 1s more exact Second, there 1s the possibility that m the sample
there may be substances other than renin which are capable of de-
stroying hypertensinogen

beef hyper

SPECIFICITY OF RENIN
IN VITRO EVIDENCE Fasciolo, Lelorr, Mufioz and Braun-Men-
¢éndez (1940a) observed that human remin was capable of producing
hypertensin by acting on the plasma of human beings, pigs, dogs,
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creases as hypertensin is formed If the incubation is sufficiently
prolonged, the hypertensin formed is destroyed by the hypertensinase.
1 the hypertensinogen 1s measured before and after incubation, there
will be a difference which 1s proportional to the amount of renim
This method 15 extremely sensitive. In order to detect minute
amounts of renin, prolonged periods of incubation may be used,
due precautions being taken to avoid bacterial contamination
One advantage of the indirect over the direct method 1s the ehm-
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speafiaty of renin) This fact led Mufioz, Braun-Menéndez,
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It was shown that pig renin produced no change in human hyper-
tensinogen when it was incubated with it. Thus, if pig renin was
incubated with human hypertensinogen, the latter Jost no capacity of
forming hypertensin when subsequently incubated with human
renin,

Pig renin lost none of 1t< actvity when incubated with human
plasma The apparent specificity of the reaction between renin and
human hypertensinogen was confirmed 1n later investigations in
which the reaction was studied in other species The results obtained
tn vitro are shown in table 1.

The only remns capable of acting on human hypertensinogen are
those of primates Reruns from other mammals, however, act upon
the serum of other species Remn of the chicken acts only upon
chicken serum and possibly upon that of the duck In reptiles,
batrachians and fish 1t would appear that the renin-hypertensinogen
system has not been developed for the regulation of blood pressure

Experiments performed up to the present have not been more than
qualitative, and 1t 15 posstble that a more careful investigation would
show differences 1n the velocity of reaction between different renins
and different hypertensinogens

IN VIVO EVIDENCE The action of different renins has also been
invesugated by direct injection This is not as accurate a procedure
as the in wviro techmques since extracts may contamn extraneous
pressor substances It has been observed, however, that pig remin
produces a nise of pressure in dogs but not in man, and that human
renin produces a rise in man (table 2)

In dogs, 2 1ise of pressure 1s produced with renal extracts from
man, dog, beef, sheep, pig and dolphin but not with chicken renin
Chickens and ducks react with chicken renin but with no others,

The toad and the serpent do not react to any remn

As regards fish renuin, Bean (19422) investigated renal extracts of
sharks (elasmobranchs) One part of the kidney of these fish consists
mainly of glomerular tissue and another predominantly of tubular
tissue. Extracts of both portions were injected mto dogs without
producing mnises of blood pressure. Friedman and Kaplan (1942)
obtamed rises of blood pressure in dogs with renal extracts of carp
(Cyprinus carpio), and of catfish (Ameiurus nebulosus) which are
fresh water fish with glomerular hidneys Marmne fish with glomerular
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. -Menéndez, 1840a.
1. Fasciolo, I;:{oll:, Musoz and Braun-Menéo ez 19808, o Tickmer amd Page, 1042

2 Bean, 194

S Unpublished experiments 5 Corcoran, 1843,
horses, beef and goats. Pig renin,
hypertensin when it was incubated with human serum,

i if i en-
hypertensin was formed if it acted upon the other plasmas @

tioned above.

on the other hand, produced no
although
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Lidneys contamed no remn (Kaplan and Friedman, 1942). No nises
of pressure were obtained with renal extracts of an aglomerular fish
(Porichytys notatus). These experiments should be supplemented
with :n vitro studies in order to be conclusive. It would be extremely
mteresting 1f Tenins derived from such different species should be
active 1n the dog (see Chapter VIII),

Landis, Jeffers and Shuels (1940) prepared renal extracts by heating
to 55 to 56° G for 20 minutes By this method of extraction, active
extracts were obtained as judged by mnses of pressure obtained
Doubt exists, however, for the applicabihity of this method to the
preparation of human kidneys since they obtained little actvity in
most of thewr preparations They adminstered rabbit renal extract
weekly to rabbits, and noted continued pressor responses, while
with renal extracts from other spectes, anaphylactic disturbances
were produced after 2 ume These disturbances might be attributed
etther to heterologous remin or to other proteins contained in the
extracts They found that rats and gumea pigs were more sensitive
than dogs and rabbits when the same amount was admimstered
per kilogram of body weight In this regard it will be recalled
that Schales (1912) showed that dogs were some twenty times more
sensitive to human renn than rabbts

ACTION OF RENIN ON THE CARDIOVASCULAR SYSTEM

The mtravenous wnjection of renm produces many effects in man
and ammals Renin transforms the hypertensinogen into hypertensin
At the present time, no pharmacologic action of remn 1is known
which can not be explained by the formatton of hypertensin The
phammacology of these two substances 15 therefore the same m the
majority of cases

PRESSOR ACTION Tigerstedt and Bergman (1898) discovered
renin by 1ts pressor action This property has been amply confirmed
by many investigators

© ROUTES OF ADMINISTRATION An mcrease of pressure 1s pro-

duced when renm 1s injected either mnto the artery or into the vein

These are the routes most used since the njected renin reaches a

concentration m the blood sufficient for ats pressor acpion to appear.
2o = e
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Tasre 11 Pressor Action OF RENAL EXTRACTS FROM DIFFERENT ANwurs

Auimal Receptor
Renal
Eetract | ppyp | pog | cat | Bk G.l:’.l.;ea] Rt Ok k| oud | ke
+ |+ 131313
Man 14-5( 6 e el
< J i A
Dog 7 2 2 2 i 2
T
Ox s
-+ 1+ + -z 371%
Hog sl T )T T vieelele
< P B R Rt
Sheep 2 L .
+ |+ |+
Rabbit -8 9 8 S
+ + + +
Gumea pig 9 o199 Y
T +
Rat 8 -9 S
T
Dolphin 3
. +
Chicken 2 2
Toad 2 I
Shark 2 -
Cod 10 I
= Z
£ Flounder 10 I S—
T
Carp 8 —
+
Catfish 8 L

ts
1 Battro and collaborators (1940) 6 Unpubhsheg experimen!
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into the blood stream, Burlingame, Long and Ogden (1942) found
that when tachyphylaxis was produced in the mother rat, it was not
obsetved m the fetus This might be explained by the failure of
renin to pass to the fetus Tachyphylaxss is not an exclusive property
of renin It is also observed with other drugs such as pitressin, veritol,
and ephedrine Apparently this phenomenon is analogous to the
progressive reduction of response observed mn muscular fatigue,
Extensive studies of this phenomenon, bowever, have demonstrated
that tachyphylaxis is due to other mechanisms It has been observed,
for example, that pressor amines of the adrenalin group (sympathol,
cobephrin) which are rapidly destroyed, give no tachyphylaxis
Ephedrine and venitol, on the other hand, produce tachyphylasis,
They are more siable because their molecule contains only one or
no phenoltc groups It seems reasonable to conclude that substances
with greater stability remain for a longer time in the orgamsm,
acting upon specific receptors and thereby prevenung further action
from new injections

With renin, the mechamism of tachyphylaxis appears to be dif-
ferent. As we have seen, 1ts pressor action 1s due to the formation
of hypertensin from the transformation of hypertensinogen. Succes-
sive injections of renin produce a progressive diminution 1 the
concentration of hypertensinogen in the plasma. When the latter
becomes exhausted, a new injection of renin produces no effect
(Page, 1939a) A result similar to that with repeated doses can be
obtained by the single 1mjection of a large dose Houssay, Braun-
Menéndez and Dexter (1942) showed that renin remaimned in the
blood stream for at least 30 minutes after the mjection of 80 to 120
units During this time, hypertensimogen was being transformed
nto hypertensin This led to a reduction of hypertensmogen result-
ing 1 the appearance of the phenomenon of tachyphylaxis It may
be concluded that remn tachyphylaxis 15 due to the persistence of
renn in the blood and to the exhaustion of hypertensinogen It is
possible, however, that some other mechanism may influence the
production of this phenomenon Wakerlin and Johnson (1940)
reported an elevation of blood pressure 1n three of 28 dogs 1n a state
of tachyphylaxis produced by dog renmn by the mjection of rabbu
remn The number of posttive results presented by these mnvestigators
does not permit definite conclusions to be drawn
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Freedman (1940) obtained rises of pressure in unanesthetized rats by
administering renin intraperitoneally.

LATENT PERIOD. The pressor effect of renin becomes manifest
some 15 to 20 seconds after its injection,

FORM OF THE CURVE. As can be seen in figure 42, the rise is
gradual, the height and duration of the curve being proportional
to the dose injected. The fall is gradual and is not followed by
hypotension Persistence of the pressor action varies with the amount
injected and can be observed to last 30 or 40 minutes or more.

RESPONSE TO REPEATED INJEGTIONS~TACHYPHYLAXIS

When repeated injections are made at short intervals, it is ob-
served that the pressor response is each time less; finally no response
is obtamned despite the injection of large doses (figure 42). This

l:"“‘!‘“‘f‘

lE " L

FIGURE 42 TACHYPHYLAXIS TO RENIN
- . e = /R on the

blc . nd and
o,
observed by Tger-
died by numerous
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phenomenon has been called tachyphylaxis It was
stedt and Bergman (1898) and has since been studied
investigators * Tachyphylaxis appears when renin is injec

*Bingel and Strauss, 1909, Hessel, 1938a; Pickering and Pnnxm;z;lia‘g::::
Swingle, Taylor, Collmgs and Hays, 1939, Page, 195%; McEven stet 0 P00
1939, McEwen, Harrison and lIvy, 1930, Page and Helmer, 19105:
Goldblatt, 1943, and others
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increase after nephrectomy and its diminution after adrenalectomy
(s¢e Chapter V) perhaps explain the differences observed in the
response to renin,

The age of animals appears to influence the sensitivity to renin.
Grossman and Williams (1938) injected rats of different ages with
amounts of renin proportional to the body surface. The pressor
nises obtained were 1nversely proportional to the age of the animal,
being greatest in the young and least i the elderly Adrenalin
produced similar rises in all the ammals Candiamt and Croxatto
{1944) reported that the subcutaneous or intraperitoneal mjection
of 10 to 50 umts of aminopolypeptidase before or simultaneously
with an jection of rentn prevented the usual pressor effect of rentn
Cruz Coke (1945) found that the reaction between remn and hyper-

was 1nhibited by met hoq and that this 1n-
hibition was preventable by the addmon of ascorbic acid Dalton and
Nuzum (1944) reported that sodiam thiocyanate injected subcutane-
ously or given by mouth reduced the pressor effect of a remin-like
substance injected mtrapertoneally mnto normal dogs

AGTION OF DRUGS The pressor action of remn is not abolished
by ergotanmne,® Fourneau 933,° atroping,” or micotine * According to
Williams (1938) ergotamine mhibuts the action of renin in the rat.

Cocame, which prevents the action of tyramine, has no mhibiting
action on remin according to Friedman, Abramson and Marx (1938),
Abramson and Friedman (1938), Hessel (1938b), and Page (1939a)
Its action 15 somewhat enhanced according to Mufioz, Braun-
Menéndez, Fasciolo and Leloir (1940), and definitely so according
10 Williams (1938)

Ether anesthes:a diminsshes 1ts action in rabbits (Prckering and
Prinzmetal, 1938a, Scarff and Martin, 1941) The same 15 true of
urethane and nembutal anesthesia according to Pickening and Prinz-
metal (1938a)

Friedman, Abramson and Marx, 1938, Hessel, 1938b, Page, 19392, Helmer
and Page, 1939, Swingle, Taylor, Collings and Hays, 1939

*hatz and Friedberg, 1939, Mufioz, Braun-Menéndez, Fasciolo and Lelowr,
1840, Leo, Prinzmetal and Lewss, 1940

" Hessel, 1938b, Friedman, Abramson and Marx, 1938, Page, 1939, Murioz,
Braun Menéndez, Fasciolo and Lelotr, 194C

*Hessel and Mater Husser, 1934
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CONDITIONS WHICH MODIFY THE PRESSOR
ACTION OF RENIN

The pressor action of renin is not modified by section of the vag:
or of the splanchnics, by denervation of the carotid sius (Page,
1939a; Muiioz, Braun-Menéndez, Fasciolo, and Leloir, 1940), by
destruction of the central nervous system,” or by decapitation (Merntl,
Williams and Harrison, 1938a) According to Euler and Sjostrand
(1941a), cervical or lower bulbar section causes a sharp reduction
in the pressor action of renin .

According to Burlingame, Long and Ogden (1942), the injection
of Tenin to rats at the end of pregnancy did not modify the fetal
blood pressure Larger doses produced a fall of the fetal blood
pressure. When njected directly into the fetus, a rise of pressure
was produced

Advance adrenal insufficiency following removal of the ad.renals
diminishes the pressor action of renin,! and the administration of
cortical extracts restores responsiveness (Remington, Collings, Hays,
Parkins and Swingle, 1941). Hypophysectomy, on the other hand,
does not modhfy the response in dogs (Houssay and Dexter, 1942),
but mcreases it in rats (Williams, Diaz, Burch and Harrson, 1939,
Friedman, Somkin and Oppenheimer, 1940). - i et

Nephrectomy increases the sensitivity to renin. This fact,l TS
observed by Tigerstedt and Bergman (1898), was confirmed ﬂlﬂ;
by many investigators * The duration of the pressor effect ofdren:‘
is also greater in nephrectomized than 1n normal ammalf (Free mﬂin/
1940; Leiter and Eirchelberger, 1943) The greater sensmvxty.w Teni ;
1s not a constant finding although it is observed in the mnjomy:e
nephrectomized animals The cause of these variatons bemeeAn o
animal and another has not been determined. be come

Variations 1n the sensitivity of animals to renin appear to be o
ditioned by the amount of hypertensinogen present in the plasma

farer
* Tigerstedt and Bergman, 1898, Bingel and Strauss, 1909, Hessel and M
Huysser, 1934, Friedman, Abramson and Marx, 1938, Page, 19503 L0
* Hessel, 1938a, Page, 1938, Williams, Diaz, Burch and Har;sor:, 1o, Kot
man, Somkin and Oppenheimer, 1940; Remington, Collings, Hays
Swingle, 1941, Houssay and Dexter, 1942, SoajeBchogue, 198 0
*Mermill, Williams and Harmson, 19382, Wakerhin and Chobot, 19353, 8"
and Helmer, 1940b, Freedman, 1940, Rodbard, 1941a, b; Houssay
1942
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Page and Hehmer, 1940) When serum or blood 1s added to these

Yutions of renin, rictor action rapidly appears. It was this
action which induced Page to postulate the existence of an “activator
of renin” in the serum. The presence of such a substance, however,
has not been c d (Muiicz, B: M dez, Fasciolo and
Lelom, 1939).

‘The rise of blood pressure is unaccompanied by any change of
peripheral blood flow, according to Friedland, Kapp, and Landis
(1910) and Friedman, Abramson and Marx (1938) Herrick, Corcoran

. —
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Frcure 43. Acrion oF Huvan RERIY ov Man
Intra-arterial pressure in mm Hg recorded with Hamilton manometer Effect
of intravenous myection of twenty éc of human remin {ene ¢c equivalent to 10
gm of fresh kidney) Time in seconds The remn was mjected at the arrow
Tracings taken one, two, three, three and one half. and six menutes after the
sjection (Alier Battro, Braun Menéndez, Lanati and Lelotr, Rev Soc argent de
biol, 1810, 16, 376)

and Essex (1911} observed a decrease followed by an increase, while
Schales, Hoobler and Haynes (1941) observed only a shght dectease,
The rise of pressure is not accompanied by a change of skin tem-
perature of the rabbit's ear.” Friedman, Abramson and Marx (1938)
reported a decrease 1 the volume of the limbs

Friedberg, Katz and Steimtz (1913) found that the imjection of
tenin produced an mncrease of pressure 1 the pulmonary artery.
Since they had previously abserved (Stewutz and Katz, 1939) that
the pressure in the pul y artery was unchanged 1n dogs with

* Landis, Montgomery and Sparkman, 1938, Corcoran and Page, 1939, Landss,
Jeflers and Shuels, 1940, Kapp, Friedland and Landus, 1911
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PRODUCTION OF PROLONGED HYPERTENSION
WITH RENIN i

If it is assumed for the moment that permanent hypertension
produced by renal ischemia is due to a secretion of renin, it ought
to l?e possible to produce permanent hypertension by repeated in-
jections of this substance. This is a fundamental point which as yet
!\a‘s not been well studied. According to Hessel (1938b) repeated
injections lead to a permanent elevation of the blood pressure Hill
and Pickering (1930) obtained hypertension for four hours by the
continuous injection of small doses After stopping the injections,
the pressure fell in one to four hours. With greater doses they ob-
served a rapid rise followed by a fall,

Other investigators have not been able to obtain prolonged
hypertension (Page, 1939a; Taggart and Drury, 1940) These findings
may have been due to the renin being insufficiently pure of to the
use of heterologous renin or perhaps to the use of such amounts that
an exhaustion of hypertensinogen was produced. This isan important
pomnt deserving further study.

ACTION OF RENIN ON MAN
¢ hypertension in ma?

The injection of pig renin does not produc 0
1940) while the injec:

(Battro, Braun-Menéndez, Lanari and Leloir,
tion of human renin does produce a rise of pressure in man (flg’urc
43) and 1n some mammals (Battro, Braun-Menéndez, Lanat! and
Leloir, 1940; Schales, Hoobler and Haynes, 1941; Tum‘of.f and
Rowntree, 1941). The mise is proportional to the amount H}J‘c“d
and affects both systolic and diastohic pressures. n man, renin Pro
duces a reflex bradycardia, a slight diminution of blood flow t0 lh;
forearm, and Increase In VENoOus pressure (Schales, .1‘1001’1“ a“e
Haynes, 1941). No change has been obsersed in the minute volum

output of the heart.

VASCULAR ACTIONS
When made up 1%

Renin has no direct vasoconstrictor action. F
tion when perfuse

Ringer’s solution, renin has no vasoconstrictor ac! o 10%),
through the tail of dogs (Friedman, Abramson and' Mai I;as:iolo.
through the lower extremities of the toad (Braun-v’enendc? Framedt,
Leloir and Muiioz, 1940a, b), or through the rabbit’s ear (Ko
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chronic experimental hypertension, they attributed the pulmonary
hypertension produced by the jection of renin to an increase in
venous return to the right heart and failure of cardiac function.

ACTION ON THE HEART

In the physiologic range, renin has no significant action on the
heart as Tigerstedt and Bergman (1898) first observed. The minute
volume output has beén described as unchanged (Somkin, 19£1).
or else slightly increased (Hill and Andrus, 1941). Middleton and
Wiggers (1944) observed that small doses of renin and hypertensin
produced msigmficant changes in the systolic discharge but con-

Ficure 44 AcTioN oF RENIN ON THE IsOLATED UTLRUS OF THE Rat ol
Furst arrow (G), 01 cc of blood globulins, second arrow (G), 2 & of ;ros

globulins, third arrow (R), 05 c¢ of renin At the night, fourth arro¥,

P t
¢c of remn m another preparation, Obsetve that the acuon of rentn 1; ag}::f:;‘c
only when blood globulins (hyp ) have p 1y been achdE o e
Ringer’s solution Time m minutes (After Ludueiia, Rev. Soc argen

1940, 16, 858)

ed the cardiac output slightly-
d in a varizble
reduced

comitant slowing of the heart reduc
Doses producing a rise of 30 mm Hg. or more r.esulte i
reduction of systohic discharge and, together with slowing,
the cardiac output considerably.
OTHER ACTIONS OF RENIN

ACTION ON SMOOTH MUSCLES. Renin has no aclu_)n Olﬂgw)
isolated uterus (Hessel and Maier-Husser, 1934 Ludut;lll:ls.sel nd
1t likewise has no action on the iris or melanophores { 2" el
Mater-Husser, 1934) The results obtain?d show. th:;: YL‘I::S;MC o
lacks any action on smooth muscles It is ?nly m] t :ﬂpensiﬂ. hat
hyperlensinogen, with the Tesulting formation of hyp

the



CHAPTER V

. HYPERTENSINOGEN

In 1938, Kohlstaedt, Helmer and Page found that impure renin
possessed a moderate vasoconstrictor action on the isolated dog’s
tail. This action disappeared when this substance was purified by

_dialysis They also observed that if the purified preparation of renin
was mixed with plasma or heparinized blood diluted in Ringer's
solution, the rictor action reappeared By ultrafiltration of
the plasma, they found that its ability to produce a vasoconstrictor
action in combination with remmn was found in the colloid part of
the plasma, none bemng present in the ultrafiltrate These investiga-
tors believed that the vasoconstrictor action of renin was the result
of its activation by a hypothetical kinase contained in plasma and
in whole blood The name renin-activator was proposed for this
substance by these authors

In 1939, Braun-Menéndez, Fasciolo, Leloir and Mufioz found that
by incubating a mrxture of renin with dog or horse renin at 37°C,
a vasoconstrictor and pressor substance which they called hypertensin
was formed The name hypertensinogen was given to the substance
in the serum from which 1t arose. Almost stmultaneously, Page and
Helmer (19402, c) discovered a pressor substance similar to hyper-
tensin whach they called angiotonin, which was produced by the
1nteraction of renin and renin-activator.

Lewss and Goldblatt (1942) later suggested the terms pxehyper
tensin and preang for the sub which, when b
with renin, gave rise to hypertensin or angiotonin, The terms hyper-
tensinogen, prehypertensin, preangiotonin and renin-activator are
synonymous

Although Page and Helmer state that the term renin-activator
indtcates only that renin 15 inactive 1n the absence of this substance,
it can not be denied that it suggests the idea of an activation or
change 1n renin which actually does not take place We have there-
fore suggested that thus term be omitted (Leloir, Mufioz, Taquini,
Braun-Menéndez, Fasciolo, 1942). Recently, Page, Helmer, Plentl,
Kohlstaedt and Corcoran (1943) have omitted the term renin-activa-

127
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on the other hand, observed hyperglycemia in the Dalmatian dog
In this animal, injections of renin produced an increase of uric acid
in the blood together with a greater excretion of uric acid. These
studies are interesting since in the Dalmatian, as in man, the metabo-
lism of purines is different from that in other animals in that the
end product is uric acid instead of alantoin,

Renin is a protein of the kidney which interacts with hyper-
tensinogen to give rise to the formation of hypertensin, This reaction
is probably enzymatic and has an optimum pH of 7.5 to 8 5, and an
optimum temperature between 37 and 89°C The velocity of the
reaction depends upon the amount of renin present. This latter
property can be utilized for its assay. The unit of renin has been
defined as that amount which when incubated with 1 to 3 units of
hypertensinase-free hypertensi gives rise to the formation of 05
unit of hypertensin after 2 hours of incnbation under certain con-
ditions of pH and temperature.

Differences in the behavior of reun from different antmals have
been observed. Renin from man, monkey and baboon acts on the
hypertensinogen of all mammals, while the renins of other mammals
do not act upon the hypertensinogen of primates. Birds appeat to
have a renin which acts exclusively on the hypestensinogen of 1?"(‘5
In batrachians, teptiles and fish, it would appear that there is r;)o
renin, although in fish certain contradictory results have been 00
tained ¢

The pharmacologic actions of renin depend on the form:n!_u;‘nd:lc
hypertensin which 1s produced when Tenin comes in cufnact w;: o
aypertensinogen of plasma. The pharmacology of renin and hyp
tensin are, therefore, the same 1n the majority of cases.

Intravenous injections of renin produce 2 }.)mlongc.d Cqente
blood pressure, the duration of which is determined by its persy
in the blood .

Repeated injections produce diminishing pressor r.ESPOfflsl:” (:2‘:
ohylaxis) which are due in part at Teast to the exhaustion of hyP
iinogen in the blood. L. "

OTIC point which deserves further investig?uon isa s:?:\fozi ‘lf:‘
sosstbility of producing persistent hypertension by con}\] o been

jections of renin, since results obtained in the past hav
:ontradictory.

increase of
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of hypertensin formed does not exceed one umt We have more
recently found that the best results may be obtained by using not
more than 2 cc. of plasma or serum.

Renin must be present 1 excess in order to produce the complete
transformation of hypertensinogen, The amount depends upon the
activity of each preparation and on the species from which the
hyper! gen has been obtained Since the presence of large
quantities of remin does not mterfere with the reaction, 1t 1s best to
add an excess of remin 1n amounts not less than 100 units per unit
of hypertenstnogen to be tested (Taquini, Braun-Menéndez, Fasciolo,
Leloir and Mufioz, 1943)

For the assay of human hypertensinogen by the same method,
Haynes and Dexter (1943) and Dexter, Haynes and Bridges (1945)
have used less rentn and a more prolonged pertod of mcubation (20
minutes) on the basis that nonhemolyzed human plasma contains
less hypertensinase than beef or dog plasma Sapirstern, Reed and
Southward (1944) described a method of assay of hypertensinogen
based on s mcubation with remin at 0°C at which temperature
the renn-hypertensinogen reactton occurs at an appreciable velocity
while the reaction between hypertensin and hypertensinase 1s negli-
gible.

The time of incubation used for the measurement of hyperten-
sinogen must be short i order to avord the action of hyperten-
sinase which may be present in the hypertensiogen employed When
Temn 3s present m the hyper! 1s entirely
transformed 1n 5 to 10 minutes The temperature should be main-
tained between 37 and 40°C and the pH between 7.5 and 8 in
order to obtain the maximum velocity of reactron (Taquini, Braun-
Menéndez, Fasciolo, Leloir and Mufioz, 1943)

UNIT OF HYPERTENSINOGEN The amount of hypertenstnogen
1s considered to be proportional to the amount of hypertensin formed
One umit of hypertensmogen 1s that amount which when 1ncubated
with an excess of remin, under the conditions described above, gives
Tise to the formation of one unit of hypertensin

SOURCE OF HYPERTENSINOGEN

Hypertensimogen 1s found tn blood plasma Kohlstaedt, Page and
Helmer (1940) reported 1ts presence in red blood cells as well as
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tor and proposed in its stead the term “renin-substrate (alpha2
globulin) * It should be pointed out that this name is too long and
does not improve the nomenclature. Actually 1t has the inconvenience
of emphasizing the enzymatic character of the reaction which as yet
has not been definitely established. If remun is really an enzyme,
it is possible that it may act upon some other substrate as yet ul-
known. In such a case, the term renin-substrate would not be specific
for the precursor of hypertensin.

‘We believe that the name hypertensinogen is the most approprate
since it 1s simple and logical and refexs to the most impormnE property
of this substance which is that of giving origin to hypertensin

MEASUREMENT OF HYPERTENSINOGEN

The presence of hypertensinogen in a solution can be dem
by incubating 1t with renin and testing for the appearance of hyper
tensin formed

Page and Helmer (1940b) and Page (1942) mgasured llypcﬂfﬂ;
sinogen (renin-activator) by incubating it with renin and mCJS\le]:
the resultant vasoconstrictor action by perfusing it through the vessels
of the rabbit’s ear This method has a certain qualative v::.l]ucgl;l;'
15 of little value for quantitative measurements, ,:md as Lnndls'(llc iZ
has recently shown, 1s unrehiable unless a meticulous techniqu

onstrated

used. .
Leloir, Muiioz, Braun-Menéndez and Fasciolo (19402} devised 2

much more precise and specific technique for the delirn;:;‘io‘:
of hypertensinogen It consisted of incubming serum or Pv]”ich e
an excess of renin The umts of hypertensin formed, wh et
assumed to be equal to the number of units of hypefte‘:mduin-
present, were determimed by therr pressot effect “:hen }l:sj O ihod,
travenously into an anestheuzed dog or cat. In using t S
several factors must be controlled (1) the presence of h]”idv 8 te
(2) the amount of plasma, serum or gIo!mlm emlp Oygcmlpcm!u"
amount of renin, (4) the time of mC\.lbatmn: (5) tu;ce o hyper
of incubation, (6) the pH of mcubation 'Il'he p;elsl: by desronng
tensinase is important because it can give faul z)"j r;‘sig hypenensim“'
part of the hypertensin formed In'order to nvoxB lr;.h{enénda an
free renin must ‘be used Leloir, Mufioz, Brau e ama, serum
Fasciolo (1910a) advocated the use of about 1.0 1C)C( o l:f e amount
or globulins although as we shall see later it is be¢!
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blood concentraton of hypertensinogen until it finally disappeared.
According to their data, destruction of hypertensinogen would be
permanent were it not for its compensatory formation 1n the liver,
and in the absence of the ltver 1t would disappear The investigations
of these authors, although important, were not conclusive, since it
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TICURE 46 VARIATIONS 1 THE HYPERTENSINOGEN CONCENTRATION OF PLASMA
AFTER ABDOMINAL EVISCERATION

Was possible that the disappearance of hyper gen was due to
a greater production of renin by the kidney as 2 result of operative
shock following hepatectomy.

In order to avord this difficulty, hypertensinogen was destroyed
by mjectng remn 1ntravenously or by removing it by plasma-
phaeresis in nephrectomized dogs with and without intact livers
{Lelotr, Mufioz, Taquini, Braun-Menéndez and Fasciolo, 1942) It
was demonstrated (1) that hepatectomy did not alter the concentra-
uon of hypertensinogen 1n the plasma of nephrectomized dogs
(ﬁgure 46), (2) that if nephrectormized and hepatectomized or totally
eviscerated animals were given a large amount of renin, the hyper-
tensinogen disappeared rapidly from the blood and did not regenerate
(figures 47 and 48), and (3) that in nephrectomized or eviscerated
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plasma, but this has not been confirmed by us. As we shall see later,
red blood cells contain a large amount of an enzyme (hypettensinase)
which destroys hypertensin rapidly. This seriously interferes with
the measurement of hypertensinogen in red cells since even :f hyper:
tensin were formed, it would be destroyed almost immediately
It is therefore extremely difficult to demonstrate the presence of
hypertensinogen in red cells and from evidence at hand, its presence
in red cells seems unlikely. Unsuccessful attempts have been made to
obtamn hypertensinogen from such other organs as the liver, spleen,
thymus, testicles, lungs, heart, and skeletal muscles. Nerther has 1t
been found in milk, hemoglobin, serum albumin and vegctnb{t
proteins (Mufioz, Braun-Menéndez, Fasciolo and Leloir, 1940). Itis
concluded that the only known source of hypertensinogen is blood
plasma, although 1t has been reported to be present in Iymph by
Friedman, Marx and Lindner (1948) from which it presumably was
derived from plasma This has been confirmed by Haynes (Personal
communication).

PREPARATION OF HYPERTENSINOGEN

Hypertensinogen may be prepared by prec1pitating serum with

ammonium sulphate (Braun-Menéndez, Fasciolo, Leloir and Munog
1940a). By this procedure, Schales, Holden and Schales (1943) gmﬁd
that most of the hypertensinogen was precipitated bctwe?en 03 :{ .
041 saturation at a pH of 6 8. Saturated sodium chloride m'P'me
and 2 M potassium phosphate have also been used to préﬂlilmu
hypertensinogen (Page and Helmer, 1940). Croxatto and 'm;rdcr
(1940) suggested a slight modification of this latter proced?rc mwlnnh
to separate hypertensinogen from the enzyme hypertensinasé

s ith 3
i cipitated with
destrovs hypertensin Nonhemolyzed serum was p{e P,._ e et

phosphate precipxtaled the hypertensinogen auu s v
sinase in the filtrate. )
ORIGIN OF HYPERTENSINOGEN "
first to pov
K and Andrus (1941) were the "
e formed in the liver. They showed expert

i rbon tetra”
s organ or its damage by o e
ssive diminution

Page, McSwain,
out that hypertensinogen is
mentally that removal of thi
chloride and ethyl alcohol led to a progre:
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sinogen free from hypertenstnase, since the latter is destroyed at
pH 3.9at 25°C for 30 minutes (see Appendix). According to Dexter,
Haynes and Bridges (1945), human hypertensinogen is more labile
and 1s mostly destroyed by this procedure. In order to destroy hyper-

aiecfey \attfusfty ecty  \BSely 2resliy
20
5
Lo
H 1
AN

InansnEs
12 o123 OIZS 123456 0123¢567

3
S

3
NIN3Y

B3 2
YnSvd
305 ¥3d SLINN

T HYPERTENSINOGEN
PER CENIN PLASMA
8
3

33

z
=
€
H
[
°

Ficure 48 ¥ THE C \TIONS OF HYP] AND
RENIN IN PLAsMA
Hepaucmmxzed and nephrectomized dogs were ingected with rerua Continuous
line, h columnns, remn Observe the
dectease m hypertensinogen concentration and the Jack of its regeneration (After
Lelowr, Mufioz, Taquimi, Braun-Menéndez and Fasciolo, Rev argent de cardiol,
1942, 9, 269)

tensinase m human plasma without sigmficantly affecting the hyper-
tensinogen content, they added 300 gm. of solid sodium chloride
per liter of plasma, stirred until 1t was dissolved, added toluol as a
Ppreservative, Jowered the pH to 40, and the creamy solution was
kept at 37°C. for 4 hours. The pH was then rawsed to about 6, and
the solution dialyzed against water at 5°C until essentially chloride-
free Cohn, Oncley, Strong, Hughes, and Armstrong (1944) found that
hypenensmogen in hum:m plasma was concentrated mn therr fraction

1 lobulin. From the electro-

ly alpha
phoreuc studnes of Plentl, Page and Davis (1943), hypertensinogen
appears to be an alpha-2 globulin It is stable for months after
Iyophilization when stored 1n the 1ce-box (Dexter, unpubhshcd)
The most 1mportant ch 1¢ of hyper from the
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Studies on the biologic specificity of the renin-hypertensinogen
reaction, confirmed and amplified m other species,? are discussed in
detail in Chapter IV.

In addition to an absolute spectficity as indicated by a complete
absence of reaction between hypertensinogen and renm, a relative
spectficity has been encountered 1n several species as indicated by a
slowness of reaction Thus, for example, it has been observed that
human renin apparently acts more easily on bovine and horse hyper-
tensinogen than on that of the dog (Muiioz, Taquini, Braun-
Menéndez, Fasciolo and Lelorr, 1943).

No reason has been found to explain the biologic specificity of
the hypertensinogen-temin reaction Corcoran, Helmer and Page
{1942) believed that thes specificity depended more on the hyper-
tensinogen than on the remn They based their opinion on the fact
that human rentn showed an equal action on the plasma of different
mammals, mcluding man, monkey and baboon while the plasma of
these primates did not produce hypertensin when incubated with
hog, sheep, rabbit, dog or cat renin According to these anthors, this
would indicate that hypertensinogen rather than renin determines
the specificity of the reaction Although the conclusions of these
authors bespeak a greater speaificaty for hypertensinogen, specifiaity
of the remin has in no way been excluded, since if the renins were
not different they would behave in the same way on the hyper-
tensinogen of other species

CONCENTRATION IN THE BLOOD

By the methods discussed above, fairly conclusive information has
been obtained 1n regard to the amount of hypertensinogen contained
in human plasma and 1 animals ¢ ly used 1n exp 10n

In man, Haynes and Dexter (1943, 1945) found 2 to 5 cat units
per cubic centimeter of plasma wlich are equivalent to 05 and
125 dog umts Our findings based on a large number of normal
subjects are similar, values ranging between 05 and 0 7 umt per cc.
of fresh plasma (Taquim, Braun-Menéndez, Fasciolo, Leloir and
Muitoz, 1913) We believe that 1t is important for the plasma to be

1 Euchelberger, Letter and Geiling 1940, Turnoff and Rowntree, 1941, Schales,
Hoobler and Haynes, 1941, Friedman and Kaplan, 1942, Corcoran, Helmer, and
Page, 1912
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biologic point of view is its specificity. It is acted upon specifically
by remin, Braun-Menéndez, Fasciolo, Lelotr and Mufioz {1940a) were
unable to shf)w that when it was incubated with such enzymes as
pepsin, trypsin, or papamn, hypertensin was formed. Croxatto and
Croxatto §194Za), however, observed that by incubating pepsm with
hypertensinogen a substance (pepsitensin) with properties similar to
those of hypertensin was formed These findings were later con
firmed by us and several other investigators (see Chapter XI) Hyper-

z
w00
g Qreetiy s $foflp osactiy a7y
z ’ 2
g v :
W 2
£s z
& e oF
Ee aglE
LA
T 14
ez £a
z- a61%m
W 2
5 1 ;
@ 0... .. b lo Lo boeda
W 0
a ol H

EasasiisssilssusiBesssiNss Vsl
HOURS 072345 0123 01234 0123% 0127 0122

Ficure 40 VARIATIONS IN THE CONCENTRATIONS OF HYPERTENSINOGEN AMD
RENIN IN PLAsMA

Renn was injected 1nto dogs with complete abdomunal evisceration exeept for
the Tver which semained in sttu and was wngated by the hepatic any Con-
tinuous line, hypertensmogen concentration, columns,
serve the decrease 1n hypertensinogen concentration after 1
and the signs of hypertensinogen regeneration (After Leloir,
Braun-Menendez and Fasciolo, Rev argent de cardiol, 1912, 9, 269)

renin concentration ob-
he remun tjection
Muiioz, Taqunt

ed zo0logical specificity:
ndez (19402) showed that
of horse, beel, hog

tensinogen possesses a fairly pronounc
Fasciolo, Leloir, Mufioz and Braun-Mené
pig renin acted tn viéro on the hypertensinogen

and dog, but not on the hypertensinogen of man Human h)P“:
tensinogen, however, was acted on by human renin- Battro, Brauf:l
Menéndez, Lanan and Leloir (1840) extended these studies by ¢
bserved that whereas hog ren
human remn had 2 hyperte!

P in produce
wiwo experimentation and ol in p
nsive effect:

no pressor action 1n masn,
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Menéndez and Fasciolo (1910a) studied the variattons of hyper-
tensinogen after nephrectomy and observed a definite ncrease 48
hours after bilateral nephrectomy This was confirmed by Page and
Helmer (1940b) In accord with these studies were the indirect re-
sults of Houssay and Dexter (1942) who observed that the pressor
tesponse to the mtravenous injection of remn was greater in
nephrectomized than n normal dogs.

Kohlstaedt, Page and Helmer (1940) claimed to have found an
mcrease of hypertenstnogen mn hypertensive dogs The results ob-
tained by these mvestigators may be attributed to the use of an
madequate technique or to the posstble presence of renal insuf-
ficiency 1n the anmimals e, ourselves, have found no change what-
soever in the concentration of hyper 1n dogs ch 1y
Bypertensive without renal wmsufficiency An.increase has been ob-
served only n those animals with umparrment of the excretory
capacity of the ladney

Kohlstaedt, Page and Helmer (1940) found no appreciable changes
in hypertenstnogen after hypophysectomy This was confirmed by
Houssay and Dexter (1942)

Houssay and Dexter (1942) found that 1n some adrenalectomized
dogs the response to the injection of rentn was reduced and was
associated with a fall i the concentration of hypertensinogen of
plasma Lewis and Goldblatt (1942) noted a definrte drminutton and
finally an almost complete pp e of hyper n the
systemac blood 1 untreated adrenalectomized dogs A return to
normal levels occurred following adequate treatment with adrenal
cortical hormones or desoxycorticosterone acetate, A fall in the con-
centration of hypertensinagen 1s therefore associated with adrenalec-
tomy Before ascribing a direct relationship of this gland to the
production of hypertensinogen, 1t 1s necessary to exclude the rdle
of shock which occurs following adrenalectomy

It hias been shown that shock 1s capable of producing a definrte
reduction 1n the amount of hyper 1 the blood (Sapirstei
Ogden and Southard, 1941, Huidobro and Braun-Menéndez, 1942;
Dexter, Frank, Haynes and Altschule, 1943, Collins and Hamuilton,
1914) This diminution 1s attributable to the hberation of renin into
the crreulating blood with the resultant transformation of hyper-
tensinogen to hypertensin, since 1t 1s prevented by previous bilateral
nephrectomy (Huidobro and Braun-Menéndez, 1942; Collins and
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fresh because apparently -+
when the plasma is old an

The concentration of demonstrable hypertensinogen in dog plasma
is somewhat less, varying between 0.25 and 0.3 unit per cc (Taquini,
Braun-Menéndez, Fasciolo, Leloir and Muiioz, 1943), In the rat the
amount of hypertensinogen is intermediate between that observed
in dogs and man, ranging between 0.30 and 040 unit per «.
(Gaudine, 1944). Simlar amounts are found in horse and bowne
plasma (Taquuni, Braun-Menéndez, Fasciolo, Leloir and Muiioz.
1943). We beheve that the amount of hypertensinogen contained in
plasma of different species under normal conditions is fairly constant
The variations observed 1n some measurements, such as 1n the wide
ranges obtained by Haynes and Dexter, are in our judgment duF to
such technical difficulties as quantity and activity of the renin, time
elapsing since the blood was withdrawn, presence or anE{)CE of
coagulation, and so forth, the importance of which are still not
entirely clear, i

Under normal conditions, the same amount of hypertensinogen
is found in arterial as in venous blood (Leloir, -Mufioz, Braun-
Menéndez, and Fasciolo, 1940a).

VARIATIONS UNDER DIFFERENT CONDITI(.)NS. Hapmes
and Dexter (1943, 1945) reported a normal conCentra.uon of hyllliﬂ;
tensinogen in the plasma of patients with various diseases suc &
colitis, levkemia, Addison’s disease, ohesity, Hodgkms dfstﬁz
hypertension, and so forth Page (1940d) reported an increase [’,’:lects
concentration of hypertensinogen in some hypertensive subj e
These results can not be seriously considered however Peca“sehOd
methods employed were unrehable. Using a more precise mlcll u:
Haynes and Dexter (1943, 1945) found normal values for 'Zgon
tensinogen in hypestensive subjects We have also (m}nd X{;O Vi:lfcl e
from the normal in hypertensives without renal jnsuffictes Cy;em
cases with repal insufficiency, we have observed a d:ﬁmtI; f:er. o
which 1s in agreement with the findings of Haynes and f‘s been
man, a decrease in the concentration of hypenefxsm'JgEﬂ ha s and
demonstrated only in some cases of liver insufficiency (Hayne:
Dexter, 1943, 1945). «d
The ccncentl‘atign of hypertensinogen in serum has '-_’Z‘Z" s;;l::m-
under various experimental conditions. Leloir, Muiioz,
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Menéndez and Fasciolo (1910a) studted the variations of hyper-
tensinogen after nephrectomy and observed 2 definite increase 48
hours after llateral nephrectomy. This was confirmed by Page and
Helmer (1910b) In accord with these studies were the indirect re-
sults of Houssay and Dexter (1942) who observed that the pressor
response to the intravenous mjection of remn was greater in
nephrectomized than m normal dogs

Kollstaedt, Page and Helmer (1940) clatmed to have found an
increase of hypertensinogen n hypertensive dogs. The results ob-
taned by these mvestigators may be attnibuted to the use of an
inadequate technique or to the possible presence of renal insuf-
ficiency 1n the ammals We, ourselves, have found no change what-
seeser 1 the concentration of hyper in dogs ¢ icall;
hypertensive without renal insufficiency An increase has been ob-
served only i those ammals with impairment of the excretory
capacity of the hidney

Kohlstaedt, Page and Helmer (1910) found no appreciable changes
in hypertensinogen after hypophysectomy. This was confirmed by
Houssay and Dexter (1912)

Houssay and Dexter (1942) found that in some adrenalectomized
dogs the response to the mjection of renin was reduced and was
associated with a fall in the concentration of hypertensinogen of
plasma Lewss and Goldblatt (1912) noted a definite diminution and
finally an almost complete dsapp e of hypertensi i the
systermic blood 1n untreated adrenalectomized dogs. A return ta
normal levels occurted following adequate treatment with adrenal
cortical hormones or desoxycorticosterone acetate, A fall in the con-
tentration of hypertensinogen 1s therefore associated with adrenalec-
tomy Before ascnibing a direct relationship of this gland to the
production of hypertensinogen, 1t 15 necessary to exclude the role
of shock which occurs following adrenalectomy

It has been shown that shock 1s capable of producing a deﬁmte
reduction i the amount of hyper in the blood (Sapi
Ogden and Southard, 1941, Hidobre and Braun-Menéndez, 1942,
Dexter, Frank, Haynes and Altschule, 1913, Collins and Hamlton,
1911) Thns dimnution 15 attributable to the litberation of renin into
the arculaung blood with the resultant transformation of hyper-
tensinogen to hypertensin, since 1t 1s prevented by previous bilateral

dob:

pl y (I and B M, dez, 1942; Collins and
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Hamilton, 1942, 1913, 1944; Dexter, Frank, Haynes and Altschule,
1943).

The réle of the adrenals in regard to hypertensinogen must there-
fore be determuned either in chronic experiments or 1n those 1n which
adrenalectomy and nephrectomy are performed  sunultaneously
Gaudino (1944) has carried out such experiments in rats, observing
that adrenalectomy was followed by a progressive fall in the amount
of hypertensinogen in the plasma untl practically none could be

150

!

FIGURE 50 DISAPPEARANCE OF HYPERTENSINOGEN [ROM PLASMA BY
THE INJECTION OF RENIN
Hypertensinogen 1n the blood of a ten kgm. dog belore (first :NTD‘W? f?‘j.:[,[:
(second arraw) injectior .
incubated ten yunutes
. by injection of alcaholi R
Hg (After Mufioz, Brav. *'.
200, 608)

detected at the end of two weeks, If at this time the rats were
nephrectomized, the concentration of hypertens.inogcn iereased 10
a level similar to that observed 1 nephrectomized dogs that \\ﬂ'(t
previously narmal It would appear, therefore, that whxle_ the ﬂd"(‘]:;
play an indirect réle mn the preduction of hyperteasinogen,

re necessary for its maintenance. e

y Vnri;tmnrsyin the concentration of hypertensinogen in d{‘ﬁﬂxf:::
conditions are in most cases explainable by the presence o sl: ZW 0
produced by the kidney in the circulating blood. It .hn‘s,b;&ﬂo oy
experimentally that hypert becomes [e\':c(i‘)ﬂ of
even disappear as a result of the repeal_ed intravenous 1 ,‘l‘mcmmy,
venin (figure 50). Smce hypertensinogen increases after "?m capable
it seems possible that there is normally a production of re
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of transforming a certain amount of hypertensinogen contained in
the plasma to hypertensin,

Hypertensinogen is the substance on which remn acts to produce
hypertensin. Up to tlus time, hypertensinogen has been found only
1n plasma where 1t 15 a comp of the alpha-globulm fraction.
Hypertensinogen 1n plasma may be measured by mncubating it with
an excess of renim and then measuning the amount of hypertensin
formed, One umt of hypertensinogen 1s that amount which gives
nise to one unit of hypertensin The normal amount contained 1n
one cc of plasma 15 approximately 075 unit in man, 045 in rats,
and 0 35 1n dogs

Hypertenstnogen is formed in the liver. The pituntary is apparently
not concerned m 1ts production, while the adrenal appears to play
a certain réle Human hypertensinogen has been found to be in-
creased only in some cases of hypertension with renal insufficiency
and to be decreased n hiver insufficiency Experimentally, 1t increases
after nephrectomy and in hypertension with renal insufficiency It
becomes reduced after ijecting renin  Shock and hepatectomy in
animals with mtact hidneys produce a pronounced fall of hyper-
tensinogen due to the liberation of renin Previous nephrectomy pre-
vents 1ts decrease under these arcumstances Following adrenalec-
tomy, hypertensinogen becomes reduced, possibly due to the libera-
tion of remn produced by shock or to some mechamsm as yet
undetermimed




CHAPTER VI

HYPERTENSIN

Hypertensin is the product of interaction of renin and hyper-
tensinogen. This same substance was called angiotonin by Page and
Helmer (1940a) who claimed to have obtained crystalline derivatives
in the form of picrates and oxalates. These studres have not been con-
firmed. Furthermore, these authors have not described the meking
pont, elemental composition, relation between weight of the subr
stance and pressor activity, and so forth. In our opinion, therefore,
its 1solation in pure form must be accepted with reservations.

IDENTIFICATION OF HYPERTENSIN

The 1dentification of hypertensin depends upon biologic methods
since no specific chemical reaction has been developed. Thus is not
surprising when one takes into account the difficulties imsolved in
the 1solation and characterization of substances which, like byper”
tensin, are found in dilute and impure solutions, and the structure
of which is presumably of a polypeptide nature Despite innumerable
studies on pitressin and msulin, no specific chemical reactions have
been found, and their recognition and standardization depend e
tirely upon hiologic methods. .

Hypertensin may be differentiated from other vasoconstricto?
substances by various biologic and chemical properties. Ifllmsm
which is simtlar 1n solubility. 1s less resistant to heating with aods
produces a slower and longer rise of blood pressure, and E?“Z‘;
tachyphylaxis Pepsitensin (see Chapter XI) can be differentiat 4
only by 1ts behavior with regard to the hyperzensimse of red bloo
cells which does not destroy 1t while 1t does destroy h'YIfe“e“s;ﬂ
(Braun-Menéndez, Fasciolo, Leloir, Mufioz and Taquith, ;94"1
Adrenalin and other sympathomimetic amines can easily })e 'm\u‘
guished from hypertensin since the action of hypertensiil 1ls :“s
inverted by Fourneau 933 or by ergotamine. Cocaine which \\? ;‘t o
the pressor action of tyramine does not apprecinb‘)' alter l(‘ncxof
hypertensin. Unlike hypertensin, tyrammne h.ﬂs no msoccn‘;
action on the Lawen-Trendelenburg preparation of the o

140
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ASSAY OF HYPERTENSIN

Of the methods at our disposal at this time, the best consists in
measuring the pressor effect of hypertensin on the dog and cat. The
recording of its vasoconstrictor action, whether in the extremities of
the toad or 1n the rabbit's ear, is perhaps more sensitive but less
specific and quantitauve, It is therefore much less relmble.

The nise of blood pressure produced in the dog by a2n unlnown
solution of hypertensin 15 compared with that caused by a solution
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Ficure 51 INCREAses 1N BLoop PREssuRe PRODUCED BY DIFFERENT
AMOUNTs OF HYPERTENSIN
Abscissas Units of hypertensin Ordimates Ruise of blood pressure i mm I,
(After Braun Menéndez, Fasciolo, Lelowr and Mufior, § Physiol, 1910, 93, 283)

of known potency In this way, errors ansing from varying sensitivi-
ties of different animals are duminished For the details of the method,
see Appendix

Braun-Menéndez, Fasciolo, Leloir and Muiioz (19102, b) studied
the refation betseen the amount of hypertensin injected (figure 51)
and 1ts pressor acuon They concluded that withm certain Limits,

the following formula could be applied: u = (%)’ in which u rep
resented umits of hypertensin in the unknown sample, d the nse in
mm Hg of blood pressure produced by the injection of the unknown

sample, and ¢ the rise produced by the injection of one unit of
hypertensin Braun-Menéndez, Fasciolo, Leloir and Muiioz (1910a)
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defined the unit of hypertensin as the amount which produced a ise
of 20 to 30 mm. Hg m the carotid pressure of an average chloralosed
dog weighing 10 kgm. It 1s readhly appreciated that this method is
applicable only to those solutions which contain no other substances
which affect blood pressure.

Some authors have used other substances for comparing the pressor
action. Edman, Euler, Jorpes and Sjostrand (1942) employed tyra
mine phosphate. It is less reliable, however, to use a substance other
than hypertensin since the sensitivity of the animal for each sub-
stance may vary from one moment to another and from one animal
to the next

PREPARATION OF HYPERTENSIN

Hypertensin may be prepared (see Appendix) by mcubating gi\:en
quantities of remn and hypertensinogen under conditions which
are optimal for the reaction The pH should be between 7 anq 3
and the temperature between 37 and 40°C The proteins may then
be removed by heat or by precipitation with alcohol or ace!onc,'and
the extract may be suitably concentrated (Braun-Menéndez, Fasciolo,
Leloir and Mufioz, 1940a; Page and Helmer, 1940a). Dcxter.. Haynes
and Bridges (1945) described a method of preparation consisting of
1ncubating dialyzed renin and hypertensinogen, recovering the ultra-
filtrate, and concentrating  Sapirstein, Reed, and Southard (19¢4)
after 1ncubating renin and hypertensinogen at low temperatures:
removed the protems with trichloracetic acid and removed the fatter
from the filtrate by botling. e

Although several procedures have been devised for the purt ic
tion of solutions of hypertensin, little advance has been made m1 il l:
elimination of impunties A second precipitation with alct'Jh'O "d
moves salt and some of the inactive material. It can be PTEUP““;
with ether from solutions in alcohol or glacial acetic acd It ml)'uni
separated from aqueous solutions by saturation with ar(;lmo:‘u“.
sulphate. Edman, Euler, Jorpes and Sjostrand (‘1942) ma °l?mw“
successful attempt to purify 1t by electrophoresis. All' inves :rious
who have tried to purify hypertensin report large losses in thcd\;x)
steps of purification (For details of preparation, se¢ Appendix.

CHEMICAL PROPERTIES

i i tudied ort
Since the chemical properties of hypertensin have been s
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extremely impure solutions, 1t is unwise to place much value on
many of the reactions described,

SOLUBILITY. Hypertensin 1s extremely soluble in water, glacial
acetic acid, phenol and ethylene glycol, pamal]y soluble in 96 per
cent alcobol and acetone, luble in ether, ¢k

ether, and amyl and butyl alcohol (Muiioz, Braun~\lcnendez, Fasciolo
and Leloir, 1910, Page and Helmer, 1940a) It can be separated from
aqueous solutions by saturation with ammomum sulphate (Mufioz,
Braun-Menéndez, Fasciolo and Leloir, 1940. Edman, Euler, Jorpes
and Sjostrand, 1942). From dilute aqueous solutians, it 15 nat pre-
cipitated with trichloracetic actd according to Page and Helmer
{1840a), or with picric acid or silver flavianate or nitrate 1n aad or
alkaline medium It 15 precipitated with phosphotungstic 2c1d and
with mercury salts :f the solution 15 sufficiently concentrated

STABILITY. Tt is very resistant to heaung At neutrality it 15 stable
for more than seven hours at 100°C In a solution of 1 N hydro-
chlorc acid 1t 1s stable for two hours, being destroyed after three
hours In alkaltne solution, 1t loses its activity m ten minutes at
100°C m 015 N sodm hydroade (Mufioz, Braun-Menéndez,
Fasciolo and Leloir, 1940, Page and Helmer, 19402) It loses its
acttvity by benzoylation by the Schotten Baumann method (Braun-
Menéndez, Fascrolo, Leloir and Mufioz, 1910a) and can be recovered
by hydrolysis (unpublished)

By mcubation with pepsin (Ggure 52), trypsin, or hypertensinase,
it loses 1ts actimty The same occurs by bacterial action (Mufioz,
Braun-Menéndez, Fasciolo and Lelotr, 1940) Croxatto and Croxatto
(1911b, ¢, d) reported 1ts activation by incubation with crystalline
pepsin of trypsin, of with impure extracts rich in phenol- and amuine-
odase (Chapter VII) Plentl and Page (1944a) showed 1t to be de-
stroyed by incubatton with crystalline carboxypeptidase, chymotryp-
sin, trypsin and pepstn

It 15 presersed indefinitely in the dry state, or 1 neutral or aad
aqueous solution at a low temperature. It passes through cellophane
ot dialysis Preliminary attempts (unpublished) to determine the
molecnlar weight by diffusion have yielded figures varying between
400 and 1,000, According to Edman, Euler, Jorpes and Sjostrand
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due $}rh1ch r.night be part of (4) and if not part of {4) would have to be
terminal with its carboxyl group in peptide hinkage. They also con-
cluded that the stmplest compound meeting these requirements was
tyrosyl-arginyl-glutamyl-phenylalanine.

. Hypertensin may be considered to be a polypeptide because of ats
Inactvation. by proteolytic enzymes (pepsin, trypsin, chymotrypsin,
carboxypeptidase), because of its 1soelectric point between pH 63
and 6 5, and because of 1ts general characterstics of solubihty and
precipitability which are similar to those of pitressin. This opimion
has been sustained by Braun-Menéndez, Fasciolo, Leloir and Muiior
(1940a), Croxatto and Croxatto (1841a), Cruz Coke (1915}, and Id-
man, Euler, Jorpes and Sjostrand (1942). The only contrary evidence
1s that of Page and Helmer (1940a) who reported that the biuret
reaction was negative, This may possibly have been due to the use of
too dilute solutions Further evidence in favor of the polypeptide
nature of hypertensin is that it 1s formed by the splitting oft of 2
part of the protem molecule (hypertensinogen) by a reaction which
1s probably hydrolytic Furthermore, it is dulyzable and appears to
have a molecular weight between 400 and 1,000.

PHARMACOLOGIG ACTION

The pharmacologic actions of hypertensin are in most respects
identical with those of renin, since the action of the latter is due ©
the formation of hypertensin. In this chapter, therefore, many state:
ments may appear to be a simple repetition of what has ?Iready
been sard conceming the pharmacologic reactions of renin, but
actually they refer to studies made separately m the course of sys-

temauc investigation,

PRESSOR ACTION, Routes of Administration ~The only saus:
factory routes of admunistration for the production of Ix?rpenensx;m
are by vein or artery No rises of pressure have been obtained by the
administration of hypertensin subcutaneously, intramuscularly, of
possibly due to the use of insufficient dases, Dexter

intraperitoneally,
; ) have injected as much as

and Haynes (personal communication; ed e
100 dog units intramusculasly into a cat without obtaining a pre:

response.
Burlingame,

Long and Ogden (1942) inje(ﬂted renin and hyper-
tensin into pregnant rats and into fetuses,

observing that the fetuses
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were much less responsive than the mothers. When 1njected into the
mother, no hypertension was produced 1n the fetus In many cases
hypotension actually developed These authors did not believe that
1t was the molecular size of hypertensin which impeded 1ts passage
across the placenta since adrenalin, with its small molecular size and
ready diffusibility, Iikewsse produced no hypertension in the fetus
It seems possible that the cause of the dimnution of fetal blood
pressure was due to rhythmical contractions of the uterus from in-
jection of the substances studied

Latent Pertod ~The pressor action of hypertensin takes place
within a few seconds depending upon the rapidity with which 1t
becomes distributed sn the vascular system Hypertensin injected
mto the descending aorta produces hypertension within 6 to 8 sec-
onds, in the jugular vein 1n 15 seconds, m the saphenous vein in
18 seconds, and 1n the carotid artery in 35 seconds (Braun-Menéndez,
Fasciolo, Leloir and Mufioz, 1940b).

Form of the Gurve —The nise of systolic and drastolic pressure
reaches a maximum within a few seconds (figure 52) Immediately
afterwards the curve falls, and the pressure returns to normal within
2 to 8 minutes according to the amount mjected The descending
limb of the curve reaches the 1nutial level of blood pressure without
a secondary, fall as occurs after an injection of adrenalin The greatest
rises of pressure obtained have been 90 to 100 am Hg which were
produced by 15 to 20 units of hypertensm in dogs weighing 10 kgm.

Response to Repeated Injections —As mentioned n Chapter 1V,
many substances produce a dimmishing pressor response on repeated
anjection (renin, pitresstn, venitol, ephedrine, and so forth) This
phenomenon is known as tachyphylaxis Page and Helmer (1940b)
reported that they had observed tachyphylaxis to hypertensm which
has not been confirmed As long as the experimental conditions
remain constant (level of blood pressure, degree of anesthesia, arti-
final respiration, temperature of the ammal, and so forth), the
mjection of a gien amount of hypertensin produces the same re-
sponse each time that it 1s repeated, even though the interval between
1njections 1s short We have found repeatedly that 15 to 20 i i
in two or three hours produce the same response each time,

Tachyphylaxis exists only mn the toad and serpent (Bean, 1942a, b).
According to Bean, this 1s probably due to the fact that in these
antmals the destruction of hypertensin takes place very slowly be-
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cause hypertensinase has a slow action at 15 to 18°C, For the
reasons discussed (Chapter 1V) the slow destruction of hypertensin
would explain the appearance of tachyphylaxis in these animals
(figure 53) (Bean, 1942a).

Continvous Injection.~3f hypertensin is injected ntravenously
into an animal slowly and continuously for 80 minutes, 2 rise of

AL e amar

Ficure 53 ProLONGED PRessor AcTioN oF RHyperrensiv 1v e Tods

ter s s
b BEETINN - .
blood pressure is produced and is maintained throughout the in ,
fusion of hypertensin (figure 54) (Braun-Menéndez, Fasciolo, Leloir
and Muiioz, 1940a). . N

Conditions which Modify the Reaction lo Hyperlensin -Tht
pressor action of hypertensin is produced even after section of the
vagi and splanchnics, after removal of the carotid sinuses, and after

o
Ficure 54 CoNnTINUOUS INTRAVENOUS INJEGTION OF Hw:n'ms(

ifici: i Femosal
il i
Dog, 65 kgm, chl d Double y. Anifiial epirstion Feront
bloo?lgpressur?iln mm Hg. Time in minu?cs. (1) futravenous u'qerr(tzg ;‘B!.ﬁ}l;l g
tensin is started at 2 yate of one unit/min., (2) end o‘;’ 0\:\;.;(;7;;)
Menéndez, Fasciolo, Leloir and Mufioz, J. Physiol, 1910, 25,

T
destruction of the medulla and of the spinal cord In tthgli;fe
instance, the pressor action is somc‘.vh;u. weakelr. G“g::y;c(ion n
and Lindley (1944) observed no dimmuno.n of its }Jgﬂ; i dogs
normal and hypertensive patients under spinal anesthes!
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after bilateral vagotomy or section of the low cervical cord Removal
of the kidneys, lver or all the abdominal viscera does not inhibit its
action (figure 55). These observations indicate that its action is not
mediated by the nervous system, and that the presence of the ab-

200
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FicvRe 55 Actiov o HYPERTENSIN oN AN Evisceraten Doc

Femoral blood pressure 1 mm Hg of an 18 kgm chloralosed dog Intravenous
injection of three umts of hypertensin before (frst arrow) and after (second
arrow) ewssceration, Trme 1n minutes (After Braun Menéndez, Fasciolo, Leloir
and Mufioz, Rev Soc argent de biol, 1940, 16, 398)

domnal viscera is not necessary (Braun-Menéndez, Fascrolo, Leloir
and Mufioz, 19402, b)

Ammals 1n shock react less or not at all to hypertensin (Page,
1913a; Middleton, 1944) The same 15 true of amimals which have
previously received large doses of remn,

In hypertenstve antmals, the sensitivity to hypertensin is not appre-
ciably altered (see Chapter II) Nephrectomy performed 2t to 48
hours before appears to produce a greater sensitivity (Page and
Helmer, 1940b; Houssay and Dexter, 1942) (sce Chapter IX) It 1s
matural that after such a serious operation nvolving varying degrees
of shock, mfection, uremia, and so forth, the responses observed vary
from one amimal to the next.
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Removal of the adrenals or of the pituitary does not appreciably
modidy the sensitivity to hypertensin unless shock supervenes (see
Chapter X),

Achon of Drugs ~The pressor action of hypertensin is consider-
ably patentiated by the previous injection of veritol {50 to 60 mgm
per kgm ), ephetonine (0.1 mgm. per kgm.) (figure 561), or tycamine
(figure 56b). The synergistic action of ephetonine is extremely pro-
fonged, lasting about 40 minutes. Cocaine (10 mgm. per kgm.) and
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Fieure 564. POTENTIATING ACTIoN OF EPHETONINE 0¥ THE ACTION
of HYPERTENSIN
Chloralosed dog weighing five kgm Carotrd pressure in mm, Hg Time i
minttes H, 05 ¢c hypertenun, E, 1 mgm ephetontme (After Braun Menénder
Fasciolo, Lelorr and Muiioz, Rev. Soc argent de biol, 1946, 16, 398).

pyrogallol (20 mgm. per kgm ) have less effect. Pitressin (0.5 to l.\m.ix)
reduces somewhat the pressor action of hypertensin. Renin dimin-
ishes or abolishes it The injection of Fourneau 933 (10 mgm. per
Lgm.) does not alter the action of hypertensin, although it is well
fmown that this drug wnverts the action of sympathemumetic sub-
stances such as adrenalin. Atropine {1 mgm. per Agm.) snd adrenalin
(0.5 gamma per kgm.) do not alter the action of hypertensin (Braun-
Menéndez, Fasciolo, Leloir and Mufioz, 1939, 1910b; Page and H't‘*
mer, 19402, b) Mardones and Lorruine (1944) observed thay cysteine
id not potentrate the action of hypertensin on the blood pressure
of decerebrate cats.

VASOCONSTRICTQR ACTIQN. We have seen that the pressor
action of hypertensin extsts despite section of such nerves 2% the W.%_l
and splanchnics, and despite destruction of the central nervots sy
tem. Tts action therefore is peripheral, The vasmmxmlfmr ac e
hypertensin bas been studied by different methods, including

tion of
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larger doses, and the capillaries did not contract. Tyramine and
methylguanidine had similar actions. Adrenalin and pitressin had 2
more intense and prolonged action on arterioles and venules These
substances, however, did not cause the capillaries to contract In the
intact animal, the action of renin on vessels was the same as that of
hypertensin except that it was slower,

According to Page and Helmer (1940Yb), the injection of hyper-
tensi in Ringer’s solution produced intense vasoconstriction when
perfused through the rabbit’s ear. The second injection had less
effect, and the third none. The addition of normal blood or of certam
extracts of blood to the perfusing fluid restored the vasoconstrictor
action of hypertensin The substance responsible for this effect was
called angiotonin-activator or cosubstance The authors concluded
that angiotonm-activator was necessary for the action of hypertensin
It is of interest to Tecall the studies of Morton and Tainter (1940)
i this regard When the lower extremities of the cat were perfused
with Locke’s solution, the vasoconstrictor action of tyrammne and
ephedrme became diminished or even absent. The action reappeared
1f the leg was perfused with defibrinated blood or heparinized plasma,
or by adding adrenalin to Locke’s solution. From these observ.almm,
Morton and Tamter suggested that the vasoconstrictor action ?Y
amines 1n the group of tyramine and ephedrine was due at least 11
part to blocking of the local mechanisms which mactivate adrenalin
1t is probable, however, that the state of the vessels and lhcreforf
their reactivity, play some rdle since the addition of 05 per ceﬂ{
gelatin to Locke'’s solution was sufficient to increase the activity 0
these drugs considerably does

In the toad the phenomenon observed by Page :mé Helm;li) o
not occur (Braun-Menéndez, Fasctolo, Leloir and Mufioz, 1640b) o
the Lawen-Trendelenburg preparation perfused with Ringer's soal-
tion, the action of hypertensin 1s consistently msoconstncc;‘l;-o e
though the mnjections are repeated many tumes. In dog an rictor
plasma, we have not encountered an activator of the v?;m:o[r;I e
action of hypertensin For these reasons, we constder
existence of angiotonin-activator is extremely doubtful.

ACTION ON HEART. In general, pressor and vasoconsmcm: :V“:r’:
stances are considered to be the same. Gertain subsmngctslzu:o‘dm”
may produce an increase of pressure without vasoconstriction,






154 RENAL HYPERTENSION

of a given substance in the arterial blood, renat venous blood, and
fmn} the amount eliminated in the urine, the amount of blood
passing through the Lidney in a given time could be caleutated.
By determining the extraction ratio of pheno! red and inulin, they
shawed that the mfusion of hypertensin inta unanesthetized dogs

ETRHIROES

FIGURE 58 ACTION 0F HYPERTENSIN ON B1oOD PRESSURE ARD RESPIRATIOV

Action of hypertensin on the biood pressure {upper curve) and xrspml::z
mavements (fower curve) of 2 dog weighing thirteen kgm under ch!on!osc;md
thesia before (left) and after’ (nght) bilateral vagotomy. Time in minutes B o
pressure m mm Hg. At the arrows, five unus of hypertensin were m’“s«

Afrer B dez, Fasciolo, Leloir and Muiioz, Rev.

argent, de buol, 1940, 16, 398)

dminution of renal blood flow.
y. These resuls
hypertensin the
rapidly when

produced a nise of blood pressure,
and ncrease of exwracuon of inulin by the Lidne
were sumlar to those produced by remn, but with
effects were manifest earhier and disappeared more
the mjection was stopped.

Hypertensin :hcr;e)frz)re produces constriction of the 'cgtf;;’l‘
arterioles of the glomerulus as has also been observed by Smitfh
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Goldring, Chasis and Ranges (1938) in human beings with essential
hypertension Herrick, Corcoran and Essex (1941) using the thermo-
stromuhr also found a reduction of renal blood flow. Braun-_
Menéndez, Fasciolo, Lelor and Muiioz (1940b) observed vasocon-
striction by measuring the volume of the kidney.

Wakim, Root and Essex (1941) made microscopic observations on
the changes occurring 1n the kidney of the frog by direct application
of hypertensin or by its intravenous injection In both cases, transi-
tory vasoconstriction was produced and glomerular activity stopped
for a minute. This was followed by a moderate congestion which
lasted some eight minutes. When the drug was mnjected into the
lymphatic sac, the inital cessation of activity was not produced while
congestion did occur. No action on the ladney of the frog was
abserved after the injection of renin,

ACTION ON RESPIRATION. Respiration 1s little changed by
hypertensin. In general, a transtent tachypnea 1s observed followed
by a slight prolonged reduction of respiratory rate. Anesthesta does
not modify this effect and vagotomy does not prevent 1t (figure 58)
(Braun-Menéndez, Fasaiolo, Lelotr and Muiioz, 1940a) Wilkins and
Duncan (1941) found in man a reduction of the vital capacity

ACTION ON OTHER ORGANS Braun-Menéndez, Fasaolo,
Leloir and Mufioz (1940b), using a plethysmograph, showed that the
intravenous injection of hypertensin produced a diminution n the
volume of the spleen, kidney and intestine (figure 59). Injection of
01 to 1 umt of hypertensin into the artenies of the stomach,
duodenum, intestine, spleen and Midney produced a marked and
lasing vasoconstriction According to Page and Helmer (1910a), it
produced an increase 1 tone of the 1solated rabbut wntestine without
reducing rhythmical movements

Harnson and Ivy (1941) reported that hypertensin produced a
contraction of the 1solated gall bladder of the guinea pig and of the
gall bladder and duodenum of the dog in situ.

METABOLIGC ACTION Fogha and Mogla (1910) observed an
abrupt but transient increase of the plama potasstum which was
prevented by a previous injection of Fourneau 933 or by hepatec-
tomy. The blood sugar also increased, although somewhat later than



156 RENAL HYPERTENSION

the rise of potassium, and this effect was also more prolonged. In
dogs without the adrenals, the blood sugar was not changed. The
hyperglycemia produced by hypertensin is probably indirect and
due in part to a small discharge of adremalin. Indeed, Braun

Ay il
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Ficurz 59, Action oF HYPERTENSIN ON THE Doc’s IntesTINE “IN Srri: o
Action of three units of hypertensin intravenously on bl?od Pufsx:nmnﬂf
Hg (upper curve), miestinal motility (middle curve); and w;xmg;;o B ot 30
(lower curve), Time i minutes (After Braun-Menéndez, Fasciolo.
Muiioz, Rev Soc argent de biol, 1940, 16, 398)
- o show
Menéndez, Fasciolo, Leloir and Mufioz (1910.17) were ;]}3‘1: l"msm
with cross-circulation experiments. that the injection of hype
produced a small discharge of adrenalin (figure 60).



HYPERTENSIN 157

FIGURE 60 DISCHARCE OF ADRENALIN FROM AN INJECTION OF HYPERIENSIN
(ANASTOMOSIS BETWEEN THE ADRENAL AND JUGULAR VEINs)
Femoral pressure :n mm Hyg of dog 1 weighing 15 Lgm under chloralose
anesthesia, whose jugular vein was anastomosed 1o the adrenal vein of dog 2
weighing 23 kgm Time an munutes The imjection of seven units of hypertensin

ACTION ON SMOOTH MUSCLES Luduefia (1940), who has
made the most complete pharmacologic study to date of the action
of hypertensin on smooth muscles, concluded that 1t produced con-
traction of almost all organs investigated, although the sensitivity
of different organs varied, The most sensitive organ found was the
Tat uterus (figure 61) and rabbit uterus (figure 62), which were
responsive to dilutions of 1 unit diluted to 1,250 to 2,000 The small
1testine of dog, guinea pig and rabbit, and the uterus of the guinea

Ficuge 61 Acion or HypeRTENSIN ON THE NON PREGNANT RAT Utewus

At the pomt indicated by the arrow, hypertensin was added to the bath The
reuling concentration was one unit 1n 1250 ¢ A progressive 1ncrezse in the
thythmical contractions 15 observed Time in minutes (After Luduefia, Rev Soc
argent de biol, 1940, 16, 358)
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FICURE 62 AcTion OF HYPERTENSIN ON Tui NON-PRrGNANT RABBIT UTERLS
At Alhc arrow, hypertensin was added to the bath in a concentration of o
unit in 2000 cc. Time m minutes (After Ludueiia, Rev, Soc argent de bio
1940, 16, 358)

pig were sensitive to dilutions of 1 in 750. The sensitvity of th
dorsal muscle of the leech increased from 1:15 to 1:150 followmn
eserinization The gall bladder, retractor penis, ureter, vas deferen
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FIGURE 63 ACTION OF HYPERTENSIN ON THE SMALL INTESTIvE OF A RABBIT
75 cc; AC, acetylcholine, 118,000,000, AT, atropict
hat atropine sulphate, whi
he action of hypet
biol, 1940, 16,

H, hypertensin one unit in
1 60,000, AC’, acetylcholne 1 6,000,000, note t
abolishes the motor effect of acetylcholine, does not modafy ¢
tensin Time in minutes (After Ludueiia, Rev Soc argent de

358).
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and bronchi of dogs were sensitive to dilutions between 1 in 60
and 1 in 15.

The action of hypertensin on smooth muscles has certain peculari-
ties which Ludueiia has described. The latent penod of action is
much longer than that of adrenalin or acetylcholine, both in isolated
organs and in organs i stte The sumulating effect is characterized
by an increase in tone. If the organ has thythmical contractions, these
become reinforced, as 1n the case of uterus and intestine. In other
cases, thythmical contractions may be produced as in the case of the
uterus, intestine, bladder, retractor penis and gall bladder, In some
cases, such as the intestine, an initial inhibition may be produced It
dilates the pupil, although this action 1s very weak, It is best seen in
the cat anesthetized with nembutal, where mosis is extreme. It pro-
duces contraction of the nictitating membrane of the cat, preceded
at umes by inhibition of the membrane Thus action is diminished
or abolished by Fourneau 933

The analysis of Ludueiia of the action of hypertension indicates that
it may be classed among the musculotropic drugs stnce 1t contracts the
uterus of the rat and the mtestne of dog, rabbit and guinea p\g,
which are relaxed by and 1. of the sy
nenves It contracts the intestine and pieces of bladder made 1nsensi-
e to acetylcholine by atropine (ﬁgure 63) Its motor action parallels
neither sympathetic nor y nerse action Its action on
the uterus differs from that of hustamine since the latter contracts the
uterus of rabbits and guinea pigs as does hypertensin, but ihibits
that of rats.

According to Ludueiia, the most sensitive reactor to hyperzensin
1 the vascular system of the dog and the second most active, the rat
and rablnt uterus It 1s well to bear these facts in mind in the evalua-
tion of different methods of assay of hypertensin

ACTION ON MAN The action of hypertensin on man has been
studied by Bauro, Braun-Menéndez, Lanan and Leloir (1940);
Battro, Gonzdlez-Segura and Lanan (1941), Corcoran, Kohlstaedt
and Page (1911a), Bradley and Parker (1941) and Wilkis and Dun-
<an (1941) The injection of hypertensin 1 man produces systolic
and duastolic hypertension with the same characteristics as in the
experimental apimal The action 1 rapid and vanes with the dose
(figure 61).
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. Bradley and Parker (194]) reported an increase of peripheral re-
sistance and of blood pressure and bradycardia with diminution of
the minute volume output without modification of the systalic
output. Wilkins and Duncan (1941) reported an increase of arterial
and venous pressure, bradycardia, marked diminution of the systolic
output, increase in cardiac size, prolongation of the circulation time,
diminution of blood flow to the extremities as indicated by plethys
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The precise manner in which these drugs act is not entirely clear. It
was formerly believed that they acted on the sympathetic and para-
sympathetic nerve endings of cells With further investigation, how-
ever, this concept became untenable The variety of actions of each
drug were so great and the effects on different effector organs so
contradictory that gradually all attempts at classification which tried
to include ali the known facts had to be discarded.

Despite these difficulties, Tainter (1932, 1933) proposed a practical
classification which, despite certain objections, is usefol in pharma-
cologic analyses of drugs. His procedure was as follows: Adrenalin is
injected repeatedly into cats until a constant pressor response of 30
mm. Hg is obtained The substance to be studied is then 1njected,
following which the ammal 1s d by the ad ration of
15 mgm. of cocaine per kgm subcutaneously Fifteen minutes later,
a re-injection of adrenalin produces a pressor response which 1s twice
that before the injection of cocaine since cocame potentiates the
acuon of adrenahin. Injection of the unknown substance is repeated,
and 1f the response ls greater lh:m before cocaintzation, the drug.
behaving like ad it ic If the resp is the
same as bcfor:, the substance acls like banium or puressin and is
considered to be musculotropic If the response is less or absent, it
behaves as ephedrine or tyramine and 1s considered to be pseudo-
sympathomimetic Hypertensin behaves as a musculotropic sub-

, stance. Tainter then injects ergotamine, 1 mgm at 2 ime, until the
pressor action of adrenalin becomes inverted, 0 6 to 1 mgm. per kgm.
of ergotamine usually suffices The unknown substance 1s then in.
jected and 1f hypotension 1s produced as 1n the case of adrenalin, it 1:

considered to be sympath If the res is
as in the case of barium, 1t 15 considered to be mnsculolroplc. and
it the action is diminished, it is dered to be |

metic, By this second criterion, hypertensin also bchaves asa muscu]o-
tropic substance Before ending the experiment, adrenalin is again
injected in order to make sure that the effect of ergotamine still
persists Hypertensin can be considered as a musculotropic substance
since its pressor action is niot modified by cocaine or ergotamine.
Conclusions from studies on the properties of drugs must be made
with caution since not only are the experimental conditions import-
ant, but also the results obtained may not be npphcabl: to ammals
of other species. Thus, tyramine 15 sympathonnmetic in the cat, hag
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can also be formed by action of the “cytochrome C, cytochrome
oxidase, oxygen”™ system, which is present in all animal tissues
Through its oxidizing and reducing properties, adrenochrome can
serve, in araficial systems at least, as a carrier of hydrogen in the ox-
dation of different metabolites such as lactic and malic acids (Green
and Richter, 1937) Adrenochrome has no pharmacologic action

Recently, a phenol oxidase system has been described which may
have greater physiologic importance and may explain the transitory
action of adrenalin. We refer to the transformation of adrenalin into
adrenoxin. Bacq and Heirman (1940) found that incubation of dilute
solutrons of adrenalin or other sympathomimetic substances with
extracts of animal or vegetable tissues containing phenol oxidases
caused the vasoconstrictor action of adrenalin to disappear. The
incubated mixture acquired strang hypotensive properties and an
inhubiting effect on the isolated heart of batrachians and on the iso-
lated intestine of rabbits. These investigators ateributed these clmng:.s
in the praperttes of adrenalin to undetermined phenomfma of oxi-
dation. The catalyzers of this reaction were found to be oxidases fmu:
vegetables (potatoes and mushrooms), from animals (“tysosinase
from Tenebrio mollitor), or from organ extracts In the latter it
stance, the only extracts possessing this catalyzing action came {m:n
organs, the activity of which was inhibited by adrenalin, the only
exception being the small intestine.
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example, only by using dilute solutions of substrate (10°%, 10 ¢). Due
to its instability, its action 15 manifest only for a short time, varying
from one to four hours with different preparations. With shorter or
longer incubations, its presence may not be detected. Progesterone
inhibits its production It will be remembered that progesterone
reverses the action of adrenalin on the uterus of virgin cats Cyanide
and resorcinol also 1nhibit its formation

The physiologic significance of adrenoxin has not as yet been
established, As its discoverers believe, it may be the cause of the secon-
dary effects of adrenalin or of the effects produced by extremely
sma)] doses of adrenalin The sl of us p in vitro
does not invalidate its possible physiologic 1dle

The similarity of action of these sympathomimetic substances with
hypertensin justifies, in our judgment, the review which we have pre-
sented Furthermore, the action of these various enzymes may be of
value 1n the study of the problem of hypertension,

Hypertensin 15 a pressor and vasoconstrictor substance resulting
from the interaction of renin and hypertensinogen It is probably
a polypeptide of relatively low molecular weight It 1s dialyzable,
thermostable, acid resistant and alkali labile It is destroyed by
proteolytic enzymes such as pepsin and trypsin. It 1s soluble in water
and insoluble 11 organic solvents Its purification 1s dafficult, and its
presence can be detected only by 1ts pharmacologic action It may
best be assayed by 1ts pressor action 1n the dog or car. Injected intra-
‘enously into anumals, it produces a characterstic rise of blood pres-
sure of short duration This action 1s not inverted by Fourneau
933 nor modified by cocaine It 1s potenuated by verttol, tyramine
and ephetonine. The unit of hypertensin 1s defined as that amount
which produces the same rise of pressure as 15 produced by one cc.
of our standard solution, which produces an elevation of 20 to 30
mm Hg pressure in the average 10 kgm dog anesthetized with
chloralose It has a sumulating action on the heart, and produces
vasoconstriction of the efferent arteriole of the glomerulus of the
Mdney In general, 1t produces contraction of smooth muscles and
may be classified among the drngs having a musculotropic action.

Trolonged hypertension may be obtained by 1ts continuous injec-
tion, a blood pressure curve being obtained which 1s similar to that
produced by the intravenous injection of remn



CHAPTER VII

HYPERTENSINASE

In earlier experiments on the formation of hypertensin in vitro, '
1t was observed that if the incubation of renin with hypertensinogen
were too prolonged, a disappearance of hypertensin would occur
(Braun-Menéndez, Fasciolo, Leloir and Muifioz, 1939, Page and
Helmer, 1940a) At that time, it was not clear whether this action
was due to the renin itself or to the presence of some other substance
Later experiments (Leloir, Mufioz, Braun-Menéndez and Fasciolo,
1940a) showed that by using purer preparations of renin and hyper-

gen, the disappearance of hypertensin could be avoided Fur-
thermore, the mcubation of hypertensin with impure renin caused
hypertensin to disappear. This did not occur with purer preparations
of renin.
‘The disappearance of hypertensin was attributed to the action of
an enzyme which was called hypertensinase. Findings which suggest
that it behaves as an enzyme are as follows: It is thermolabile, it does
not dialyze, 1t possesses an optimum pH and temperature of reactton
Different tissues possess a hypertensinase action At the moment it ¥
not entirely clear whether there are one or many different enzymes;
the latter appears more probable. Page and Helmer (1940Db) described
a substance which they called “angiotonin-inhibitor” which was
possibly the same as hypertensinase.

GENERAL PROPERTIES

Hypertensinase 15 probably a protein. Regardless of
of red cell or renal orign, it is precipitated with ammol
between 03 and 0.6 saturation, It is not precipitate
against distilled water. In neutral solution, it is inactivate
minutes by heating to 60°C. or in 20 minutes at 25°G when the P.H
is between 3.6 and 39 The following substances do not affect ﬂ;
activity: Toluol, chloroform, thymol, potassium cyamd?, octy
alcohol, 002 M sodium fluoride, pyrogallol, sodium !n'sulph_llc. Itxds
likewse unaffected by anaerobiosis (Fasciolo, Leloir, Mufioz a:d
Braun-Menéndez, 1940b). The pH optimun of hypertensinase of
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blood cell origin is between 7 and 8 This was determined by Muiioz,
Braun-Menéndez, Fasciolo and Leloir (1940) (see figure 40).

Helmer, Kohlstaedt and Page (1942) observed that the hyperten-
sinase of muscle, liver and intestine had an optimum pH between 7
and 8, and that it was practically inactive at pH 4. For the hyperten-
sinase of Kidney, however, the optimum pH was 4 They concluded
justifiably that there were two hypertensinases, one which acted at
pH 7 to 8, the other at pH 4.

Its activaty at different temperatures has been studied by Bean
(1912a) 1n the blood of man, ox, dog and toad (figure 65) At 20°C.
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Hjpertensinase activity determined from the amount (units) of hypertensin
Jeft 1n the sotution after two hours’ incubation at varous temperatures with
hypertensinase (After Bean, Am ] Physiol, 1912, 136, 731)

the activity was decidedly dimimished, and accordmg to Bean this
accounted for the occurrence of tachyphylaxis to hypertensin in the
toad At 0°C 1ts activity is negligible according to Bean (1942a) and
Sapirstein, Reed, and Southard (1914) Plent! and Page (1944) in
studying the action of hypertensinase on hypertensin, concluded that
it represented a monomolecular reaction
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PREPARATION

Little progress has been made in the purification of hypertensinase
From the kidney, 1t is easy to obtain renin freé from hypertensinase
but not hypertensinase free from renin. This is due to the fact that
hypertensinase 1s easily destroyed and large losses occur at each step
of purification. Marty-Calvo (1942) claimed that he obtained ex-
tremely active preparations of hypertensinase with negligible renin
acuvity by fractional precipitation with acetone For the assay of
hypertensin, he perfused the hind leg of the frog, which under these
conditions gives unrehable results.

The best starting material for its preparation is probably red blood
cells in which the hypertensi is not accompanied by as many
enzymes as other tissues contain. Up to the present, howeser, its
separation from hemoglobin has not been successful.

ASSAY OF HYPERTENSINASE

Fasciolo, Leloir, Mufioz and Braun-Menéndez (1940b) .descnbed
a method of assay of hypertensinase. The principle of this method
consisted of measuring the amount of hyperiensin remaining after
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mcubating a known quantity of hypertensin with the hypertensinase
extract to be investigated, The relation between the destruction of
hypertensin and the amount of hypertensinase in variable lengths

FICURE 67 RELATION BETWEEY QUANTITY AND ACTIVITY OF HVPERTENSINASE
Fr03 Rep Broop CEiLs

i (D) 051 ce; (E) 041 ccs (F) 031 e (G) 028 cc, (1) 1 tc boiled {Afier
Fasciolo, Leloit, Mudioz and Braun Menénder, Rev Soc. asgent. de biol, 1940,
15, 64%)

of time was studied In order to 10id the use of protein precipitants,
the amount of hypertensinase added was small and sncubation perindy
prolonged. With long mwub bacternal ¢ fon which
is capable of destroying hypertensin had to be prevented At the end
of incubation, the reaction was miterrupted by heating to 100°C,
The solutions were assayed 1a the dog by measuring the amount of
hypestensin semaimng The technique finally adopted is described in

e Appendix
B AR T 1 -

Helmer, Kohlstaede and Page (1912) and Helmer, Kopstacds.
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Kempf and Page (1942) used a similar method except that it was
buffered at a lower pH. The method was used for assaying renal
hypertensinase which acts at a lower pH and was as follows: 1 cc ofa

* solution of hypertensinase, 1 cc. of 5.0 M acetate buffer at pH 4, and
0.5 cc. of a solution of hypertensin (probably about 1 unit) were
mixed These were incubated for 30 minutes at 37°C. and then
boiled for 10 minutes and injected into the dog.

DETERMINATION IN BLOOD. Dexter (1942) modified shghtly

the method of Fasciolo and collaborators {1940b) for theassay of hyper-

tensinase in plasma. The blood was withdrawn and mixed with Ql
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volume of a solution of 3.8 per cent sodium citrate and centr! i;cd
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“The approximate amount of hemolys W -
by !hf };)enlidine test, by comparing the color o.bt:uned Owlpli; slmhiz
given by hemolyzed red cells in dilutions up to 1in 40,00d-ismrded
giving a greatexr amount of hemolysis than 1 in 5,000 wcrc.hud he
All the pipettes, tubes and so forth were prcvnously stert.
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mixture of buffer, hypertensin and merthiolate was the same as that -
described by Fasciolo, Leloir, Mufioz and Braun-Menéndez {(1910b)
(see Appendix), but more concentrated, 8 cc. being used instead of 10
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Ordinates, quantity of hypertensin desiroyed by 065 unit of hypertensinase
from red blood cells Abscissas, time ol 1ncubation 1n hours {After Fasciolo, Leloir,
Mufioz and Braun-Menéndez, Rev Soc argent de bial 1910, 16, 613)

cc. Eaght cc. of the mixture were added to 7 test tubes and than 1.5,
10 and 0.5 cc of undiluted plasma, 15, 1.0 and 0 5ec of plasma
diluted 4 times with distilled water The seventh tube was used as
the control The volume of cach tube was made up to 10 cc. It was
meubated for 2 hours at 37°C and then heated to 100°C. for 10
minutes and jected into the dog. Dexter (1942) used an incubation
time of 2 hours mstead of 4 which was the time chosen by Fasciolo,
Lelorr Mufioz, and Braun-Menéndez (1940b). Tor calculating the
units of hypertensinase, the empirical curves shown 1n figures 68
and 70 should be consulted ‘

UNITAGE. Fasciolo, Leloir, Muiloz and Braun-Menéndez (1910h)
defined the wout of hypertensinase as that amount which destroys 0 5
unit of hypertensin under the conditions described, 1 ¢., 1n 4 hours
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at 37° C.at pH 7 4 in a volume of 10 cc. and with an initial amount
of hypertensin of 1 umt, If exactly 0.5 unit of hypertensin is not de-
stroyed in any of the tubes, the amount present can be calculated by
referring to the curve shown in figure 68, '

DISTRIBUTION OF HYPERTENSINASE IN
DIFFERENT ORGANS
Fasciolo, Leloir, Mufioz and Braun-Menéndez (1940b) studied the
content of hypertensinase in different organs of the dog. The results
appear in table 3.
Organs with the highest content were the intestinal mucesa and
the cottex of hidney. The pancreas, spleen, Tiver and hemolyzed

Tapre 11 H. Coxnrznr or D) Oreans or 175 Dog.
Units per gram of fresh tusus

Intestinal mucosa 1200-1600

2 w
Intestine . 30‘2‘
Pancreay . - Ta0-
Fhleen . : 8- 12
B emolyzed red blood cells 0

aver 5
Adrenal . ot
Brain oo H
Heart B . . 1
Nonhemolyzed red blood cells . b

Plasma or serum |

red cells followed in decreasing order. Nonhemolyzed ved cells had

practicatly none, the small amount present possnbly‘ bcin:g due xg‘:
shght hemolysis It appears therefore that hypertensinase 15 not gﬂ)
to cross the red cell membrane Friedman, Mars and Lindner (1 Han
observed that the hypertensinase content of lymph was much Jess U
that of plasma.

MECHANISM OF ACTION OF HYPERTENSINASE
i i iti tensin 15 unknrown, any
Since the chemical composition of hypertens ke

interpretation of the mechanism of action of hypertens ot bypee
largely hypothetical. Certain evidence, however, suggestsb!mmes e
tensin 1s a polypeptide, and since all known pressor subs be an
amines, it is Jogical also to suspect that its active group ma}y calo
amine, The action of different inhibitors on hypertensmnscv:‘ﬂid‘ %
given nformation 1n regard to the group of enzymes 10 ¥
belongs.
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also inhibit it. Cyanide (10-* M) however does not inhibit its action.

Croxatto and Croxatto (1941a, b, d,) observed that crude extracts of
Sepia officinalis containing an abundance of amine oxidase were capa-
ble of inactivatng hypertensin. These investigators admitted that
lh.e action might be attributable to other enzymes in the impure
mixture. .

Octyl alcohol which inhibits amine oxidase does not inhibit hyper-
tensinase (Bing, Zucker and Perkins, 1941; Croxatto, Croxatto and
Marty, 1943).

(B) PHENOL OXIDASE. A number of enzymes are included in this
category. One example is the polyphenol oxidase of potato, crystal-
lized by Kubowitz (1937, 1938), the prosthetic group of which 15
copper. This enzyme oxidizes orthophenols such as catechol,
adrenalin and dihydroxphenylalanine (Richter, 1934) to correspond-
g qunones, Some monophenols such as phenol and cresol are also
oxidized, but only after an nduction period. This type of enzyme
has also been 1solated from certan mushrooms As regards its presence
in amimal tissues, little 15 known at this time, Martin, Ichiowshy
Wisansky and Ansbacher (1942) observed that the destruction of
adrenalin by purified tyrosinase was accelerated by ortho substituted
phenols (catechol, cresol, amino phenol) and inhibited by aromati¢
amines and amino benzoic acids. N

According to Schroeder and Adams (1941a,
from mushrooms can inactivate hypertensin i
tyramne and adrenalin. Croxatto and Cronatto (19
served nactivation of hypertensin by an extract of mushrooms
tyrosinase activity. )

Bing, Zucker and Perkins (1941) obtain
which were inactive for hydroxytyramine,
and hydroxytyramine are destroyed by different

(C) PROTEOLYTIG ENZYMES. Hypertensin can be de.stwyed l?s’
certain commercial preparations of crystalline proteolytic enzym
such as pepsin and trypsin (Croxatto, 1943)
Croxatto and Croxatto (1942b) and Croxatto, CI ;
and Valenzuela (1942) studied the action of 2 punﬁcd p\"cp::il'lsl
amino polypeptidase from yeast. They observed that it de

b), tyrosinase extracted
vitro as well 38
11c, d,) also ob-
wi

ed hypertensinasc extracts
showing that hypertenst®
enzymes.

Croxatto, Manrique?
ion of
royed
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after nephrectomy. The same authors (Fasciolo, Leloir, Mufioz and
Braun-Mendndez, 1940b), however, observed afterwards that the
hypertensinase activity of serum or plasma depended on the degree
of hemolysis in the blood Since hypertensinase in blood is found
entirely or almost entirely 1n ved cells, hemolysis produces a tremen-
dous increase in its concentration in plasma The authors concluded
that “this completely invalidates our previous observations since no
precautions were taken to avoid hemolysis *

Dexter (1942) catried out new experiments in which, by taking into
account the degree of hemolysis, no difterence between the hyper-
tensinase content of normal dogs and of those which had been |
nephrectomized 48 hours previously was encountered. No differences
were found between normal dogs and dogs made hypertensive by
renal 1schemia )

According to Friedman (1941), hypertensinase diminished as
blood passed through an ischemic kidney. Hypertensin disappeared
mote rapudly when it was incubated with plasma from femoral blood
than when 1t was incubated with plasma of venous blood from :u'1
ischemic kidney. The results were quite constant. The findings how-
ever might be mterpreted in a different manner. The plasma ‘\fhl;f;
passed through the ischemic kidney contained renin, This renin wou
give rise to the formation of hypertensin, and the hyper(cu‘smaxgx:
these samples would have to destroy not only the hypertensin adde
but also that formed by the renin, This would result in an apparent
diminution of destruction of hypertensin added to the plasma ‘fﬂ;&"
ischemic blood in_ comparison with that from the systemic Lo o
This nterpretation is further suggested by the tises of pressul:; ’{!;e
duced by plasma from the 1schemic kidney incubated alone. b
rises, although small, were greater than those produced by the p

emic blood
Of“{,‘;;ﬁ;i‘: Friedman, Newman and Sugarman (1943) "bscwed,n
p i m the venous blood from ﬂcui ;
have not been able to cunf:ifi!;;g:“c‘: ;Yn,
renous

ion of hyper
ischemic kidneys which we
Dexter, Sandmeyer, and Haynes (1945) observed n.o o
the concentration of hypertensinase in renal arterial an

ood of pal eratio! after complete occlusion
P n before and after compiete
blood of patients at operatn S ¢ £

of the renal artety for periods of 10 to 12 mi s
samples of plasma was carried out at both pH 73 .131(; 54: fn p)x’ima
and Dexter (1945) found normal values for hypertensin:
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of patients with hypertension, liver and Kidney disease, and a number
of other disorders.

Extracts from tissues and blood possess the property of destroying
hypertensin. The most active extracts are those of kidney, intestinal
mucosa, liver and red blood cells This action is due to a substance
which is th labile and not dialyzable It p the charactens-
tics of a protein. This substance has been called hypertensmase. It 1s
probable that there are many enzymes in the body which have the
property of destroying hypertensin Most of the activity of the extracts
is probably due to enzymes of a proteolytic nature, although other
types of enzyme may well destroy hypertensin Hypertensinase may be
assayed by incubating the solution to be myestigated with a known
quantity of hypertensin The unit of hypertensinase is defined as that
amount which destroys 0.5 unit of hypertensin in four hours under
certain conditions of pH and temperature.

Studies to date indrcate that varanons n the concentration of
hypertensinase 1n plasma do not appear to influence the course of
expevimental renal hypertenston




CHAPTER VHI

FORMATION, SECRETION AND
DESTRUCTION OF RENIN
IN THE BODY

L-FORMATION OF RENIN

In this section we will discuss investigations which have been made
concerning the portion of the kidpey in which renin is stored of
formed, its nature as it 1s found in the kidney, and the amount present
m normal and pathological kidneys. - -

(A) ANATOMICAL SITE OF ORIGIN OF RENIN. In the region
of the angle formed by the afferent and efferent artertoles of !{IC
glomerul, there are certain anatomnical structures which for.msi
of the following: (a) the macula densa of Zimmerman '.l‘hls.ls'a
specialized segment of the distal convoluted tubule which is in
intimate contact with the efferent arterjole in its juxtaglommﬂﬁ
portion. Within it there 15 an accumulation of ccll.s which EPP?'
higher and are arranged m columnar form; (b) the juxtaglomerd :r[
apparatus which corresponds to a part of the wall of the aﬁcl’t:
arteriole close to the glomerulus where the muscular cells_O; lr:
medial layer are teplaced by cells of epithelial character which 2
afibrillar and full of granules 1n many species of animals. o
These structures are found in several mammals including mam )
some birds and even 1n the frog. The afibrillar cells of the !J‘:?;;’E
glomerular apparatus are observed not only in the aﬁcre:}darec o
of the glomerulus but also in other small artenes of theHl r:{g’“ky‘
other organs (Goormaghtigh, 1937; Goormaghtigh and Hax
1928) s the
El)aut (1934) was the first to describe e‘cpcrimen'tal (éh::g::i;:l;;’
juxtaglomerular apparatus. He observed hygerp]asm of ; S onsite
cells of the wall of the afferent arteriole in animals made hyp

: i this findmg
by section of the caroud and aortic nerves, He mtefp'm‘figﬂ of injary
as a defense mechanism of the bod; 24

y for the preve <hin the
which an excess of blood pressure might produce withi
178
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glomerulus Goormaghtigh “and Handovsky (1938) observed m
rabbits treated with large doses of Vitamin D, hyperplasia and an
increase 1n the number of granular cells together with the hyper-
tension. They also observed hyperplasia of the afibnllar cells in
rabbits made hypertensive by renal ischemia (figure 71) which was
subsequently confirmed (Dunihue and Candon, 1910; Dunihue,
1941). Although similar changes have been described in dogs with

FiGURE 71 JUXTAGLOMERULAR APPARATUS AND RENAL IscHEAA
(A) afferent vessel; (E) efferent vessel, (YG) juxtaglomerular apparatus, (SI)
intercalated segment, At the left, glomerulus from normal rabbit kidney; at the
ught, glom:mlus ot rabbit kidney alter twentyone days of shght ischemia
and tnarease 10 the number of
granular cefls (Ah:r ‘Goormaghugh, Drux Med, 1939, 50, 1541)

hypertension from renal 1schemia (Goormaghtigh, 1939, ¢, Goor-
maghtigh and Grimson, 1939; Goormaghtigh, 1910a), this finding
has not been confirmed by other myestig; among them Gold-
blatt (personal communication) Kaufimann (1942) has recently de-
scribed hyperplasia of the afibrillar cells in human Lidneys of patients
with hypertension from renal disturbances

As a result of these observations and the apparent cyclical activity
of the granules of the afit cells, G htigh (19393, b, <)
proposed the hypothesis that afibrillar and granular cells of the juxta-
glomerular apparatus had an endocrine function and that they clabo-
rated and secreted renin

There are certain objections to this hypothesis. First, unless these
cells are preformed, which is apparently not the case in dogs, it is
difficult to explain the :mmediate liberation of renin which follows
partial ischemia of the hidney, and secondly, although similar cells
are distributed 1n the arterioles of other organs (Goormaghtigh,
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1937), renin is not liberated and hypertension is not produced by
making them ischemic.

Friedman and Kaplan (1942) studied the remin content of fish
Kidneys in an effort to obtain information regarding the site of its
formation Extracts of the glomerular Lidneys of the carp, Cyprinus
carpio, and the catfish, Ameurus nebulosus, both fresh water fish,
were pressor in the dog while those from the aglomerular hidneys of
the midshipman fish, Porichythys notatus, a marine fish, were not
pressor. Since a grouping of cells at the pole of the glomernlus
stmular to the juxtaglomerular apparatus was observed in the kidneys
of the former, the authors concluded that rerin must be formed
in the glomerul: or i adjacent structures and not in the tubules as
had been suggested by Weeks, Steiner, Mansfield and Victor (1949)
Later studies demonstrated that pressor substances were nat obtain-
able from the glomerular kidneys of other marine fish, such as the
cod fish, lounder (Kaplan and Friedman, 1942} and shark (Bean,
1942a, b), thereby rawsing serious doubts as to the validity of the
previous conclusions o

The same mvestigators studied the amount of renin contamed in
the kidneys of pig fetuses in different stages of development (Kaplan
and Friedman, 1942). In the pig fetus the mesonephfos um'icl’g"e‘
a progressive degeneration with terminal metaplasia, while the
metanephros increases in size and development. In the mesonephros
of fetuses between 17 and 100 mm. of length, the tubules are de;
generating while the glomeruli are little changed Tl:le.ﬂml)“"‘ loe
renin per gram of weight of the organ, however, diminishes as “(
fetus increases in length. In the metanephros, the tubules are Z
first underdeveloped in relation to the glomeruli. As the fetus gmz‘)‘n:
the development of the convoluted tubules is the chief faftOr l'ffsl’nm
stble for the increasing size of the organ The concentration o l; .
in the metanephros mcreases with the age of the fetus as oppose! nt
that which occurs 1 the mesonephros. It is evident that the amo o
of renin contained in the kidneys bears a relation to the number zli
size of the renal tubules and not to the development of the E‘f’ze“;c"‘
Juxtaglomerular cells such as those described by Goormaghtig]
not found m any of the kidneys

‘These investigations appear to i
and granular cells of the Juxtaglomerular appamt’u
of formation or storage of renin, ‘They appear to

ndicate clearly that the aﬁbnl{zr
s are not the sit€

dicate that these
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functions are accomplished in the tubules. The tubular cells which
absarh substances contained in their Jumens and return them 1o the
blood might well elaborate new substances and liberate them into
the blood stream.

Friedman and Kaplan (1943) in a more recent publication, at-
tempted to determine even more precisely the site of formation of
remn by destroying localized areas of the lidney by the injection
of chemical substances The subcutaneous administration of a solu-
tion of sodium tartrate (0 76 to 1.75 gm. per kgm. of body weight)
into rabbits produced an extreme tubular necrosis withm several
hours This was limited mainly to the epitheltum of the proximal
convoluted tubules. The glomerult were unaflfected Friedman and
hapian (1943} prepared extracts from these Lidneys and found them
to contain almost no renin These observations appear to indicate
that the epithelium of the prosimal convoluted tubule 15 masnly re-
sponsible for the formauion or accumulation of remin

{B) STATE IN WHICH RENIN IS FOUND IN THE KIDNEY
Studies performed on renin since the time of Tigerstedt and Bergman
(1838) appear to demanstrate that renm 13 found in an active state
rather than m an mactive one as in the case of certamn other proteo-
lytic enzymes 1nr the body such as pepsinogen, trypstnogen, and so
forth. Williams, Grollman and Harrison (1911), however, reported
that by freczing and raprd drying they had at times obtained extracts
which contained practically no pressor action but which became
active after some time. They behiesed that the presence of renin in
extracts obtained by nsual procedures was due to enzymatic processes
acting duning the preparation. Manenfeld and Wakerlin (1913),
found that sndium cyamde did not prevent the formation of remn
m totally ischemic Midneys

We believe that this is still an unsolved problem. Unul there are
better methods for the extraction and quantitative determination
of renin and a more precise knowledge of the various substances
present in renal extracts, 1t 15 premature to draw definite conclusions,

{C) RENIN CONTENT OF KIDNEYS Several investigators have
obsetved that saline extracts of 1schemic hidneys from hypertensine
dogs contain greater pressor action than those from normal Lidneys
{Prinzmetal and Friedman, 1936, Hatrison, Blalgek g Mntopyrand
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Williams, 1937; Prinzmetal, Friedman and Abramson, 1939; Wil
liams, Grollman and Harrison, 1941). The same has been described
in rabbits (Stollowsky, 1940) and man (Prinzmetal and Friedman,
1936; Prinzmetal, Friedman and Abramson, 1939). Pickering, Prinz-
metal and Kelsall (1942) noted an increase in the renin content of
ischemic kidneys of rabbits with subacute hypertension, In chronic
hypertension the renin content was normal, Beckwith (1941} also
found that the renin content of rat kidneys varied with the type of
renal lesion (igatton of the pedicle or ligation of the ureter) and not
with the time which had elapsed. In rats, -Williams, Grollman and
Harrison (1941) observed greater activity in normal kidneys than in
ischemic kidneys, and Beckwith and Chanutin (1940) found less
pressor action in the remnant of the kidneys of rats made hyper-
tensive by partial nephrectomy than in the kidneys of control rats
Others have found no difference in the pressor action of extracts of
ischemic and normal kidneys of rabbits (Pickering and Prinzmetal
1938b) and of man (Landis, 1941; Schales, 1942).

All these 1nvestigations are subject to serious criticism In the
first place, the methods employed for the extraction and for \h;
testing of renin activity are extremely unquantitative. In the secon
place, it is not known with certainty whether the time ElaP““%
between the death of the animal and the preparation of the ren
extract influences the amount of renin extracted The fmportant
point 15 not actually the amount of renin Wl']ich the hidney contains,
but rather the amount which it secretes.

I1.--SECRETION OF RENIN BY THE RIDNEY

By using the methods described in Chapter IV for the dc.lcmllfi':r'
tion of renin in blood 1t has been shown that acute or chronic par' )
occlusion and complete occlusion of the renpal artery prqg*:’C; “
liberation of renin, Let us consider the evidence on whi "
assertion is based. We will consider first the question of the pl;;lsmse’
of Tenin in the blood of hypertensive ammals, and second the
cretion of renin by the intact kidney.

i €
(A) TOTALLY ISCHEMIC KIDNEYS. Rc.esfabxishfn::zligt;’n
circulation through a kidney maintained in total gsfhcmn ; 1yn S0,
of its pedicle produces a rise of blood pressure (I\atzcrls:i rm‘c i and
"This observation was repeated by Dicker (1837d), con
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amplified by Taquini (1938a, 1910) and has since been corroborated
by several investigators * The time of 1schemia necessary to produce
a pressor response appears to be very short, according to Quinby and
Simeone (1942) only three minutes, The time used by the majority
of investigators has varied between ten minutes and six hours,

On re-establishing the circulation, the pressure increases and is
elevated some 30 to 50 mm Hg in three to five minutes and stays at
this level for twenty to thirty minutes (figure 72) (Dicker, 1937d,
Taquini, 1938z) Denervation of the kidney, section of the vagi,

e A A ALNAMAL
w“‘haﬁ& IRRRRITORI
o
’ Ll
Fand
[ 1
Ficure 72 LiBeraTion of RENIN FrOM COMPLETELY Iscizavie Kipney
The arrow indicates the tme at which the arculation through one kidaey was

re-established after six hours of complete 1schemia Time n mnutes Blood
pressure in mm Hg (After Taquint, Rev Soc argent de biot, 1938, 14, 422

destruction of the thoracolumbar cord, spl y or adrenalectomy

- do not prevent the mise of pressure (Collins and Hamilton, 1910b),
and the injection of Fourneau 933 or of cocaine does not modify 1t
(Prinzmetal, Lewis and Leo, 1910b).

The pressor action 1s due to a substance which is hiberated by the
kidney into the blood. If kidneys which have been 1n complete
ischemia for six hiours are grafted into the neck of nephrectomized or
normal dogs, a rise of blood pressure 1s produced (figure 73) (Taquini,
19383, 1940). Furthermore the injection of renal venous blood ob-
tained after blishing the 1 of totally ischemic kidneys

'Collins and Hamilion, 19102, Fricdberg, Landowne and Rodbard, 1910,
Colins and Hamilton, 19105, Leo, Prinzmetal and Lewss, 1940, Prinzmeral,
Lewis and Leo, 1940a, bi Lewss, Leo and Prinzmetal, 1941
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produces the same pressor effect (ﬁgun:‘ 74) (Houssay, Braun-
Menéndez, Fasciolo and Taquini, 1939). The citrated plasma of this

Fi6UR, 73 PRESSOR ACTION FROM GRAFT OF A COMPIETELY IiCHEMIC Xn:nxy

Blood pressure sn mm. Hg of 2 normal anesthetized dog. Time in minutes
At (1), graft of a normal kidney; (2) removal of the graft; (3) graft of 2 h:n;y
after six hours of camplere ischemia (After Taquins, Rev. Soc, argent de biol,
1938, 17, 422).

blood also has a strong vasconstrictor action on the Liwen-Trendelen-
burg prepatation (figure 75) (Taquini, 1938a, 1940). o
A second injection into the same dog produces a less pranoun)c
rise Thus plienomenon of tachyphylaxis can be demonstrated when
the animal recesves alternately the substance liberated by the Lidney

i o
i
" Y
' . s J
e .1‘,'!\-v‘( . S dh Af’f,
AN adub WAL i ik pralt 6 218D e b
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- 1

ELY
Ficuke 74 PRESSOR AGNON OF VENOUS BLOOD FROM A COMPLET

Isenewic Kiovev ¢
and ¢
Effcct of slow intravenous injecuon of 150 cc. of caratid b!oo:“(gle b
venous blood from a kidney completely 1schemic for six I'm:;:i (zzgssurc A
pressure of a 15 hgm chloralosed dog Time in minutes Blo . rrm i, 1939,
Hg (After Houssay, Braun-Menéndez, Fasciolo and Taquini,
47, 810)
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under these conditions and renin (Prinzmetal, Lewis and Leo,
1040b). If, for example, renin is injected previously, the pressor
respanse ta the re-establishment of the circulation through a totally
ischemuc kidney is less and, vice versa, if the injection of renin is made
afterwards, its pressor action 1s less

From the form of the pressure cursve, from its not being modified
by Fournean 933, cocaine, ergotamine, and so forth, from the
vasoconstrictor action of the senous blood of totally sschemic hidneys,
and from the phenomenon of tachyphylavs, it can be asumed wih

PLASMA FROM RENAL PLASMA FROM RENAL
VEIN-NORMAL KIDNEY VEIN-KIDNEY IN COM-
PLETE ISCHEMIA

i

FIGURE 75 VASOCOASTRICTOR ACTION 08 VEnoLs B1oop Frov a
CowetereLy Jscueamc hipNey

Action on the Lawen Trendelenburg preparation of the toad, Bufo arenarum
Hemel Perfusion with citrated plasma of venous blood trom normal kidneys
and from kidacys after complete sschemia Each column represents the action of
the plisma from the renal sein of ane dog Black columns indicare dimmution
i the number of drapt The sttiped columns indicate the increase 1n the number
ol drops Ordinates, number of drops ssuing from the preparation per minute
{From data of table $ of Taquini, Rev Soc. argeat. de binl, 1938, 24, 422),

DROPS PER MINUTE
x B

conuderalile confid, Ll

< that the
alter several hours of total sschema 15 remn

Prinzmetal, Lewis and Leo (1910b) perfined sschemic hadneys
with Ringer's salution and shawed that 2 substance appeared i the
perlusing fluid with a pressor acuon sunilar to that of renin Jt was
destroyed by hotling, and when incubated with plasma gave e to
the formation of a thermostable prossar substance These obseryations
were confirmed by Taquant and Braun-Menéndez (1941} who idents

d from the hidney
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produces the same pressor effect (figure 74) (Houssay, Braun
Menéndez, Fasciola and Taquini, 1939). The citrated plasma of this
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Fi6ure 73 PRESSOR ACTION FROM GRAFT OF A COMPLETELY [sCHEMC RIDNEY

Biood pressure in mm Hg of a normal anestheticed dog. Time n minttes
At (1), grafe of a normal kidney, (2) removal af the gralt; (3} grakt of 2 ey
after six haurs of complete ischemia (After Taquim, Rev, Soc, argent de bt
1938, 77, 422)

blood also has a strong vascoustrictor action on the Liwen-Trendelen-
burg preparanon (figure 75} (Taquini, 1938a, 1940)

A second injection into the same dog produces a less pronounsed
vise This phenomenon of tachyphylaxis con be demonstrated .“'1““
the anumal receives alternately the substance Jiberated by the Lidney
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FIGURE 74, PReSSOR ACTION or VENoUS BLOOD FROM A COMPLETELY
Iscuemic Kiovey 4 of
Effect of slow ntravenous mjecton of 15D te. of farotid blood (:f)\::r od
venous blood from a kidney completely ischemic for slc bours Qon .
pressute of a 15 kgm, chloralosed dog Tiroe in minutes Blood P""“‘M fey
Hg {Aftee Houssay, Braun.Menéndez, Fasciolo and Taquini. Presse mece
47, 816),
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under these conditions and renin (Prinzmetal, Lewis and Leo,
1910b) If, for example, renin is injected previously, the pressor
response to the re-establishment of the circulation through a totally
ischemic kidney is less and, vice versa, if the injection of renin is made
afterwards, its pressor actton is less

From the form of the pressure curve, from 1ts not being modified
by Fourneau 933, cocaine, ergotamine, and so forth, from the
vasoconstrictor action of the venous blood of totally 1schemic kidneys,
and from the phenomenon of tachyphylaxis, 1t can be assumed with

PLASMA FROM RENAL PLASMA FROM RENAL
VEIN-NORMAL KIDNEY VEIN-KIDNEY IN COM-
PLETE ISCHEMIA

0t

FiGURE 75 VASOCONSTRICTOR ACTION OF VEROUs Bioop FROM A
CoMpLETELY IscHEMIC Ripney

Action on the Lanen-Trendelenburg prepatation of the toad, Bufo avenarim
Hensel Perfasion with curated plasma of venous blood from normal kidneys
and from kidneys after complete 1schemua Each column represents the action of
the plasma from the renal vein of one dog Black columns mdicate diminution
10 the number of drops The striped columas mdscate the merease n the number
of drops Ordinates, number of drops 1sswng from the preparation per minute
{From data of table 3 of Taquini, Rev Sac argent de biol, 1938, 14, 422).
consid fidence that the sut hb d from the kidney
after several hours of total 1scherma 15 remn.

Prnzmetal, Lewss and Leo (1940b) perfused 1schemic kidneys
with Ringer's solution and showed that a substance appeared 1n the
perfusing fluid with a pressor action similar to that of renin It was
destrnycd by boiling, and when incubated with plasma gave rise to
the farmation of a thermostable pressor substance These observations
were confirmed by Taquim and Braun-Menéndez (1941) who identi-

2

DROPS PER MINUTE
s 8
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fied the substance liberated from the kidney after total ischemia as
renin. Finally, Taquim and Braun-Menéndez (1941) made quantita
tive determinations of the renin content of renal venous blood and
of systemic arterial blood after re-establishing the circulation through
totally ischemic kidneys. It was shown that the quantity of renm
liberated by the kidneys under these conditions was great (figure 76)
In one dog weighing 2¢ kgm,, for example, approximately 1,000
units of renin were liberated during the first ten minutes following

1 IZ 3 4

FicURE 76 LIBERATION OF RENIN FROM A TOTALLY ISCHEMIC RIDAEY

Determination of ren 1n the caroud blood of a dog after 1e establishing Lﬂ;:
arculation of one hidney after complete 1schemia for six ho‘urs. Eﬂcaltz]\mm
blood pressure of an anesthetized dog of an intravenous injection of zr:1 aa: pores
extract (1) of eight cc of beef plasma without hypertenstnase incubate e
for two hours with three cc of caroud plasma obtained twelve minu e, -

the renal 1 ; (2) the same with one cc. of camudd p ;‘:sm;
(8) one umt of hypertensim, (4) the same as (1) bur with six ¢ of mn‘znml:n He
obtained before re-establishing the renal arculation Blood pressu;c 1’117 pre
(After Taqumn: and Braun-Menéndez, Rev. Soc. argent de bio) » 1941, £7,

: n
re-establishment of the circulation through a kidney \Vthl.l had bee

maintained totally ischemic for six hours, This amount s Z%P:::.
mately five times greater than that necessary to produce 2
Hg nise of blood pressure in 2 10 kgm. dog: Kidney
These observations demonstrate conclusively that. the ; us'
maintained for several hours in total ischemia by llg'dt"’:“‘:hmg
pedicle, liberates an impresstve amount of renin on re-esta -
the airculation, with a resultant gradual and prolonged mcrcr S
blood pressure by the mechanism already described. A presso
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k:dney, Pass ingg the r{using fluig and pe dll}"eremiarcd from
Tenin by being Lhermosmblc and soluble j, alcoho) (see Chapter Xp

(B) KIDNEYS N PARTIAL ACuTE ISCHEMIA. Wirp the
idcntiml Procedyye, used for showing that i totalyy, ischem,c k:dney
libclzres renin jne, the blood, it hag been shoyn tha e Partiajpy,
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Blagyg h Produgy, 2 lypcnensx dogs and
Other anim, n Partia] Constrygy, £ the re, L are
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Fasciolo, 1939b; Friedman, Selzer and Sampson, 1911). The action
was prolonged and unmodified by previous section of the carotid
sinuses, adrenalectomy, or the injection of 1 mgm. per hgm, of
atropine or 10 mgm. per kgm. of Fourneau 933 (Braun-Menéndez
and Fasciolo, 1939b)

Alcohol and acetone extracts of this blood contained the thermo-
stable pressor substance, hypertensin (Braun-Menéndez, Fasciolo,
Leloir and Mufioz, 1939, 1940a). 1, however, the venous blood of
partially ischemic kidneys was placed drrectly in acetone or main-
tained at a low temperature up to the moment of preparation of the
extract, no hypertensin was found (Leloir, Muiioz, Braun-Menéudez
and Fasciolo, 1940a), In other words, the blood which flowed from
the ischemic kidneys contained a substance which, under the neces:
sary conditions of pH, time and temperature, gave rise to fhﬂ
formation of hypertensin, The only known substance possesting
this property 1s renin.

(C) ISCHEMIC KIDNEYS OF HYPERTENSIVE DOGS The first
to demonstrate that ischemic kidneys of hypenensive dogs secrete
a pressor substance were Houssay and Fasciolo (19372, b) (see also
Fasciolo, 1939, Fasciolo, Houssay and Taquini, 1938). Tl}cse resu‘ll;
were later confirmed by Dicker (1987d); Bouckaert, Grimson fm‘t
Heymans (1939) and Govaerts and Muller (1939a). The graft of an
1schemic hidney from one of these dogs into the neck of 2 nephfscgf
mized dog produced a rise of pressure similar to that prodl:;cThZ
an injection of renin The nse was gradual and prolonged ate
pressure did not fall immediately on removing the graft. Ifi‘ﬂ; e
pressure still elevated another ischemic kidnt,ry was gra lft -c a
pressure rose little 1f at all (tachyphylaxis). As in (he'casefo ;S“n;
the grafting of ischemic kidneys produced a greater Tise O pr
in nephrectomized animals than in nomufl controls

Houssay and Taquini (19382, b)and Fascml.o, Houssay anh s
(1938) demonstrated that the plasma ubtamcd' from tA 3 e
blood of these kidneys had an intense vasoconstrictor m{ond P
Lawen- Trendelenburg preparation, while plasma of bloo a9l
normal kidneys was inactive. Goldblat:, Kahn and Lc\'vlsed om
confirmed this finding with plasma of venous blood (,vbtmnmbIc o
ischemic kidneys in situ. Mason and Rozzell {1939) were Pns(cnd of
demonstrate this action. possibly due to the use of serum 1

d Taquint
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stopping the infusion. At the end of the injection, 0.22 unit of renin
was found in 6 cc. of plasma, No renin was found in the urine After
the pressure fell to the initial level, renin could no longer be de-
tected in the blood. In another similar experiment renin was in
jected at the rate of 0.02 cc. per minute for 35 minutes to a dog
weighing 12 kgm. The pressure rose and was maintained at an
elevated level during the infusion and returned to normal three
minutes after infusion was stopped. At the end of the infusion ther¢

\NJ"

o

o8
)

Ficure 77 DETERMINATION OF RININ IN Brooo oF Does witi HYPERTENSIOY
FROV RENAL IsCHEAMIA .
Effect on blood pressure of an anesthetized dog from the in
of alcoholic extracts of twelve cc of plasma (hypertensinase previously destroyed)
\mcubated for two hours at §7° C. with eight cc. of beef plasma without hyP";
tensinase (1) femoral blood of hypertensive dog no 11 (figure 78); (1) N"‘l
venous blood of the same animal, (2) femoral blood of dog no 8 aftes 1]
1schemia, (3) renal venous blood of dog no. 15 before renal ischemia; St 1 ml
one umt of hypertensin. Interval between two horzontal dotted fimes is equ2
to ten mm Hg Time in minutes (After Dell'Oro and Braun-Menéndez, Reve

Soc. argent. de biol., 1942, 1§, 65).

travenous imjection

was 0.18 unit of renin in 6 cc. of plasma and three minutes later 00

remmn was found.

These experiments show (1) that durd
amounts of Tenin the blood pressure may be maintained at 38 tllc'
vated level for a longer period than that resulting from single
injection of the same amount of renin; (2) that while the pressure
is elevated renin can be detected in the blood and _t}m ~when !P.“
pressure returns to its imtral level after stopping the infusion, renift
can no longer be detected in the blood.

The amount of renin found in these
less the same as that found by Dell’Oro an
in dogs with explanted kidneys. In on¢ o

ng the infusion of small

experiments was more or
d }l)}raun-Mméndcl (1942)
£ these dogs weighing 20
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kgm with a blood pressure elevation of 30 mm. Hg two days after
partial constriction of the renal artery, 1 unit of renin was found in
£2 cc. of plasma from the femoral arterial blood This amount is
actually very small. Assuming that this dog weighing 20 hgm. had
40 cc. of plasma per hgm., there would be only 66 units of renin
in the circulating blood. It is to be noted that in order to produce a
rise of 40 mm. Hg pressure it is necessary to inject 100 to 200 units
intravenously at one tume. Since such minute quantities of renn
are present, it is understandable why so many attempts have failed
to demonstrate pressor activity in the blood of hypertensive dogs
{Collins and Hoffbauer, 1937; Katz, Friedman, Rodbard and Wem-
stemn, 1939) and of hypertensive patients (Cortis, Moncrieff and
Wright, 1927; Host, 1951; Elliot and Nuzum, 1933; Leiter, 1936,
Friedman and Prinzmeral, 1939) Solandt, Nassim and Cowan (1940)
have been the only ones to observe, through the use of coss
transfusions between hypertensive and nephrectomized dogs 2 transi-
tory elevation of pressure in the recipient.

(D) PRESENCE OF RENIN IN THE BLOOD IN EXPERF
MENTAL HYPERTENSION. We have discussed the evidence for
conluding that totally ischemic Midneys ‘liberate renin Subacute
or acute partial ischemia alsa causes the kidney to liberate renint
Many attempts to demonstrate the presence of renin in the syslt’mfc
bload of dogs with chronic hypertension of the benign type ha‘:c
failed. In the experiments of Dell’Oro and Bmun-M:n.éndez (1'94~);
pronounced ischermia was produced which was assocmc'd "mhhc
gradual rise of blood pressure and the appearance of renin I o ;
bload. The dogs died in four to eight days with the picture of senal
insufficiency This was a study, therefore, of malignant hypertenslﬂf:‘
Dexter and Haynes (personal communication) have dctec}c: ﬂ‘;‘gn
1m the systemic blood of dogs for several weeks after the u; ;IC o
of hypertension by constriction of the repal artery Althoug ‘d‘)’P.m_
tension was maintained, the renin concentration gradually dim
1shed and finally disappeared. .
Why is it that we h!:\}:e not found renin in the blood Of‘ddo?m‘\v;ﬁt:
chronic benign hypertension of three months’ to four ye;r's ;ob!cm
and with a blood pressure of 180 to 240 mm. Hg? Tl ?sdphas e
which is of fundamental importance, and as yet “mo“cf-‘asciolﬁ.
cently been discussed by Leloir, Braun-Menéndez, Dexter,
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Southard (1941) and Collins and Hamilton (1942) reached similar
conclusio?s Bapirstein, Ogden and Southard (1941) detected renm
by lfs action on the intestine, a method which has hittle specificity.
Collins and Hamilton (1942) and Hamilton and Collins (1942a, b
assumed the presence of renin in the blood of their dogs from the
pressor action of the blood and from the existence in these animals
of a diminished sensitivity to injected renin. More recently, Dexter,
Frank, Haynes, and Altschule (1943) using the direct method of
Leloir, Mufioz, Braun-Menéndez, and Fasciolo {1940b) and Collins

PG
Minutes

LA
Minutes
FIGURE 78 LiBERATION OF RENIN PRODUGED BY HEMORRHAGE

Ordtnates, blood pressure; abscissas, time Figures on the curve indcate ‘u\t

units of remin contaned at that moment in the plasma of anesthetued dogs =b‘"

hemorrhage equivalent to four per cent ~  * wesght (From data of Huidobro
and Braun-Menéndez, Am J. Physml{ . ,
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to indicate that the stimulus for the secretion of renin is not tissue
anoxia, since remn did not appear in the blood after breathing
mixtures poor in oxygen or alter poisoning with carbon monoxide
or potassium cyanide, The hypotension itself may possibly be the
effective stimulus, although it must be confessed that the mechznism
by which 1t acts is obscure. Second, it is important to recogmze
that a more or Jess prolonged state of hyf {on suffices to produce
a secretion of renin by the kidney. This mechanism, for example,
explains the dimmution of hypertensinogen observed by Page, Me

..

N~
’Cyﬁm‘lﬂ >

\
s \\4”’;:,1:
i
aﬁ‘ﬂ P A I N s e b8 2% 750
MINUTES secon of DS
Ficure 81 Broop PRESSURE AND REmiv CONTENT OF FEMGK;{‘;M ::xmcz
InyreTep wit KCN AND SUBSEQUENTLY Svnp.crm.-m o e fgures
Ordmates, blood pressure 1 mm Hg, absc‘tssa:, nm‘c in mg!nuu csww el
along the cutves mdicate the units of renu in ihe pf ai‘h:a avalmt o
wath KCN (first arrow) and later submitred 10 hemm;r 4ng :;l e ] Physioh
per cent of body weight (After Huidobro and Braun-Menéndes,

1942, 137, 47).

. . ving
Swain, Knapp and Andrus (1941) m hypotensive :gller::e[; ;Oy”;; u‘us-
hepatectomy and toxic hepatic lesions, and tgxose t'; ; e 1612 o
say and Dexter (1942) and Goldblatt, Lewis an¢ et o
adrenalectomized dogs, and the diminished sensumty'rmrd’ et
adrenalectomized dogs or dogs in shock (see Chapter V).

i 1§ involved in the
experiments appear to demonstrate that the kidpey is invo
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conclusive, and on the basis of (hnical speculation, a preponderant
réle has been atiributed to a diminution of pulse pressure.

RENAL ISCHEMIA: In acute experiments, there is no doubt but
that diminution of renal blood flow, produced either by constrictio
- of the renal artery (Lelotr, Braun-Menéndez, Mufioz, and Fascolo,
1940a) or by diminution of blood pressure (Huidobro and Braun-
Menéndez, 1912), produces a hberation of remn In these experi-
ments, renal ischemia is certainly extreme since 1t 1s accompanied
by wpairment of renal function. Enger, Linder and Sarre (19382)
found that after moderate constriction of the Tenal artery, yenat
blood flow diminished but rapidly returned to its mniual Jevel The
elevation of pressure produced by this procedure, however, was mau
tammed. Schroeder and Steele (1940) also observed that they could
\ncrease the constriction of the renal artery several umes, the blood
flow each time returning 1o its original value This they attnbuted
to renal vasodilatation Levy, Light and Blalock (1938) were the
only mvestigators to measuse durectly the renal blood flow in hyper-
tensive dogs. Seventy-three days after constriction of the renal artery,
the arterial pressure distal to the constricting clamp was 38 to 50 mm.
Hyg less than that in the femoral vessels and the blood flow was
reduced by an average of 41 per cent. .
Corcoran and Page (1938), utthzing phenol red and .m}ﬂm clear-
ances in dogs with moderate hypertension from constriction 'of lh:
renal artery, found that in some £ases hypertension exxstefi w“?‘f“-
clearance changes They concluded that neither a reduction o “e‘-
traglomerular pressure nor a decrease of renal blood flow was :)
nd, therefore, considered that the hypertenstan must be
y, Corcoran and Page (1941,
determination of venal blood
und it to be normal in2 few

sponstble ai
due to some other factor. Subsequentl
1942) used diodrast and mulm{_u}: ths
flow and glomerular filtration ey fo!
hypertens%ve dogs following constriction of' the !cm‘l ?:W;Z' z}?:
perinephrius, It is to be nated, however, that in the mn)(::‘ 1;{ pied
hypertensive dogs, the drodrast clearance was less than nug eiie'xf ot
methods, although valuable, are ndirect :md.we do not s
the finding of a few isolated cases of hypertension with n‘Oﬂl:‘cmh s
for diodrast clearance indicates conclusively that venal is¢ o
ot cause the hypertension These

authors did not determine int
i i ration
cases the tubulatr excretory mass by diodrast at high concer
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the blood incubated with hypertensinogen on the vessels of the rab-
bit’s ear Although the authors state that some two hours after con-
striction of the renal artery the vasoconstrictor effect was greater 1n
intensity and duration, it 1s difficult to attribute the hiberation of
renmn to the diminution in pulse pressure since there had already
been a liberation of renin before constriction of the artery when the
pulse pressure was normal If the amount of renin was greater after
the constricuion, which is difficult to measure accurately by the
method employed, it is not clear why this should have been attrib-
uted to a diminution of pulse pressure since the blood flow had
become appreciably reduced simultaneously, In order to attribute
the observed ncrease of mean pressure to vasconstriction of the effer-
ent glomerular arteriole, the output of the pump would have to re-
main perfectly constant. Since both blood fow and urine excretion
dimnished despite an increase of mean pressure, edema of the kidney
may well have been present, since with constriction of the efferent
arteriole, the excretion of urine should have increased. i

‘We have performed numerous perfusion experiments on the ise-
lated kidney in order to determine or at least clanfy some of the
factors which cause renin to be secreted. This organ must be pet-
fused under such conditions that there is no liberation of renin bffofe
constriction of 1ts artery. While we have succeeded in doing th.ls n
some cases, we have failed under seemingly 1dentical condutions.
Causes for the differences 1n behavior have not been explained Until
the conditions under which perfused kidneys can be prevented from
secreting renin are understood, 1t will be extremely difficult to deter-
mune the effect of different vartants

ANOXEMIA; RENAL ANOXIA. Whether or not the ultimate
cause of the secretion of renin and of the resultant hypertension
1s diminution of renal blood flow or reduction of pulse P‘CSS‘X:;
the most important factor to determine s the 1mmedmte'z cause. "
the cells which secrete renin sensitive to pressor or chemical stim n
and if chemucal is it due to a reduced tension of oxygen of, mulai?
increased tension of carbon dioxide or to other unknown stin -
And do such causes lead to hemodynamic changes or to ;hanges

cell permeability which result 1n the hberatiofx of'ren!xlx]le wcretion

Goormaghtigh’s hypothesis (1939a, b, ¢) attributing
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lism was reduced or that part of the renal tissue was not functionng
or else that part of the blood was detoured by an arterio-venous
shunt. Gerbi, Rubenstein and Goldblatt (1940) observed that the
oxygen consumption of ischemic kidney tissue was less than that
of normal kidney tissue in rabbits. This has recently been confirmed
by Raska (1943) using the kidneys of hypertensive dogs Mason,
Robinson and Blalock (1940) did not obtain the same results

Another possible stimulus would be an increase of carbon droxide
tension in or around the cells of the kidney, Breathing of mixtures
of 2 to 5 per cent carbon dioxtde, however, did not produce a demon-
strable secretion of renin (Huidobro and Braun-Menéndez, 1942)

From the above discussion it is concluded that the actual cause
for the secretion of renin has not been determined with certainty
There is no doubt but that in the majority of cases of expenimental
hypertension there 15 2 renal 15chemia and an fntiarenal hypotension
If 1t should be proved conclusively, however, that hypertension can
be produced withent altering mean pressure or renal blood flow, one
would then have to think that some other factor such as rcﬁuction.ai
pulse pressure 1s capable by itself of producing the secretion of renin
Regardless of whether the factor is 2 diminution of bleod flow, mean
pressure or pulse pressure, the most important pomt to ascertain 15 in
what manner it acts on the kidney. If it is not by anoxia or by -
crease of carbon dioxide, it is possible that the diminution of pressure
1n the capillarses which irrigate the tubular cells alter their funcrion
or permeability 1n some fashion. All these hypotheses still require
a considerable amount of investigation.

IV FATE OF RENIN IN THE BODY

Gianted the important rdle which renin plays in !he- dcvflapm;m
of arterial hypertension, it 15 of rmportance to ascertain the m;:dﬂ-
nism by which this substance is destroyed or e]imlrfated in d‘\e hYs'
Several general techniques have been used for {nve.st’gﬂ""g ! d‘
point- (a) search for renin in the urme after its Injection; ® 5‘,“[;1
of the disappearance of renin in the blood after its n'AJCC‘W“h“;C'r
normal animals and those deprived of certain organs; (¢) seard in
a substance in the blood capable of neutralizing or destroying renin,

. ing isolated
735 ctndy of the disannearance of renin from blood pﬂf_‘fs‘“";" x‘sf!_':va_
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renin was observed in hepatectomized dogs. The liver, therefore,
shares in the destruction of renin but this action becommes manifest
only when large doses are injected.

From the experiments cited, it may be concluded (1) that the
kidney plays some rble in the disappearance of renin from the body
since in normal dogs, injected renin disappears in about 30 minutes
and in recently nephrectomized dogs, in one to two hours, (2) that
the excretion of renin by the hidney does not explain the greater
raprdity with which renin disappears from normal animals since

NORMAL NEPHRECTOMIZED 34 HOURS NEPHRCCTOMIZED 48 HOURS
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and uremic dogs Results are expressed as unts of hypertensin formed after
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are jected, (3) that apart from the Lidney thf: only ﬂbflo{“";i‘c
organ concerned with the destruction or elimmation of- rcr:ln is 11[)0
liver since following the njection of a large dose of renin (50 tfnort
umts per hgm of body weight), this substance dxsappcnrsh e
raptdly from nephrectomized dogs than from dogs that are mr}:drlivct
mized and hepatectomized; (4) that although the foiney:_ cred
are involved in the destruction, elimination or fixation of ]
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pended upon a disturbance in the ability of the tissues to fix or
destroy renin and not on the absence of some blood factor (Houssay,
Braun-Menéndez and Dexter, 1942), )

25
; e———¢ UREMIC DOGS WITH
\ NORMAL BLOOD
20 \
\ o+ = —e RECENTLY NEPHRECTOMIZED

DOGS WITH UREMIC BLOOD

UNITS OF HYPERTENSIN
3

otfemmmmme e

5 -] 120 180 240 300
s

TIME IN MINUTES

FIGURE 83 DISAPPEARANCE OF INJECTED RENIN

er the injection of three cc (120 umts) of
with normal blood and

Concentration of renmn i blood aft
blood Results are €%

hog remin mtravenously into uremuc dogs transfused

recently nephrectomized dogs transfused with uremic oG with
pressed as units of hypertensin formed after two hours” incubation at 37°G #

hypertensinogen The method of assay was considered accurate to wuhdm 1 :
unit of hypertensin Values of less than 0 1 unit were therclore considere lomc
negative Observe that remn disappeared at an essentially normal ate mr':‘ ol
blaod of normal dogs with uremic blood and slowly from uremue dogs ‘3" 134"
mal blood (After Houssay, Braun-Menéndez, Int Med, 555

17, 461)

and Dexter, Ann
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Arterial hypotension as a result of hemorrhage or shock praduces
a secretion of renin by the kidney, renin being detectable in the
systemic blood. The kidney can be considered as a gland of mnternat
secretion which shares in the regulation of blood pressure. When the
blood pressure falls, the kidney secretes renin which through the for- -
mation of hypertensin tends to re-establish the normal level of blood
pressure. Renin 15, therefore, one of the physiologic substances which
the body uses to maintain its homeostasis.

The stimulus which produces a secretion of rentn is still not known
with certainty. Diminution of pulse pressure and changes resulting
from renal ischemia (reduced blood flow) are the two most common
factors incriminated. The latter has more cogent evidence in its
favor
Injected renin disappears rapidly from the blood, and is etther
fixed or destrayed by the tissues throughout the body. Of the ab-
domimnal organs, the Midney and liver are the only ones that are
involved to any appreciable extent in the mechanism which causes
renin to disappear.
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nution of renal blood low without an increase in the arterio-venous
oxygen difference 1n the 1schemic kidneys of hypertensive dogs, and
by those of Gerbi, Rubenstein and Goldblatt (1910} and Raska (1943)
who observed that slices of 1schemic kidneys consumed less oxygen
than normal.

The hypothesis of Pickering and Prinzmetal would explain the
elevation of blood pressure resulting from removal of the normal
kidney, leaving the 1schemic kidney alone to do the work of both.
Constriction of the renal artery of one kidney, the other kidney re-
mainng ntact, would produce a disproportion between the work

— -+ v —
0 0 20 30 4 "0 20 20
DAYS DAYS
Ficure B4 EFFECTs OF REMovAL OF NORMAL KIDNEY ON THE Broop PRESSURE
oF D0Gs wiTH UNILATERAL RENAL ISCHEMIA

performed by the kidney and 1ts blood supply Under these circum-
stances the kidney would liberate remin with a consequent increase
in blood pressure The hypertension would not be pronounced nor
would 1t appear raprdly because the destruction of renin remains
unaltered in the absence of uremia, and secondly because some of it
1s probably either excreted or destroyed by the normal function of
the other Midney The ischemic kidney would gradually become
adapted to the new conditions, transferring part of its work to the
normal kadney The ischemic hidney which usually becomes smaller
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produce a r1se of pressure which is greater in nephrecromized than
in normal dogs.

None of these abservations actually prove a protective action of the
normal kidney. Some maintain that animals recently nephrectomuzed
Tarely show an increase of sensitivity to renin. The greater and more
prolonged pressor response to renin of nephrectomized uremic dogs
15 perhaps attributable to the persistence of renin 1n the blood for a
greater length of time (Houssay, Braun-Menéndez and Dexter, 1942),
to an mcrease of hypertensinogen in the plasma (Mufioz, Braun-
Menéndez, Fasciolo and Leloir, 1940), and to a hypersensitivity of the
vessels to hypertensin (Page and Helmer, 1940b; Rodbard, 1941;
Houssay and Dexter, 1942).

ACTION OF THE NORMAL KIDNEY ON HYPERTENSION
FROM RENAL ISCHEMIA

The second pomnt favoring the belief that there is a protective
action of the normal kidney 15 that although a rse of blood pressure
may be obtamed by constricting the artery of one of the kidneys 'and
leaving the other intact (Goldblatt, Lynch, Hanzal and Summerville,
1934; Goldblatt, 19372), the rise obtained is slight (Fasciolo, 15?383,
1939), less rapid (Fasciolo, 1938a, 1939), and usuallyl !ranmorz]'
{Goldblatt, 1937a, 1938b, 1940). If the normal kidn_ey is }-emove
when the blood pressure is falling, the pressure rapidly rises to 2
higher level and becomes sustained (figure 84) .

Pickering and Prinzmetal (1938b) found that a marked h)’P"i
tension was rarely produced m rabbits by ccnsm'ct‘ian of one renas
artery leaving the other kidney intact. Anatomically there n::]
atrophy of the ischemic kidney and enlargerent of the no .
kidney This observation led them to suggest lhaz‘ wher{ (hedsuPPiZY
of blood to one kidney is reduced, the work which this klkf;cye
incapable of performing can be transferred to the normal ki :‘io’;
The 1schemic kidney would perhaps reduce its oxygen consump!
and its demand for blood.

As a result of these experiments Pickefr
st at stimulus for the increase ol
gie e:) t::ldnsttl:xerbance in the normal relation between the suP}"IY ‘,’:
blood and demand for blood by the Lidney, rather than to 2 ::::ng
ischemia This hypothesis was strengthened by the exPcr::‘n P

Levy, Light and Blalock (1938) who observed that there W:

ing and Prinzmetal sug-
blood pressure might be
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with time, would then receive an adequate blood supply for 1ts te-
duced function. As a result, it would stop secreting tenin and the
blood pressure would fall. It is probable that the development of 2
collateral circulatton would contribute to this phenomenon. If at this
time the normal Lidney, which by now is hypertrophied, is removed,
renal function would have to be accomplished entirely by the kidney
with the constricted artery which would thereupon become ischemic
again provided that its blood supply were too small for its functional
demands, A secretion of renin would again be produced perhaps in
larger amounts because the 1schemia in relation to its function would
be even greater than before. The blood pressure would become ele-
vated. Unless a considerable collateral arculation should develop,
the hypertension would be permanent because the kidney wuuld.b:
unable to adjust its supply of blood to the demand on its function
for the reason that 1t could not lmit its function without an ensumng
renal insufficiency nor increase its blood supply due to the mechanical
obstruction. ! i

Unfortunately we have no mnformation concerning the stimulus
which produces compensatory hypertrophy of the remaiming kxdn.cy
and how it acts n cases of unilateral nephrectomy. White, Hein-
becker and Rolf (1941, 1942) showed that compensatory hypertrophy
of the remaining kidney did not occur after hypophysectony.
Zeckwer (1944) advanced evidence suggesting that rex'ral hypertro;‘agy
was not dependent on the acidophilic cells of the preuitary gland. f
do not know why this hypertrophy 1s preceded by about a 50 per cen!
increase of renal blood flow (Smith, 1937; Welsh, Wellen and Talor,
1944)

TIME ELAPSING BETWEEN REMOVAL OF THE ISC}]I\]E:‘;C
KIDNEY AND FALL OF BLOOD PRESSURE TO NOR

‘The third argument in favor of the belief that th.e normal kt;g::é’
exerts a protective action is based on the observations u}fchvThesc
and Katz (Rodbard, 1939; Rodbard and Kalz: 15)59., 19 )lnsive
authors observed that removal of the ischem.ic k‘xdncy in hygcr:emm
dogs with the opposite kidney normal and in situ produce v:l e
of blood pressure to normal levels withfn sxx‘hours. Remoal Siner
ischemic kidney in hypertensive dogs, in which thcln(}:::er ey
had previously been removed, was followed by a much s

to the normal prehypertensive level.
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when plasma of a tachyphylactic dog, which was auppose& to contain
renin, was mixed with renin-activator (hypertensinogen), no vasoco-
striction appeared when it was perfused through the isolated rabbit’s
ear. We have repeatedly found that the plasma of a dog injecied with
renin contains renn, especially if this substance has been injected in
large amounts In order to measure it, however, the hypertensinase
activity of the blood and possibly in the solutions of impure renin
must be borne in mind This hypertensinase will destroy the hyper-
tensin formed when hypertensinogen is added to the plasma con-
taining renin unless precautions are taken to inactivate it by pre-
viously acidifying the plasma or by some other suitable procedure

In order to substantiate the hypothesis that an inhibitor of remn
exssts, Page (1940c) menuoned further experiments which showed
that the hypersensttivity to renin of bilaterally nephrectomized dogs
was reduced or suppressed by the transfusion of large amounts .Oi
blood of normal animals or of animals made tachyphylactic to renin

Their interpretation does not appear to us entrrely justifiable. The
lypersensitivity to remn of uremic dogs is due in part at Teast to the
increase of hypertensinogen in the blood. The substitution of blood
rich m hypertensinogen for normal blood containing !ess hypE“C:‘
smogen or for blood of dogs tachyphylactic to renin where the
hypertensinogen 15 practically absent may well have been the cnusi
of the dimirushed sensitivity to renin. Furthermore, the b\o.od?
tachyphylactic dogs contains so much renin that 1ts transfusion 1:
equivalent to the injection of this substance and, lherefor.:, 2 :ei‘n
injection would produce less pressor response. \_Ve s€€ IO €% ldmc'mal
these experiments for the transference of inhibitor from one nnf |
to another Actually it would appear more likely thae there “b“s
transference of renn from one animal to the other. We havch w(“
unable to discover any substance in blood W}lidl when !né\}lm“‘!‘er
with renin destroys 1t, neutralizes 1t or inhibits its action (see Chap!
VIII).

Harrison and Williams
chemic hidney Jacks s?mE
earance of hypertension
ypcrtensM
ad (b) that
t animals

DEPRESSOR SUBSTANCE. Grollmzm:
(1940c) suggested the possibility that the is
substance which normally prevents the app
These authors observed (a) that the blood pressure of h
rats fell to normal during the latter part of pregnancy an
pregnant rats were more semsitive to renin than nonpregna
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‘These differences were attrnibuted to the compensatory action of the
fetal Lidneys and would support the hypothesis formulated. In more
recent publications, Grollman, Harrison and Williams (1943) and
Grollman (1945) presented new evidence in favor of the hypothesis
that hypertension is caused by the absence of a depressor substance
normally secreted by the kidney They pointed out that m the rat
and rabbit umlateral nephrectomy produces in some cases a shight
mcrease of blood pressure. It should be noted, however, (1) that the
nise observed was inconstant and slight; (2) that unilateral renal
ischemia produced a much greater and much more prolonged rise
of pressure than unilateral nephrectomy in the majority of cases,
which should not have occurred if the hypothesis of these authors 1s
correct; and (3) that in the dog unilateral nephrectomy does not pro-
duce changes of blood pressure.

Further evidence offered for this hypothests was that 1n the rat
with hypertension from unilateral pertnephritis, removal of the peri-
nephnitic kidney was not followed in all cases by a fall of pressure to
normal levels This may well have been due to the appearance of
irreversible lesions in the other kidney with a Tesultant persistence of
hypertension as Wilson and Byrom (1941) and others have described
Groltman, Harnison and Williams (1943) have observed that removal
of the remaining hidney does not produce a fall of pressure to normat
levels and that bilateral nephrectomy produces in normal rats a
shght rise of blood pressure The evidence presented by Groliman
and hs collaborators is not in our opinion sufficient to prove their
hypothesis Their findings may well be due to other factors such as
an nsufficient destruction of the pressor substance by the co-existence
of uremia It 15 even possible that the changes 1n blood pressure
observed depend on reflexes or some other mechanism rather than on
humoral mechanisms of renal origin The fact that some of the
changes observed by them do not occur in dogs 1s strong evidence
against acceptance of their hypothesis

DEPRESSOR ACTION OF RENAL EXTRAGTS. The action of
Tenal extracts provides the main argument in favor of the existence
of an antipressor substance secreted by the normal hidney Grollman,
‘Williams and Harrison (19403, b), Harrison, Grollman and Williams
(1940), Walliams, Harmson and Grolh (1910), and Groll

Harrison and Williams (1940¢) demonstrated first that the blood
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when plasma of a tachyphylactic dog, which was supposed to contain
remmn, was mixed with renin-activator (hypertensinogen), no vasocon-
striction appeared when it was perfused through the isolated rabbit’s
ear, We have repeatedly found that the plasma of a dog injected with
renin contains renin, especially if this substance has been mjected
large amounts. In order to measure it, however, the hypertensinase
actwity of the blood and possibly in the solutions of impure renin
must be borne in mind This hypertensinase will destroy the hyper-
tensin formed when hypertensinogen is added to the plasma con-
taining renin unless precautions are taken to inactivate tt by pre-
viously acidifying the plasma or by some other suitable procedure. |

In order to substantiate the hypothesis that an inhibitor of renin
exists, Page (1940c) mentioned further expertments which showed
that the hypersensitivity to renin of bilaterally nephrectomized dogs
was reduced or suppressed by the transfusion of large amounts ‘of
blood of normal animals or of animals made tachyphylactic to renin
Their interpretation does not appear to us entirely justifiable. The
hypersensitivity to renin of uremuc dogs is due in part at least to th;
increase of hypertensinogen mn the blood. The substitution of bloo
rich n hypertensinogen for normal blood containing }ess hypznt‘i\'
sinogen or for blood of dogs tachyphylactic to renin where ts:
hypertensinogen is practically absent may well have been the g;u :
of the dunimished sensitivity to renin. Furthermore, the blood ©
tachyphylactic dogs contains so much renin that its transfusu:ﬂl:
equivalent to the injection of this substance and, therefu!; Bce o
snjection would produce less pressor Tesponse. ‘Yc see no vl H:\imal
these experiments for the transference of inhibitor from one d e
to another Actually it would appear more hkely that there ‘becn
transference of Tenin from one ammal to the other. We k‘m’ebate
unable to discover any substance in blood w!uch Evhen H'l(C:ltl‘a o
with renun destroys it, neutralizes it o inhibits its action {see Ghap
VIID)

jams
DEPRESSOR SUBSTANGE Grollman, Harrison and Willia

: e
(1940c) suggested the possibility that the ischemic kxdf\'l;)' l:::‘:"ss':::l
substance which normally prevents the appearance 0 ”}I’P T ensive
These authors observed (a) that the blood pressure o Yg {b) thac
rats fell to normal during the latter part of pregnancy :::u animals.
pregnant rats were more sensitive to renin than nonpreg
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action of the normal kidney must be used in the sense that the
presence of‘a normal Ndney in the body makes difficult the estab-
lishment of a persistent and marked hypertenston They can not at
present be used for suggesting the exstence of a specific antipressor
or antirenin activity of this organ since such an action has not been
conclusively demonstrated

In the dog the presence of a normal kidney 1n the body either
dampens or prevents the establishment of permanent and marked
arteraal hypertension when the other Kidney is made partially
ischemic On removing the normal kidney, the blood pressure rises
and remains elevated It 1s concluded from these observations that
the normal hidney exercises a protective action on renal hypertension.
Other arguments 1 favor of this protective action are the greater
sensitivity of nephrectommzed dogs to remmn, the nfluence which the
presence of a normal kidniey has on the time which elapses before the
pressure of a hypertensive dog becomes normal on removing the
ischermic kidney, formation by the kidney of hypothetical hypotensive
substances, inhibitors or neutralizers of renm, and a depressor action
of renal extracts

After analyzing 1n detail the evidence at hand, it 1s concluded that
there 15 no conclusive evidence for the presence in the kidney, or of
a secretion by the same, of a neutralizing or inhibiting substance
agamst remn, or for the renal secretion of a specific hypotensive sub-
stance The so-called protective action of the normal hidney may be at-
tributable (a) perhaps to an ekmination of renin in the unine, (b) per-
haps to the metabolism or destruction of renin by the kidney as well
as by other ussues, (c) to the assumption of the funcuon of the
1schemic kadney by the normal hidney, and (d) to the prevention of
uremia which can aggravate hypertension by interfering with the
destruction of renin by the tissues
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pressure of hypertensive rats may be reduced to normal levels by the
injection or oral admunistration OF extracts of remal tissue. The
intraperitoneal administration of these extracts, however, produced
toxic symptoms which according to the authors were due to the
presence of noxious substances. . ’
Page and collaborators* also prepared extracts of kidney, muscle
and lung which, when injected into dogs or rats with experimental
hypertenston, produced falls of blood pressure to normal Jevels. The
renal extracts also had the same effect in patients with malignant
hypertension According to the authors, the intramuscular injection
of such extracts was not followed by toxic reactions such as occurred
with che preparauons of Grollman. Their effect on blood pressure
was first a more or less marked elevation followed by a gradual fall
until a normal level was reached in the course of six to eight day{
It should be pointed out that treatment of human hypertension
with renal extracts is not new, Dadlez and Koskowski (19313, b)
treated hypertensive patients with alcoholic extracts of Ndneys and
obtamed prolonged falls of blood pressure. Gémez (1934a. b) a!s? pre-
pared extracts which when administered subcutaneously or intr-
muscularly produced falls of blood pressure in hypertensive patients
but not in normal patients Jablons (1938) reported the beneficial
effect of a renal extract which he called tubulin, In Chapter ¥VI, the
possibility that the action of renal extracts is nonspecific is discussed
in detail. .
Ve have covered the main points in favor of the so-called Pmtccm.c
action of the normal Lidney in counteracting the substance responst
ble for hypertenston from renal ischemia. The normal Lidney m:Y
pratect the body against hypertension in several ways (1) I;;;]ﬁzi
perhaps eltminate renin in the unne (2) It may perhaps metd e
or destroy tenin as do other tissues (3) It may assume part :’d\ iy
function of the 1schemic hidney. (4) It may prevent uremia whi e
capable of aggravating hypertension by disturbing the d““,‘i’gﬁna
action of renin by the tissues. We know o'f no .c?nc]usxvc € s
pointing to the presence of a substance inhibiting """f" (;1ich s
substance 1 the kidney or its secretions, the a!)scnce of u‘:; o
responsible for hypestension. The terms protective or ne °

puts and

edt, Fi
, Helmer, Kohlsta Lot

+ Corcoran, hohlstaedt and Page, 1941b, Page . Gambill and Taslor,

Kempt, 1941, Page, Helmer, Kohlstaedt, Kempi
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The r6le of the adrenal cortex has been more difficult to investi-
gate. Bil 1 adrenalectomy prod death wathin 2 few days with
the well known syndrome of asthenia and hypotension. It 1s extremely
difficult to ascertain whether the fall of blood pressure observed in
hypertensive ammals is due to a lack of a speafic substance of the
gland or to terminal phenomena dependent upon the poor general
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condition of the animal Goldblatt (1937a) showed that constriction
of the renal arteries 1n adrenalectomized dogs did not produce a rise
of blood pressure If hypertension had been produced previously,
removal of the adrenals resulted in a fall of pressure. The admimstra-
tion of sodium chloride with sodium bicarbonate or sodium citrate
prolonged the hfe of the adrenalectomized animals but was not capa-



CHAPTER X

INFLUENCE OF ENDOCRINE GLANDS AND
OF PREGNANCY ON EXPERIMENTAL
HYPERTENSION

It appears to us appropriate to include mn the same chapter a dis-
cussion on the nfluence of endocrine glands and the state of preg:
nancy on experimental hypertension produced by renal ischemia
The inclusion of pregnancy in this chapter seems justified because
aside from hemodynamic changes occurring as a result of pregnancy,
there is a hormonal imbalance in the body, 2 hormonal activity
of placental origin, and even the possibility of fetal glandular actwvity.

INFLUENCE OF ENDOGRINE GLANDS

Since some endocrine glands can produce changes in
sure, 1t is important to study their possible réle in the pro
experimental renal hypertension.

blood pres:
duction of

ADRENALS AND HYPERTENSION. In discussing the action of
the adrenals, the two parts of the gland must be considered sep:.uate'ly-
The medulla secretes adrenaln and its absence is compatible with life
The cortex is necessary for life. Its removal produces severe and sert
ous changes and causes the death of the animal in a matter of 2 few
days unless adequate substitution therapy is instituted

The action of the adrenal medulla was first studied by Go]dbla'lt,
Lynch, Hanzal and Summerville (1934) who observed that constric:
tion of the renal artery produced a marked elevation of blood Pmi
sure in two dogs in which the whole right adrenal and the left ndr:f\a
medulla had been removed, and the left adrenal denervated by Sefi“g“
of the splanchnics on that side These findings were conﬁ!‘mcmnz
Fasciolo (1938b) and by Page (1938). Rogoff, Marcus and W G\S:f:n o
(1938) were unable to demonstrate an ncrease .m.lhe seale ‘ren:l|
adrenalin in dogs made hypertensive by constriction of “edrenal
artery. From these findings, it may be conclud?d that the :‘enanCe
medulla plays no important réle in the production or maint
of hypertension from renal ischemia

218
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ble of allowing the development of hypertension or of preventin
its fall if it was already established,

In adrenalectomized dogs treated with cortical extract, Goldblat
(1937a) observed small but significant rises of blood pressure follow
ing constriction of the renal arteries, Blalock and Levy (1937) foun
that in five dogs made hypertensive by partial constriction of the
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FiGURE 86 EFFECT OF REMOVAL OF BOTH APRENALS ON HYPERTENSION
FROM RENAL ISCHEMIA e follow-
Hypertension was first produced by constriction of both renal va“:::m;slﬁ(lﬂ 3
ing this the adrenal glands were remoted The left renal artery wla! “d Wood,
at the tme that the left adrenal gland was removed {(After Gollns
Am J. Physiol, 1938, 123, 224)

£
renal artery, removal of both adrenals was followed by a;ﬂ;f:;:d
blood pressure to normal within 16 hours of removal of the
gland (figure 85) . -
Coll(ms and Wood (1938) showed that adr.cnalecto:y_u:s!fg’zzn
tensive dogs led to a fall of blood pressure despite the admin
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ment or maintenance of hypertension of renal origin. In animals
treated with cortical extracts it is possible to observe a certain degree
of hypertension due to the substitution therapy which corrects in
part at least the disturbances resulting from adrenalectomy As we
have previously stated, it is difficult to judge up to what point the
changes depend upon a specific action of the adrenals as opposed to
the general changes resulting from adrenal dysfunction, Collins and
Wood (1988) were of the opinion that the adrenal cortex is not
concerned specifically with the etiology of hypertension, but that it
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TIME IN DAYS
Ficure 87 ACTION OF ADRENALECTOMY ON THE BLoo? PRESSURE OF A
HYPERTENSIVE RAT

Blood pressure of a rat Removal of the second adrenal
blood pressure to preog levels. The
acetate for nine days (arrows) produced a shght rise of press
2 return to the previous hypertensive level (After Gaudmo,
biol, 1944, 20, 460),
is important for the mainten.
hypertensive animals.

The mechamsm of action of the adrenals
dated The following evidence indicates that th ot
gland is not necessary for the renal pressor substance to e\ertswc
action, Fasciolo (1938b) found that kidney grafts from hYPe"E"“ﬂy
dogs with renal ischemia produced a rise of blood pressure 11 rt’gtdm
adrenalectomized dogs. Enger, Linder and Sarre (1938b) showe o
acute renal ischemia was capable of producing a rise of blood pres

1 caused a rapid fall of
of desoxycorticosterone
ure withiout, however,
Rev Soc argent de

ance of blood pressure in normal and

Jras as yet not been eluci-
¢ presence of the
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also explain in part the lack of hypertension in adrenalectomized
ammals with partial constriction of the renal artery. At the present
stage of our knowledge, it can not be stated whether other factors
are concerned in this action.

The reduced pressor action of renin in animals in adrenal nsuf-
ficiency may be explained, according to Houssay and Dexter (1942),
by the fall in the concentration of hypertensinogen in the blood and,
1 the terminal state of adrenal insufficiency, by a loss of vascular
reactivity to hypertensin The diminution of hypertensmogen has
also been observed by Lew:s and Goldblatt (1942), and recently by
Gaudino (1944), The administration of cortical extracts or desoxy-
corticosterone causes the concentration of hypertensinogen to retun
to normal This point has been discussed in greater detail in Chapter
V.

HYPOPHYSIS AND HYPERTENSION, dnterior Lobe.—~In nor-
mal dogs, removal of the hypophysis produces a fall of blood pressure
a5 Braun-Menéndez obscrved in 1934, This was subsequently con-
firmed by Page and Sweet (1936, 1937) and by Goldblatt, Braden,
Kahn and Hoyt (1942) Williams, Diaz, Burch and Harrison (1939)
also observed a fall of blood pressure in hypophysectomized rats. The
fall of pressure produced by complete hypophysectomy is due to the
removal of the anterior lobe since extirpation of the poste.rmr lobe
or lesions 1n the region of the tuber do not greatly modify blood
pressure in the dog (Braun-Menéndez, 1934).
In dogs made hypertensive by partial constri
artery, Page and Sweet (1937) observed that hypophysectomy ¢ .
the blood pressure to fall In some animals the blo?d pTeSS“WI“r
mained slightly elevated while in others it became entirely norma t;(
fell below the normal level. When the pressure had f.allen asa l‘c:[;lI
of hypophysectomy, a new rise of pressure was oblfuned by furthe
constriction of the renal arteries In some cases this rise was transltoers)_'
and in some permanent. We have also observed. a fall of blood psrive
sure produced by complete hypophysectomy in two ‘hyperten
dogs (unpublished results).
Constriction of the renal arter
duces a rise of blood pressure (Page and
Fasciolo, 1938; Fasciolo, 1939; Goldblatt,
1942) In acute experiments, Enger, Linder an

ction of the renal
aused

i 0-
in hypophysectomized dogs pr
; YP;weet, 1937; Houssay and
Braden, Kahn and Hoyh
4 Sarre (1938b) ob-
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renal arteries in rats with diabetes insipidus produced the same
elevation of blood pressure as in the control animals,

Sattler and Ingram (1941), in a group of hypertensive dogs, sec-
tioned the supraoptico-hypaphyseal tract in the median eminence,
which funcuonally suppresses the posterior fobe. They obtained a
£all of blood pressure in five of eight animals. These results were not
entirely conclusive because the hypertension in the animals was only
moderate

Frankel and Wakerlin (1943) observed that the excretion of the
antidiuretic principle during normal hydration or dehydration was
not modified by the production of renal hypertension in dogs

We may conclude, therefore, that the hypophysis is capable of
altering renal hypertension without, however, being essential for ju
production or maintenance The anterior lobe 1s in all probability
responsible for the changes observed, since it has not been shown that
the postertor lobe particularly alters this hypertension, R:ﬂ}oval of
the antersor lobe of the pitutary produces important changes in ather
endocrine glands, and its role m hypertension may well be secondary
to these glandular changes. If this is the case, therapeutc substitutes
compensating for these deficiencies should restore the blood pressure
which has fallen as a result of hypophysectomy. Page and Sweet (1937)
believed in this hypothesis but were unable to obtain rises of blool;i
pressure from the administration of folliculin or antuitrin Thf ad-
ministration of thyroid extract by mouth produced a shght rise °§
pressure. Leathem and Drill (1944) observed that the amount 0f
desoxycorticosterone necessary to maintain the blood pressure O
adrenalectomized rats was only doubtfully effective in hypophysec
tomized rats. Large doses of adrenal cortical extract WC;:
partially effective but failed to maintamn or restore normal levcrE
Growth hormone did not prevent the fall flf blood P"S:“DE
mmmedrately after hypophysectory. In studying  the )\‘;ﬁeaneZ
hypophysectomy on the blood pressure of rats, Braun- lc:c as
and Foglia (1944) concluded that the fall of blood press -
due to adrenal insufficiency as a result of adrenal eun:ipﬁc};x
Anderson, Page, Li and Ogden (1944) reported that {J]: e
adrenacorticotropic hormone restored renal hypertensiont ml:ormonc
present before hypophysectomy, whereas pure lmofg.e?lzche mecha
had no such effect We must conclude, therefm‘e‘.t 2 by in-
nism of action of the hypophysis in hypertension 15 presum?
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hypertensive rats the pressure fell from an average of 174 mm Hg
to 103 mm Hg After delivery the pressure returned to a higher
level. Page, Patton and Ogden (1941) showed that pseudopregnancy
with deciduomas 1n hypertensive rats produced a fall of pressure
simtlar to that observed during pregnancy and suggested, as Foi and
collaborators had done, that the cause of the fall of pressure depended
upon an endocrine factor

From these expenimental data, 1t can be concluded that pregnancy
has hittle or no effect on the pressure of normal animals but produces
within the days preceding delivery a more or less marked fall of
pressure 1 ammals made hypertensive by renal ischemia, and that
the pressure becomes elevated again after delivery In order to ex-
plain these findings, several hypotheses have been proposed

(1) A compensatory action of fetal kidneys was proposed by Groll-
man, Harnson and Williams (1940c), and accepted by Goldblatt for
explaining the fall of pressure The experiments of Page, Patton
and Ogden (1941), who observed the depressor effect to take place
mn the presence of deaduomas alone, 1f confirmed, make this
hypothesis untenable

(2) Endocrine changes occurring during gestation may be the
cause of the fall of pressure. Page, Patton and Ogden (1941) and Fod,
Fod and Peet (1912) are proponents of this hypothesis It must be
borne in mind, however, that defimte proofs of this theory are stll
{aching Furthermore, Dill and Isenhour (1910) were unable to
obtain changes of pressure of hypertensive rabbits by the admunistra-
tion of several hormone preparations

(3) Finally, there 15 the possibality that the placenta, introduced
mnto the arculatory system, constitutes a shunt of less resistance

1 to that blished by arteri aneurysms Tlus

would explain the diminution of pressure in pregnancy by simple
hemodynamic changes (Burwell, 1938) This concept should be put
to experimental proof Ogden, Hildebrand and Page (1940) obtained
a n1se of pressure by constriction of the aorta below the origin of the
renal arteries in five pregnant dogs and one pregnant cat The rise
of pressure obtained was not very marked and disappeared at times
, immediately on release of the aortic constrictzon. These changes of

wwaure were possibly the result of hemodynamic changes exclusively
? not of ischemia of the uterus
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EFFECT OF PREGNANCY ON BLOOD PRESSURE OF HYPER-
TENSIVE ANIMALS. Dogs.—Mason, Harrison and Blalock (quoted
by Dawson, Cressman and Blalock, 1941) observed that pregnancy
in dogs with hypertension from renal ischemia produced a temporary
fall of blood pressure without symptoms of urema or eclampsia
Similar observations were made by Goldblatt (quoted by Dawson,
Cressman and Blalock, 1941), Page (quoted by Page, Patton and
Ogden, 1941), and Rodbard and Katz (1944). Erickson (1942) studied
the vanations of blood pressure of normal dogs and hypertenstie
dogs during pregnancy and came to the conclusion that the pressure
falls during the latter part of pregnancy and persists at 2 low level for
some days after parturition

Rabbats.—Page and Ogden (1939) found no difference in the Tevel
of blood pressure of normal and pregnant rabbts. Gorbit (1941)
studied the fluctuations of blood pressure, blood urea nitrogen and
urinary excretion of proteins during pregnancy normal rabbats
and rabbits made hypertensive by renal ischemia In both groups of
ammmals, pregnancy produced approximately a 20 per cent f_ﬂll of
blood pressure some days before delivery, the pressure returning to
1ts 1mt1al level one to three weeks after parturition, Only 1n the
hypertensives did he observe a slight fall in the level of l?lood u!rea
mirogen and a tendency to proteinuria. The author believed m;
the degree of fall of pressure was proportional to the numbe(li' Od
fetuses present Dill, Isenhour, Cadden and Kuder (1941) stu 'lcn
the effect of repeated pregnancies on rabbits with renal hypenendﬂg
and observed no particular change of pressure The method use bly
these authors for taking the pressure, however, was not relial ;
They drew attention to the frequency with which fetal re.ubsorp!;ol
and fetal death were observed in hypertensive rabbuts. Nieva (lg.vg
swas unable to obtain pregnancy in a small numl?er of hyperter;sllcs
rabbits despite copulation on svarious occasions with dxffercr;t‘m o

Rats —Grollman, Harrison and Williams (1940¢c) observzhl:min
made hypertensive by subtotal nephrectomy (merhod olf ‘ d:ys p
and Ferris, 1932) a fall of blood pressure during the last da

i f fetal kidneys
ch they attributed to the presence o1
e choe i re less sensttive than normal

They also observed that pregnant rats we! ot
to tl)\,e pressor action of renin Fod, Fol anfi Peet (Ilf)-ﬁ)[sdll’m o
observe falls of pressure during pregnancy in normal
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hiypertensive rats the pressure fell from an average of 174 mm Hg
to 103 mm Hg After delivery the pressure returned to a higher
level. Page, Patton and Ogden (1941) showed that pseudopregnancy
with decduomas mn hypertensive rats produced a fall of pressure
similar to that observed during pregnancy and suggested, as Fod and
collaborators had done, that the cause of the fall of pressure depended
upon an endocrme factor.

From these expennmental data, 1t can be concluded that pregnancy
has little or no effect on the pressure of normal ammals but produces
within the days preceding delivery a more or less marked fall of
pressure 1n animals made hypertensive by renal ischemia, and that
the pressure becomes elevated agan after delivery, In order to ex-
plain these findings, several hypotheses have been proposed

(1) A compensatory action of fetal kidneys was proposed by Groll-
man, Harnison and Williams (1940c), and accepted by Goldblatt for
explaiming the fall of pressure The experiments of Page, Patton
and Ogden (1941), who observed the depressor eﬂ'ecl to take place
in_the presence of dead alone, 1f d, make this
hypmhesns untenable,

{2) Endocrine changes occurring during gestation may be the
cause of the fall of pressure, Page, Patton and Ogden (1941) and Fod,
Fod and Peet (1942) are proponents of this hypothests. It must be
borne 1n mind, however, that definite proofs of this theory are still
lacking  Furthermore, Dill and Isenhour (1940) were unable to
obtain changes of pressure of hypertensive rabbats by the administra.
tion of several hormone preparations

(3) Finally, there 15 the posstbility that the placenta, introduced
mto the arculatory system, constitutes a shunt of less resistance

1 to that blished by arter aneurysms This
would explain the diminution of pressure in pregnancy by simple
hemodynamic changes (Burwell, 1938) This concept should be put
to experimental proof Ogden, Hildebrand and Page (1910) obtained
a nise of pressure by constriction of the 2orta below the origin of the
renal artenies n five pregnant dogs and one pregnant cat The nise
of pressure obtamned was not very marked and disappeared at times
immeduately on release of the aortic constriction. These changes of
pressure were possibly the result of hemedynamic changes exclusively
and not of 1schemra of the uterus
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EFFECTS OF RENAL ISCHEMIA IN PREGNANT ANIMALS
Since it is hard to determine quantitatively the degree of rena
1schemia produced by any of the usual méthods, it is extremely diff
cult to come to definite conclusions concerning the greater or lesse
sensitivity of pregnant anumals to the hypertensive action of rena
ischemia.

Some authors believe that pregnant animals are less sensitive to
the pressor actson of renal ischemia (Page, Patton and Ogden, 1941,
1n rats and rabbits; Dill, Isenhour and Cadden, 1939, 1n rabbits)
Others have found no great difference from the normal (Dawson,
Cressman and Blalock, 1941), while Dill and Erickson (1941) be-
lieved that pregnant rabbits are more sensitive than normal ta renal
tschemia, These latter authors (1938) observed eclamptic syndromes
tn preguant dogs and rabbits. Renal ischemia, produced 2 to 30 df\ys
before the expected date of parturition, was followed by progressive
asthenia, convulsions and coma, hypertension, hematuna and nitro-
gen retention Delivery or abortion was followed by rapid improve-
ment None of the control ammals developed this picture. At autopsy
hepatic and renaf lesions were found, Dawson, Cressman and Blalock
(1941), m a careful study performed on 31 dogs, were unable to con-
firm the results of Dill and Erickson. They attributed the results of
Dill and Erickson to 2 too marked constriction of the renal atteries.
Dawson, Cressman and Blalock, performed their experiments on
ammals during an advanced stage of pregnancy and, as has alrcad{
been pointed out, the blood pressure tends to fall in the prepartal
peniod, In order to obtain a given rise of blood pressure, dmcfo;e.
3t 15 probable that a greater degree of ischemia would have u’mr hc
produced, which might well cause uremic symptoms and death, The
number of abortions observed by Dawson and his collaboraters in
their operated dogs was considerable. It is not hnown, hawcvear].
whether or not a procedure simil:;r 1:0 1}1e production af ren
ischemia causes an equal number of abortions.

The experiments o(g D11l and Erickson (1938) would at ﬁrslbgia"z;
appear to open 2 new field in the study of the med;am:in oy
eclampsia Since their observations have not been confirme 5!
others and since the syndrome described by them suggests 2 smeaI
convulsive uremia due to an escessive constriction of the ren
arteries such as one frequently observes in nonpreghant
their significance without further support is slight

nimals,
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TOXEMIA OF PREGNANGY AND ECLAMPSIA A number of
investigations have been performed on the renal function of women
with toxema of pregnancy and eclampsia (Chesley, Connell, Chesley,
Katz and Glisson, 1910; Wellen, Welsh, Taylor, and Rosenthal, 1942;
Dill, Isenhour, Cadden and Schaffer, 1942, Kaniher and George, 1943),
The principal difficulty encountered in this type of study is the classifi-
cation of the disease. It is difficult ta determine chimcally the degree of
severty of the toxemia Corcoran and Page (1911d) and Wellen, Welsh,
Taylor and Rosenthal (1912) found in some of their cases a diminution

of the filration fraction, —(?_ and Lamport (1912), applying his
D

formula to the data 1n the literature (1941} for calculating afferent
and efferent arteniolar resistance in human kidneys, concluded that
in toxemta of pregnancy there 1s a diminished fltration fraction.
Since in this disease there 1s a reduction of plasma protein and an
nerease of blood pressure, both of which might produce an increase
of filtration fraction (Lamport, Maculla and Graff, 1913), Lamport

G,
concluded that the diminution of the rano, E-; was due to a specific

effect of the toxemia which might well be on the basis of thickening
of the basement membrane of the glomerulus

There 13 no doubt but that eclampsia or toxem1a of pregnancy
represents a vascular syndrome with certain aspects which sugzest
that the kidney is mnvolved 1n the process Bell (1932) showed that
the basement membrane of the glomerular capillaries was thickened
in fatal cases of eclampsia This was confirmed by several insesti-
gators (Baird and Dunn, 1938; Wilbur, 1931; Wess, Dexter, Parker
and Tenney, 1910) Page and Cox (1938) lound similar lesions in
some normal women‘which suggested that this lesion was not specific
for eclampsia Weiss, Dexter, Parker and Tenney (1910) alss found
degenerative lesions in the cells of the convoluted tubnles in
eclampsia and considered that the renal lesions were 2 type of
glomeruloneph These insestig Lehieved that toxem of
pregnancy could produce a permanent hypertension Secondary to
the renal lesions, but that the primary factor of toxemiy probably
ongnated in the placenta Up to the present, however, 0 pressor
substances have been found in the placenta (Haynes,

Dexter and
Weiss, unpublished, and Nieva, unpublished). Substances yyq); 2




232 RENAL HYPERTENSION

renin-like action have not been found in the placenta (Dexter and
Weiss, 1941; Nieva, unpublished) Dexter and Haynes (1944), how-
ever, reported the presence of appreciable amounts of renin i the
systemic blood of § patients with severe toxemia of pregnancy

In summary, therefore, it may be concluded that pregnancy causes
a fall of blood pressure in the latter pars of pregnancy in the majority
of animals with experimental renal hypertension The mechanism
of this fall has as yet not been elucidated.

Constriction of the renal artery during pregnancy apparently does
not prevent the appearance of hypertension or alter the course of
pregnancy The complications observed by some investigators are
probably related to the appearance of renal insufficiency or perhaps
are due to surgical trauma.

Removal of the adrenal medulla does not modify the course of
hypertension of renal origin. Bilateral adrenalectomy prevents ‘lhe
development and maintenance of hypertension even though cOIllCi.ll
extracts are administered The concentration of hyperlcnsinog‘en is
reduced in adrenalectomized animals and the vascular reactvity 18
diminished only in the terminal stages of adrenal insufficiency.

Removal of the anterior lobe of the hypophysis produces a fall of
pressure 1n amimals with renal hypertenston The effect may be
transitory. Renal ischemia produces hypertension in hypophysecto-
mized ammals The postertor lobe of the pituitary does not appfi,;r
to play any important réle Removal of the thyrord, parathyroid,
testicles and ovanes does not prevent the development of hyper-
tension from renal ischemia

Pregnancy has little 1f any effect on the blood pr
dogs. In animals with expenimental hypertension,
pressure has been observed mn the latter part of pre,
mechanism of this fall has not as yet been elucidated

i event

Constriction of the renal artery during pregnancy does not C{J; e

the appearance of hypertension nor does it apparently mo i y e
ns observed by some Inves!
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CHAPTER XI

OTHER VASOCONSTRICTOR AND
PRESSOR SUBSTANCES

A group of substances will be discussed in this chapter, some of
which have not been well identified, Their recognition is important,
however, for the following reasons: (a) They have been thought to
be responsible for the production of hypertension; (b) they have
been considered to play a certain réle in the production of hyper-
tension; (c) they have created difficulties in the recognition of
specific vasoconstrictor substances contained m blood; (d) they
possess certain similarities to the substance possibly responstble for
hypertension, hypertensin

TYRAMINE

Since tyrammne has long been known to have a pressor action: a
number of studies have been performed with the object of ascertain-
g if it plays some réle in hypertension. The chemical deten.mm-
tion of this substance in blood has been performed in the majority
of cases by using the reaction of Gerngross, Voss and Herfeld (19.53),
by which a red color is produced by 1-2 nitrosonaphthol and m!.l'lc
acid. This reaction is positive for para substituted phenols which
contain an H in the ortho position. By extraction with amy! alcohol
and a solution of sodium carbonate, tyramine may be separatevf] from
other phenols i

Heinsen and WolE (1934, 19352, b) investigated the tyramine c(;:l-
tent of blood using amounts varying between 150 Ell’;ld 400 cc. Tbc
reaction was negative in essential hypertension a?d in n.ormal sll.c-
Jects, but they obtained positive reactions in patients with chr;;l;s
hypertensive nephritis and malignant nephroscle.rosxs' Th‘e aut o
concluded that tyramine plays an unportant etiologic rdle mn
called “pale” hypertension. .

Usinzpa dnffezgm method, Mande (1941) concluded th:,t tyramine

L e mhrits
:n the

N
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amount of tyramine and the blood pressure. Enger and Arnold
(1936), on the other hand, showed that the reaction of 1-2 nitro-
sonaphthol was negative in the blood of normal subjects and those
with essential hypertenston, amyloid nephrosts and acute nephritis.
In chronic nephrtis with hypertension and in malignant nephro-
sclerosts, their results were positive, doubtful, or negative 1n different
cases Later, in 1937, the same investigators modified the method of
Hemsen and Wolf so that they were able to detect 20 gamma of
tyramne m 300 cc of blood This mcreased the sensitivity of the
original method some three times In nephritis and in the majonty
of cases of mal 1 osts they negative results
They therefore concluded that there was no evidence that tyramine
was an mmportant etologic factor sn hypertension of renal origin

Similar results were obtained with a different method by Schuler,
Bernhardt and Reindel (1936) Govaerts (1937), using the reaction
of Gerngross and collaborators, on extracts of five cc. of serum and
cerebrospinal fluud, were likewise unable to obtain positive reactrons
m patients with nephnus and hypertenston.

Expenimental attempts have been made to clanfy the réle of tyra-
mine 1n the production of hypertension. Wolf and Heinsen (1935)
observed that ligatton of branches of the renal artery produced rises
of blood pressure in dogs The “tyramine” reaction became posiive
after operation Loeper, Lemaire and Cottet (1938) made simifar
observations on rabbits following ligation of the ureters Govaerts
(1937), however, obtained negative results with the blood of dogs
with hypeitension from renal 1schemia Robbers and Westenhoefler
{1989) mvestigated this problem with a pharmacologic approach
They studied the effects of cocaine which is known to abolish the
action of tyramine (see Burn and Tamnter, 1931) on hypertension
produced by higation of a renal artery In none of eight dogs studied
did they observe a fall of pressure from cocaine, from which they
concluded justifiably that tyramine was not the agent responsible for
the hypertension i these ansmals

Attempts have been made to produce persistent elevation of blood
pressure by the conunuous injection of tyramine, Robbers (1936)
injected tyramine intravenously into cats and dogs 1n doses of 005
to 04 mgm per hgm per minute, observing that after some 45
minutes the pressor effect disappeared The blood pressure remained
low although the injection was continued. Death supervened from




CHAPTER XI

OTHER VASOCONSTRICTOR AND
PRESSOR SUBSTANCES

A group of substances will be discussed in this chapter, some of
which have not been well identified. Their recognition is important,
however, for the following reasons: (a) They have been thought to
be responsible for the production of hypertension; (b) they have
been considered to play a certain réle in the production of hyper-
tension; (c) they have created difficulties in the recognition of
specific vasoconstrictor substances contained in blood; (d) they
possess certain similarities to the substance possibly responsible for
hypertenston, hypertensin

TYRAMINE

Since tyramine has long been known to have a Ppressor aclion: a
number of studies have been performed with the object of ascertfmr
ing 1f 1t plays some réle mn hypertension. The chemical detcn:mr.l-l-
tron of this substance in blood has been performed in the majority
of cases by using the reaction of Gerngross, Voss and Herfeld (19.53)v
by which a red color 15 produced by 1-2 nitrosonaphthol and n|{ﬂ§
aad. This reaction 15 positve for para substituted phenols whxc1
contain an H 1n the ortho positien. By extraction with amyl alcoho!
and a solution of sodium carbonate, tyramine may be separated from
other phenols. .

Heinsen and Wolf (1934, 1935a, b) investigated the tyramine ct;:l'
tent of blood using amounts varying between 150 :u.xd 400 cc. T;
reaction was negative in essential hypertension and in rx'on{lal suic
Jects, but they obtained positive reactions in patients with chrgzrs
hypertensive nephritis and malignant nephrosc]c.roslsl TI::I aud il
concluded that tyramine plays an important etiologic role In
called “pale” hypertension. .

Usingpa diﬂex)":m method, Mande (1941) conc'luded Lh:f! !Yﬂ}:f:;;:
was regularly increased in the blood of patients with chronic n:]c)n he
and hypertension. No paralle]ism. however, was found betw!

234
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800 hypertensives in which guanidine was measured by the method
of Major and Weber (1927). In 625 patients with hypertension and
a nonprotein nitrogen level of 40 mgm per cent or less, only 200
showed increases while 425 had normal values In hypertension with
nitrogen retentton, however, an elevation of “guantdine” was found
with considerable frequency

Since guanidine is a substance with a pressor action, 1ts presence
in patients with renal disease suggested the possibility that 1t might
play sonte réle in the hypertension associated with nephritis The
reactions employed for the measurement of guanidine, however, are
not spectfic Increases of “guamidine” found may possibly have been
due to substances of simlar chemucal structure but devoid of pressor
activity In this regard, Major {(1929) found that while guamdine and
methylguanidine were pressor substances, other siular compounds
were mnert or even depressor

An mcrease of “guanidine” has been found 1n a number of diseases
such as cirrhosis, tetany, dehydration, and so forth, 1n which the
blood pressure 1s normal (Turriés, 1933, Dodd and Minot, 1934,
Andes, Andes and Myers, 1937, and others) It appears 1mprobable,
therefore, that * dine” plays a fund 1 role in hyper-
tension Experiments on animals support this conclusion Goldblatt,
Lynch, Hanzal and Summerville (1934) and Helmer and Page {1938)
found no mncrease of “guanidine” 1n the blood of hypertensive dogs
if renal function was normal Major, Weber and Rumold (1939)
observed that increases of “gnamdine” i the blood of dogs with
renal insufficiency occurred with or without a concomitant hyper-
tension  According to them, the substance measured might well be
a dervatrve of idine such as glycocyamid

VASOACTIVE SUBSTANCES IN EXTRAVASATED BLOOD:

Aside from the possible presence of such substances as adrenalin
and puressin onginaung n the glands of internal secretion, and of
tyramine, dine and even | ine, which are sut with
a powerful pharmacologic action possibly existing 1n normal blood,
other substances have been described, the chemical constitution and
physiologic signficance of which hate not as yet been elucidated.

O'Connor (1912) showed that there was a vasoconstrictor substance

' Gaddum (1936)
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circulatory collapse in the course of six to eight hours Wolf and
Ludolf (1937) confirmed the findings of Robbers but used smaller
doses in the neighborhood of 0 002 mgm. per hgm per minute The
pressure rose slowly and the effect was more prolonged. Two to three
hours afterwards, however, the anmmals died in respiratory paralysis

Histological changes produced by the injection of tyramine for
prolonged periods have been studied by Duff, Hamilton and Magner
(1939) 1n rabbits They gave daily injections of 50 to 100 mgm of
tyramine intravenously over the course of 1 to 106 days and obsered
arterial and arteriolar lesions consisting of hyaline degeneration and
necrosis. Enger and Lampas (1940) also observed renal changes a.nd
changes 1 the arteries of dogs treated for more than two years with
tyramine The chinical picture and anatomical changes observed
were different from those of “pale” hypertension

In summary 1t may be said that the réle of tyramine in hyper
tenston of renal origin does not appear to be very important It has
not been shown that there is an increase of thts substance 1n rens!
hypertension Color reactions for tyramne have little specificity and
may well reflect the presence of similar substances devoid of pressor
action.

GUANIDINE

Ditman and Welker (1909) attributed hypertension and the symp-
toms of nephritis, eclampsia, and so forth, to the retemion'of several
products (creatinine, methylguanidine and guanidine) derived from
a defective metabolism of creatne. This belief was subsequently
reiterated by Boyd (1916). Major and Weber (1927) improved the
methods of detection of guznidine in the blood and, in‘:l gl'OUP'Ol
hypertensives, found a shght increase of “guanidine” in csscn_:)lll‘
hypertension and a definite increase in those with renal hypertens! b.’
Simular results were obtained by Bohn and Schlapp (1932) who o -
served an increase of “guamdme” in “pale” hypertenstses, and nor-
mal values in “red” hypertensives

Pfifiner and Myers (I}Sl)go) and deWesselow and Griffiths (1932) ﬂlfz
demonstrated an ncrease of “guanidine” in the blood in certat!
cases of hypertension

Kleebezg and Schlapp (1930), Marcolongo (1933) and Aa::if:f’
Linegar and Myers (1937) were of the opinion that the mcrle P
“guanidine” was related more to the state of excretory rena o
tion than to the height of the blood pressure. Major (1938) stu
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blood was attributed by Freund to the presence of Spatgift. This
riction, cf ion of the isolated intestine of

mammals and contraction of the uterus

In summary, therefore, blood extracted from the body can acquire
diverse pharmacologic properties which appear after coagulation
(Simon, 1938, Simon and Komlos, 1938), agitation of heparinized
blood, or even stmple standing (Phemister and Handy, 1927; Landas,
Wood and Guerrant, 1943; Landss, 1944) These properties are
probably due to the presence of several substances Adenylic acid
appears to be the cause of the inhibition of intestinal contractions
and of the vasodilator action which appears 1n the early period fol-
lowing removal of the blood The actions attributed to Spatgift
possibly are due to the presence of more than one substance still
umdenufied

Before attnbuting a speafic réle to the vasoconstrictor action
which appears n blood under experimental and pathologic condi-
tions, 1t 1s necessary to demonstrate that such action 15 not due to
the presence of nonspecific sub such as v rictin or
Spatgsft Many errors of mnterpretation have been committed by not
considering this posstbility as Landis (1944) has emphasized Landis
made an extensive study of the technique by which the constrictor
action of shed blood may be avoided when tested on the isolated
rabbit’s ear To arrest coagulation from the beginning, the donor
rabbit, which supplied the blood used for perfusion, was given a
large intravenous dose of heparin 15 to 30 minutes before blood was
withdrawn from the heart Such “preheparinized” blood, coupled
with punstalang removal from glassware and syringes of all chermical
residues of previous perfusions, withdrawal of blood 1nto a syringe
containing an excess of heparin, and centrifugation of blood n
plastic tubes, resulted in the maintenance of a constant perfusion
rate at constant, low mean pressure.

SUBSTANCES PRODUCED BY AUTOLYSIS OR
DIGESTION OF THE KIDNEY

Hartwich and Hessel (1932) observed that a pressor substance
other than renin was formed by autolysis of hidneys over the course
of several weeks at 37°C This substance had a more rapid and
shorter action than renm It was soluble in organic solvents and was
ultrafilterable They believed it to be an amine which was formed
in the Kidneys as a result of autolysis but they did not identify it.
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in serum which was liberated by platelets when the blood coagulated
It was considered that it had a beneficial action in producing
hemostasis in wounds by producing local vasoconstriction and pre-
venting blood loss from the wound. The vasoconstrictor action of
defibrinated blood is due to this substance which some authors have
called vasotontn or vasoconstrictin. The vasoconstrictor action of
defibrinated blood can be prevented by circulating the blood through
the lungs,” the liver (Bornstein, 1926; Bing, 1941b), or the spleen
(Bing, 1941b) The idney (Bayliss and Ogden, 1933, Bing, 1941b)
and the placenta (Budelmann, 1929) do not dimimsh its vaso-
constrictor action Ergotoxin abolishes the action of vasoconstrictin
(Heymans, Bouckaert and Moraes, 1932a, b; Bayliss and Ogden,
1933, Bing, 1941b) and the same 15 true of 0.01 M potassium cyanide
(Euler and Sjostrand, 1941b).

As regards the pharmacology of the substance producing the vaso-
constrictor action of serum, there is no agreement among imvesti-
gators. It has been reported to have a stimulating action on the
1solated heart of batrachians (Clark, 1918), on the isolated auricle of
the rabbit (Clark, 1913) and on the intestine and uterus of rabbts
and guinea pigs (O’Connor, 1912). Vasodilator and depressor actions
have been described together with an intubting action o.n.lhc
contractions of the isolated mntestine. These apparent contradictions
were clarified by the investigations of Freund (19202, b, 1921) who
found that the pharmacologic properties of blood '?CPC“de.d pon
the tume transpiring after its extraction and coagulation. T.hls m;ﬂé'
tigator observed that platelets liberated two substances with a ait*
ferent action which he called Frihgift and Spatgift. The former
appeared immediately after destruction of the platelets nr}d P“:l'
duced vasodilatation, inhibition of the contractions of the isolate
intestine of the rabbit and contraction of the cat uterus Studer,
Fleish and Croisier (1938) described another vasodilavtur stlb;mf}:;
which was produced by lysts of red cells and which was ldcnt(l)ﬂ‘l 9‘;‘1 a
adenosmtriphosphoric acid. The investigations of Zipf (195hr g dm’
b) and of Barsoum and Gaddum (1935) appeared to s o“eared
Fruhgft was 1dentical with adenylic acid. Fruhgit dePvmdl
after a few minutes due to the presence of enzymes It bl'ood';:\shed
destroyed adenylic acid, The appearance of other properties 1

i 1933), Exchholtz and Verney
o o ((19513, Braun-Menéndez and

* Starling and Verney (192
1924), Herrick and Markowitz (1929); Hemmgway

Fasciolo 1939)



" OTHER VASOCONSTRICTOR SUBSTANCES a4t

tyrostnie with renal tissue but not with liver tissue. With phenylethyl-
amine as the substrate, they did not obtain tyramine Better yields
were obtained by incubating under low oxygen pressure. It should
be pointed out that they used a method for the measurement of
tyramine which has not been well studied. This method {Schuler
and Widermann, 1935) consisted of tncubaung the solution with
ladney slices In this way tyramine was oxidized to adrenalin which
was then measured by Folin's reaction The formation of tyramine
from tyrosine in the kidney was not observed by Heinsen (1937) who
used the reaction of Gerngross for the detection of tyramne

Werle and Mennicken (1937), using dialyzed extracts of Kidneys,
noted the formation of pressor substances derived from tyrosine and
tryptophane, These substances, which the authors supposed were
tyramine and tryptamine, respectively, were not formed in the pres-
ence of cyanide nor from extracts of liver, spleen, lung or pancreas,
nor from extracts of chicken, horse, goat, hog or monkey kidneys
‘The only active renal extracts obtained were those of guinea pigs
and rabbits The authors excluded the possibility of bacteral ac-
tion

Holtz (1937, 1938) and Holtz and Jansch (1937) confirmed the for-
mation of pressor substances from tyrosine 1n renal extracts of guinea
pigs and rabbus

ACTION ON DIOXYPHENYLALANINE. Holtz, Heise and
Ludtke (1938) observed that by anaerobic incubation of renal extracts
with dihydrovyphenylanine (I) (dopa), a pressor substance was
formed by decarboxylation which they identified as hydroxytyramine

on on on
\—on —o1t 1t
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(I} The rexcuion was mhibited by cyamide Decarboxylase (Holtz,
Credner and Walter, 1939) 1s found 1n livers and kidneys of guinea
P13, rabbits, pigs, sheep, goats and chickens, and in the ntestine of
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By incubating kidney tissue for 24 to 48 hours at 37°C, Victor,
Stemner and Weeks (1940) obtained pressor substances, the concen-
tration of which increased with time up to 48 hours. These substances
were produced under anaerobic but not under aerobic conditions.
These investigators excluded the possibility of bacterial action. They
did not identify the substances produced.

Drill (1942) prepared extracts of autolyzed kidneys and succeeded
in 1solating 1scamylamine and tyramine. Part of the pressor action
was due to the presence of phenylethylamine. These substances had
been 1solated by Barger and Walpole (1909) from putnified muscle.
Abelous, Ribault, Soulié and Tougan (1906) had also observed the
formation of pressor substances in putrified muscles.

‘Williams, Harrison and Mason (1938) obtained sunilar substances
by the digestion of saline extracts of Nidneys incubated with pan-
creatin at 37°C. for 12 to 16 hours without mamtaining aseptic pre-
cautions, In order to separate the depressor substances, they &
tracted the active substance with acetone and washed the solution
with ether The substance resisted boiling. Its pressor action was
stmilar to that of tyramine in that it was abolished by cocaine. They
obtained pressor substances by digesting extracts of hog liver, spleen:
lung and serum and also of milk and white beans with pancreatin.
Results were negative with extracts of heart, peas, sweet potato,
gelatin and egg white. .

According to Williams and Grossman (1938) there were two pres
sor substances 1n the perfusion fluid of kidneys, remn and another
which was similar to adrenaln in that it was thermostable and
soluble i 85 per cent alcohol. If Kidneys were‘remo’ved. two hours
previously, the action was more intense, The pressor action was ngt
observed when other organs such as spleen, lung and hiver were use
It is possible that the thermostable substance was hypertensin.

FORMATION OF PRESSOR AMINES BY THE KIDNEY

It is possible that the kidney elevates blood pressure 1hr(l))“§:
mechanisms other than the secretion of remn. Actually it l}as ;:t
shown that renal tissue is capable of forming pressor ammzs
their physiologic importance sull remains to be demonstrate

Bernhardt

FORMATION OF TYRAMINE. According to Schuler, e
batior O

and Reindel (1936), tyramine can be produced by the incu
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tyrosine with renal tissue but not wath liver tissue. With phenylethyl- -
amine as the substrate, they did not obtain tyramine Better yields
were obtained by mcubating under low oxygen pressure It should
be pointed out that they used a method for the measurement of
tyramine which has not been well studied This method (Schuler
and Widermann, 1935) consisted of incubating the solution with
kadney shices In this way tyramine was oxidized to adrenahin which
was then measured by Folin's reaction. The formation of tyramine
from tyrosine 1 the kidney was not observed by Heinsen (1937) who
used the reaction of Gerngross for the detection of tyramine

Werle and Mennicken (1937), using dialyzed extracts of kidneys,
noted the formation of pressor substances dertved from tyrosine and
tryptophane These substances, which the authors supposed were
tyramine and tryptamine, respectively, were not formed 1n the pres-
ence of cyamde nor from extracts of liver, spleen, lung or pancreas,
nor from extracts ot chicken, horse, goat, hog or monkey kidneys
The only active renal extracts obtained were those of guinea pigs
and rabbuis The authors excluded the possibility of bacterial ac-
tion

Holtz (1937, 1938) and Holtz and Jansch (1937) confirmed the for-
mation of pressor substances from tyrosine i renal extracts of guinea
pigs and rabbits

ACTION ON DIOXYPHENYLALANINE Holtz, Hewise and
Ludtke (1938) observed that by anaerobic incubation of renal extracts
with dihydroxyphenylanine (I) (dopa), a pressor substance was
formed by decarboxylation which they identified as hydroxytyramine
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(IT) The reaction was mhibited by cyamde Decarboxylase (Holtz,
Credner and Walter, 1939) 1s found in hivers and kidneys of guinea
pigs, Tabbits, pigs, sheep, goats and chickens, and 1n the intestine of
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guinea pigs but not in the intestines of other animals.

Under aerobic conditions diliydroxytyramine is rapidly oxidued
by the action of amine onidase to dioxyphenylacetaldehyde {111)
which 15 2 depressor substance. The extracts were prepared by
extracting minced kidneys with phosphate buffer at pH 7.4, In-
cubations were made for eight hours at 39° C. in the presence of
toluol. (Bing 1941a) repeated and confirmed the experiments of Holz
and his collaborators. In addition, perfused kidneys with dioxyphen
ylalanine and observed that a pressor substance was produced The
less the amount of blood perfused through the kidney, the greater
was the amount of pressor substance formed. The liver and intestine,
perfused with blood « ining dioxyphenylalanine under the same
conditions of ischemz, did not form pressor substances

Bing and Zucher (1941b) obtained a pressor substance by incuba-
tion of renal extmcts from guinea pigs but not from cats with
phenylalamine and with dioxyphenylalanine In addition, they
showed that human kidneys also contained the enzymatic system
necessary for the transformation of dopa into a pressor substance
Amalogous results were also obtained by perfusion The P"“‘{"hw
that remmn was the decarboxylating enzyme was at first entertained,
but experuments demonstrated that renin was not capable of ac-
celeraung the reaction This was confirmed by Croxatte and Cronatto
(1942c). Blaschlo (1942) also obtained the formau'_on of hydrovy-
tyramine from dopa with extracts of mammalian le.n:ys. ;

Bing and Zucker (1941a) tried to demonstrate th.e importance o
the reaction dioxyphenylalanine-hydroxytyramine in .l\YP“m"’L"’:
from renal ischemia They injected dopa into totally ,;fmmu: 1
neys and observed that on re-establishing the cnrcul.mo.n “\,D 10
three hours later a rise of blood pressure ensued, The Ll.dntl)sl':::“
jected with dopa produced a rise of pressure when the circul Jhl
was re-established after four to five hours but not after l}\'o to three
hours The authors did not conclude from these e!('P“““‘“ls ?;::
the mechanism of hypertension from renal ischemia was Df‘n .
basis They mentioned the possibility only tfm dec.arboxyl:mct:" >
dopa represents an example of a type of reaction wl.nch (::l:I t:cnimles
the ischemic kidney During ischemia, decarboxylation predo thus
over oxidation of certain amino acids and pressor substances are
formed.

In favor of this hypothesis might be mentioned the work of Oster







244 RENAL HYPERTENSION
PRESSOR SUBSTANCES FORMED IN OTHER ORGANS

Collip (1928, b) prepared pressor extracts from several tissu
(muscle, liver, kidney, spleen, ovary, testicle, stomach and intestine
These tissues were extracted with boiling water, After concentratior
the extract was extracted with acetone. Using commercial, prepara
tions of pepsin and pancreatin, active extracts were also obtained
Extracts of prostate gave a pressor effect which was attributed 10
different substance.

Some properties of the substance were-as follows: It did not alte:
the blood sugar; the pressor action was increased by small doses of
ergotamine while larger doses produced an inversion of its pressor
effect; cocaine acted as an antagonist; atropine did not modify it;
nicotine increased 1t, m high concentration it inhibited the isolated
intestine, uterus and heart, it did not produce tachyphylaxis.

Page (1935b, 1937) described pressor effects from ventricular flnd
of man and other animals This action was mediated by the nervous
system, None of these pressor substances has been accurately
identified

PEPSITENSIN

FORMATION Croxatto and Croxatto (1942a) observed !h-‘lt a
pressor substance with properties simular to those of hypfrtcnsm was
formed by incubating pepsin with hypertensinogen This substance
was called pepsitensin

The profc)egure of preparation was as follows (Alonso, 1942):
Hypertensinogen was acidified to pH 3.5. One-tenth per cent com-
mercial pepsin (Parke, Davis and Company) was addeﬁi and the
mixture was left for 3 to 5 hours at 38°C. It was nElltraIll?d and 3
volumes of alcohol added. The filtrate was concentrated in acue
and extracted with ether. The aqueous phase was dmezcd. in ceHIt;
phane sacs Pepsttensin crossed the cellophane and the solution coul
then be concentrated.

The reaction also took place at higher pH" >
of 7 (Croxatto and Croxatto, 1942a; Hclme.r and Page, 19?.) i

Using other substrates such as lactalbumin, lactoglo.bulm, c so;
and ovalbumin, the same authors obtamed the formation of Pressin
substances With gelatin as the substrate or trypsin in place of pepsin,
no pressor substances were obtained.

s but not above 2 pH
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Helmer and Page (1942) also obtained a pressor substance by
using crystalline pepsin They used hypertensinogen prepared by
precipitation with potassium phosphate, incubated 1t wsth pepsin
at 40°C for 10 minutes, and then removed the proteins by boiling
for 10 minutes.

According to Weber, Major and Lobb (1912), the maximal pressor
action is obtamed by mcubating at pH 5 to 6 for 30 minutes These
investigators did not obtain pressor substances with trypsin, cathepsin
or takadiastase.

Quantitatnve studies on the formation of pepsitensin at different
pH'’s and times of 1ncubations have not as yet been done This is due
to the difficulty of freeing pepsitensin from the depressor substances
which accompany 1t. These depressor substances frequently mask the
pressor action, and this undoubtedly accounts for the earlier negative
results which were obtained by Braun-Menéndez, Fasaiolo, Leloir
and Muiioz (1940a) It has also been observed that the same lot of
pepsitensin produces a pressor response in some amumals and no
pressor respanse 1n others

According to Alenso (1942) a stmilar product may be obtamed by
prolonged treatment with acid By mcubating hypertensinogen with
5 N hydrechlonc acid (3 5 per cent) and incubating for 6 days at
38°C, 2 pressor substance was obtained In five hours at pH 3.1, a
pressor substance was likewise obtained although less in amount

PROPERTIES Pef has 1 and pharmacel

properties symilar to those of hypertensin Alonso (1912) and Aloenso,
Croxatto and Croxatto (1913) mentioned the following character-
istics common to both substances It does not produce tachyphylaxis,
adrenalectomy and nephrectomy do not influence the pressor action,
the previous mjection of Fourneau 933 does not mnvert 1ts pressor
properties, the pressor action 1s potentiated by venitol and atropine
does not modhfy 1t} 1t sumulates the musculature of intestine, uterus
and urinary bladder of rats and cats and this action 13 not abolished
by atropine, 1t 15 thermostable but 1s destroyed in 15 minutes at
100°G 1n 0 15 N sodium hydroxide, 1t loses 1ts action by icubation
with preparations of trypsin, tyrosinase, amne oxidase and renal
hypertensinase, incubation with crystatline pepsin also mnactivates it
Tts solubility 1n glacial acetic 2aid and aleohol and its msolubality
1n ether and amyl alcohol are the same as for hypertensin. Pepsttensin
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is precipitated with phosphotungstic acid but not with trichloracetic
aad.

In contrast with these many similar properties, Braun-Menéndez,
Fasciolo, Leloir, Mufioz and Taquini (1948) observed that both
substances differed m their resistance to hypertensinase from red
blaod cells of dogs While hypertensin was destioyed rapidly, pepsi-
tensin preserved its activity. This has been confirmed by Dexter,
Haynes and Bridges (1944). Plens) and Page {1944c) found that
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FicURE 88 DESTRUCTION oF THE PRECURSOR OF PEPSITENSIN BY THE
PREVIOUS AGTION OF RENIN
Ruses of blood pressure m the dog produced by. (D) extract of plasma (rcmg
with renin, dislyzed, and then treated with pepsin (DT) extract of dralyze
plasma then treated with pepsin Blood pressure in mm Hg, time m minutes
(After Braun-Menéndez, Fasciolo, Leloir, Mufioz and Taquini, Rev, Soc argent
de biol, 1948, 19, 304)

pepsitensin and hypertensin differed in respect to magm'md'C aof
proteolytic coefficients as well as hydrogen fon optima when incu-
bated with varying amounts of crystalline pepsin.

RELATION BETWEEN HYPERTENSINOGEN AND PRE-
CURSOR OF PEPSITENSIN. Hypertensinogen, after bsix.lg lefe at
2 pH of 4 for 30 minutes at 25°C. or after precipitation with thrfc
volumes of alcohol and redissolved, does not produce hyper!enflln
when treated with renin Pepsin, however, when incubated with
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hypertensinogen treated in this manner 1s still capable of producing
pepsttensin (figure 89) There is no doubt, therefore, that the
substrate of renin and of pepsin is somewhat different. Pepsin ap-
pears to act on denatured hypertensinogen. It has been shown that
while both substrates are different, the part of the molecule con-
taining the pressor group is common for both Thus hypertensinogen

FiGLRE 83 DESTRUCTION OF THE PRECURSOR OF PEPSITENSIN BY THE
PREVIOUS ACTION OF RENIN

Ruses of blood pressure in the dog produced by the myection of extracts soluble
1 70 per cent alcohol from (T.) untreated plasma (Ry) plasma treated wath
renm, (R} alcohol preciputate of R. redissolved and treated with pepsin (T3}
alcohol precipitate of {Ty) redissolved and treated with pepsin Blood pressurc
in mm Hg, time m munutes (After Braun-Menéndez, Fasaolo, Lelowr, Mvfioz
and Taquinr, Rev Soc argent de biol, 1943, 19, 504)

treated with remin loses 1ts capacity for forming pepsitensin when
mcubated with pepsin (figures 88 and 89) (Braun-Menéndez, Fasciolo,
Lelowr, Mufioz and Taquam, 1943)

It 15 possible that pressor substances other than that of the pressor
system renin-hyp hypertensin are concerned 1n artenal
hypertension

An mncrease i the concentration of tyramine and guamdine 1n
the blood has been observed mn some cases of hypertension The
methods used, however, are of doubtful speaificity The ncreases ob-
served also bear a closer relation to the degree of renal excretory
insufficiency than to the degree of hypertension

Certain vasoactive substances, such as Fruhgift, Spargeft, vasocon-
strictin, and so forth, which appear in shed blood have been dis-
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hypertensinogen treated in this manner is still capable of producing
pepsitensin (figure 89). There is no doubt, therefore, that the
substrate of renin and of pepsia is somewhat different. Pepsin ap-
pears to act on denatured hypertensinogen, It has been shown that
while both substrates are dafferent, the part of the molecule con-
taining the pressor group 1s common for both Thus hypertensinogen
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Ficure 83 DESTRUCTION OF THE PRECURSOR OF PEPSITENSIN BY THE
PREVIOUS ACTION OF RENIN

Rises of blood pressure i the dog produred by the injection of extracts soluble
70 per cent alcobol from (Ty) untreated plasma, (R plasma treated with
rextin; (Ro) alcobol precipuate of Ry rednsofved and wreated with pepsn (T3)
alcohal precipitate of (Ty) redssolved and treated with pepsin Blood pressure
in mm Hg, tme i mmutes (After Braun Menéndez, Fastiolo, Lelorr, Mufioz
and Taquint, Rev Soc argent de buol, 1948, 19, 304)

treated with rerun loses its capaniy for forming pepsitensin when
wmcubated with pepsin (figures 88 and 89) (Braun-Menéndez, Fasciolo,
Leloir, Mufloz and Taquini, 1943).

It 15 possible that pressor substances other than that of the pressor
s)stem rentn-hypertensinogen-hypertensin are concerned in arterial
bypertension,

An increase in the concentration of tyramine and guamdine in
the blood has been observed 1 some cases oi hypertension The
methods used, howeser, are of doubtful ificity. The ob-
served also bear a closer relation to the degree of renal excretory
insufficiency than to the degree of hypertension

Certain sasoactive substances, such as Frithgift, Sputgift, vasocon-
strictin, and so forth, which appear in shed blood have been dis-
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is precipitated with phosphotungstic acid but not with ‘trichloraceuc
acid.

In contrast with these many similar properties, Braun-Menéndez,
Fasciolo, Leloir, Mufioz and Taquini (1943) observed that both
substances differed in their resistance to hypertensinase from red
blood cells of dogs While hypertensin was destroyed rapidly, pepsi-
tensin preserved its activity. This has been confirmed by Dexter,
Haynes and Bridges (1944). Plentl and Page (19#4c) found tha

200

g 7
fi
K

i
DT

FiGuRe 88 DESTRUCTION OF THE PRECURSOR OF PEPSITENSIN BY THE
PrEvIOUs ACTION OF RENIN
Ruses of blood pressure 1n the dog produced by: (D) extract
with renin, dialyzed, and then treated with pepsin (DT) ex:
plasma then treated with pepsin Blood pressure 1 mm Hg;
(After Braun-Menéndez, Fasaolo, Leloir, Muiioz and Taquini,
de biol, 1943, 19, 304)

of plasma treated
cract of dulyzed
tme in minutes
Rev Soc. argent

o magnitude of

i it i i respect
pepsitensin and hypertensin differed 1n resp a incu-

proteolytic coefficients as well as hydrogen ion'opumn whel
hated with varying amounts of crystalline pepsin.
1 ATION BETWEEN HYPERTENSINOGEN AND le}:i
JRSOR OF PEPSITENSIN. Hypertensinogen, .afte.r b“f}g :hree
a pH of 4 for 30 mmutes at 25°C or after precipitation Wi ;tcmiﬂ
volumes of alcohol and redissolved, does not pde?CC “‘7‘11::‘1 with
when treated with renin. Pepsin, however, when incubal
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cussed in thus chapter. They are of importance mainly because they
wnterfere with the identification of other vasoconstrictor substances
i the blood of hypertensive animals and patients.

Studies have been made on the ability of the kidney in wvitro to
produce pressor substances other than remn. It appears that renal
tissue can produce some pressor amines (tyramine, isoamylamine,
phenylethylamine, hydroxytyramine, and so forth), but 1t is still not
known what réle these substances may play in the genesis of hyper-
tension

A pressor substance, pepsitensin, stmular to hypertensin is pro-
duced by the action of pepsin on hypertensinogen. Although ths
substance does not play any réle m hypertension, it is of .mterest
since 1t 1s the product of an enzymatic reaction, and 1ts origin from
hypertensinogen 1s the same as that of hypertensin, Pepsttensin a.nd
hypertensin may at this time be differentiated only by their behavior
m regard to the hypertensinase of red blood corpuscles






250 RENAL HYPERTENSION

It was also thought that the cause of hypertension might be
Neurogenic in origin. Some authors, such. as Monakow (1920) and
Raab (1929, 1931) considered that hyperirritability of the vasomotor
centers was of importance Kahler, in 1924, attributed hypertension
to overactivity of the hypothalamic centers and proposed a theory of
primary central ongin. This theory was adopted with enthusiasm
by Castex (1929) Against this theory, however, was the demonstra-
tion that the hypothalamic centers were not involved in the main-
tenance of normal blood pressure and that in its absence, reflexes
regulating blood pressure were preserved. This theory also lacked
pathologic confirmation (Braun-Menéndez, 1934; Leiter and
Grinker, 1934)

The possibility of producing permanent hypertension by section
of the depressor nerves (Koch and Mies, 1929) and the demonstration
in hypertensive subject of changes in the responses of the carotd
sinus to various sttmuli, caused certain investigators to suggest that
diminution 1 the sensitivity of the carotid sinus to physiologic
stmult produced changes in blood pressure and was, therefore, con-
cerned m the genesis of hypertension (Mies, 1932, Heymans, Bouck-
aert and Regniers, 1933) The subsequent studies of Keelef {1933)
and of G (1936), 1 , mvahdated this hypolh?sls )

During this period, extensive studies were made of- this disease
from a clinical point of view. Although different types of hyperten-
sion were recognized, concepts of etiology and pa!hagexlzesxs were
confused. It became increasingly apparent that many patients \\'llh
essential hypertension developed some reduction of renal functm!‘l
and were difficult to differentiate from those with true primary rena
disease. It also became apparent that hypertension was frcquemll)'
associated with disorders of the kidney and of the urinary tract. In
some clinics, the kidney was considered to be the cause of all or‘:;
least the majonty of cases of human hypertension Among' zl}cse w :
Volhard who studied this disease extensively from the C'hmcxﬂ anr-
anatomical viewpoint (Volhard and Fahr, 1914) an(?‘dﬂss'l’ﬂf‘dy lll);sfd
tenstves in two major groups: the “red” and the “pale” (Vol ear:
1923) He suggested a humoral onigin for.lhc vascular lestons app
ing in the malignant stages of hypertension.

%n“;S)B-i, Goldgnblan introduced til)le third period m m;r kno::li?f:
of hypertension by reproducing benign and mﬂllg"’?’ﬂ:ﬁﬁ" ochers,
experimentally. His studies, together with those o Y
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have established a relationship between the Lidney and hypertension
in man and opened new fields for the investigation of this im-
portant medical problem.

CLASSIFICATION OF HUMAN HYPERTENSION

Hype is 2 to several diseases, The
systolic pressure atone, or both systolic and diastolic pressures, may
become elevated The former is found in patients with an increased
systolic volume output of the heart such as occurs in aortic insuf-
Bclency, arterrovenous aneurysm, auriculo-ventnicular dissocianon,
and so forth, and 1 those with loss of elasticity of the arteries such
as is observed mn some cases of advanced artertosclerosis In these
patients the symptomatelogy, chintcal course and prognosis depead
upon the underlying disease causing the hypertennion

An elevatton of both systolic and diastohc pressure, on the other
hand, 1s assocrated with a cJinial syndrome characterized by a ccrtam
group of circufatory if In this synd , 2
vascular sclevosts develops which eventually ends in ccrebral cardiac
or renal complications,

Before the experimental siudies of Goldblatt and coltaborators in
1984, hypertension was classified according to its clinical course Tno
types were cistinguished ‘The first was benign hypertension with a
generally favorable course which was charactenzed by an increase
of blood pressure, signs of cardiac stramn such as hypertrophy of the
left ventricle and symptoms of insufficiency, and by the absence of
renal msufficiency. The second was mahgnant hypertension char-
acterized typically by vascular changes at an early age. Cerebral
symptoms, changes in the eyegrounds, and renal msufficiency fre-
quently appeared. These symptoms and signs led to an unfavorable
progrosis wathin a shore period of time Volhard (1923) divided
hypertension into the “red” and “pate” types. The former was found
in plethoric indwviduals of pycnic habitus, Examination revealed
hypertension alone and no vascular, renal or eyeground changes
The latter, according to Volitard, had a generalized vasoconstriction
and as a resulc there were changes i the eyegrounds, cerebral symp-
toms and early renal insufficency,

As a resule of the expertmental studses of recent years, classifica-
tions of hypertension have depended upon the presence or absence
of demonstrable resal disease Fishberg {1939) dwvided hypertension
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into two large groups, one in which the hypertension resulted from
disorders of the kidney or of the renal vessels, and the other i which
the hypertension was not of renal origin or in which the renal factor
~ was at least not demonstrable. Williams and Harrison (1939) class-
fied hypertension according to etiologic and predisposing factors
Schroeder and Steele (1939) classified hypertension according to
renal, endocrine, nervous and vascular factors. Weiss (1940), basing
his classification on clinzcal and physiologic characteristics, divided
hypertension 1nto three general groups: (1) hypertension of vascular
origin with renal ischemia; (2) hypertension of organic vascular
origin without renal 1schemta; and (3) hypertension of vascular non-
organic origin 1 which were included endocrine and nervous dis-
orders. Page (1939d) classified hypertensive disease in five large
groups, four of known cause—renal, cerebral, cardiovascular, endo-
crine, and a fifth of unknown cause in which essential and malignant
hypertenston were included
In this monograph we will use the following classificatron which
is based m part on preceding classifications but fundamentally on
the experimental findings already discussed

A HYPERTENSION OF RENAL ORIGIN

1 Reduction of renal parenchyma
a Polycystic kidneys
b Renal tumors
¢ Hydatid cyst of the Ndney
d Traumauc lestons
e Hypoplasia of the kidney
2 Permephritis
Complete arterial obstruction
a Thrombosts and atheromata of the renal artery
b Emboli to the renal artery
Intermittent occluston of the renal artery
a Renal ptosis
. External compression of the renal artery
a Tumors of the pedicle
b Aneurysms
Diminution of the calibre of the renal artertes
a Congenital malformattons
(1) Hypoplasia of renal artery

o

o

o

@
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b. Neoplasia
¢ Cerebral inflammatory processes
d Anxiety state
In this book we will concern ourselves only with hypertension of
renal origin or of probable renal origin.
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REDUCTION OF RENAL PARENCHYMA

Permanent hypertension by subtotal nephrectomy has been ev-
perimentally produced by some investigators. Others, on the other
hand, have not been able to obtain positive results In human hyper-
tension, kidney mass has at times been found dimiished as in the
case of polycystic kidneys, renal tumors, hydatid cysts of the kidney,
traumatic lesions, and congenital hypoplasia of the kidney.

POLYCYSTIC KIDNEYS have been known for many years to be
associated with hypertension. Braasch, in 1916, drew attention to
this disorder which leads progresstvely and slowly to destruction of
renal mass, and reproducing after a fashion experimental attempts
to produce hypertension as discussed in Chapter I. As in the experi-
mental field, hypertension appears frequently but not always The
incidence of hypertension in polycystic disease vaties accordmg to
different authors Fishberg (1939) found hypertension in 11 of 17
cases (65 per cent) Braasch and Schacht (1933) i a serses of 190
cases found the systolic pressure to exceed 145 mm Hg m 61 per
cent of the cases and the diastolic to exceed 90 mm. Hg in 55 per cent
Schacht (1931) found hypertension in 75 per cent of 74 cases
Zemutzsch (1939) noted hypertension in 143 of 180 cases with poly-
cystic hrdneys of which 139 had renal insufficiency and 4 had none,
mdicating that hypertension in these cases did not depen.d on renal
excretory nsufficiency In contrast to these statistics which show 2
high mcidence of hypertension, Hollo and Kolbenheyer (1940) et-
countered hypertension 1n only 25 per cent of 36 cases X

A high ncidence of hypertension in patients with polycystic Md-
ney disease 15 therefore undemable Differences in pubhsh.ed statistics

disease. . 3 ble
Without the help of experimental studies, 1t would be imposs

to evaluate the mechanism of hypertension in these pam?ms anmarfl
and Morison (1924) observed changes n the renal circulation ;‘
polycystic hidneys which they attributed largely to the mechar;:ds
factor of compression and displacement of the small mtraren_al ve:md
produced by the cysts, the large vessels being span:qd R:ucrmm
Baehr (1929) studied the vascular system of these kidneys €
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studied 18 cases of Wilms’ tumors and found 2 normal blood pres
sure in four, a moderate elevation in six, and 2 definite elevation in
eight. It would appear, therefore, that there is a defimite relationship
between these two diseases.

Less clear js the mechanism by which the hypertension is pro-
duced in these individuals. The possible production by the tumor
of pressor substances responsible for the hypertension appears to be
supported by the fact that in some cases, as in that of Horton (1940),
the hypertension returned when metastases of the original tumor
appeared On the other hand, the occurrence of cases in which the
blood pressure has fallen permanently despite the existence of tumor
metastases and the fact that Danie] was not able to find pressor
substances in the tumor cells make this possibility unlikely.

It seems probable that the tumors produce changes in the renat
vascular system and that these in turn are concerned in the produc
tion of the hypertension. As Abeshouse (1941) noted, the tumor may
alter the renal cireulation (a) by compression of the kidney vesseh.
adjacent to the tumor, (b) by compression of the vascular pedicle,
() by comptression or torsion of the vessels by renal displacement,
(d) by nfiltration of the renal parenchyma by the tumor, or (e} h);
thrombosts of the large vessels of one or both kidneys as a result of
tumor 1nfiltration ) N

Renal vascular changes have not been studied extensively in pati-
ents with renal tumors. It is possible that their presence or absence
determunes the presence or absence of hypertension in a given €25t
The reappearance of hypertenston some time after the opcranor:
may possibly be conditroned by the developmem' of vascular lesllosc
in the opposite kidney as a result of long-continued precp;fﬂ l:r-
hypertenston. It is also possible that the recurrence of the Zipde
tension 15 due, as Daniel believed, to the mvasion of the renal ped
of the opposite kidney by the tumor.

HYDATID CYSTS involve the kidney in 22 per cent of cases :J:
echinococcosis 1 The frequency with which hyper(ex:lsmn appear:f i
such patients has not been studted. Davson (1941) cites “/‘&c a::o o
25.year-old woman who died of malignant hypertension. At a P

s

. Medical
+Staustics of the Institure of Climical Surgery of the Faculty of

Sciences of Buenos Aires, Director, Professor O Ivanisevich,
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a suppurative hydatid cyst was found in the nght Midney The his-
tology of both kidneys showed a hydatid cyst on the right which
partially occluded the large branches of the renal artery, while on
the left, vascular changes typical of malignant hypertension were
encountered Because of the infrequency of malignant hypertension
at the age of this patient, the Jach of antecedent evidence of nephrits,
and the absence of malignant lesions mn the right kidney, Davson
atmibuted the hypertension of this patient to renal ischemia pro-
duced by compression of the vessels of the right kidney by the cyst

TRAUMATIC LESIONS Cases of hypertension observed following
trauma are related to destruction of the renal parenchyma Only a
few cases of hypertension i assoctation with traumatic renal processes
have been described n the literature Nesbxt and Rathff (1940) re-
ferred to a case of hypertension developing from a cystic 1sch
nephropathy of traumatic ongin Braasch, Walters and Hammer
(19403, b) observed two cases of nephrosclerosis with hypertension
appearing soon after trauma Farrell and Young (1942) described a
case of hypertenston secondary to a post-traumatic hemorrhagic cyst
of the kidney, cured by nephrectomy

In addition to acadental trauma, surgical injurtes may at tiumes
cause hypertension In this regard, the observations of Braasch, Wal-
ters and Hammer (19402, b) are pertinent They observed hyperten-
sion to develop immediately following conservauve renal operations *
in 14 patients In each case the blood pressure returned to normal
after nephrectomy Abeshouse (1941} also described a patient with
renal stones who developed hypertension seven months after therr
removal Trauma frequently produces chronic renal changes such as
fibrosis, hydronephrosis, permephric calafication, and so forth
Permanent hypertenston may be associated with these conditions.
Despute this and the cases of hypertension of traumatic onigin which
have been described, the importance of trauma as an etiologic factor
of hypertension has not been studied extensively Although traumatc
processes can occasion intrarenal circulatory changes capable of pro-
ducing permanent hypertension as Schroeder (1942) was able to
demonstrate expersmentally in rats, a systematic study is needed to

elucidate the precise relanonship between trauma and human hyper-
tension.

Irradtation of the kidney has resulted in hypertension esperi-
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studied 18 cases of Wilms' tumors and found a normal blood pres-
sure in four, a moderate elevation in six, and a definite elevation in
eight. It would appear, therefore, that there is a definite relationship
between these two diseases.

Less clear is the mechanism by which the hypertension is pro-
duced 1n these individuals. The possible production by the tumor
of pressor substances responsible for the hypertension appears to be
supported by the fact that in some cases, as in that of Horton (1940),
the hypertension returned when metastases of the original tumor
appeared. On the other hand, the occurrence of cases in which the
blood pressure has fallen permanently despite the existence of tumor
metastases and the fact that Daniel was not able to find pressor
substances tn the tumor cells make this possibility unlikely.

It seems probable that the tumors produce changes in the renal
vascular system and that these in turn are concerned in the produc:
tion of the hypertension As Abeshouse (1941) noted, the tumor may
alter the renal circulation (2) by compression of the kidney vessels.
adjacent to the tumor, (b) by compression of the vascular pedicie,
(c) by compression or torsion of the vessels by renal displacement,
(d) by infiltration of the renal parenchyma by the tumor, or {€) by
thrombosis of the Jarge vessels of one or both kidneys as a result of
tumor infiltration. R .

Renal vascular changes have not been studied extensively in pat-
ents with renal tumors. It 15 possible that their presence or absence
determines the presence or absence of hypertension in a2 given cas.
The reappearance of hypertension some time after the operation
may possibly be conditioned by the developmenl‘: of vascular lesu_)r:
in the opposite kidney as a result of long-continued pfﬂOPcr‘f‘"r_
hypertension. It is also possible that the recurrence of the h'r?el
tension 15 due, as Danjel believed, to the nvasion of the renal pedicle
of the oppostte kidney by the tumor.

HYDATID CYSTS involve the kidney in 2.2 per cent of cases ionf
echmococcosis.! The frequency with which hypertension appears

such patients has not been studied. Davson (1941) ci
25.year-old woman who died of malignant hypertension.

ty of Medical

ites the case of 3
At autopsy,

#Staustics of the Institute of Clinical Surgery .of .lhc Facul
Sciences of Bucnos Aires, Director, Professor O Ivanisevich.
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a suppurative hydaud cyst was found in the night Lidney. The hus-
tology of both lidneys showed a hydaud cyst on the nght which
partially occluded the large branches of the renal artery, while on
the left, vascular changes typical of malignant hypertension were
encountered Because of the infrequency of malignant hypertension
at the age of this patient, the lack of antecedent evidence of nephrnits,
and the absence of malignant lesions in the right kidney, Davson
attributed the hypertension of this pattent to renal ischemua pro-
duced by compression of the vessels of the right khidney by the cyst.

TRAUMATIC LESIONS Cases of hypertension observed following
trauma are related to destruction of the renal patenchyma Only a
few cases of hypertension 1n association with traumatic renal processes
have been described in the literature Nesbit and Ratliff (1940) re-
ferred to a case of hypertension developmg from a cystic 1schemic
nephropathy of traumatic ongin Braasch, Walters and Hammer
(19402, b) observed two cases of nephrosclerosis with hypertension
appearing soon after trauma Farrell and Young (1942) described a
case of hypertension secondary to a post-traumatic hemorrhagic cyst
of the hidney, cured by nephrectomy

In addition to acadental trauma, surgical injuries may at times
cause hypertenston In this regard, the observations of Braasch, Wal-
ters and Hammer (1910a, b) are pertinent They observed hyperten-
sion to develop mmmediately following conservative renal operations
in 14 pauents In each case the blood pressure returned to normal
after nephrectomy Abeshouse (1941) also described a patient with
tenal stones who developed hypertension seven months after their
removal Trauma frequently produces chronic renal changes such as
fibrosts, hydronephrosts, perinephric calafication, and so forth.
Permanent hypertension may be associated with these conditions,
Despite this and the cases of hypertension of traumatic origin which
have been described, the mmportance of trauma as an eniologic factor
of hypertenston has not been studied extensively Although traumatic
Pprocesses can occaston 1ntrarenal circulatory changes capable of pro-
ducing permanent hypertension as Schroeder (1942) was able to
demonstrate experimentally 1n rats, a systematic study 1s needed to
elucidate the precise relationship between trauma and human hyper-
tenston,

Irradianon of the hidney has resulted mn hypertension expen-
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studied 18 cases of Wilms' tumors and found a normal blood pres-
sure in four, a moderate elevation in six, and a definite elevation in
eight. It would appear, therefore, that there is a definite relationship
between these two diseases,

Less clear is the mechanism by which the hypertension is pro-
duced 1n these mndividuals, The possible production by the tumer
of pressor substances responsible for the hypertension appears to be
supported by the fact that in some cases, as in that of Horton (1940),
the hypertension returned when metastases of the original tumor
appeared. On the other hand, the occurrence of cases in which the
blood pressure has fallen permanently despite the existence of tumor
metastases and the fact that Daniel was not able to find pressor
substances i the tumor cells make this possibility unhkely.

It seems probable that the tumors produce changes in the renal
vascular system and that these in turn are concerned in the produc-
tion of the hypertension. As Abeshouse (1941) noted, the tumor may
alter the renal circnlation (a) by compression of the kidney vcfsE\L
adjacent to the tumor, (b} by compression of the vascular pedicle,
(c) by compression or torsion of the vessels by renal displacement,
(d) by infiltration of the renal parenchyma by the tumor, or (e) by
thrombosis of the large vessels of one or both kidneys as a result of
tumor mfiltration. ) .

Renal vascular changes have not been studied extensively in pati-
ents with renal tumors. It is possible that their presence or absence
determines the presence or absence of hypertension in a given cas
The reappearance of hypertension some time after the cperﬂfIO’:
may possibly be conditioned by the development of vascular lc:su):e
. the opposite hidney as a result of long-contnued p""P:"‘“ﬂ_
hypertension. It is also possible that the recurrence of the :liP e
tenston 15 due, as Danuel believed, to the mvasion of the renal pedic
of the opposite kidney by the tumor.

HYDATID CYSTS mvolve the kidney fn Z.2 per cemt of Csiu‘-f’f:
echinococcosis.t The frequency with which hypertefxsxun appe:Y;;a
such patients has not been studied, Davsont (1941) cites the CJ:(D 5
25.year-old woman who died of malignant hypertension. At autop:
*Stausucs of the Institute of Climical Surgery of the Faculty of Medical
Sciences of Buenos Aires, Director, Professor © Ivanisevicli.
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a suppurative hydatid cyst was found in the nght Nidney, The hus-
tolagy of both Lidneys showed a hydatid cyst on the right which
partatly occluded the large branches of the renal artery, while on
the feft, vascular changes typical of malignant hypertension were:
encountered Recause of the infrequency of malignant hypertension
atthe age of thus pauent, the lack of antecedent evidence of nephritis,
and the absence of malignant lesions m the nght kidney, Davson
attributed the hypertension of tlns patent to renal ischemia pro-
duced by compression of the vessels of the night kidney by the cyst.

TRAUMATIC LESIONS Cases of hypertension observed following
trauma are related to destruction of the renal parenchyma. Only a
few cases of hypertension in association with traumatic renal processes
have been described 1n the hterature Nesbit and Rathff (1940) re-
ferred to a case of hypertension developing from a cystic 1schemic
ntphmpathy of traumatic ongin Braasch, Walters and Hammer
(1910a, b) observed two cases of nep lerosts with hyp
appeaning soon after trawma Farrell and Young (1942) described a
e of hypertension secondary to a post-traumatic hemorrhagic cyst
of the Lidney, cured by nephrectomy

In addition to acadental trauma, surgical injuries may at times
cause hypertension. In this regard, the obsenvations of Braasch, Wal.
ters and Hammer (19103, b) are pertnent. They observed hyperten-
s1on to develop immediately following conservative renal operations *
in 14 patients. In each case the blood pressute returned to normal
after nephrectomy. Abeshouse (1941) also described a patient with
tenal stones who developed hypertension seven months after their
removal Trauma frequently produces chronic renal changes such as
fibragis, hydronephross, pennephric calafication, and so forth,
Permanent hypertension may be iated with these cond
Despite this and the cases of hypertension of traumatic origm which
have been described, the importance of trauma as an etinlogic factor
of hypertension has not been studied extensisely, Although t wumatic
Pprocesses can occasion intrarenal circulatory changes capable of pro-
ducing permanent hypertension as Schroeder (1942) wa- ble to
demonstrate e peri Uy in rats, a sy 1c study 15 needed to
clucidate the preaise relationship between trauma and hur hyper-
tension,

Irradiauon of the hidney has resulted in hypertensione ¢ \peri-
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mentally in the hands of Hartman, Bolliger and Doub (1929) and
Page (1936b). Dean and Abels (1914) descfibed the case of(a gg?ycar-
o%d woman who received approximately 4,500 Toentgens over the left
Kidney for a left upper quadrant tumor, Blood pressure and uro-
grams were normal at the time. Seven years later, the blood pressure
was 184/125 mm. Hg, urograms showed a shrunken left Lidney, and
glomerular filtratton, tubular mass, and renal blood flow were
markedly dunimnished on the left. Followng removal of the left
kidney, the blood pressure returned to normal and remained normal
for at least 14 months The kidney showed extensive fibrosis and
obliterative endarteritis which the authors attributed to the previous
irradjation.

CONGENITAL HYPOPLASIA OF THE KIDNEY Hypertension
has been related to congenital hypoplasia of the kidney. Ask-Upmark
(1929) believed that this anomaly was the most frequent cause of
malignant nephrosclerosis 1n young individuals Cases of this type
have been described by Lenter (1938), Oppenheimer, Klemperer and
Moschkowitz (1939), Clark (1940), DeTakats and Scupham (1940).
Kallian and Calvin (1941) and O'Conor (1942), Patients with con-
genttal hypoplastic kidneys do not, however, invariably have an efe-
vation of blood pressure. It 1s more common, mdeed, for the blood
pressure to be normal. In three cases studied by Abeshouse (1941), the
blood pressure was normal. Hypertension was not found 1 any .Of the
five cases studied by Braasch, Walters and Hammer (1940). As in the
majority of cases with renal disease, excretory renal insufﬁacncyi,
although frequently present, bears no relation to the presence ol

hypertension From pathologic studies, it 1s apparent.that the m05;
important factor m the production of hypertensi:?n. is the state 0s
the renal vessels Ask-Upmark found a marked sclcro?xs of the ;u:lcf‘;t

and arterioles of the renal parenchyma in all his cases. Similar
changes were found in the majonty of the cases cited aboie .

Te ic nf interest however, that the existence of a va_s?ular SCEriS;
. n
Leeeey -c
ongenital hypoplastic kidneys, wrote: “Is the fiypetteusens: -

:ela%:d to ogls};rlr:cuon of blood Row by the contraction O[E ﬁrl::z‘;'
kidneys? On thus assumption 1t 15 difficult 1o explnm.t;h::;;d“mf_
hypertenston in at least 75 per cent of the children wi
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ism and renal rickes, associated with congenital difatation of the
urinary tract and severe fibrotic atrophy of the hidneys ™

‘We believe that the cause of the hypertension 1s not the presence
of sclerosss ot of primary vascular hypoplasia but rather the yesult of
venal uchemiz, Although in hypoplastic kidneys there 15 usually a
sclerosis of a vascular hypoplasia which markedly reduces the blood
flow in refation to the normaf kidney, thns reduction may welf paraltel
the reduced mass of functiomng senal tissue, n which case there
would be 1o renal schemia In other cases, the co-exstence of con-
gemial changes an the unnary tract possibly Jeads to the simultaneous
formation of large hydronephrotic sacs which, for reasons 1o be dis-
cussed later, may prevent the appearance of hypertension desprte the
existence of a certan degree of \schcmla Pyelonephnts, which 15 2
common pl of ¢ fisorders of the Lidney, may
pethaps be a factor m the production of hypertension 1n a certan
number of these patients As we shall see, pyelonephnus frequently
produces an obliterative endarterttss which may well ead to renal
1schermia and hypenensmn

Only an and pathol study of hypoplastic
Wudness would reveal (he 1éle of each one of these factors and explain
why fhypertension is present or absent m mdsvidual cases

PERINEPHRITIS

The appearance of permanent or transitory hypertension as a result
of pensrenal lesions has been observed in a few pauents Sobel (1911)
described the case of an eigh ye id boy who diately a[ler
imury developed a penrenal h
comaidentatly and persisted for several wceks ﬁna“y dlsappcaxmg
a3 the hematoma reabsorbed, A stmilar case 15 that of Engel (1910)
where hypertension lasted 11 days i associauon with typical signs
of an intracapsular renal hematoma Both cases are examples of
transitory hypertension, sunitar in every respect 10 the expetimental
observations of Alwens (1909) who constricted the kidney w an
oncometer. Farrel and Young {1912) described the case of an 18-year-
old student 1 whom hypextension was wcrdentally found, The only
suggestive factor 1 the history was trauma in the renal xegion at the
age of six The diagnosis of a perirenal tumor was made. Operation
showed a targe cystic hematoma contaimng approsamately 800 cc.

~ of blood which was well organized and which enveloped and flat-
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tened the corresponding kidney. The kidney was thickened, the
margins were cartilaginoid, and the walls of the arteries were thick-
ened and sclerosed. Removal of the kidney was followed by a return
of the blood pressure to normal A similar case was that of Nesbit
and Ratliff (1940) occurring in a 82-year-old patient who had suf-
fered trauma in the lumbar region ten years previously. Both of
these cases are similar to the experimental hypertension produced
by Page (1939b) by wrapping cellophane around the kidneys of ani-
mals Koons and Ruch (1940), in discussing their case of hypertension
produced by a Walms' tumor which completely enveloped the kidney,
likewise suggested that the elevation of blood pressure might have
been due to compression of the kidney by the tumor.

Braasch and Wood (1942a, b), 1n a study of 70 cases of perinephritis,
found a relationship between this lesion and hypertension in only
4.28 per cent This wncidence was less than that found statistically
in unselected subjects. The case reports described above, however,
suggest the possibility that perinephritis from various inflammatory
dsorders or from trauma is important in the production of hyper-
tension 1n certain mdividual cases It would be interesting to make 2
systematic study of the blood pressure in cases of this type su‘fce the
appearance of hypertension may be asymptomatic for lcong~ periods of
time. If the hypertension is not recognized for years, irreparable
lesions may appear in the circulatory system and in the vessels of the
opposite kidney.

COMPLETE ARTERIAL OBSTRUCTION

We have seen that some degree of hypertension may be produced
experimentally by complete occlusion of the renal. arteries In mm;’
it has been shown repeatedly that hypertension is associated wit
similar alterations of the Tenal circulation produced by thrombosis,
emboli, or atheromas in one or both renal arteries.

THROMBOSIS AND ATHEROMATOSIS. In 1939, “'Cll)'bzn_a‘
lyzed 11 cases of obstruction of the renal circulation by th{omlg;;;):
in all of which there was hypertension. Ronald and. Leslvxe (hom
described the case of a 43-year-old hyperl_ensive patient in n\:’ o
autopsy revealed thrombosis of the abdomma} aorta wnbt]; ‘wofp e
thrombosis of the left renal artery and partial throm! hmo mplete
right Saphir and Ballinger (1940) observed a patient with c
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unilateral occlusion of the renal ariery accompanied by chronic
hypertension. Soon after an accident, this patient developed hyper-
tension and years later, autopsy revealed an organized thrombus
which obstructed the left renal artery

Although more rare, cases are described in the literature in which
complete obstruction of the renal artenes is due to atheromatos
plaques Stewart (1940) described the case of a hyp ive patiey
with an atheromatous obstruction of the mouth of both renal ase=er
which had led to atrophy of both kidneys with the exception ef cr=
small area in each which was nourished by an aberrant esfirem?
artery,

As 1n experimental complete renal 1schemia, the hyperzsnsicz
observed mn these patients is best explained by the passaze ef premr
substances into the general crrculation through the abesdine o
lateral airculanon This circulation may in some cases fead =y 3
prolonged survival despite the existence of complete arteria! charme.
tion, especially when the latter 15 the result of a chronle Froezc

EMBOLI. The appearance of hypertension as a ymulr of exfniie
accidents to the renal arteries had not been mentionst intil zezepyrs
except in isolated cases Primzmetal, Hiatt and Trememan - 10
referred to a case of embolic occulsion of both remif stricie; 431
resultant hypertension The vascular system of thew onm, ypy
perfused and the perfusion flnd contained 2 substam s 5 o7, areser
activity when injected 1nto a dog. This substance wzs s b5 w10
found m the perfusion fluid of kidneys followine e
complete renal ischemia This case 1s entirely azeiz, oo ,;’?'_
observed by several authors after expertmental occlogy F e porg?
arteries -
Fashberg (1942) recently described four cases in g ...
sion appeated as a result of embols to the kidney, gy
lowing myocardial nfarction, two m patieng yu
fibrillation and mutral stenosis, and a fourth ina per- |, 2 1
stenosis and fracture of the femur Hypertension g .., e
bolic infarets of the kidney was studied staustice:. W;_? “ C::
Coggin (1930), swho phserved shat 33 per ot g vy oo op
renal infarcts had hypertension e
Hypertension from renal emboli may disappe. " fe T

the infarcts or may persist and become chronk 7., -~
Fleleme

TIeTn,
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fnalion of the kidney in these cases may reveal vascular processes
in .the zones adjacent to the infarct simulating glomeruhtis or necro-
tizing artertolitis (Klemperer and Otani, 1931).
. The production of acute hypertension in cases of renal embolic
infarction is explainable on the basis of a liberation of pressor sub-
stances as a result of acute renal ischemia. Chronic hypertension
In some cases may well be the result of renal ischemia produced by
vascular lesions in the zone adjacent to the infaret

The presence or absence of hypertension in cases with renal
emboli should theoretically depend on the size of the infarcted area
and on the existence of a sufficient circulation to allow pressor sub-
stances to escape 1nto the general circulation In addition, other
factors of a more general nature may favor or inhibit the appearance
of hypertension Thus, pattents with embolic phenomena may go
mnto shock with a resulting fall of blood pressure which would mask
the hypertension An associated fever would tend to produce a fall of
blood pressure In other cases there may be, as Fishberg suggests,
an individual predisposition to hypertension, the nature of which is
difficult to appratse

INTERMITTENT OCCLUSION OF THE RENAL ARTERY

Expermmental mntermittent occlusion of the renal pedicle in man
has been carried out in the course of operative proceditres on this
organ by Quinby, Dexter, Sandmeyer, and Haynes (1945) These
authors demonstrated small amounts of renin in the renal venous
blood of dogs and man on re-establishing the renal circulation after
10 to 12 minutes of complete ischemia No elevation of blood pres-
sure was obtained m erther species as a result of this short period
of complete ischemma, i

Intermittent occlusion of the renal artery experimentally has its
clinical counterpart in the  ~ 7 -smteerine foom nephrop-
tosis recently described by ** . ' These
investigators observed that, blood
pressure fell rapidly 1if they were placed n tl
By means of inulin and diodrast clearances, - ihe
patients had a considerable reduction of renal blood flow mhe"
erect position (figure 90), from which lhey.co'ncludcd (.hat tosi-
hypertension was produced by partial ischemia in the upright p

he recumbent position
they showed that these
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tion. The raptd formation of pressor substances during experimental
constriction of the renal artery abserved by Quinby, Dexter, Sand-
meyer and Haynes supports this interpretation Recently Riskind and

Y

Fiitration Tbt?' bioad Glood.
yote 10w pressure
Erect  S0cg/min 398cgmin  Hi§
Recumbent 106cg/min  1003¢/min )
RETROGRADE PYEIOGRAMS
Ficure 90 VArtamion oF ReNAL Broap Frow Iv A PATIENT witn
ORFHOSTATIC HIYPERTENSION
s

perimpased tracmgs of pyclograms in upnght and recumbent
positions Note how renal blood flow and glomerular filtration are reduced and
the biood pressure increased in the ercee position (Alter McCann and Romanshy.
Tt A Am Physiaans, 1910, 55, 210)

Greene (1912) described a case of ptosis and rotation of the right
Nidney with an associated hypertension which was improved by the
use of an arthopedic Lelt, Remaoval of the belt on one occasion was
followed by an elevation of biood pressure,
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EXTERNAL COMPRESSION OF THE RENAL ARTERY

After Goldblatt and his collaborators had shown that permanent
hypertension could be produced by reducing renal blood flow, clin-
cal and pathologic studies were made with the object of demonstrat-
ing the existence of a similar mechanism in human hypertension.
It has been shown that human hypertension is apparently caused in
some 1nstances by chronic renal ischemia produced by changes in
the renal artery or in 1ts main branches. Diminution of blood flow
to the kidney by external compression of the pedicle, reproducing
exactly the experiments of Goldblatt, has been demonstrated in 2
clearcut manner in a few cases Blatt and Page (1939) described 2
case of lymphosarcoma with compression of the renal vessels Baeroe
(1942) reported hypertension from constriction of the renal artery
due to a dissecting aneurysm of the aorta Hoffman (1942) described
the case of a 23-year-old hypertensive who at autopsy showed 2
saccular aneurysm of the aorta which pressed against dfe ren?l
pedicle. Compression of the renal pedicle may be a cause of ischemia
in certain cases with hydronephrosis or adjacent infl proc-
esses. We have already mentioned that Koons and Ruch (19{0).
believed that renal tumors could spread to the pedicle of the opposite
Lidney, compress the corresponding artery, and thus cause persistent
hypertension, 3

It 15 perfectly possible that hypertension may be produced in mar;
under certain circumstances by permanent compression of !h.e rena
artery from disease processes. In the cases cited, this mechanism B}F
pears to be defintte That tumors and other disorders arcund;’ :
renal pedicle are responsible for renal ischemia is probable but ha:
not been definitely proven
DIMINUTION OF THE CALIBRE OF THE RENAL ARTERY
CONGENITAL MALFORMATIONS Congenital hypoplﬂs‘“b‘l’[
the renal arterfes has been considered by some authors as a posst C
cause of 1schermia and hypertension (Wesss, 1940) This mﬂ{f"."“;‘f
tion, however, is frequently associated with cong'emlal hypt)}lvi 351'):m
the kidney, the relation of which with hypertension has already

sse .
dlS’IC};‘e cihbre of the renal artery may be reduced by other Confg:"l‘:oy
defects Leadbetter and Burkland (1938) reported the case O

tal
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with hypertension in whom the kidney was located in the pelvis.
Following nephrectomy, the hypertension disappeared On patho-
logic examunation, the renal artery was found to be almost completely
obstructed by a smooth muscle plug which narrowed the lumen of
the vessel

ARTERIOSCLEROSIS OF THE RENAL ARTERY AND OF 1TS
MAIN BRANCHES Goldblatt (1938b) was the first to show that
hypertension was associated 1 some cases with sclerosis and narrow-
ing of the orifice or of the lumen of the main renal artery Leiter
(1938) somewhat later described a case of chronic hypertension as-
sotiated with complete arterioscleronic occlusion of the left renal
artery and incomplete occlusion of the right Freeman and Hartley
{1938) almost stmultaneously reported hypertension n a patient
who was nephrectomized because of an acadent At autopsy an
atheromatous plaque was found to obstruct the mouth of the renal
artery Sumilar cases were described later by Blackman (1939), Stew-
art (1940), Saphir and Ballinger (1940) and Laas (1940) The
importance of umlateral narrowimg has been emphasized by Oppen-
heimer, Klemperer and Moschkowitz (1939) who showed that 1n 18
cases who anatomcally showed umlateral narrowing of the renal
artery, 15 had hypertension Blackman (1939) found a narrowmg
of the renal artery at or near 1ts mouth 1n 86 per cent of cases with
hypertension Richardson (1943) recently reported stenosis of one or
both renal arteries by arteriosclerotic plaques in 25 of 32 hypertensive
patients studied at autopsy

Kahn and Laipply (1912) obseried a high inadence of bilateral
arteriosclerosis n 1,000 hypertensive patients studied pathologically
Friedman, Moschhowitz and Marrus (1942) observed arteriosclerosts
of the renal vessels 11 23 of 28 hypertensive patzents who were ne-
phrectomized

Laisa, Echstein and Solomon (1943} reported that in 100 consecutive
Cases coming to autopsy 1 which blood pressure readings were avail-
able, hypertension was present in 56 while 41 were nonhypertensive,
No appreciable difference n the average diameter of the renal artery
was found in the two groups Yuile (1944) recently reviewed the
literature on the relation of obstructive lesions of the main renal
artery and hypertension and concluded that such a rgl:tmp_sh”a does

PR i /o
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exist In certain cases. This author pointed out the desirability of 2
closer anatomical and physiologie corzelation,

From these studies it may be concluded that isolated lesions of
one or both renal arteries are frequently observed in patients with
hypertension. Their importance as an etiologic factor, however,
remains doubtful 1n many cases. A relationship between these lesions
and hypertension can be justifiably assumed if the obstruction is
considerable and 1f there are no vascular lesions in the vessels within
the same kidney, such as occurs in amimals following constriction of
the renal artery If the hypertension is due to the lesion in the renal
artery, one would expect that benefit would follow improvement
of the collateral circulation to the kidney by means of such proce
dures as omentopexy as 1t does 1n animals with experimental hyper-
tension from constriction of the renal artery, or nephrectomy
providing wurreversible vascular lesions had not appeared in the op-
posite kidney. R

It should be borne in mnd that unilateral lesions of the kidney
are capable of producing hypertension since the success of therapentic
nephrectomy can be predicted, at least to some extent, by determ.m-
g effective blood flow to each hidney separately, by careful evaluation
of the duration of the hypertension, by taking into accounf the age
of the patient, and by examining the retina for vascular lesions

Bilateral arteriosclerosts of the renal vessels and sclerosts of l.he
small arterioles are, as we shall see later, common findings in essential
hypertension, Their tmportance as an etiologic factor will be dis-
cussed m Chapter XIV. ,

INFLAMMATORY DISORDERS OF THE AR'TERIE.S‘ T‘:i:
rare diseases of this type may wnvolve the renal arteries: gcrl;“::::ed
nodosa and lupus erythematosus disseminata. F;rube'r (1926) lodosa
attention to involvement of the renal vessels in periarteritis Il; . bc
Of 108 patients with this disease, the renal vn?ssels were foun’:ho(hls
affected m 74. Isolated cases of hypertension in association ;\; o
arteritis have been described by Hess (1924), Smnger (1199435 -
(1934), Bernstein (1935), Fishberg (1939) .and Grant d( v
many others Banks (1941) has discussed this and rela}ie ents
Spiegel (1936) found hypertension in 9 of 15 cases wit Pder by e
nodosa The recent experimental production of this disor
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administration of sulfonamides and foreign proteins (Rich. 1942,
Rich and Gregory, 1943) should lead to a better understanding of
the relationship of penarterstis nodosa to renal involvement and
hypertension.

Lupus erythematosus dissermuinata was first descnibed by Kaposi
(1872). Libman and Sacks (1921) described this disorder under the
name of atypical verrucous end duis and called to the
*“wire loop” changes in the glomeruli which are frequently associated
with hypertefision

A syndrome has been described by Keegan under the name of
primary vascular nephritis 1 which 1nvolvement of the renal vessels
appears to be primary. When this becomes chronic, 1t 1s accompanied
by hypertension Grant (1910) beheved that this disorder should be
espeaially constdered n cases of malignant hypertension Artenius
trom other causes such as syphilis or thromboangiitis obliterans
(Leiter, 1938) may be located 1n the renal vessels and be assoctated
with hypertension. Although not of an mflammatory nature, 1t might
be well to mention here the syndrome of diabetes, hypertension,

edema and alt 1a described by K 1stie] and Walson {1936),
Newburger and Peters (1939), and many others under the name of
v glomeruloscl Thus synd characterized ana-

tomucally by considerable fatty degeneration and arteniolar sclerosis
including the afferent arteriole of the glomerulus with extension into
the glomeruly, 1s typically charactenized by hypertension From the
renal Instology, renal 1schemia may be suspected as the cause of the
hypertension

INFLAMMATORY LESIONS OF THE KIDNEY

GLOMERULONEPHRITIS Atterapts have been made to repro-
ducc human glomerulonephritis hy producing renal lesions with
sera and by ad; ing various sub to animals
Hypen:mwn edema and hem;\lunn are the triad of manifestations
on which the diagnosis of this disease is based, The frequency of
hypertension 1s not the same 1n all forms of glomerulonephritss. In
the acute form, hypertension may or may not be present It has a
tendency to be mild or absent 1n children although in some cases
it may be severe Fishberg (1939) observed that patients with acute

1 1 L

glomer phritis quite frequently have no elevation of blood pres-
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sure despite subsequent pathologic evidence of typical and advanced
lesions of the renal vessels. In the subacute and chronic forms, how-
ever, hypertension 1s usually present,

The hypertension appearing m the course of acute glomerulo-
nephritis is generally believed to be of renal origin and renin has
actually been detected 1n the systemic blood of two patients 1n which
it was investigated by us (unpubhshed) and of one pattent by Dexter
and Haynes (1944). A systematic study of this pomt should be made.
Perhaps the vanable appearance of hypertension in the different
stages of glomerulonephntis is due to the character of the pathologic
lesions and of renal functional changes at each stage of the disease.

Acute glomerulonephritis is characterized pathologically by en-
docapillaritis of the glomerular loops. The process 1s diffusely spread
throughout the kidneys. In severe cases, swelling and proliferation of
the glomerular endothelium and accumulation of inflammatory exu-
date and leuhocytes within the loops produce blockage of the glomer-
ular capillaries and diffuse capillary ischemia as Lohlein (1.917)
described and as others have subsequently confirmed Since 1t is 20
acute inflammatory type of lesion, there may perhaps be an actual
hyperemia of renal tissue as Dr. Stanley Bradley (personal communt-
cation, 1945) has found using clearance methods, and not an ischemia
as the renal hustology suggests.

As glomerulonephnitis becomes chronic, it 1s characterized patho-
logically by progressive thickening of the intima, and by hypertro.th
of the media and musculars of arterioles, disappearance of function-
g elements and replacement fibrosis The picture 1s one of prl;
gressive 1schemia which perhaps explains the g'radum} rise of bl'oD
pressure Opposed to this, however, are the physiologic observanovns
of Earle, Taggart and Shannon (1944) who studied the renal physt-
ology of patients with diffuse glomerulonephritis as early as three
weeks and as late as nine years after the onset of acute glomef“i
lonephritis Using clerance methods, glomernlar filtration rate, renﬂ‘
blood flow, and tubular excretory mass became pwgressndy fi‘""”
ished as the disease advanced. Transient hyperemia, even in !hi
presence of hypertension was sometimes noted The'preifzcde“g
hypertension could not be specifically related to the resldu:lh ln o
rmass although 1t was not infrequent when there was more thant

r cent reduction 1n tubular excretory mass. i .
PeTthvascular lesions of g]omerulonephritis, Lnown since the time
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Tasts 1V, Incroevcs or Hr 1% Surarear, D) or tre Kiover
Systolic Pressure Systohe Pressure

Number | 145mm, Hg or more | 160 mm Hg or more

Diagnosis ol

Patients |Number of % Nupberof} g2
Cases ° Cases °
Adenocarcinoma 138 38 7.7 19 13.9
Tuberculosis 158 12 7.8 4 25
Atrophie pyelonephritis 48 20 46 5 15 849
Nonatrophic pyelonephnitis 70 13 18.6 3 88
Hydronephrosis 872 51 187 21 50
Hydronephrosts and lithrasis 571 125 209 82 14.2
Lithiasis with infection 164 37 25 B n.e
Lithiasis without infection 52 3 5.7 0 00
Miscellaneous m 20 18.0 9 81
Total s | 85 [ 17 mo| W

In a pyelographic study performed on 212 hypertensive patients,
Palmer, Chute, Crone and Castleman (1940) found unilateral ac
quired or congenital deformities of the renal pelvis in 34 to 16 per
cent Pearman, Thompson and Allen (1940), m 500 selected cases
out of a total of 12,000 hypertensives, found 205 with pyelographic
abnormalties. In patients with surgical disorders of the kidney,
however, they did not find any greater incidence of hype{lcnslon
than 1n a similar group of patients with other surgical disordets
(gall bladder disease, nontoxic thyroid adenomas, and so forth). In
the total number of hypertensive patients, they did not find 2
greater frequency of surgical disorders of the kidney than of other
organs such as the gall bladder and stomach. These results are ;g
agreement with the findings of Crabtree and Chaset (1910) in 1 .
nephrectomized patients. Schroeder and Steele (194_1) found dw‘
113 of 178 cases diagnosed as essential hypertension .}md rendl
abnormalities by pyelography. Ratliff and Conger (1942): ina pych:
graphic study performed on 840 hypertensives with urinary ‘Yﬂ‘clz
toms, found that only 17 had a definite disorder of the urmary ;ﬂmt
Recently Shrader, Young and Page (1943), in a pyelographtc stu )’0(
unselected hypertensive patients, concluded that the .fmquet:lc)' o
urographic abnormalities was no greater in these patients than
patients with normal blood pressure. . 200

Wosika, Jung and Maher (1942) in a s-musucal study o ]esions
autopsies found that there was a hl‘gherlmuﬁientce of urglogic
in hypertensive patients than 1n normal patients .

" I;,Zsich (1941)Pbelicved that the type of renal pelvis played some
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rble in the production of renal ischemra, He emphasized the im-
portance of the intrarenal pelvis Later studies by Sarnoff (1842),
Hyman and Schlossman (1942), and Stofer and Kline (1948) have
shown that this factor is of no importance.

These various studies appear to indicate that surgical disorders
of the unnary excretory tract are of little importance as etrologic
factors of hypertension There is no doubt, however, that there is a
relationship 1n certain mndividual cases reported in the hterature
- Other disorders may interfere with ureteral emptying We tefer
to prolapse of the uterus and pelvic tumors in the female, and to
hypertrophy of the prostate in the male

Hypertension from urinary obstruction of genital origin was ob-
served first by Passler (1906) who described a case of hypertension
and anuna of 12 days’ duration caused by the extension of a car-
cinoma of the neck of the uterus Brasch in 1911 described similar
cases Halban and Tandler in 1907 drew attention to the frequency
of stasis and ureteral dilatation as a result of uterine prolapse, and
Wosika and Maher (1939) recently emphasized the frequency with
which uterine prolapse 15 associated with hypertension In 97 cases
studied, 76 per cent had hypertension These results have recently
been confirmed by Everett and Scott (1942) who observed a greater
imcidence of hypertension 1n patients with large pelvic tumors and
prolapse of the uterus than in normal women of the same age

In man, the relation between retention of urine by prostatic hyper-
trophy and hypestension has been observed with relatwve frequency
Von Monakow and Mayer (1918) demonstrated that this hypertension
disappeared on relieving the urinary obstruction. O"Conor (1920)
studied 56 patients with prostatic hypertrophy, 55 of whom were
operated on and followed after operation. It was observed that
dratnage of the bladder 1n hypertensive patients with urinary ob-
struction produced a marked fall of blood pressure in the course of
the first 48 hours, and that by mamtaining drainage, the pressure
could be kept at 2 more or less steady level, below that initially found,
after operation and even during convalescence. In the 55 operated
cases, only one experienced a shght nise of pressure abave that ob-
served at the beginning of treatment In 10 per cent, the pressure
eventually returned to the initial level while in the remainder it

remained permanently below the level observed before the urinary
Tetention.
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We may conclude, therefore, that although in some patients with
a unilateral leston of the excretory tract hypertension may appear,
in the majority of cases it 15 independent of the renal lesion. On the
other hand, hypertension is frequent in cases with bilateral urinary
retention This has long been appreciated and supports the old
theory of Braun who tried to explain hypertension by obstruction
of blood flow through the kidney produced by an increase of pressure
in the urmary tract which was transmitted to the tubules and glom-
eruly with a resulting compression of the capillary loops While this
purely mechanical factor 1n the production of hypertenston of renal
origin has not been borne out by animal evperimentation, exper:
mental analogy suggests that the hypertension may be due to 2
Itberation of pressor substances of ischemic origin.

By means of ammal experiments, Goldblatt, Kahn and Lewss
(1941) have thrown light on the mechanism of hypenension in pa
tients with disorders of the urmary tract. These investigators showed
that occlusion of one ureter did not produce hypertension while
acclusion of both ureters usually did. They postulated that ureteral
occlusion might diminish the amount of pressor substances passing
mto the general circulation mn those cases in which the kidney had
been made 1schemic by constriction of the renal artery, According
to this concept, there would be a balance between the degree of
1schemia produced by ureteral obstruction and the prevention of
the passage of pressor substances into the blood created by the sam¢
urinary obstruction In unilateral lesions, even in the case of renal
ischemia, hypertension 1s slight or may not appear p05§1b1)'_ because
of an msufficient quantity of pressor substances passing int® tl\ef
systemic arculation In cases with bilateral lesions, th.e qllﬂn!lly.()‘
pressor substances 1s presumably greater since both kidneys are 10
volved in its formatton. This may perhaps account for the greater
incidence of hypertension. We believe that another factor may b?
nvolved 1n cases with umilateral lesions. The presence of.n n"D““;"
kidney, which as we have seen possesses 2 “protective art‘wn. "Li‘g
well contribute to explaining the differences uhser.ved in thl;I o
havior of the blood pressure in association with unilateral an
lateral obstructive lesions.

PYELONEPHRITIS. As an etiologic agent for 'hypefzcn:sn.
pyelonephritis 1s the only process of real ymportance in this group.
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Longcope and Winkenwerder in 1933 called attention to the fre-
quency with which bilateral contracted kidneys from pyelonephritis
are observed Later Longcope (1937) emphasized the frequent associ-
ation of this disease with hypertension Weiss and Parker, in a series
of important publications (1938, 1939), believed that pyelonephrius,
especially in the chronic and cicatricial stage, was frequently associ-
ated with hypertension, not only when bilateral but also when
unilateral. This has been confirmed by numerous nvestigators® in
such a2 manner as to leave no doubt In children pyelonephritis is
frequently associated with hypertension Kimmel (1942) found hy-
pertension 1n ten per cent of children afflicted with pyelonephritis
The incidence of hypertension depends on whether the lesion is
unilateral or bilateral (Shure, 1942) If the process is bilateral, hyper-
tension usually exists In umilateral pyelonephntis, the incidence of
hypertension varies particularly with the duration of the renal proc-
ess If the disorder 1s of recent origin, the blood pressure 1s usually
unchanged When the pyelonephritis becomes chronic, the incidence
of hypertension ncreases Crabtree (1940) found hypertension in 11
of 75 patients with pyelonephritis of 5 to 18 years’ duration Braasch
and Jacobson {1940a, b), 1n a study made on 180 patients with
pyelonephritis, found hypertension 1n 22 per cent of the cases of 1 to
5 years' duration, 1n 26 per cent 1n 5 to 10 years, and in 29 per cent
of those over 10 years This difference 15 even more stniking when
applied to pattents under 50 years of age When the disease reaches
the stage of atrophic hidneys, the hypertension 1s more frequent
Braasch, Walters and Hammer (1940a, b) found hypertension m 20
of 43 patients at this stage Hypertension is independent of the func-
tional state of the kidney and of the degree of infection in the kidney.
It frequently appears when the disease enters the healing phase The
condition of the renal vessels in pyelonephritss, according to Weiss
and Parker (1939, 1910), 15 of prime 1mportance with regard to the
appearance of hypertension These investigators observed pyelone-
phritis to be frequently accompanied by vascular changes, arteritss, or

*Butler (1937), Barker and Waleers (1938, 1940a, b, ¢), Barney and Suby
(1939), Crabtree and Prien (1939), McIntyre (1939) Silet (1940), Patch, Rhea
and Codnere (1910), Engel (1940), Nesbit and Ratlf (1941), Lobo-Onell and
Dfaz Mufioz (1911), Kithian and Calvin (1941), Baggenstoss and Barker (1911
b), O Connor (1912), Taylor (1912), Powers and Murray (1912), Bowen and
Kutzman (1912)
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necrotizing arterjolins, which bore a close relation to the degree
and severity of the hypertension observed in these patients. It scems
likely that vascular changes in the kidney lead to renal ischemia with
the resulting liberation of pressor substances and appearance of hy-
pertension, The degree and severity of the hypertension would be
conditioned by the character of the vascular lesions,

The inconstancy of hypertension 1 cases with pyelonephritic
contracted kidneys may perhaps be due to a number of factors such
as (1) the degree of ischemia which depends upon the extent of the
vascular lesions, (2) the amount of ischemic renal parenchyma which
is dependent upon the extent of the destruction of kidney tissue, and
(3) the degree of urinary stasts. An increase of ischemia and of the
amount of 1schemic tissue would tend to produce pressor substances
and to favor the appearance of hypertension. An increase of urinary
stasis, on the other hand, might create an obstacle to the p:ss?ge
of these substances into the systemic circulation thereby hindering
the appearance of hypertension .

VENOUS OBSTRUCTION

Hypertension from pure venous obstmction‘ has x}ot been ob
served Hoffman (1942) recently described a patient with hyper(tlzn—
sion associated with compression of the renal pedicle by a saccular
aneurysm of the descending aorta Anatomic study c‘f the kx:lnc)’
showed marked stasis due to venous compression It is difficult to
judge how much this had to do with the rise of blf)od p{essur:{b‘y

Hypertension appearing in the course of heart disease is p;sv v
related to this mechansm Levine and Fulton (1928) ol?sErved )P:'c
tension 1n more than 50 per cent of their patients with rhculrg:il
mmtral stenosis. This has recently been refuted b}l Homns ( w)c
In tricuspid disease with chronic cmfu]atory congestion, hfm;t:;:’;mn
bave frequently observed hypertension, Although the l'f)pehc -
may be due to other causes, it is possible that changes in t

vated
carculation play some 16le .I}Iood pressure tendf ;o :yfo\fie::asis
in other types of cardiac failure 1 which marke ¥momry e
exists, such as in right heart failure secondary to pulr o el
ease, It would be interesting to study the relationship o

. jon 1 chese
ischemia from venous stasts to the presence of hypertension 1

patients.
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COARCTATION OF THE AORTA

Hyp in young mdwnduals 15 accasionally due to stenosis
of the aortic 1sthmus Lewis (1938) emphasized the frequency with
which coarctation of the aorta 15 accompanied by hypertension. This
biypertension is pecuhar 1n that n the majority of cases it is found
only 1 the upper himbs when recorded by auscultatory methods It
nught logically be thought that with obstruction of this vessel the
hypertension 1n the upper extremtties would be due to the shunting
of larger amounts of blood to the upper extremities Blumgart,
Lawrence and Ernstene (1931) found a normal blood pressure m
two pattents with this disorder. They, therefore, suggested that the
hypertension observed 1 the large vessels was due to circulatory
obstruction produced by diminution in the calibre of the aorta
Prinzmetal and Wilson (1936) observed that the application of heat
to one of the upper limbs produced an mncrease of blood flow in the
opposite arm which was greater than that observed m normal sub-
jects, from which they concluded that there was a vasoconstriction
or vascular hyper-reaction of vasomotor ongin m these patients.
Pickening (1936b), although obtaiming results sumilar to those of
Prinzmetal and Wilson, attributed the blood pressure changes ob-
served in these patients to local changes or possibly hypoplasia of the
vessels. He did not believe that a mechanism could exist winch
could produce reflex hypertonia only tn the upper limbs. Stewart,

* Haskell, and Evans (1914) reported a shght increase of peripheral
blood flow, shin temperature, and rectal temperature in patients
with coarctation of the aorta as compared with normal control sub-
jects

The above investigations made no reference to a possible relation
between the hypertension and the kidney. Certamn studies, however,
have brought out the ymportance of this relationship Steele and
Cohn (1938) found an increase of diastolic pressure in the femoral
artery in patnients with coarctation of the aorta Steele (1941), in an
analysts of 217 cases reported 1 the literature, found 2 systolic
hypertension 1n all of the cases and a diastolic hypertension in half
of the cases The drastolic pressure of the legs was shown to be ele-
vated n 65 of the cases reviewed In some of them it was shown to be
higher than that observed in the arms despite a defimte dimnution
1n pulse pressure in 12 of them The generalized elevation of diastolic .
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pressure mdicates that in association with stenosis of the aortic
wsthmus, there 15 a generalized merease of peripheral resistance. This
would suggest a humoral origin for this type of hypertension.

Ths conclusion is further supported by the experimental studies
of Goldblatt and Kahn (1938), Rytand (1938b), Steele (1939), and
Ogden, Page and Hildebrand (1942) as mentioned m Chapeer 1.
which conclusively demonstrate that hypertension from exper-
mental aortic constriction appears only when the aorta is constricted
above the pont of origin of the renal vessels. .

Friedman, Selzer, Rosenblum, McLean and Picard (1941) found
that despite the existence of a normal glomerular filtration, 1 6 cases
with coarctation of the aorta, there was a uniform and definite reduc-
tion of renal blood flow, indicating the presence of renal ischemra. The
demonstration of a generalized mcrease of peripheral resistance and
of renal ischemia in man bears a close parallelism to experimental
abservations and strongly suggests a renal origin of the hypertension
associated with human coarctauon of the aorta,

Although hypertenston 15 frequently absent in patients with rer'ml
disease, pathologic processes reproduce the various methods which
have been emplayed for the production of hypertenston in expen-
mental animals )

Reduction of renal parenchyma is represented by polycystic ]Eld'.
neys, renal tumors, hydatid cysts, traumatic lesions, and congenital
hypoplasia of the kidney Experimental perinephritis has 1ts counte?
part in perinephritis of human beings. Complete ane\‘ial'obstrucuo!;
may be the tesult of thrombosis, atheroma, or embolr in the renal
artentes Intermttent occlusion of the pedicle is seen mn the syndm.mc
of orthostatic hypertension resulting from renal ptosis Compression
of the renal arteries occurs as 2 result of tumors or of ot{wr lestons
which can constrict the renal pedicle. Reduction in the calibre D{IIIC
renal artertes 1s found 1n ¢ ital, arteric 1€ OF 1f Ty
lesions of the vessels. Inflammatory lesions of the parenchyma occu;
in glomerulonephritis Ureteral obstruction results from disorders ;)S
the urinary tract. Venous obstruction occurs as a resul} ot: Vﬂ;;d_
compression ot of chronic passive congestion from cardiac ms:llu]ces
ency And finally, experimental coarctation of the aorta Tepro!

a similar picture of congenital ongin seen in human beings.
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As 1 the experimental animal, all these diseases may be o
pamied by hypertension when there are associated vasular keiene.
The relation between hypertension and the renal lesions an py
always be proven since detailed phystologic and pathologe safi
are necessary to establish such a relationship The rehondiy o
be suspected from analogy with experimental hypertendon zmt
especially when hypertension appears in a young indmdu S
renal bloed flow may be of diagnostic value Disorders which oty
hypertension with great frequency are pyelonephntis and gizs,.
ulonephritis The presence of hypertension 15 mdependc"f:\u
state of excretory funcuon of the hidney.



CHAPTER XIV

HYPERTENSION OF POSSIBLE
RENAL ORIGIN

We have just seen that a number of renal diseases may be associated
with hypertension Such an etiologic factor, however, can be invoked
in only a limuted number of subjects In the majority of patients with
hypertension, netther the history nor the usual exanunation reveals
any renal damage. These patients are spoken of as having essential
hypertension After it had been shown that hypertension could be
produced experimentally by reducing blood flow to the idney, 2
number of studies were made which suggested that the hidney plays
an important réle in the genesis of so-called essential hypertension
We will review this evidence,

ESSENTIAL HYPERTENSION

By using the sphygmomanometric method of recording blood pres-
sure in man, von Basch (1893) showed that there was a large group of
patients 1 whom hypertension was the only manifestation of the
disease Later studies by Albute (1895) and Huchard (1899) defined
the chinical entity known as essential hypertension According t©
Fishberg (1939), essential hypertension includes all those cases of
chronic hypertension 1 whom neither clinically nor anatomnm}ly
15 there evidence of an antecedent inflammatory disorder of the Md-
ney or urinary obstruction The term essential hypertenston, as Fish-
berg pornts out, 15 a confession of our ignorance of the disease

Essential liypertension 1s the most frequent form of hypertension
About 80 per cent of hypertensive mndwiduals fall sto this category
The frequency with which essential hypertension is observed 15 JZ
parently mcreasing progressively. This possibly depends ont "r:d
factors: (1) the greater number of patients arriving at adult :115;’18, ;{m-
(2) the high tension of Iiving 1 our large cities. Con:m.icra .c!:"c
portance has been assigned to the latter factor. The clinical p:well
and course of essential hypertension are well known. A full‘r;;l i
documented study in this respect is to be found in the book DY

280
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berg (1939) and in the majority of monographs on diseases of the
circulatory system.

From an euiologic and pathogenenic point of view, a number of
factors have been considered tp be responstble for essential hyperten-
sion Since a stmtlar picture may be reproduced experimentally by
reduction of blood flow to the kidney, many studies on the kidney
have been performed on patients with essential hypertension A con-
siderable body of anatomic evidence suggests, as we shall see, that
this disease should probably be included 1n the group of hyperten-
sions of renal origin

ANATOMIC EVIDENGE The kidneys of patients with essential

. hypertension show definite pathologic lestons 1n atmost all cases
Fahr in 1922 emphasized this pomnt Fishberg (1925), 1n a study per-
formed on 72 cases, found arteriosclerosis of the small arteries in
all Bell and Clawson (1928) found changes of an arteriosclerotic
type in 90 per cent of 420 patients with hypertension at autopsy
These investigators pointed out the importance of sclerosis of the
afferent arteriole of the glomerulus which showed changes 1 89 4
per cent of the cases in contrast to its rarity 1 other diseases Moritz
and Oldt (1937) observed arteriosclerosts of the renal vessels in 97
per cent of hypertensives and 1n only 12 per cent of pattents with
Jormal blood pressure {figure 91) Lesions observed in the hyper-
tensive patients were n the majority of cases much more advanced
than those observed in normal subjects In only 20 per cent of the
normals was arteriosclerosis of the renal vessels comparable to that
observed in the group of hypertensives These rcsults have been
confirmed by several other mnvestigators.

Vascular lesions of the hdney may consist simply of an arteriolo-
sclerosis More frequently the sclerosis extends to the afferent arteriole
of the glomerulus which 1 turn leads to changes in the glomeruly,
In a more advanced stage, hyaline degeneration and glomerular
atrophy appear As a resuit, the corresponding tubules undergo
marked atrophy, the nephron finally being replaced by bands of
connective tissue which estend to the renal capsule giving an ir-

*Willams and Harmison (1937), Oppenhemer, Klemperer and Moschkowitz
(1939), GarretonSilva, Rodriguez and Aspallaga (1941), Friedman, Moschiko-
Witz and Marvus (1942); Lisa, Eckstemn and Solomon (1943)
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regular pitted appearance to the surface of this organ, from which
the name red granular kiduey is derived,

Histologically the lestons observed in the vessels in essential hyper-
tension are characterized by endothelial hyperplasia, hyalimization of
the intima, and changes mn the media characterized by an increase in
the muscular and elastic lagers These changes depend on the size of
the vessel and on the duration of the disease process.

Ischemua of Artenoselerotic Orngin~Pathologic studies, there
fore, frequently reveal arteriosclerosis of the renal vessels i the
course of hypertenston Vascular Jesions produce pafenchymatous
changes which eventuate in the red granular kidney Let us consider
the possibility that arteriosclerosts of the renal vessels is the cause of
renal 1schemia, and by this mechanism the cause of the hypertension

Three arguments are opposed to the hypothesis that hypertension
15 the result of 1schemia produced by renal arteriosclerosis The first
objection 15 that arteriosclerosis is a change appearing normally with
age and that 1t may be present in the kidney without necessanly
involving an elevation of blood pressure Coy and Dock (1941) per-
fused kidneys of human beings dying from various causes with
kerosene and observed that the flow diminished with age as moch
in patients with hypertension as 1n those with normal blood pressure.
It must be remembered, however, that the presence of renal arterio-
sclerosis 1 patients with normal blood pressure is much less llﬂl;
that observed 1n hypertensive individuals of an equal age, andits Dd
even greater importance that the lesions are much more advance
i the latter than in the former Furthermore, sclerouc lesions 1
volve the afferent arteriole of the glomerulus with great {R"I“E"Cy
in essential hypertension (Bell and Clawson, 1928; “"xlhams ““'
Harrison, 1937), and this 1s probably a factor of (fomndcrab]e un
portance in the production of renal ischema m occasional cases of

The second objection agawnst a renal arteriosclerotic origin )

essential hypertension is that cases have been described 10 which nd
vascular lesions have been found Bell and Clawson (1928) ““s
Garreton-Silva, Rodriguez and Aspillaga (1941) observed no cllrmgf{
in 10 per cent of their cases Pal (1919), von Monakow (19‘322;'-‘:‘-
Fishberg (1939) referted to isolated cases in which patholog <
amination was negative. Castleman and Smithwick (19‘5)'&:2“6
study performed on renal biopsies taken from 100 lh}’ll"i: ore
patients during therapeutic splanchnicectomy, tound tha
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than 50 per cent of the cases examined there were no vascular
changes sufficiently pronounced to produce renal ischemia, They
concluded that renal arteriosclerosis may be a possible factor aggra-
vating hypertension but not causing 1t These conclusions must be
accepted with some reserve, however, because as Scott (1944) has
pointed out, renal biopstes give only lumited information about the
kidney as a whole

Although there 1s no doubt but that in certain patients with es-
sential hypertension there are no demonstrable intrarenal vascular
lesions, neither an 1schemia of functional onigin without pathelogic
changes nor an i1schemma of arteriosclerotic origm can be ruled out as
2 cause for the hypertension 1n many of these cases Actually, as we
have seen, lesions producing ischemia can be located i the trunk
or at the mouth of the renal artery or even in the proximal part of
the aorta {Blackman, 1939, Richardson, 1943) Such lesions may be
overlooked 1 an incomplete examination

The third objection to the hypothesis that intrarenal vascular
lesions are the cause of essential hypertension arises from the obser-
vation that an elevated blood pressure atself leads to arteriosclerosis
Kurkes 1n 1855 observed this and 1t has subsequently been confirmed
by a large number of mvestgators (Moschhowitz, 1942) It has fur-
thermore been observed that hypertension, produced by a umlateral
renal lesion, may lead to sclerosss of the vessels of the opposite kidney
It has, therefore, been thought that the great frequency of renal
arteriosclerosis may be the result rather than the cause of the hyper-
tension A certain amount of evidence suggests that this 1s not the
case Moritz and OlIdt (1937), i their interesting study already men-
tioned, observed first that mn hypertensive pauents arterioscleross
was much more frequent in the kidney than in other organs,
secondly, that the difference and degree of arteriosclerosis observed
in the hidneys of hypertensive and normal subjects of the same age
was much greater than that observed in any other organs (figure 91)

We believe that the pathologic changes observed n the kidneys
of patrents with essential hypertension are of importance in its genesis
because (1) renal rschemia has been shown to be intimately associated
with the development of hypertension, (2) a parallelism exists be-
tiween the severity of renal vascular lesions and the appearance and
severity of hypertension in hypertensive patients, and (3) experi-
mentally a clinical picture almost 1dentical with that of essential



284 RENAL HYPERTENSIdN

hypertension has been produced by partial constriction of the rens!
artery. It seems highly probable, therefore, that an ischemia is pro-
duced by the vascular lestons described, and that this 1schemia is
concerned in the genesis of essential hypertension.

RENAL FPNCTION For many years it has been considered that
renal function in patients with essential hypertension is completely

100 Hypertensives 100 Non-Hypertensives
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Spleen

Fancreas

Adrenal

Gastro/nt

Bramn

Stkeletal M

Liver

Kidney

Ficure 91 A COMPARISON OF THE OGCURRENCE O ARTERIOLAR SCLEROSIS IN THE
VaRI0US ORGANS AND TIssUES OF 100 HYPERTENSIVE anp 100
NON-HYPERTENSIVE INDIVIDUALS

Note that n all the organs moderate or severe arterialosclerosis 15 more frequent
in the hypertensives than 1 the normals, espectally 1n the vessels of the hdn:}
which are mvolved almost exclusively in the group with hypertension Stippk
columns mdicate advanced changes, white columns shght changes (Afier
Moritz and Oldt, Am J Path, 1937, 13, 679)

t. urez2 clearance and

normal since the phenolsulfonphthalein tes €
1. Only in ad-

Ambard’s constant show no changes from the normal 2

vanced cases is a diminution n the concentrating power of the kid-
ney observed, as Dalton and Nuzum (1942) have recently emphﬂillfd
An excellent review of the present status of renal function in hyper
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tension as indicated by clearance methods will be found 1n the book
by Goldring and Chasis (1944)

Renal Blood Flow.—After the mtroduction of special techniques,
it was shown that the kidney of hypertensive patents, despite main-
taining sufficient excretory function to prevent mitrogen retention,
deyeloped functional changes of considerable interest as regards its
réle in the producuion of hypertenston

From the relationship of glomerular filtration (C,) and renal
plasma flow (Cop) to tubular excretory mass (Tmy) (see Chapter II),
considerable information has been obtained with regard to renal
function in patients with essential hypertension Chesley and Chesley
(1910) found a dimmution of blood flow and increase of glomerular
filtration m women with essential hypertension Goldrng, Chasis,
Ranges and Smuth (1941), 1 a meticulous study of 60 patients with
essential hypertension, found a dimimished capacity to excrete
diodrast in all patients This became progressively reduced as the
disease advanced Simultaneously they observed a diminution of
remal blood flow per umt of functional excretory tissue associated
with an increase of glomerular filtration Both groups of observations
were in agreement in that they showed an increase of pressure 1n the
glomerulus and a diminution of renal blood flow. This increase of
pressure 1 the glomerulus with dimimution of blood flow has been
attnibuted to 2 constriction of the efferent glomerular arteriole The
Same 1nvestigators found that the njection of pyrogemc substances
teduced glomerular filtration indicating that constriction of the
efferent vessel was reversible In many of their cases, 2 simultaneous
increase of Tmp was observed, which according to these authors mdi-
tated that some tubules may have been inactive due to ischemia.
These results were confirmed by Friedman, Selzer and Rosenblum
{1941), and by Fod, Woods, Peet and Foa (1912a, b, 1843) In studying
20 hypertensive patients, these mvestigators also found a reduction of
renal blood flow which apparently bore a relation to the severity of
the discase as indicated by eyeground changes and by changes in
the appearance of the arterioles

The nvestigations mentioned indicate that the increase of
glomerular filtration guarantees a normal elimination of urea and
therefore 2 normal concentration of urea in the blood. Ischemia of
the tubules, on the other hand, rapidly mterferes wth their function,
thereby causing an early dimmnution n the abality of these patients
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to concentrate urine In the majority of hypertensive patients
studied by clearance methods, a more or less marked renal ischema
exists This does not prove that this change is the cause of the hyper
tension, however, since it is not known whether the reduction of
blood flow is preceded or followed by the hypertension.

Friedman, Selzer and Rosenblum (1941) believed that reduction of
renal blood flow might be an expression of generalized vasoconstric-
tion They considered that the functional change for maintaining
glomerular filtration was an aggravating rather than a primary etio-
logic factor.

Chasis and Redish (1941, 1942) studied the function of both kid-
neys separately in 20 hypertensive patients and found thac progresstie
tubular destruction and functional changes occurred to the same
extent on both sides. These authors believed that this evidence et
cluded an 1schemic origin since jt would be expected that there
would be differences n the degree of change between the two hidneys
Steinitz (1941) found no reduction of renal blood flow in 4 of §
patients with essential hypertension, which agrees with the results
recently published by Findley, Edwards, Clinton and White (1942)

Friedman, Selzer, Kreutzmann and Sampson (1942) observed that
1n 3 hypertensive patients with unilateral renal lesions, nephrectomy
did not lower the blood pressure despite the fact that the renal blood
flow of the remaining kidney was normal.

Recently Talbott, Casllt\tman, Smithwick, Melville and Pecora
(1943) compared the anatomic with the functional state of fhf
kidney in hypertensive patients by means of biopsies obtained during
operation They observed that reduction of blood flow bore 2 rele-
ton to the severity of the vascular lesions Contrary to the results
obtained by Goldring, Chasts, Ranges and Smith (1940, ]941),. these
investigators did not observe an increase in the filtration fraction m
cases with minimal vascular changes which suggested that con.stnclwﬂ
of the efferent vessel did not exist 1n the early stages of the dlseasc.h

Although these results offer serious objection to a'cceptance of ll:
hypothesis that the immediate cause of the production of l.l)’l’e";’zs
s10n is renal 1schemia, we believe that they can not be considere

f Friedman, Selzer and Rosenblum
While the studies of Fri an, e s
t 1S

final proofs. ;
(1941) and those of Chasts and Redish (19:11, 1942) raise dof p
to the existence of a primary renal ischemuf of organic nnigim, N
still possible that there isan 1schemia of functional origin conditio!



HYPERTENSION OF POSSIBLE RENAL ORIGIN 287

by some cause as yet unknown. As regards the observations of Fried-
man, Selzer, Kreutzmann and Sampson (1942), it is difficult to know
whether halving the figure accepted for renal blood flow under nor-
mal conditions with both Kidneys intact can be extended to cases 1n
which only one hidney must accomplish the total excretory functon,
As regards the results obtained by Talbott, Castleman, Smithwick,
Melville and Pecora (1943), there was a fairly good correlation be-
tween the severity of the vascular lestons and renal bleod flow as well
as an excellent correlation between blood flow and the height of the
blood pressure. Only 1n those cases m which the blood pressure
showed insignificant rises was the renal blood flow normal Finally,
the results obtained by Steinitz must be considered as of limted
significance since the number of cases studied was small, and those
of Findley, Edwards, Clinton and White, as the authors themselves
admitted, had the defect that renal blood flow was not correlated
" with functional tubular mass

The experunental mjection of hypertensut and remn 1 man pro-
duces changes 1n renal function (see Chapters IV and VI) which are
identical with those observed by the majorty of investigators men-
tioned 1n pauents with essental hypertension

In summary, 1t may be concluded that the majority of measure-
ments of renal blood flow 1n hypertensive individuals by the clearance
methods appear to demonstrate the existence of a certain degree of
Tenal ischemia 1n essential hypertension From the evidence pre-
sented, it seems to us that the hypothests that best fits the known facts
is that the immediate cause of essential hypertension 1s related to
renal ischerma and, with certain reservations (see Chapter XVIII),
that renin and hypertensin are probably the substances which cause
the blood pressure to nse

MALIGNANT HYPERTENSION

In certamn individuals, hypertension 1s severe and its course 1s
rapid. Volhard and Fahr (1914) were the first to recognize this malig-
nant type of hypertension from the clinical and pathologic point of
view and believed 1t to result from an association of a glomerulone-
Phritic process with a pre-exisung artenosclerosis They considered it
to be a combimed form of hypertension. Other names were subse-
quently proposed for this type of hypertension Fahr (1919) from
anatomic studies called 1t malignant scleross, Volhard (1928), pale
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hypertension; Keith, Wagener and Kernohan (1928), syndrome of
mahgnant hypertension, and Fishberg (1939) malignant phase of
c;semial hypertension. The clinical picture of ‘malignant hyperten-
sion is well known and 15 characterized by the presence of generalized
manifestations: Anorexia, loss of weight, weakness; cercbral symp-
toms such as headaches, nausea, vomitmng, convulsions, elevated
cerebro-spinal fluid pressure, ocular signs, changes of vision, edems
of the discs, sclerosis of retinal vessels, hemorthages and exudates ;
the eyegrounds, vascular symptoms and signs, marked elevation of
systoltc and duastolic pressure, cardiac hypertrophy with frequent
pericardinis, and finally a picture of renal insufficiency as indicated by
albuminuna, hematuria, hyposthenuria, and nitrogen retention Jead-
ng to uremia which 1s the most frequent cause of death 1 these ind-
viduals

The chnical picture 15 typically accompanied by a pathologic
picture characterized by arteriolar necrosis and endartentic thicken-
1ng of the intima Ths arteriolar process was first demonstrated by
Fahr (1919) 1 the kidney and later confirmed by Herxheimer (1924)
and by Stern (1924). .

Necrotizing arteriolitss, although encountered mainly in the kid-
ney, is also observed in the retina, wmntestine, liver, adrenal capsule,
pancreas, striated muscles and so forth. It js therefore 2 generalized
arteriolar process as Volhard (1928) first pointed out and as wany
others have later confirmed (Keith, Wagener and Kernohan, 1928;
Murphy and Grill, 1930, Fishberg and Oppenheimer, 1930; Wage:
ner, 1930; Ellis, 1938; and others).
ETIOLOGY A vartety of etiologic factors have been assigned lg
malignant hypertension We have already stated that Vf)lhard an
Fahr (1914) considered 1t to be the result of the n_ssocxauon 0593
glomerulonephritis with a pre-existing arteriosclerosis. Fahr (19112
subsequently considered that malignant hypenension was (h.e T;;“t
of toxic or 1nfectious processes which led to al‘teriolo.ﬂecfﬂm' .(‘!’i‘
authorities believe, however, that malignant hrypertenston 1s z'ﬁi; sh‘{
progressive form of essential hypertension. In support of 'hls’.mj of
berg (1939) gives the following reasons: (1) In a large proport! o
cases malignant hypertension appears after many years ofan as.‘ﬁ:‘&"he
matic essential hypertension (2) Autopsy reveals, alonghwlmrw
changes typical of malignant hypertension, Kidneys with 2
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sclerosis of long duration with hyalinization of the glomeruli and
other lesions which have been found n almost all cases of essential
hypertenston, (3} The family history of the majonity of patients with
malignant hypertension reveals that other members of the family
have died of essential hypertension, About 10 per cent of patients
swith essential hypertension die of malignant hypertension. In some
cases, however, mahignant hypertension follows or 1s a result of a
hypertensive syndrome of well defined etiology and therefore separa-
ble from essential hypertension Derow and Altschule, 1n 1935, called
attentron to this fact and considered malignant hypertension to be
not an independent disease but rather a syndrome mn which the
hypertension is primary (essential) or secondary to other diseases. This
opinion was subsequently accepted imphetly or exphicitly by Page
{1939¢), Kimmelstiel and Wilson (1936a, ¢}, Williams and Harrison
(1939), Wetss and Parker (1939), Wilson and Byrom (1939), and
others Derdw and Altschule (1941) more recently expressed the
opinion from data collected from the Iiterature that malignant hyper-
tension may be the result of a series of well defined etiologtcal factors
as follows
1. Essential or primary hypertension
1 Secondary hypertenston
A, Renal disease

Glomerulonephritis
Pyelonephrius
Intercapillary glomerulosclerosis
Unilateral congenital hypoplasia
Obstruction of the renal artery by an arteriosclerotic
plaque
Multiple occlusions of small renal arteries
Renal infarct
Periartenitis nodosa of the renal vessels
B Lead possoning
C Endocrine diseases

1 Puuitary basophil adenoma

2. Adrenal hypernephroma, paraganghonoma

3 Hjypertension of pregnancy

[

»~a;

PATHOGENTLSIS Despite a certan amount of knowledge con-
cering etiologre factors, the mechanism by which malignant hyper.
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tension appears is still unknown, Volhard (1923) believed that malig-
nant hypertension (pale hypertenston) was due to the Ppresence of
vasoconstrictor substances in the blood which produce a generalized
vasoconstriction capable of producing ischemic manifestations with
vascular changes tn the hidney, retina, and other organs

In Chapter II, the experimental production of malignant hyper-
tension by Goldblatt and his collaborators was discussed, from which
it was concluded that malignant hypertension 15 the result of a
combination of severe hypertension, a greater or lesser degree of renal
insufficiency, and uissue autolysis. There is evidence that the hyper-
tension 1tself is of importance in the production of vascular changes
in the malignant stage of hypertension in man. Fishberg (1939), for
example, observed that patients with essential hypertension who de-
velop a malignant stage have a more or less prolonged period prev-
ously in which the systolic and especially the diastolic pressure is
extremely elevated. Furthermore, there are a sexies of reported cases
m which malignant hypertension has developed as a res.ult ot
unilateral renal disease and in which pathologic lesions typical of
malignant hypertension are found only in the oppostte Kidney 1
which the circulation is not affected. Under these circumstances
the vessels are submitted to the increase of pressure, Saphir and
Ballinger (1940) described the case of a 35-year-old woman who h;d
an atrophic pyelonephritis on one side and malignant Jesions on th:
other, and of a 46-year-old man with an organized th.rombus in i
left renal artery and arteriolonecrosis of the right Lidney. Sirmi l
cases have been reported by Laas (1940), Davson (1941), and othe
cited in Chapter XIIL - fyper

1f would therefore appear that i man the association of ‘Y}; X
tension and renal insufficiency may be the possible cause .ﬂf m;g‘
nant hypertension. Cases have been described, however, m' :,;mi
malignant hypertension has appeared in the absence of any Too%:
festatton of renal insufficiency (Keith, Wagener and Kernohau, Io:'iC'
Murphy and Gnill, 1930; Leiter, 1938; and others). The l:u:c‘:n
cause 1n these cases 1s difficult to define. It shou]d‘be noted, ‘z;ervcd
that Winternitz, Mylon, Waters and Katzenstein (1940) O‘ ized
that the injection of extracts of various tissues into ncp.hrclc o'hr ©

lonecrosis Simt

ammals produced vascular changes :md. arteriolo in with
those observed in malignant I)YPErlcnsl?n In human Ii flcmsl'f
long standing hypertension, it is possible that vascula
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secondary to hypertension or to functional changes of a spastic type

' are capable of creating an 1schemia and necrosis in different parts of
the bady which would secondanly lead to the estabhishment of
malignant hypertension, We have had the opportunity of observing a
case which 1s possibly illustrauve of this point This was a hypers
tensive patient who after myocardial infarction developed a
mesenteric embolus and typical malignant changes m the eyegrounds
and associated phenomena of artertolocapitlaritis This point 1s stilt
not clear and deserves further study.

Many studies have been made on the relation of renal 1schemia to
essential hypertension

Pathologic studies have revealed sclerosis of renal vessels in ap-
proximately 90 per cent of autopsies on patients with hypertension
This renal arteriosclerosis characteristically mvolves the afferent
glomerular arteriole. In hypertension, the degree of vascular
sclerosis 1s much greater in the kidney than mn other parts of the body
and is much more extensive in hypertensives than in those of a
similar age who have no hypertension From the hiterature, 1t would
appear that many hypertensive patients have lesions m the mamn
trunk of the renal artery or at 1ts mouth That such lesions are a fre-
quent cause of renal schemia seems doubtful

Hypertension may exist without demonstrable lesions of the intra-
tenal vessels Studies of the main trunk of the renal artery have not
been made 1n these cases so that 1t 1s not possible to exclude abso-
lutely the existence of ischemia Studies of the vascular system of the
kidney would profitably include an examination of the renal artery
from its mouth as far as the afferent arteriole of the glomerulus in
order to prove that there are cases of hypertension without vascular
abnormalities

The over-all excretory function of the hdney 15 usually normal.
Renal blood flow 1n the majority of cases 15 reduced This reduction
apparently bears some relation to the degree of hypertension, is
bifateral, and 15 equally divided between the two kidneys It 1s not
clear whether thus reduction of blood flow depends on the vascular
Yesions already mentioned, or whether they are due to vasospastic
phenomena from functional derangements of the Ltdney, primary or
secondary to processes imtiated in other parts of the body This1s an
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important point which remains to be elucidated, and would necess-
tate 2 combined functional and anatomic study on hypertensives
followed over a long period It 1s our belief that the hypothesis which
at this time best fits the known facts is that the immediate cause of
essential hypertension 1s related to renal ischemia despite certain im-
portant evidence to the contrary.

Mahgnant hypertension often follows a pre-existing essentil
hypertension, but frequently is found in association with hyper-
tenston of known etiology such as renal diseases, endocrine disorders,
and the like. Hypertension and renal insufficiency are concerned in
1ts production in the majority of cases Renal insufficiency, however,
may be lacking, In these cases, the mahgnant hypertension is possibly
a result of the appearance of areas of necrosis produced by vascular
changes of sclerotic or spastic origin.



CHAPTER XV

MECHANISM OF RENAL HYPERTENSIOMN
IN MAN

Blood pressure 15 determined largely by the resistace (Zres [
the vascular system to the passage of blood pumped by ¢t.» faam 5
the vascular system remains unchanged, the pressure myy 320 ?;
result of change in the amonnt of blood which circulazes ?-— m,{
ume {cardiac ourput per minute) or of the tota} quantity ¢f (E:'Aé,
g blood (bloog volume), or, finally, of the viscosity of the 1.2,

et
BLOOD FACTORS

CARDIAC OUTPUT Increase of munute volume VUl oF

heart has been considered to be one of the possible caugs " iy ,‘!
tension As Frshberg (1939) pointed out, Bright veferred laé.;’;;:”
nism n speakimg of conditions of the blood whigh intregps .
work of the heart Several muestugaters have found ay i-,_,,("',
mnute volume ouput in hypertension Hayasaka (i, o -
triple extrapolanon method found st to be inereastd 39, .~ ©

turthermore observed a certatn proportionality bewery o, ,
of blood pressure and the mcrease of mmBte volume . o
and Werss (1929}, Liljestrand and Stenstrdm (1623
(1930) also found sariable increases in the minute 3y,
of the heart 1n essenual hyperrension Some immigu,,‘l': :’ K
{Lauter and Baumann, 1928, and Ewig and Hinsbng, l“”’”

found a reduction Twtensve studies with maore acqy,, ,' N
performed by Burwell and Smith (1929), Grassmann

{1931), Ranger and Ahschule (1930), and Wesss and Ellyy,

shown that in hypertensive patients under basal ey,

tions, the munute 1olume output 15 withn normal b rre

T

RLOOD VOLUME lncrease of blood votume has atgy, |
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(1927) abserved no important changes in blood volume in patients
with different types of hypertension Gtbson and Harris (1939) ako
found no appreciable changes in essential hypertension In hyper-
tensive patients with glomerulonephritis, they usuwally found a de-
¢reased blood volume as compared with the normal, mainly due to
@ diminution in the red cell volume, the plasma volume remaining
unchanged or shghtly increased. -

Recently, Gazmuri-Ojeda and Denegri (1942), using trypan red,
found a2 diminution of blood volume in hypertension without cardiac
msufficiency.

BLOOD VISCOSITY. Increase of blood viscosity is another fact?r
which has been considered as a possible cause of hypertension in
plethoric individuals. In support of this, some investigators ha\:c
found an increase 1n viscosiy in this type of hypertension (Harris
and McLoughlin, 1930) Austrian (1911), on the other hanq, aY'Id
more recently Pickering (1939) found a normal blood viscosity In
subjects with essential hypertension while it was usually dimlmshfd
in nephritis in which in addition to hypertension there was a certain
degree of anemia,

Other chinical evidence tends to exclude the participation of these
factors in the production and maintenance of hypextensfon. Marked
changes in minute volume output, blood volume and viscosity occu®
in such conditions as hemorrhage, exercise, polycythemia Zl.ﬂd P"‘:’;“
nancy without producing consistent or umform changes in bloo
pressure It may be concluded. therefore, that hypertension 33 ot due
to phystcal changes of the circulating blood.

VASCULAR FACTORS
Causes of hypenenslon must, therefore, be sought in mhu~hd$;
which are concerned with the regulation of blood pressure, l:{ibn
vascular system. Loss of elasticity as well as diminugon m the cal o
of blood vessels are capable of producing changes of blood pressure:

LOSS OF ARTERIAL ELASTICITY by sclerosif is a nm:ﬂ:
phenomenon as the arterial system ages. In many patients. lho‘:joodv
1t appeats at an early age in accentuated fcrfn. Normally t]le“mm
expelled during systole remamns in the aorta :m’d large vesse. 5l b
to their elasticity. After ventricular systole finishes, the con
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flow of blood is maintamed through the elastic properties of the large
vessels The vascular elasticity dampens the systolic rise and main-
tans the mean and diastolic pressures which are responsible for the
continuous ang effective flow of blood.

Loss of elastiaity of the aorta and great vessels causes an increase
of systolic pressure and a fall of diastohic pressure, Although this
systolic hypertension of arteriosclerosis 1s common, its mechanism,
symptomatology and course are different from that of patients in-
cluded in the group which we are studying There 15 no doubt, how-
ever, but that artertosclerosis of the large vessels 13 present in the
majority of cases of chromic hypertension and can accentuate the ele-
vation of the systolic pressure by the mechanism described

In summary 1t may be smd that loss of elasticity may produce an
isolated systohic hypertension or produce an increase in pulse pressure
in chronic hypertension (Wexss, Haynes and Shore, 1936), but eleva-
tion of both systolic and diastolic pressure 1s due only to an increase
of penipheral resistance resulting from reduction in the calibre of the
vessels,

PERIPHERAL RESISTANCL Prinzmetal and Oppenheimer
(1937), studying the blood pressure in arterses of different size in
hypertensive subjects, observed that the fall of pressure n the large
and small arteries was the same as that observed in normal subjects
From this they concluded that there was no increase of resistance m
the arteries studied and concluded that the hypertension was due to
an increase t the resistance of vessels smaller than the digital artery

Wiggers (1938) believed that the Tesistance offered by arterioles
was the fundamental process but was not the only one The increase
of pulse pressure observed 1n the majority of hypertensises was due,
he beheved, to a diminution in the elastiaity of the vessels of large
calibre This point deserves further study

For many years 1t has been hypothesized that hypertension might
be due to localized vasoconstriction 1n the splanchnic region If this
were so, there would be an wrregular distribution of blood which
would be shunted in large part to the sites of lower resistance This
should produce a partial functional deficit in areas ischemic from
vasoconstriction and signs of congestion in other areas such as the skan
and the hmbs Abramson and Fierst (1912) recently obtained evi-
dence that would appear to support the hypothesis of an irregular
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distribution of peripheral resistance in hypertension, Eihs and Wesss
(1929) showed that there was an increase of arteriolar pressure in the
sternal region, and Steele and Kirk (1934) found that skin tempera-
ture, registered at dufferent times of day and in different parts of the
body, was the same in normal as in hypertensive individuals. Prinz-
metal and Wilson (1936) and Pickering (1936b) independently and
almost simultaneously found that blood flow in the forearm was the
same in normal subjects as 1n patients with benign or malignant essen-
tial hypertenston and nephritis These mvestigations were confirmed
by Stead and Kunkel (1940} who extended the study to other parts of
the body such as muscles and brain with the same results These
studies indicated a umform distribution of peripheral resistance and
an equilibrinm between the resistance and increase of blood pressure
so that normal blood flow was found in the various organs of the
body.

An mcrease of peripheral resistance localized preferentially to the
small precapllary vessels (Eichna and Bordley, 1941) may depend on
an anatomic change of the vessels or on a functional change (vaso-
constrictton) A

Anatomic Causes —Kirkes in 1855 described a generalized arterio-
sclerosis i hypertension. Gull and Sutton (1872} attributed the
hypertension to an increase of resistance produced by an anatomi¢
change of the vessels, a theory which has the support of other investi-
gators. -

Doubt has been thrown on this factor by a large number of CXPH:"
ments Pickering (1936b), Prinzmetal and Wilson (1936) ;.md Slc;:
and Kunkel (1940} demonstrated that the reactive capacity of lm
vascular system to different agents was the same in hypertenstve ¢ -
normal subjects Stead and Kunkel (1940) ObSETVEd' no Chm‘g; of
blood flow m one case in which a pronounced and maintamned 2 he
pressure had been induced by malaria In nnorhef case, hox\{CVfT;‘liOZ
found the fall of blaod pressure to be accompanied lf}’ = diminy s
of blood flow. From ths result, which was identical ‘.vuh observatiol "
made by Wilkins and Eichna (1940} on hypertensives z;t;:‘zg;id
thectomy, the authors concluded that structural lesions ha
as a result of active pre-existing vasoconstriction.

Burch, Gohn and Neumann (1941) found the r.CZICUVl
of the fingers of hypertensive subjects to be intact

ty of the vessels
in response t0
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different stimuli, while it was diminished in patients with semle
arteriosclerosis. Dy Palma and Foster {1042) observed the small vessels
of the forearm to have the same sensitnty in hypertensives 25 in
nommals.

It may be concluded that the reactity of the vessels is normal
according to the expernments discussed above, which is i contra-
distinctron to that wirich is observed in arteriosclerosis There is lutte
evidence to indicate an organsc alteration of the vessels 1 hyper-
tension The only possible cause for hypertension therefore is 2
generatized vasoconstricnion. This vasoconstriction may depend on
two mech: vous or | 5

Neurogense Causes —Many snvesugatars belteve that hyperrension
15 due o a newrovegetative umbal with a pred e of the
syinpatietic system. Since hypertension can be produced evpen-
mentaily by section of the pressor receptor nerses as we have discussed
in Chapter I, st has been thought that 2 posstble cause of human
hypertension 1s a decrensed sensttvity of these areas (Koch, 1929,
Mies, 1932) Gammon (1936) showed that the response of the caroud
sinus to changes of pressuse in hypertensite patents was normal.
Weiss and Baker (1933) alsa showed that in variaus types of hyper-
tension the function of the carond staus was the same as m normal
indwiduals Priumetal and Wilson (1936) and Prchenng (19360)
demonstrated that sympathetc paralyss mnduced by novocamne or
applicattons of local or general heat produced an equal ncrease of
blood flow of the arm w hypertensiye and normal subjects They also
showed that reattive hypesemia was the same in both groups

Stead and Rushel (1910) gave new support to these conclustons
They mvesugated changes of blood flow produced by different physi-
cal and chermical stimus in the avm, leg, muscle of the foreanm, and
Iwain Despite differences in distrtbution of neres ta the aveas in-
vestigated, changes of blood flow observed were similar maall,

These imvestiganions, the fadure of surgical treatment in many
cases of hypertension, and expenimental evidence all tend ta exclude
vasaconstrictian of nervous onigin as a fundamental mechanism of
human hypertension ht must be assumed, therefore, that hyperten-
ston §s due 0 A savoconstniction mamtamned through a bumoral
mechanusm.

Humoral Causes —Many of the older thearies explained hyper-
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tenston by retention of toxic substances not well defined (Bright,
1836; Johnson, 1868) Many attempts were subsequently made to
demonstrate the presence of vasoconstrictor or pressor substances in
the blood of hypertensive patients. Broking and Trendelenbirg
(1911) found no greater vasoconstrictor action on the vascular system
of the frog from blood of hypertensives than from that of normal
individuals, which was confirmed years later by Hulse (192
Stewart in 1911 investigated the pressor action of blood by the 1
jection of small amounts of serum from hypertensive patients into
dogs with negative results. :

Similarly negative results were obtained by Danzer, Brody and
Miles (1926) and Hulse (1929) with injections of blood of hyper-
tensives into cats, and Curtis, Moncrieff and Wright (1927) and
Hilse (1929) by injections into dogs. Danzer (1927), however, fm{nd
that the blood of some hypertensives injected into cats caused rises
of pressure of from one to two minutes’ duration which was not
observed with normal blood. Volhard (1931) supported the theory of
a humoral mechanism by considering that pale hypenenslcn.was due
to the liberation of pressor substances His disciple, Bohn, in 19'52.
found that alcoholic extracts of blood and urine of patients with
malignant hypertension had a pressor action in cats which was rauch
greater than that observed with extracts of blood from other types of
hypertension and from normal subjects Marx and Hech.(l'S)ﬁS‘) n]s(;
observed a pressor action 1n unanesthetized dogs from thev injection 0d
extracts equivalent to 80 to 100 cc. of blood, and ‘\estPh"l’““d
Sievert (1938a, b) found a pressor action in the ultrafiltrate of b (1)101-
from essential hypertensives. Elliot and Nuzum (1933), on the othe
hand, found that m rabbsts the response to injections of blood.fmlﬂ!1
normals and hypertensives was the same. dc‘Ve5§elow and Grtﬂil;_
(1934) did not find any difference m pressor action from the Inj "
tion of extracts of blood from malignant hypertenstves and nm'mc
indrviduals Bohn and Schlapp (1932, 1935) confirmed ll{c P“(;‘;f:
of pressor substances m malignant hypertensio—n and aEmb“"
negative results previously reported to defects in tcchn}qlulﬁ erien

The existence of specific pressor substances in ES.Sfﬂm‘E ‘ZPk fin
sion has been dented by the more recent investigations 0 ;;2\ ;agt
and Bruner (1933), Capps, Ferris, Taylor. and Weiss {19 ()1’9105)'
(1934b), Aitken and Wilson (1935) and Leiter (1936) Page
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using the isolated rabbit’s ear, and Garreton-Silva, Croxatto,
Fuenzalida and Viveros (1941), using the Liwen-Trendelenburg
preparation found that the plasma from patients with different types
of hypertension possessed a vasoconstrictor action Page (1915) has
more recently described the presence of vasoconstrictor substances in
the atrated plasma of anmmals and pattents with hypertension as
ndicated by a constrictor action 1n the isolated rabbit's ear ‘This
substance had to be “activated” by another substance contained in
the ultrafiltrate of normal plasma before 1ts constrictor action be-
came apparent These results have not been confirmed by Landis
{1944) using the rabbat’s ear preparation, nor have we been able to
confirm the observations of Garreton-Silva and collaborators using
the Ldwen-Trendelenburg preparation The positive results ob-
tamned by Page and Garreton-Siiva and co-workers are best attributed
to vasoconstrictor substances appearing 1n shed blood (see Chapter
XI). The rabbit’s ear method 1s particularly subject to large con-
strictor artifacts both from histamine and from substances produced
by disruption of platelets (Landis, Wood and Guerrant, 1943, Landis,
1944; and Landis, Thomas and Wood, 1945)

The blood of hypertensive patients has also been mvestigated for
pressor activity by means of direct transfuston from man to man.
Host (1931) was the first to carry out such experiments and his results
were negatise. Pickering (1936a) found no difference n pressor effect
of transfustons of 350 to 600 cc of blood from hypertensives and from
normal subjects Prinzmetal, Friedman and Rosenthal (1936) like-
wise observed no elevation of blood pressure in patients with a
normal circulatory system after the transfusion of 500, 700, 1,460 and
2,000 cc of blood from patients with malignant hypertension despite
having effected an mterchange of 45 per cent of the total blood
volume,

From the large number of insestigations discussed, it may be con-
cluded that hypertension 1s due to an increase of peripheral ressstance
by arteriolar vasoconstriction Thus vasoconstriction may be humoral
in ongin although the pressor substance has not been 1dentified 1n
the systemic blood Since hypertensin njected into man produces
circulatory changes similar to those observed i hypertension (see
Chapter VI), it is possible that tns substance 1s the responsible agent.
Although newther hypertensin or remin can he detected in the
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blood, this may be due to their presence in such small quantities
that they can not be recovered by techniques available at this ume
or to other factors which are discussed in Chaprer XVIIT -

The minute volume output of the heart, blood volume and biood
viscosity are normal in patients with hypertension and can not,
therefore, be considered to be concerned with the production of
hypertension Since hypertension does not depend on factors in the
blood, it must be attributed to an increase in peripheral resistance
of the vascular system The uniform distribution of skin temperature
and the lack of change of peripheral blood flow in different parts
of the body indicate that the distribution of blood is not altered
n hypertensive subjects It may be concluded, therefore, that hyper-
tension is not due to an increase of vascular resistance which 1
localized i some area such as the splanchnic regron Studies of
blood pressure in the large and small artertes and the lack of change
of capillary pressure show that the generalized increase of resistance
producing the hypertension 1s located in the arterioles .

The normal reaction of vessels to different chemical or physical
excitants indrcates that this increase of peripheral resistance 1s 'not
due to an organtc change 1n the arterioles but rather to a generalized
VaSOConstriction

Anesthesta of the sympathetic nervous system does not alter blaodv
pressure 1n hypertension, and different vascular areas of the body
react to dufferent simuls as do normal patients despite the fact that
sympathetic activity 1s not the same in every patient. These observa-
tions indicate that the arteriolar vasoconstriction is not of nernous
ongin . sion
Hypertension must be due then to an arteriolar vasoconstrici ;
of humoral ongin. Search for pressor and vasoconstrictor substance:
i the blood of hypertensive patients has given negative Tesults UP
to this moment

It is possible that hypertensin,
similar to those found n hypertension, is the res]
Further study and experimentatton will be require

) 3
which produces circulatory change
ponsible agent
d to elucidate

this point.



CHAPTER XVI

MEDICAL TREATMENT OF HYPERTENSION
OF RENAL ORIGIN

It 1s not our purpose to review In this chapter the many medica-
tions winch have been proposed for the treatment of different clinical
types of human hypertension In this book we have restricted our-
selves to the problem of experimental renal hypertension Therefore,
we will consider only (a) attempts at nonspecific treatment, and (b}
attempts at specific treatment of experimental and human hyper-
tension, makang the assumption that human hypertension 1s of
renal origin

We recogmize the limitation of our restrictions Although there
15 2 close sumilarity between experimental renal hypertenston and
human essential hypertension, there ave certan fundamental dif-
ferences. Thus as human diabetes 1s not entirely 1dentical with the
diabetes of a pancreatectomized animal, human hypertension like-
wise 15 not 1dentical with experimental hypertension Human hyper-
tension is unstable, especially at 1ts onset, since 1t may disappear
with bed rest and sedative treatment or with dietary or psycho-
therapeutic measures. In many cases of human essential hypertension,
the admunistration of hypnotics, narcotics or anesthetics produce
a profound fall of blood pressure, these being the most favorable
cases for surgical sympathectomy In dogs with experumental hyper-
tension, the injection of anesthetics or hypnotics does not cause the
pressure to fall sigaficantly unless there 15 a co-evastent psychogenic
factor (Goldblatt, Kahn and Lewis, 1912)

As regards pathologic changes, there 1s also a [undamental dit-
ference between both forms of hypertension In the experimental
disorder there 15 a change of remal arculation resuiting fiom con-
striction of the renal artery or compression of the hidney. In essential
hypertension at 15 believed at this ume that there is from the begin-
mng a certain degree ol arteriolar sclerosis which affects the small
intrarenal artenes, espeaally the preglomerular arterioles

Recognizing these differences and assuming that experimental

01
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Tape V
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Nutrites and Nitrates
Erythro] tetramtrate® Rat | 003 gm, Oral 5 1 | None
rythrol tetramtrate® Rat | 006 gm. Oral 5 [ Moderate U]
Erjthrol tetrantrate® Rat | 005 gm Oral 7 | None
Mannitol hesamtrate(® Dog | 003 gm. Oral 21 | None
Bismuth submitratet Rat |0 075gm. Oral 8 | None
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Sodium nstrite® Rat 102 gm Oral 5 | Moderate
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Biotin® Dog |1,00U ol 42 | None
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. . . .
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hypertension s an example rather than an imitation of the human
disease, we believe that there is today no more fertile Jead {or the dis-
covery of speatfic and effectsve therapy for essential hypertension
than study of the response of hypertenstie animals to therapeutic
measures Empucism s thereby supplanted by experimental in-
vestigation

EFFECT OF VARIOUS THFRAPEUTIC AGENTS
ON BLOQD PRESSURE

In 1able 5 may be seen the results obtained by several investigators
from the adminsstsanon of a number of therapeutic substances to
animals with hypertenston from renal ischemia. In a recent article
in which different drugs proposed for the treaument of human
f:}pcnensmn were reviened, Mosenthat (1910) came to the con-
clusion that 1here were no means by which an elevated bload pres.
sure conld be appreciably and consistemly fowered

Of the drugs which appear in the table, we will mention only
those which have produced some effect With erythrol tetranitrate
and with sodhum niteite, Groliman, Harnson and Williams (1910a)
obiined a shighe fall of pressure in hypertensive rats Goldblaw,
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Kahn and Lewis (1942), however, observed no effect from mannitol
hexamitrate in hypertensive dogs Grollman, Harrison and Williams
(19402) claimed to have observed slight falls in rats by the adminis-
tration of 1 mgm  of acetyl-beta-methylcholine hydrochloride daly.
Goldblatt, Kahn and Lewis (1942) obtained no effect from the
administration of 2 to 5 mgm. per hgm of acetylcholine per day or
up t0 5 2 gm. of choline chloride daily to hypertensive dogs.

The present status of thiocyanates in the treatment of hyperten-
sion has recently been reviewed by Forster (1943) who concluded
that although the majority of authors are in favor of its use, a small
number of careful observers believe that its effectiveness has not
been demonstrated and that its use is not without danger. Its dangers
may be largely but not entirely averted by governing dosage by
mantaming the blood level at approximately 8 to 10 mgm per
cent. Forster pointed out that none of the chnical Teports have
completely eliminated all the variables which might cause unrefated
reductions of blood pressure Goldblatt, Kahn and Lewis (l‘J‘l?)
abserved no decline of blood pressure in hypertensive dogs receiving
thiocyanates until such a high dosage was given that toxic symptoms
appeared, the depressor effect being preceded by anorexia, vomiting
and at times diarrhea. Davis and Barker (1941) found that hyperten-
sive dogs and human beings were made more sensitive to the action
of sulfocyanate by splanchnicectomy. Grollman, Harrison and
Williams (1940a) also considered that the reduction of blood pressure
which they obtained with mitrites, sulfocyanates and ncetylcho.lmt
was due more to a “toxic” effect than to a "l\ypolemivc" effect 5""‘.‘
the smallest reductions were accompanied by apathy and anoresd
and if the dose was increased the animals died.

Govea.Pefia and Villaverde (1940) reported favorable 1
the treatment of essentral hypertension in man by large doses !:ii
vitamin A by mouth These observations, which were not confirmed .
by Corcoran (1948), Blumenthal and Wetherby (1943), De‘d"d-
Bridges and Quinby (personal communication), and o!hers( md'llC;
Wakerlm, Moss and Smith (1942) to use concentrates of vitamin b
for the treatment of experimental hypertension. Thefc authors s¥ f
mitted three hypertensive dogs to a treatment conssting of the ora
administration daily of 200,000 units of vitamin
and 400,000 for another three, and observed 3
blood pressure in the three animals. Two control hypertenst

esults in

A for three monthis
noteworthy falls of
ve dogs
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received a daly equivalent amount of the solvent (I to 2 cc. of
sesame 0il) without the blood pressure undergoing any change

Since more purified preparations of vitamun A had no action
(Moss, Smith and Wakerlin, 1943, Wakerlin, Johnson, Moss and
Smith, 1943, Wakerlin and Moss, 1943, Moss and Wakerlin, 1944;
Katz, Rodbard and Meyer, 1913) and since preparations in which
vitamin A was previously destroyed by heat (Moss, Smith and
‘Wakerlin, 1913), by irradianion with ultraviolet Light or by oxidation
(Grollman and Harnson, 1943a, b) were equally active or even
increased n actvity, the depressor actiont of these preparations could
not be attributed to their content of vitamun A Grollman and Harri-
son (1943a, b) showed that fish oils and cod liser oil contained a
substance capable of reducing blood pressure in hypertensive rats.
The nature of the depressor substance 1s still unknown It appears
to be a product of oxidatton of some constituent (probably un-
saturated farty auds) present mn varous fish oils (Grollman, 1914)
It 15 also possible that 1t 1s a quinone analogous to that which Fried-
man, $oloway, Marrus and Oppenheimer (1942) found to be effective
in the treatment of hypertension The relauon, 1f any, of this sub-
stance with the principles present 1n renal extracts 1s unknown

Moss and Wakerhin (1914) admunistered vitamin B (615 mgm
thiamine, 001 mgm mnboflavin, 015 mgm pyndoune, 2 mgm
mcotinic acid, and 0 4 mgm pantothenic acid) daily to one dog with
renal hypertension without obtaming a fall of blood pressure.
Neuther ascorbic aaid (1 gm daily) for four months nor 100 mgm.
of vitunin E daily (equivalent to 60 mgm alpha-tocopherol) had
depressor effects

ACTION OF RENAL EXTRACTS

In Chapter IX we discussed the fundamentals of renal organo-
therapy 1n the treatment of renal liypertension and mentioned the
results obtaned 1n hypertenstve animals and man Here we will
present some detils of technique and complete the bliography

Grollman, Harnison and Williams (1910c) were the first to demon-
strate that 1t 15 possible to reduce the blood pressure of hypertensive
wats to normal levels through the admimistration of renal extracts.
Alter several trials, these authors adopted the following method
of preparation of their extracts (Grollman, Harrison and Williams,
1912) Pig hidneys were dehydrated with alcohol and dried. The
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resulting powder was extracted with acidulated water and then
precipitated with 1 5 volumes of a saturated solution of ammonium
sulphate The precipitate was dialyzed. The proteins and other mert
materials remarned within the sac while the active material passed
through the membrane. The aqueous extract thus obtamed was
concentrated by making use of its relative insolubility in organic
liquids (alcohol, acetone, ether), its adsorbability, and its abulity
to form 1nsoluble compounds in the presence of certain precipitants
The authors admunistered this extract by mouth.

Harrison, Grollman and Williams (1940) first studied the effect
of renal extracts prepared by various methods and adminis.med
them to rats made hypertensive by subtotal nephrectomy. The intra-
muscular or intraperitoneal injection of such extracts produce toxic
symptoms. They therefore resorted to oral admunstration which
was found to be equally efficacious. The blood pressure fell soon
after beginning the treatment and was maintained at 2 low le.\'cl
for several days In these cases the fall of pressure was accompanied
by severe symptoms and at tumes death. It was not possible to deade
whether these effects were due to impurities of the extracts O to
the fall of blood pressure.

Williams, Grollman and Harrison (1940) then observed a fall of
pressure 1n eight hypertensive dogs given the extract immvenous.ly
or intraperitoneally These animals also showed toxic symptoms lf;
the majonity of cases These authors therefore turned to the or
route of admunistration and treated ten dogs. Toxic symptoms,
which the authors attributed in part to impurities of the extract
and in part to the fall of the blood pressure, were often obser.VE‘d d

Finally, Grollman, Williams and Harrison (1940b) admmls!; o
their extracts to five hypertensive patients employing the oral -
intravenous route They subsequently extended this study to CIVE; .
cases (Grollman, Williams and Harrison, 1942). They obseﬂfﬁed
more or less pronounced fall of pressure occasmnfslly accor‘lzpﬂami-
by diarrhea, nausea and vomiting which they believed to c]lm:m
butable to impurties in the extract. In a recent amc}e, Gro.!h ‘h;
‘Williams and Harrison (1942) summarized their experience ‘:smcd
use of renal extracts in hypertensive rats, dogs and p:memsd:nflo”ow:d
that a fall of blood pressure and clmical improvement l!:l > tonts.
the adminstration of renal extracts to‘a.f.ew hypc?en's,:crgvcmtm
‘They were unable to exclude the possibility that the imp:
observed was spontaneous.
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Independently of Grollman, Harrison and Williams, Page and his
collaborators employed renal extracts for reducing the blaod pres
sute of hypertensive dogs, rats and pattents The basis on which
these invertigators used renal extracts was the presumed existence
of inhibitors to renmn and ang n ammals tachyphylactic to
renin and therr disapy n nept omized animals as well as
the d ¢ of the supposed activator of angiotonin in animals
injected with renal extracts It should be mentioned that none of '
these findings have been confirmed Later, Page, Helmer, Kohlstaedr,
Kempf, Corcoran and Taylor (1913) believed that the substance
responsible for the fall of blood pressure observed was angrotonase
contained 1 their extracts and endeavored to relate the destructine
action on hypertensin n vitro with the depressor activity, Ango-
tonase is the same sub: as hyper which had previously
been described and studied by Leloir, Muiioz, Braun-Menéndez and
Fasciolo (1940a) and Fasciolo, Leloir, Muiioz and Braun-Menénde;
{1910b)

After a number of trials these authors advocated the following
method of preparation of the extracts (Page, Helmer, Kolilstaedt,
Kempt, Corcoran and Taylor, 1913} (a) extraction of fresh g
Midneys with an aqueous solution of acettc acid and sodium chloride,
(b) heating to 56°C 1n order to prectpitate part of the inacye
protens; (c) preapitation of the filtrate with saturated ammonypy
sulphate; (d) redissolving the precipitate and adding ammonyy
sulphate to a concentration of 25 per cent saturation; (¢} dyfy,
of the supernatant in order to eliminate the ammonjum sulpkee g
then concentration n vacto untl 1 cc of the extract is eq
10 100 to 170 gm. of hidney, (f) addition of an antiseptic anz..
tion by Sewz filter -

Page, Helmer, Kohlstaedt, Fouts, Kempf and Corcoran {v 5
scribed the results obtained with extracts of muscle, lung ““dL;

prepared by several methods The mtramuscular or subyy,
PR N PN N S AR

they obtained striking improvement in the cyegrounds ang
and renal function
In later arucles, I'age, Helmer, Kohlstaedt, Touts 5
(1011); Page, Helmer, Kohlstaedt, Kempf, Gambiit
(19411); and Page, Helmer, Kohlstaedt, Kempf, Co:cgmg»,

i
H
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(1943) described the results of treatment with renal extracts in a large
number of experimental animals and 1n a large number of patients
with hypertension In all cases they obtained falls of pressure and
in many improvement of clinical symptoms In the anumals as well
as in man, renal extracts produced a relaxation of the afferent
arteriole of the glomerulus together with an increase of effectite
renal blood flow (Corcoran, Kohlstaedt and Page, 1941b), which they
attributed to the presence of hypertensinase in their extracts The
authors mentioned that in many of their pattents the injection of
the extracts produced local reactions (inflammation, pain) and gen-
eral reactions (shock, fever) which perhaps had contributed in causing
the blood pressure to fall although they did not believe that thn
was the principal cause, T

Goldblatt, Kahn and Lewis (1942) injected renal extracts prepared
by the method of Page, Helmer, Kohlstzedt, Fouts and Kempf (1941)
into hypertensive dogs. In some dogs the pressure remained un-
changed while three died as a result of the injection Witi} extracts
prepared according to the technique of Grollman, Williams and
Harnison (1940a), the result was no better. In some dogs the sub-
cutaneous 1njection of the extract produced a fall of pressure but
it was almost always accompanied by a local reaction. In three rats
the effect was ml As we shall see later, Goldblatt behieved that the
renal extracts acted nonspecifically. d

Other authors have repeated the experiments of Grollman ai
collaborators and of Page and collaborators Jensen, Corwin, Tol 5:
dorf, Casey and Bamman (1941) prepared a yenal extract by a cont
bination of the methods of Page and collaborators and of Grollman.
Harmison and Williams, which when injected intramuscularly t0 ":
made hypertensive by permephritis or subtotal nephreflomy \}:Ir(s
duced falls of pressure. Oral administration gave negative ressmc
Friedman, Jarman and Marrus (1942) obtained falls of Pmeous
m rats made hypertensive by perincphntis by the subc:m[ﬂpawe
njection of renal extracts prepared according to the method ©! - :n
and collaborators Rockwell (1942) described falls of pressﬂ‘n'w
five hypertensive patients who receved daily i“"“mmc;!n:;n‘lm
tions of a renal extract prepared by his own x.ne[hod. This o e
was tried by Goldblatt, Kahn and Lewis (1942) in :hrct:] hypé;ldberg
dogs without obtaining a fall of bluod'P’es““'c Waker ;1“' ertension
and Moss (1944) treated two dogs with spontaneous niyp
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the administration of renal extracts are obtained with extracts of
mushrooms, heated to destroy tyrosinase (Prinzmetal, Alles, Margoles,
Kayland and Davis, 1942), products of digestion of casein (Prinz-
metal, personal communication), pyrogenic inulin (Chasis, Gold-
ting and Smith, 1942), milk, antityphoid vaccine (Scott, cited by
Goldblatt, Kahn and Lewis, 1942), and so forth. Local inflammatory
reactions can also produce falls of pressure in hypertensne indi-
viduals as we shall see later.

In regard to the hypotensive action of renal extracts administered
by mouth as described by Harrison, Grollman and Williams, this
has still not been confirmed. Jensen and colfaborators (1941) men-
tioned negative results.

ACTION OF OTHER NONSPECIFIC AGENTS

It is well known that such diverse conditions as shock, abscesses,
infectious diseases, malaria, and coronary thrombosts frequently pro-
duce a fall of blood pressure in hypertensive patients. In the dog.
distemper causes a fall of pressure almost to normal levels as Lesy
and Blalock (1938), Katz, Friedman, Rodbard and Weinstein (1939),
Wakerhin, Gaines and Mosny (1940}, Goldblatt, Lewis and Kahn
(1942) and ourselves have observed. Levy and Blalock, and Goldblatt
and his collaborators report that distemper prevents the rise of Llood
pressure following constriction of the yenal artery.

Rodbard, Katz and Sokolow (1940) claimed that the st 0
smplantation of renal tissue caused the pressure of hypencmvnc
dogs to become normal Goldblatt and Kahn (194“7)', however.
showed that if infection is averded, the implantation of hdnc): dﬁ‘c:
not produce any effect. Friedman, Jarman, and Marrus (l?*-) ‘;1
served the same in rats. When the rats developed an m.fccnon,‘! e
blood pressure fell whether the implanted tissue was k|dne{. ll:’;:
or spleen. Rodbard and Katz (1943) have insisted, \\o}vever. that e
implantation of kidney has a greater depressor efiect in hyP‘;'g‘“:; p
dogs than implants of other organs. Levy and Bialock (193 )do"i
Goldblatt, Kahn and Lewis (1942) obtained f;\llf of pressure in :s
by producing mixed infections with the formation of subclu:::r:::m
abscesses, In dogs thus infected, constriction of the renal a
was incapable of producing hypertension. o §

Iievy :}:nd Blnl:ck (1955) were the first to xfxdnc:n:. th;\‘t‘v :f‘z:
produced by the intravenous injection of typhoid vaccine

theutaneous
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companied by a fall of pressure in a hypertensive dog which was
confirmed in a greater number of animals by Goldblatt, Kahn and
Lewis {1912) and in man by Chasis, Goldring and Smith (1932).
On the basis of these observations, some hase applied this treatment
to human hypertenston, obtaning 1n some cases a fall of pressure
and clinical mmprovement as Chasis, Goldring and Smuth (1912)
described Caution must be exercised, however, in the use of this
therapy. The mtravenous mnjection of typhoid vaccine can produce
renal complications n patients whose lidneys are not perfectly
normal (Taylor and Page, 1943a) Fever produced by exposing three
hypertensive dogs to high environmental temperature also produces
a fall 1 pressure (Levy and Blalock, 1938)

Immediately following the introduction of mulin for the measure-
ment of glomerular fitranon in man, it was observed that some
samples of inulin were contaminated with pyrogenic substances
(Goldring and Srmth, 1936, Smuth, Chasis and Ranges, 1938) Thas
was probably of bactenal ongin and produced, n addition to chills
and fever, a marked renal hyperemia (Chasts, Ranges, Goldring and
Smith, 1938, Smith, 1910, Smuth, Chasis, Goldring and Ranges,
1910) It produced a fall of blood pressure especially i hypertensive
subjects The previous admimistration of an antpyrenc (amido-
pytine) presented the fever and the clulls but not the renal hyper-
emia and the fall of preswre {Goldring, Chasis, Ranges and Smuth,
1911} The int 10n of other pyrog: substances
such as glucose, distilled water, physiologic saline, typhoud vacane,
and tyrosinase abo produced renal hyperemia and a fall of blood
pressure It 1s the impression of Chasts, Goldring and Smuth (1942)
that the cause of this hypotension 1s attributable at least 1 part to
an unfavorable reaction on the cardiovascular system more than to
a correction of the fundamental disturbance eausing hypertension,
These authors have established the admirable criterion that whenever
the blood pressure of hypertensive patients 1s lowered by the par-
enteral administration of a foreign protemn, a pyrogemc reaction
should be excluded belore specific depressor properties are attributed
t0 the substance used They caution agunst the admimstration of
Pyrogenic matenal because of the danger of induang an alarming
degree of penpheral arculatory failure In our judgment this state-
ment summarizes adnurably the presemt state of the problem of
medical treatment of hypertension.
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the administration of renal extracts are obtained with extracts of
mushrooms, heated to destroy tyrosinase (Prinzmetal, Alles, Margales,
Kayland and Davis, 1942), products of digestion of casein (Prinz-
metal, personal communication), pyrogenic inulin (Chasis, Gold-
ring and Smith, 1942), milk, antityphoid vaccine (Scott, cited by
Goldblatt, Kahn and Lewrs, 1942), and so forth Local inflammatory
Teactions can also produce falls of pressure in hypertensive ind-
viduals as we shall see later.

In regard to the hypotenstve action of renal extracts administered
by mouth as described by Harrison, Grollman and Walliams, this
has still not been confirmed Jensen and collaborators (1941) men-
tioned negative results

ACTION OF OTHER NONSPECIFIC AGENTS

It is well known that such diverse condittons as shock, abscesses,
infectious diseases, malaria, and coronary thrombosis frequently pro-
duce a fall of blood pressure in hypertensive patients. In the dog
distemper causes a fall of pressure almost to normal levels as Levy
and Blalock (1938), Katz, Friedman, Rodbard and Weinstein (1939),
Wakerlin, Gaines and Mosny (1940), Goldblatt, Lewss and Kahn
(1942) and ourselves have observed. Levy and Blalock, and Goldblatt
and his collaborators report that distemper prevents the rise of blood
pressure following constriction of the renal artery. .

Rodbard, Katz and Sokolow (1940) claimed that the subcutaneous
implantation of renal tssue caused the pressure of hypertensivé
dogs to become normal. Goldblatt and Kahn (1941b), however,
showed that 1f infection 1s avoided, the implantation of kidneys does
not produce any effect. Friedman, Jarman, and Marrus (1942) ob-
served the same in rats When the rats developed an infectmn,.thc
blood pressure fell whether the implanted tissue was kidney, ll‘:"
or spleen Rodbard and Katz (1943) have 1nsisted, hc'wever, that v ,:
imnplantation of kidney has a greater depressor effect in hyperlcnsl\d
dogs than mplants of ather organs. Levy and Blalock (1938) an
Goldblatt, Kahn and Lewis (1942) obtained falls of pressure in dog:
by producing mixed infections with the formation of subcu!ancoilels
abscesses In dogs thus infected, constriction of the renal arter
was incapable of producing hypertension

Levy Snd Blalfck (1938g) were the first to i?dic:uc. that [c:;’
produced by the intravenous injection of typhoid vaccine was
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companied by a fall of pressure in a hypertensive dog which was
confirmed in a greater number of animals by Goldblatt, Kahn and
Lewis (1942) and in man by Chasis, Goldring and Smith (1942).
On the basis of these observations, sone have applied this treatment
to human hypertension, obtaiming i some cases a fall of pressure
and clinical improvement as Chasis, Goldring and Smith (1052}
described. Caution must be exercised, however, 1n the use of this
therapy, The trasenous wnjection of typhord vaccine can produce
renal complications in patients whose hidneys are not perfectly
normal (Taylor and Page, 1943a) Fever produced by exposing three
hypertensive dogs to lugh environmental temperature also produces
a fall 1n pressure (Levy and Blalock, 1938).

Immediately following the introduction of mulin for the measure-
ment of glomerular filtration in man, 1t was observed that some
samples of nulin were contaminated with pyrogenic substances
(Goldring and Smuth, 1936, Smth, Chasis and Ranges, 1938) This
was probably of bactenial ongin and produced, in addition to clulls
and fever, a marked renal hyperemia (Chasis, Ranges, Goldring and
Smith, 1938, Smth, 1940, Smuth, Chasis, Goldring and Ranges,
1940) It produced a fall of blood pressure especially in hypertensive
subjects The previous admimstration of an anupyrenc (amudo-

Ppytine) prevented the fever and the chills but not the renal hyper-
emia and the fall of pressure (Goldrng, Chasis, Ranges 'md Smith,
1941). The intravenous ration of other pyrog
such as glucose, distilled water, physiologic saline, typhoid vaccine,
and tyrosinase also produced renal hyperema and a fall of blood
pressure. It 1s the impression of Chasis, Goldring and Smith (1942)
that the cause of this hypotension 1s attributable at least in part to
an unfavorable reaction on the cardiovascular system more than to
a correction of the fundamental disturbance eausing hypertension
These authors have established the admirable criterion that whenever
the blood pressure of hypertenstve patients 1s lowered by the par-
enteral admimstration of a foreign protemn, a pyrogenic reaction
should be excluded before specific depressor properties are attributed
to the substance used. They caution agunst the admunstration of
Pyrogenic material because of the danger of mducing an alarming
degree of peripheral circulatory failure In our judgment this state-
ment summarizes admirably the present state of the problem of
medical treatment of hypertension.
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TYROSINASE

Schroeder (1940, 1941) and Schroeder and Adams (I94la, b)
thought that tyrosinase would constitute a rational therapeutic ap-
proach to hypertension on the theory that the renal pressor substance
was a phenolic amme. Actually this enzyme has the property of
oxidizing mono-diltydro oxyphenols and ortho-hydro oxyphenals to
Inactive quinones, the latter having no effect on blood pressure.
Schroeder demonstrated that tyrosmase mnactivated remn in vitro
m the presence of catechol and also hypertensin This latter result
has been confirmed by Croxatto and Groxatto (1941c, d) The in-
jection of tyrosinase mto hypertensive rats, dogs and patients pro-
duced a distinct fall of blood pressure and improvement of many
of their symptoms The studtes of Alles, Blohm and Saunders (1942)
indicated that the amount 1njected by Schroeder and his collaborators
was very much less than that which was capable of accelerating the
oxidation of drphenolic amines

Furthermore, 1t 15 known that the injection of tyrosmnase pro-
duces mtense local reactions with or without fever which might well
be the cause of the fall of pressure Prinzmetal, Alles, Margoles,
Kayland and Davis (1942) obtained 1dentical results in the treatment
of hypertenstve patients with an extract of mushrooms in which the
tyrosinase was mactivated by heat

ANTIRENIN

Johnson and Wakerlin (1940a, b), Wakerhn and Johnson (19412,
b) and Johnson, Wakerlin and Goldberg (1941) attacked the problem
of the neutralizauon of remin from the immunologic poifn of view
Repeated 1njections nto rabbits of an impure preparation of .duf,:
renm produced in the serum of these ammals preclpxte.x:xts 'agnms"
the pseudoglobulins ot the extracts and a prnciple called “antiremn
which neutralized in witro the acute pressor action of the nnugvn.:c
renin and also renin from other species. Antiremmn was obtamed 1;1
dufferent anmmals by the njection of heterologous but not homol-
ogous renin, .

“We have not been able to obtain a neutralizing action of rn_u]n
1n the serum of dogs and rabbits which have been injected dml)!' Dw:; :
pig renin for 30 to 40 days Perhaps our failure {ms been due ot
fact that we have used preparations of renmn which were more }:hu
than those of Wakerlm and Johnson, and perhaps due to the fact
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we have not continued the 1njections over a sufficient length of time.
‘Winternitz, Mylon and Katzenstemn (1941b), and Friedman, Kruger
and Kaplan (1942) were also unable to demonstrate the presence
of antiremn 1n the serum of dogs injected with renm despite follow-
ing the technique of Wakerlin and collaborators 1n all therr details

Goldblatt, Katz, Lewss, Richardson, Guevara-Rojas and Gollan
(1948) produced antirenin m the serum of dogs mnjected with renin
mtramuscularly In these animals the mntravenous injection of renin
even 1n Jarge doses was incapable of producing a i1se of pressure
‘The serum of these amimals also destroyed or mnactivated renin in
vitro as evidenced by the fact that the mnjection of a mixture of remin
and its antiserum did not produce a pressor effect in normal dogs

The annserum produced by njections of pig remin acts in vivo
of 112 vatro against the remin of other ammals but not against human
renin (Goldblatt, Katz, Lewss, Richardson, Guevara-Rojas and
Gollan, 1943, and Johnson, Smith, Gomberg and Wakerln, 1943)

1f renmn were the pressor agent in hypertensive dogs, the repeated
injection of heterologous remn wonld produce antirenin and thus
would neutralize tn vivo the pressor action of the animal’s own renu.
Walerlin and his collaborators apphied this form of treatment to
dogs made hypertensive by renal 1schemia and to dogs with spontane-
ous hypertension (Wakerln, Johnson and Gomberg, 1911). Daily
intramuscular injections of pig renin for four months produced 2
marked lowering of blood pressure in four dogs with renal hyper-
tension while pig renin, mactivated by boihing, and dog renin were
inefficacions ‘The serum of dogs treated with pig remin neutralized
the acute pressor action of renn

In the experiments of Wakerhn, Johnson and his collaborators,
there are several weak points In the first place the extracts employed
were very impure so that 1t 1s possible that the depressor effect was
due to some ympurity Wakeritn, Johnson, Smith, Moss and Werr
(1913) were not sure that 1t was due to the renm tself since purer
Preparations of remin veere less active Furthermore in one of the dogs
treated with pig remn in which the antirenin titer ol the serum
Temaned essentially unaltered for twelve months after stopping the
treatment, the blood pressure slowly rose until 1t reached the hyper-
tensive level which was present hefore the treatment. It therefore
@n not be said that 1 tlus dog the teduction of blood pressure
which followed injections of tenm was due to the appearance of
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antirenin in the blood Wakerlin, Johnson, Smith, Moss and Weir
(1942) and Wakerlin, Johnson, Smuth, Gomberg, Weir, Moss and
Goldberg (1913) stated that their Tesults could not be explained
by the presence of antirenin Furthermore, neither Friedman, Kruger
and Kaplan (1942) nor Williams (discussion of Wakerlin and John-
son, 1941b), nor Goldblatt, Kahn and Lewis (1942) have been able
to repeat these results which Wakerlin and his collaborators had
obtained in only a small number of animals.

Wakerlin, Johnson, Smmth, Moss and Weir (1942), Wakerlin,
Johnson, Smuth, Gomberg, Weir, Moss and Goldberg (1913), and
Wakerlin, Johnson, Kamm, Goldberg, Donaldson and Gomberg
(1945) treated fifteen dogs with renin belore attempting to produce
hypertension by constriction of the renal artery. Pig renin s
administered for two to three months to four d9gs After producing
renal 1schemia, two of them developed hypertension and two dud
not. Four dogs received nactivated pig renin for one and a half
to two months. Constriction of the renal artery produced hyperten-
sion 1 three and no change in pressure in one, Four dogs recexved
dog renn for three months before constricting the renal arteries
Two developed hypertension and two did not. In one dog which
recetved rabbit remn thiree months before constriction of the rens)
artery, no hypertenston developed Injections of inactivated .hum:m
renin were not capable of preventing the blood pressure me'dne
to renal 1schemia in two dogs In summary, of fifteen df:gs submll!‘ed
to a “prophylactic” treatment with different preparations of remndy
six did not develop hypertension 1n contrast with sixteen l.mtreat.e
controls, all of which developed hypertension after renal ischemiz.
The authors concluded that the mijections of renin had exercised
a prophylactic action and had prevented the development of l;yl(t:
tension As regards the mechamsm of action, the aut\"xors exc:; iy
‘the 1ntervention of antirenn and doubted if the action C?U} #
attributed to renin or to other substances contained in the lljljcrc‘f:d
preparation Wakerhin, Johnson, Moss and Goldberg (194'4) O:'ignon
a depressor effect from renal extracts even after ]}eat inacti "
under which circumstances no antirenin nppe:fred in the st;ruf;lg.! )
a more recent publicalion, Johnson, \V;\Lerl.m and Sn‘lil‘l)‘:]c(bu""
reported that the immune substance was found in the pseu 3 St it
fraction, was destroyed at 75 to 80°C for one half hour, an
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would occur without resulting deamination, thus giving rise to the
formation of pressor amines, the accumulation of which would pro-
duce hypertension
Certain pressor amines may be inactivated by precursors of quin-
ones (Oster, 1942) Friedman, Soloway, Marrus and Oppenheimer
(1942) tested the action of a group of quinones on the blood pressure
of normal and hypertensive rats OF ten quinones tested, four pro-
duced falls of blood pressure n hypertensive rats without affecting
the pressure of normal rats. These four guinones were sodiom
rodizonate, an orthoquinone of little stability; trimethylparaquinone
which produces toxic symptoms; and 2.5 dimethylparaquinene (xylo
quinone) and 2 methyl, 5 isopropylparaquinone (thymoquinunt)
both of which when administered by injection or orally lowered
blood pressure without producing hyperthermia or toxic symptoms
The mechantsm of action has as yet not been elucidated According
to the above authors, the quinones might act by destroyng or 10
activating pressor amines, by conjugation, by the formation of Scuft
bases, or by acting as catalyzers of oxidative deamination .
Oster and Sobotka (1943) tested several orthoquinonic der.xvamts
of adrenalin on the blood pressure of nonmal and hypertensive rats
The mtramuscular or meraperitoneal injection of 2-jodo adreno
chrome (10 to 100 mgm, daily for four to six days) and of 2bromo
adrenochrome 1 similar dosage produced a fall of blood pressur®
in hypertensive rats but not m normal rats The‘fzressu.re fel} ;l;
normal levels without the appearance of fever or toxic manifestatio
and returned to therr initial level on suspending treatment.
Schwarz and Ziegler (1944) observed an antipressor effect hYP";‘
tensnve rats of vitamin K which is a qunone As Grollman (m"ﬁz
pointed out, the dose of 10 mgm employed sug.gesls 3 nun[!ipeczvz
toxic effect In 1 mgm. dosage, Grollman found it to be mc' EC:H“
in reducing blood pressute Oppenheimer, Soloway and LOW:‘:;“ES
(1944) reported the effects on blood pressure of fe\'eral qll:1 s
and noted promising depressor effects 1n hypertensive rats al; "m;
following the admrmistration of 1,4-cyclohexandione. Opp? )ec pi
Lowenstein and Hyman (1944) found that 1,4'CYCIOhexnnh‘orl‘]lUOd
tramuscularly in a dosage of 10 mgm per kgm. Towered :hce tlood
pressure of hypertensive dogs and rats b“f had no effect'on osersed
pressute of normal dogs and rats No m){m symptoms wer\':m e ad-
A latent period of three to seven days intervened betwe!



317

After T the j, jectiong

1 “lapsed b, efor, the blogg
leve,

The € Mechap, Nism of
(personal Unicy, tion)
€i

1 ect on
E ypertcnsmogen SStructiye
xypcrtensin, d N in the

! da s after the
ey, mus Cular] rly

enal ongn have Tarsed
hyperge, €nsion
e

of renjp,

e
temp nh Stccess 4,
acuo T mugh, 1on ok‘ pre.
Pressor amy, I( 15 5

e ¢
Hl nop poss:b definge, con.



CHAPTER XVII

SURGICAL TREATMENT OF HYPERTENSION
OF RENAL ORIGIN

The lack of an effective medical treatment for hypertension, the
1dle of the vegetative nervous system and of the Kidneys in the
production of experimental hypertension, and recent improvements
in surgical technique have led to a search in the surgical field for a
solution to this important medical problem In the last ten yeass
a series of procedures have been developed Surgeons have attacked
the problem by operating on (a) the kidney, (b) the adrenal glands,
and (c) the sympathetic nervous system We will discuss the results
obtained and consider especially their relation to the renal origin
of hypertension

OPERATIONS ON THE KIDNEY

NEPHRECTOMY In Chapter XIII, it was mentioned that an ap-
preciable number of cases of hypertensian are assoctated with unilat-
eral renal lesions (pyelonephritis, tumors, stones, lesions of the trunk
of the renal artery, and so forth) Butler, in 1937, reported a case of
hypertension due to unilateral pyelonephritis which was cured by
nephrectomy Since then, similar cases have been published by 2.
number of authors® Friedman, Selzer, Kreutzmann and Sampsot
(1942) studied renal blood flow before and after nephrectomy and

* Crabtree, 1927, Barker and Walters, 1938, Rradley and Pincoffs, 1938, Cﬂ’;
tree, 1938, Boyd and Lewis, 1938, Leadbetter and Burkland, 1938, Bamncy an
Suby, 1939, Morton, 1939, Bothe, 1939, Mulholland, 1939, Oppenheimer, k;;wr
erer and Moschkowitz, 1939, McIntyre, 1939, Braasch, Walters and Haar
mer, 19404, b, Nesbit and Ratlff, 1940, 1941; Bartels and Leadben;\':
1940, Howard, 1940, Everet:, 1940, Palmer, Chute, Crone and Czsl:
man, 1940; Koons and Ruch, 1940, Parch, Rhea and Codnek";
1940, Barker and Walters, 1940a, Schroeder and Fish, 1940; ’iﬂ’ 3
and Walters, 1940b, ¢, Hoston, 1940, Crabtree and Chaset, 1910, Lobo o"f-‘;:«-
Diaz Mufioz, 1941, Kennedy, Barker and Walters, 1941 Abeshouse, 194 ’]9{"
11 and Conger, 1942, Gibson, 1942, Friedman, Moschkowitz and Marr'lﬂr 194;'
Farrell and Young, 1942, O'Conor, 1942, White, Durkee and Mnrabltev ”“:
McMartm and McCurdy, 1943, Weiss and Chasis, 1943, Sweeney and le;h
Semans, 1944, Kennedy, Barker and Walters, 1944, Dean and Abels, 3
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observed a definite mcrease after operation, esen mn those patients
in whom the blood pressure did not fall appreciably Weiss and
Chasis (1943) observed the same in one case It 1s generally accepted
that unilateral renal lesions usually are not accompanted by hyper-
tension The staustics of Braasch, Walters and Hammer (1940a, b)
and Shure (1942) demonstrate this clearly There are many cases in
which the renal disorder 1s 2 coincidence 1n the course of hyperten-
ston This confronts the climaan with the problem of decding n
what cases the hypertension depends on the renal disorder and is
amicable to nephrectomy, and 1n which cases 1t 15 comcidental. A
number of factors must be evaluated

The first is the age of the patient When the patient 15 young, it is
fairly probable that the hypertension 1s due to the nmiateral renal
lesions and benefit from nephrectomy may be anticipated 1f the hy-
pertension has not lasted too long. When the age 1s over 40, the pos-
sibility of a simple comcidence of diseases 1s more likely Palmer,
Chute, Crone and Castfeman (I940) stated that nephrectomy was
1arely beneficial for hypertension 1n women over 45 years or in men
over 50 despite the presence of umlateral renal disease,

The second factor to be taken 1nto account 1s the duratron of the
hypertension Although at first hypertension may be the result of a
unlateral lesion, it eventually produces vascular lesions in the oppo-
site normal kidney which 1n themselves are capable of maintaming
the hypertension The expenimental data of Wilson and Byrom
{1941), Patton, Page and Ogden (1943) and Gaudino (unpublished)
Support this view It 1s not known how long hypertension can persist
without producing lesions 1 the opposite kidney. Schroeder and
Fish (1940} do not advise nephrectomy for high blood pressure if the
hypertension has been present for more than two years

A third factor 15 the type of hypertension present Malignant
Bypertension contramdicates the operation since the necrotizing
arteriolar lesions of this type of hypertension are located 1n both
hdneys or only in the previously normal kidney (Leiter, 1938, Saphur
and Ballinger, 1940; Schroeder and Fish, 1940)

A fourth factor is the character of the lesion whicl affects the
kidney. Pyelonephrtis 1s without doubt the most frequent unilateral
lesion leading to hypertension. It is also the type in which ne-
Phrectomy has benefited the hypertension 1n the greatest number of
€ases In noninfected nephrolithiasis, hypertension is usually a coin-
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cidence (Palmer, Chute, Crone and Castleman, 1940, Crabtree and
Chaset, 1940; Braasch, Walters and Hammer, 1940a, b) The same
1s true of perinephritis and cortical abscesses.

Smuth, Goldring and Chasis (1948) and Goldring and Chasts (1944)
have recently pointed out that of 76 reported cases of hypertension
associated with unilateral renal disease undergoing nephrectomy,
the hypertension could be considered as cured m only seven Sensen-
bach (1944) reviewed the results obtaned in 75 hypertensive patients
nephrectonized for unilateral renal disease Using strict criteria,
the author considered that the hypertension had been cured in five
One-third of the cases had normal blood pressures but had been
followed for less than two years, one-third had a fall of blood pressure
but were sull hypertensive, and 1n one-third the blood pressure was
unchanged or higher This emphasizes the fact that considerable
caution must be exercised in deciding upon nephrectomy with the
hope of lowering blood pressure

In summary it may be said that in patients with umlateral fenaf
disease, nephrectomy 1s indicated for hypertension in young patients,
especially in those with atrophic pyelonephritis with uncomplicated

benign hypertension which has been present for no more than two

years. The number of cases actually cured by this procedure is t.!‘<-
ceedingly small, due presumably to vascular changes 1n the opposite
kidney.

Before performing nephrectomy, renal function should 133 ca\:
fully investigated 1n each kidney separately. This should include
studies of glomerular filtration with inulin, of excretory capacity
with diodrast, and of renal blood flow with diodrast. It would also
be of interest in these cases to stidy the ability of the nor{n.al kidney
to mcrease blood flow under different experimental conditions sm}::
this might give information in regard to the vascular state of 1]
opposite normal kidney
NEPHROTOMY. Nephrotomy has been suggested as 2 trcaltmcl;l(
for unilateral lesions accompanied by hypertension As has a re:l a)l’
been di d, however, nepl y does not correct :_;:e :C i
disturbances responsible for the hyperter‘lsion. Ac.tual;y. zhl: in}:ﬂ‘
ation produces areas of renal sclerosis which nvolve

may i !
i on
renal vessels producing ischemia and a resultmg]fﬁ)}pﬂlem‘
(Braasch, Walters and Hammes, 1940z, b; Abeshouse,

). For this
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Cerqua and Samaan (1938, 1939) were the first to use this procedure
for treaung experimental renal hypertension. By renal decapsu-
lation and covering the hidneys with omentum, falls of blood pres-
sure were obtaned in dogs with hypertension from constriction of the
renal artery. Interference with this circulation led to the re-estab-
lishment of hypertension These results were confirmed and empha-
sized by Mansfield, Weeks, Steiner and Victor (1939), and Weels,
Stener, Mansfield and Victor (1940) who obtained appreciable falls
of blood pressure in dogs with bilateral renal ischemia by unilateral
omentopexy or splenopexy observing, as Cerqua and Samaan (1938,
1939) had previously shown, that section of the vascular connections
between the kidney and the omentum or spleen restored the hyper-
tenssion McNider and Donnelly (1939) likewise observed that omen-
topexy produced a pronounced revascularization of the renal tubu]c‘s.
Goldberg, Redbard and Katz (1940), howener, were unable to obtain
a fall of blood pressure by approximating kidneys and denuded
muscle

Abrami, Iselin and Wallich, in 1939, made use of this the.r':\-
peutic procedure m man Two cases, one with glomerulonephmls
and the other with malignant nephrosclerosis, were tr'c:\l:d by
omentopexy with rather unsatisfactory results Almofl simultane-
ously Bruger and Carter (1939, 19%1) performed this procedu{:
in eight patients, 1 six of whom improvement of symptoms was ¢
served for six to eleven months In one of them, dying two and one-
half months after operation, the authors demonstrated vascular
communications between the kidney and the omentum DeTnlt'ri’S
and Scupham (1940) reported four cases of malignant hypeﬂﬂ;s“::
treated by decapsulation and application of omentum or muscie o
an maston in the renal cortex. There was no sigmficant reducuoner‘
blood pressure 1n any of the cases. Ritter (1941) performed !hxs;ﬂi .
ation m a patient with muld hypertenston whose bloofi ];TC.SS T
year after operation was entirely normal Resu.lts olzmme ll‘}“(host
by this therapeutic procedure have not been l.demlC(fl W;m been
observed 1n animals, Despite this a collateral cn’cuh.ﬂﬂn s s
established between the kidney and the omentum m‘SU;";n a0
(Bruger and Carter, 1939). Differences 1':.1 the results L]’bmm:lre fthe
and animals may be explained by a consxder;.mon of the na e by
renal 1schemia in the two species In dogs ischemia Ll: 1»:;‘; normal-
narrowing the main artery, the intrarenal branches bemng
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described an increase in the size and in the muscularis of the adrenal
veins in hypertensive patients. These observations, however,, have
not been confirmed recently by Dempsey (1942).

‘With the 1dea that this gland played an important réle in the pro-
duction of this disease, DeCourcy, DeCourcy and Thuss (1934) and
DeCourcy (1936) removed about two-thirds of the adreral glands
in patients with hypertension. Galata (1929) and Monier-Vinard and
Desmarest (1930) have simlarly treated some cases. The results
reported by these authors were promising. Later; however, Adson
and Allen (1936), Crile (1938) and Paliard and Martn (1939
repeated these procedures alone or accompanied by more or less
wide resection of the sympathetic nervaus system and concluded
that removal of the adrenal glands did not benefit these patients

In our opinion, the relation of the adrenal gland to renal hyper-
tension has still not been elucidated physiologically. Since clinical
and anatomic data in patients are scanty, we do not believe that
operation on these glands is justified

OPERATIONS ON THE SYMPATHETIC NERVOUS SYSTEM

Briining (1923), Pende (1923) and Daniélopolu (1923) SUggef‘ed
Spl;mchmc resection in order to eradicate the supposed abdominal
vasoconstriction and to mhibit the adremals which they considered
to be the mawn factors responsble for hypertension. The first upﬂ;
atton was performed by Piere (1927, 1932) and Rossi (1928) E.lﬂ]
consisted of umlateral splanchmicectomy. Details of early surgicd
attempts may be found in the publcation of Martin (1938).

The sertes of experiments performed by Prinzmetal and
(1986), Pickering (1936b) and more recently by Ste';ld and o
(1940} (see Chapter XV) showed that hypertension is due to 2 g
eralized vasoconstriction of humoral ongin. Surgical sympatlxectorfl};:
however, has gradually developed into a more and more extensty
operation,

Wilson
Kunhel

SECTION OF THE ANTERIOR CORD ROOTS In 1925, Rc‘o;:-
tree and Adson described a case of malignant hypertension trealcuﬂ)"
lumbar sympathectomy without sngniﬁcant‘chang'es of blood.p;fs:ms'
The hypotension and sympathetic paralysis obtained by spin: o
thesta induced Adson and Brown to introduce, 1n 1934, 2 e
techmque in the treatment of this disease which consisted of sec
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time up to two years, and observed that in 48 per cent of the cases
there was no improvement or that 1t was only transient In 28 per
cent the blood pressure was reduced appreciably and in 24 per cent
a reduction to almost normal levels was obtaned during the period
of observation. These authors noted a marked improvement of
symptoms in a large number of the patients which bore no definite
relation to the change of pressure More recently (1940), the same
authors analyzed results obtained 1n 224 hypertensive patients fol-
lowed over peniods varying between months and five years In 13
per cent the authors considered the results to be good, 1n 18 per cent
acceptable, in 39 per cent temporary. and 1 30 per cent poor. Ac-
cording to Adson and Allen (1937), the results of operation can be
fairly well predicted by the use of several preoperative tests They
considered that operative tesults would probably be poor if the
patient’s blood pressure did not fall to normal or nearly to normal
during the following procedures (a) adminustration of 6 doses of 0 03
gm of sodium nitrite at intervals of 30 minutes, (b) admimistration
of 020 gm of sodium amytal each hour for 3 consecutive hours,
{c) intravenous injection of a solution of 5 per cent pentothal inter-
mittently until the fall of blood pressure 1s established, {d) hourly
determination of the blood pressure during rest and sleep for 24
consecutive hours

The authors of this operation believe that subdiaphragmatic syr-
pathectomy 1s an advisable operation since 1n their hands 1t has given
no mortality, a good number of patients are benefited, and results
can be fairly well anticipated by the preoperative tests described

Tlus operation has been used by other surgeons Heuer and Glenn
(1911) observed only transitory mmprovement mn blood pressure
1 18 cases In 12 cases, Leonard and Oughterson (1941) reported
excellent results 1n 1 and moderate 1n 4 In our group this technique
has been employed by Introznt with vanable results and by Patifio-
Meyer, Lepera, Pataro and Pataro (1942) 1 1 case in which resection
was unilateral with a transitory fall of blood pressure and 1mprove-
ment of symptoms

RESECTION OF LUMBODORSAL SYMPATHETIGS TRANS-
DIAPHRAGMATIC SFLANCHNICECTOMY OPERATION
OF SMITHWICK This operation, which at the beginning was a
combination of the two previously described, was devised by Smith-



326 RENAL HYPERTENSION

and that the results were not temporary but persisted for years

Woods and Peet (1941) subsequently compared the mortality statis-
tics of patients treated surgically and medically. In similar groups of
patients with considerable hypertension and angiospastic changes in
the eyegrounds, there was a 33 per cent survival for five years in those
treated surgically, while in the control group treated medically, the
mortality was 99 per cent Using similar criteria in selecung hyper-
tensive patients, however, Flaxman (1944) has recently reported 2 3
per cent mortality in 244 cases of hypertension treated medically and
followed over a period of five to ten years. These statistics tend to
detract from the value of those of Woods and Peet.

In 1942, Woods reported results obtained by supradiaphragmatic
splanchnicectomy and lower dorsal ganglionectomy in a large number
of patients and claimed to have obtained a fall of pressure in more
than half of the cases. In 37.5 per cent, the pressure became com-
pletely normal i

This opinion is not shared, however, by ather surgeons White
and Smithwick (1941) reported poor results in over 90 per cent of
66 cases treated by this procedure. Recently Bartels, I"oppen and
Richards (1942) reported that in 13 operated patients, 8 died approxt-
mately 20 months later, 1 survived 4 1/2 years; and the 4 remaining
continued to have blood pressures sinular to those observed before
operation. Unencouraging results have also been reported by Page
and Heuer (1937), Davis and Barker (1938), Rytand and Holman
(1941), Bordley, Galdston and Dandy (1943)

SUBDIAPHRAGMATIC SPLANGHNICECTOMY WITH RE-
SECTION OF FIRST AND SECOND LUMBAR GANGLIA O
ERATION OF CRAIG AND ADSON. This operation was employtg
for the first tme in 1932 by Graig (see Craig and Brown, 1934)13110
was developed especially by Adson and his collaborators at lh:; T\‘;zh
Clinic in 1935 The operation consists of a h'lmbar appro:; h T
resection of both splanchmics, the celiac ganglion, and the lns;ands
second lumbar ganglia At first a large part of the adrena d";d "
was removed, but this has been omitted because the results di by
show it to be beneficial. The operation is performed in tWo thla:wo'
one for each side with an interval of about ten days belwee: the P
stages. Allen and Adson (1938) reported results obtatne! e:;;d o
hypertenstves treated by this technique followed over 2 X
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Pauents were divided into three types according to the width of
the pulse pressure in relation to the diastolic pressure. The best
results were obtained in those with narrow pulse pressures {type 1)
nhich were less than one-half the diastolic pressure and the poorest
in those with wide pulse pressures {type 3) which were 20 mm. Hg
or more above one-half the diastolic pressures The results which
were obtained were independent of the degree of vascular change
as determined by renal biopsy There was a high inaidence of regres-
sion of eyeground changes, being most apparent m those with the
more advanced alterations Of 99 patients with abnormal electro-
cardiograms preoperatively, 63 5 per cent showed slight to striking
improvement following operation Included n the series were 11
patients with pyelonephritis and hypertension, all of whom re-
sponded well to the operation. Thus statistical study of Smithwick
suggests that many patients with hypertension, especially those with
natrow pulse pressures, have been benefited by extensive sympathec-
tomy from the point of view of blood pressure, eyegrounds and
electrocardiograms

Ayman and Goldshine (1943) published a detailed report of 14 cases
subjected to extensive sympathectomy. This 15 perhaps the most con-
vinang account to date that this operation 1s beneficial. There was
striking fall of blood pressure in five, some improvement in three, no
benefit in five, and one died as a result of the operation Ayman stated
that with improvement of blood pressure, the heart might gradually
decrease 1n size, the electrocardiogram return to normal, symptoms
disappear, and incapactty be replaced by completely normal actpvity
lasting at least as long as five years He also observed that angina
pectorts mught disappear and was of the opimon that no medical
therapy had ever equated the results obtained m five of hus 13 cases
In 1o case, howeser, did the blood pressure fall entirely to normal
Gambull, Hines and Adson (1944a, b) studied the circulatory changes
following extensive sympathectomy and found that the pulse became
f;\slcr, pulse pressure decreased, cardiac output (Grollman method)
increased shightly, basal metabolic rate decreased, and leg volume
unexpectedly decreased They pomnted out the value of abdominal
binders, leg cuffs, and paredrinol sulfate in patients with severe

bostoperative postural hyp

CELIAC GANGLIONECTOMY OPERATION OF CRILE
Based on anatomic studies which, according to the author, demon-
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wick (1940). It consists of splanchnic resection together with removal
of the four lower thoracic and first lumbar ganglia

Smithwick considers that this operation, which 15 more complete,
offers a greater apportunity of cure. After this operation, the patients
have a definite postural hypotension which according to the author
is an index of the wide area of denervation.

In 34 patients followed for a period of four months to two years,
Smithwick concluded that this procedure is better than the others
and that the results are usually satisfactory providing there 15 7o
previous renal damage. Of 8 patients with renal damage treated by
this procedure, 7 were not benefited by the operation.

Palmer and Smithwick (1941) found improvement in 60 per cent
of their patients treated by this procedure. They considered that
benefit was derived erther (1) as a Tesult of pooling of blood in the
splanchnic region with a resultant reduction of venous return, car-
diac output, and blood pressure, or (2) from an elumination of hyper-
active sympathetic vasoconstriction. It is also possible that pressor
responses to posture, cold, psychic stimuli or physiologic emergencies
become altered Bartels, Poppen and Richards (1942) found' that of
41 patients treated by this procedure, 3 died, 18 had a sa[xsfnct?ry
fall of blood pressure, 11 only a shight fall, and 15 no change. Grim-
son (1942) believed that the Smithwick procedure was the operation
of choice for hypertension. 5

Hinton (1944) performed this operation on 40 pau'er.nts with essen-
tial hypertenston and reported striking improvement in the retinae
and 1n symptoms 11 some of the patients Smithwick. (1944) has r;-
cently reported the results of this operation on 156 patients A'ollowel
one to five years. The munimal operation extends from the tenth
dorsal to the first lumbar ganglta inclusive and the maxllmal fm!;l
the sixth dorsal to the third lumbar inclusive The operative morl!;'!l:
ity was 2 8 per cent. Bilateral complete resection of the first l.\u:{l“:d
is followed by inabulity to ejaculate in males Resul{s weri J“szri'ng
according to the magnitude of the effect on the horizontal 1€
duastolic blood pressure level and were as follows:

Cases Effect on Blood Pressure
Group Number Per Cent Lovering of 30 mm Hg or more

; g‘f’ gg Lowenng of 20 to 29 mm"HS

3 28 179 Lowering of 10 to 19 m g

4 17 109 Lowenng of 4 to 9 mml wg I
5 15 97 No change or higher blood P
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sure, (b) an improvement of symptoms with transient fall of blood
pressure, (c) an improvement of symptoms without change of blood
pressure, and (d} no improvement in symptomatology The improve-
meng of symptoms observed in the majority of pauents with or
without change of blood pressure 1s difficult to explan It must be
remembered, however, that a number of therapeutic measures are
capable of altering the symptomatology i hypertension, and that
suggestion, 1self, 15 quite effective. A surgical procedure of this
magnitude may be capable of modifying the symptoms of many
pattents through its psychic effect, 1est, dietary regimen, and so forth.
The results obtmned by Albanese, Vedoya and Gonzilez-Videla
{1942) are suggestive n thus respect These authors found that symp-
toms disappeared for 15 to 60 days after novocamization of one or
both splanchnics Some unknown factor, however, can not be ex-
cluded

(2) Transitory falls of blood pressure are observed 1 the majority
of patients following sympathectomy and may be explained 1n several
ways Hypertensive individuals frequently have periods of transitory
aggravation of their disorder characterized by further rses of blood
pressure, accomp d at tumes by eyeg d changes, spasms, hemor-
thages, and cerebral manufestations which can be controlled by vari-
ous therapeutic measures, espectally bed rest It 1s probable that
some of the patients who have had a transitory improvement follow-
ing operation helong to thys group Secondly, 1t 1s known that
prolonged bed rest, diet, surgical shock, reabsorption of exudate, -
fection, ussue trauma and any surgical intervention of considerable
maznitude produce a transitory fall of blood pressure Volmi and
Flavman (1939) and Adamson and Dubo (1943) reported that changes
1n blood pressure observed after abdominal operations were similar
to those observed 1n the majonity of cases of sympathetic resection
Rojas, Smithwick and White (1944), howeser, were unable to confirm
these reports Nonspecific operations on 100 patients with hyperten-
ston produced an immedsate fall of blood pressure 1n many but the
fall was not pronounced and 1n the great majority ot cases persisted
for only a short tyme Lumbodorsal sympathectorny by Stmithwich in
100 cases produced a reduction of blood pressure in a great majority
of the pattents which persisted for a cunsiderable penod of observa-
ton Most important of all was the fact that the blood pressure did
not fall unt after the second stage of the operation

Since the nervous system undoubtedly exerts an influence on blood
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strate an increase in size of the periaortic plexuses and based on
studies of comparative anatomy, Crile concluded that hypertension
is due to an overactivity of the sympathetic nervous system Although
this concept 15 doubtful for reasons already discussed, Crle advo-
cated resection of the celtac ganghon and denervation of the aorta
with or without denervation and partial resection of the left adrenal

In 1939, Crile reported results obtained by this procedure in 175
cases and reached the conclusion that this operation can be expected
to produce a permanent fall of blood pressure in 17 per cent of cases
and an appreciable improvement in 87 per cent. These results were
confirmed and extended subsequently to a total of 535 operated cases
Crile believed that 1f the operation was performed early, cure of the
disease might be obtained If done later, the results varied according
to the stage of the disease.

SUBTOTAL OR TOTAL PARAVERTEBRAL SYMPATHEC-
TOMY. OPERATION OF GRIMSON. Allen and Adson suggested
total sympathectomy for the treatment of hypertension Grimson, 1n
1941, described the techmque which consists of transthoracic Tesec:
tion, and at times also abdominal resection of the sympathetic chains
including the stellate ganglion, both thoracic chains, the celiac gang:
lion, and frequently the first and second lumbar ganglia

Grimson, Alving and Adams (1941) found that this operation .was
well tolerated, and was followed by hypotension and loss of sweating,
but no change 1n digestive, respiratory or urinary function. Gnms.oﬂ
(1942) recently reported results obtained in 18 severe hypertensive
patients treated by this procedure, Three died as a result of the
operation Observations on the remaining 15 over a period of 4 to 2t
months led the author to believe that the progress of the disease was
stopped or retarded 1n all The operauve risk in the late stages of
this disease is evidently great It is still too early to deade wh.ﬂ;
usefulness the procedure of subtotal or total sympathectom'y wil
have The results, however, have been sufficiently encouraging to
continue the use of this treatment

An analysts of the results of sympatheti
should include its effect on (1) symptoms, (2) bloo
cerebral vascular accidents, (4) retinal vessels, (5) car
(6) renal function, and (7) the progrcssion of the disease. oy be

(1) From the foregoing discussion, it is apparent that th;lrc r; Ym‘
(a) an improvement of symptoms with permanent fall of blood P!

c surgery for hypertension
d pressure, 3
diac function,
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rapid progression of the disease becomes slowed down although it
still progresses From other reports, this may be surmised, No de-
tailed information is as yet available on this most important pont,
nor is there any explanation as to why this should, if 1t actually does,
oceur.

From a practical point of view, 1t 15 difficult to explain why some
patients with hypertension of long duration apparently become
defimtely improved while others under the same conditions show no
change According to most authors, results are best when the patients
are young and the disease mild, but this 15 not always the case since
many apparently severe cases with eyeground changes and frank
clevation of blood pressure have been benefited by the operation.
How can these app dscrepancies be expl How can the
variable results obtained by the same procedure by different surgeons
with recognized technical shill be explained? It 15 possible that these
points which are sull obscure may become clanified by a methodical
study of the patients and of the character of their hypertension, and
by meticulous follow-up studies It 1s to be hoped that more informa-
tion will be forthcoming mn the near future on the various points
mentioned above.

Published statistics suggest that these operations have real im-
portance. Because of the lack of benefit in experimental hypertension,
the nconsistencies m published reports, and the relatively short
period of postoperative observation, we believe that final judgment
should be reserved at this time In our opimon, sympathectomy can
not be considered as a cure for hypertension From what can be
gleaned from the literature, however, 1t does appear to occupy a real
place in therapy,

Of the numerous surgical procedures proposed for the treatment
of hypertension, three are of value (a) nephrectomy, (b) nephropexy,
and {c) sympathectomy Nephrostomy, tenal denervation, omento-
Pexy and adrenalectomy lack therapeutic value.

Nephrectomy may be indicated 1n cases with umlateral lesions
Prefembly when the hypertension occurs in young individuals and
when 1t is of short duration and without apparent vascular lesions
Ttis important before deaiding on nephrectomy to study renal blood
flow in both kidneys separately and the functional capacity of both
kidneys Diminution of blood flow and of function in the discased
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pressure in hypertensive individuals as manifest by rapid changes of
blood pressure in response to a variety of emotional, painful and
other stimuli, it would appear that extensive sympathectomy removes
the majority of efferent pathways over which these impulses travel,
It 1s presumably by this mechanism that blood pressure is lowered.
In most patients, the blood pressure does not become entirely normal
and 1n them the hypertension which does remain is obviously deter-
mmned by some factor or factors other than the sympathetic nervous
system.

(8) Little is known concerning the occurrence of cerebral vascular
accrdents following sympathectomy, except that such complications
are a frequent cause of death. It would appear, although statistical
analyses are not available, that this operation does not matkedly
affect their occurrence.

(4) Retsnal vascular changes revert toward normal in many pa-
tients following sympathectomy. The significance of such improve-
ment in relation to the general arteriolar system is not entirely clear.

(5) From the report of Ayman and Goldshine (1943), it is apparent
that cardiac function may be improved to a variable degree, and.az
times dramatically, by extensive sympathectomy. The cleurocan?lo
gram shows changes in the direction of normal following operation
in the majority of cases (Smithwick, 1944). It therefore appears that
cardiac function is mproved in a certain proportion of cases buta
detailed analysis of this point has not as yet appeared

(6) Since renal 1schemia is apparently a common cause of hyper-
tension, it has been thought that the improvement observed in thest
patients might be explamned by an increase of 7enal blood flow as ;
result of sympathectomy. Selzer and Frredman (1941.), Corcoran ;n&
Page (1941c), Goldring, Chasss, Ranges and Smith (1941) dD
Woods, Peet and Foi (1942, b, 1943), however, in extensive S:‘ ‘“;
performed with inulin and diodrast have shown thae renal [ot;e
flow 15 unaltered after sympathectomy. Recently Corcoran atjd PZ; :
(1941a) concluded that a diminuton of pulse pressure wa\s' st
cerned with the Iiberation of renm by the Kidney, and Fol, Wo "
Peet and Fod (1943) considered that the favorable {'esu]ls obsf‘:\:“.
1 some operated patients could be artributed to this Phcntjml o
We do not believe, however, that this interpretaton is entirely

able (see Chapter VIIT .
CEl(J';) Gri(mson (1542) state)d that following sympathetic surgery, the
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rapid progression of the disease becomes slowed down although it
still progresses From other reports, this may be surmised. No de-
tailed information is as yet available on this most important point,
nor is there any explanation as to why this should, if it actually does,
oceur,

From 2 practical point of view, it 15 difficult to explain why some
patients with hypertension of long duration apparently become
definitely improved while others under the same condittons show no
change According to most authors, results are best when the patients
are young and the disease mild, but tlus is not always the case since
many apparently severe cases with eyeground changes and frank
elevation of blood pressure have been benefited by the operation.
How can these apparent discrepancies be explained? How can the
variable results obtained by the same procedure by different surgeons
with recognized technical shill be explained? It 1s possible that these
points which are still obscure may become clarified by a methodical
study of the patients and of the character of their hypertension, and
by meticulous follow-up studies It 1s to be hoped that more informa-
tion will be forthcoming 1n the near future on the various points
mentioned above,

Published statistics suggest that these operations have real im-
portance Because of the lack of benefit 1n experimental hypertension,
the inconsistencies 1 published reports, and the relatively short
period of postoperative observation, we believe that final judgment
should be reserved at this time In our opinion, sympathectomy can
not be considered as a cure for hypertension From what can be
gleaned from the literature, however, it does appear to occupy a real
place in therapy,

OF the numerous surgical procedures proposed for the treatment
of hypertension, three are of value: (a) nephrectomy, (b) nephropexy,
and {¢) sympathectomy. Nephrostomy, renal denervation, omento-
pexy and adrenalectomy Jack therapeutic value

Nephrectomy may be indicated in cases with unilateral lesions
preferably when the hypertension occurs in young individuals and
when 1t is of short duration and without apparent vascular lesions
Itas important before deciding on nephrectomy to study renal blood
flow 1n both kidneys separately and the functional capacity of both
kidneys. Diminution of blood flow and of function in the diseased
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Nidney without appreciable change in the normal kidney are im-
portant factors for deciding to operate. The existence of a moderate
diminution of blood flow in the normal kidney is not & contraindica-
tion for nephrectomy since this possibly may be due smply to 2
functional alteration produced by pressor substances liberated by the
diseased kidney.

Nephropexy may be indicated in isolated cases of orthostatic
hypertension 1n which the existence of a diminution of renal blood
flow 1n the upnight position 1s demonstrated.

Sympathectomy Numerous operations on the sympathetic nervous
system have been employed for this form of treatment of hyperten-
sion These include section of the anterior cord roots, bilateral
supradiaphragmatic splanchnicectomy and lower dorsal ganghonec-
tomy, subdiaphragmatic splanchnicectomy with resection of the first
and second lumbar ganglta, celiac ganglionectomy, subtotal or total
paravertebral sympathectomy, and lumbodorsal resection with trans:
diaphragmatic splanchnicectomy.

This latter, known as the operation of Smithwick, has apparently
given the best results to date. i

The operation gives best results in young subjects with 2 labile
hypertension without vascular complications Certain tests have been
devised for the preoperative selection of patients

The results obtained by different authors who have per[ormed
sympathectomy mn a large number of patients are not in agreement:‘

In our judgment hypertension of long duration has Iittle prf) g
ability of being cured by sympathectomy. Sympathectomy, however,
according to the existing data in the literature, 15 2 therapeutic
measure worthy of consideration for many cases of hypertension.



CHAPTER XVIII

HUMAN HYPERTENSION AND EXPERI-
MENTAL HYPERTENSION

In this chapter the relation between human and experimental
hypertension will be discussed 1n order to pomt out similarities
and differences exasting between them and to formulate problems
which are still unsolved and which may serve as a basis for further
investigation References will be omitted 1 order to facilitate the
discussion The reader will be able to find the original references 1n
previous chapters

HUMAN AND EXPERIMENTAL RENAL HYPERTENSION

In Chapter X1II 1t was pointed out that all types of experimentally
produced renal hypertension have therr counterpart m human
pathology Isolated cases have demonstrated in a more or less con.
vincing manner that destructive processes of the parenchyma such
25 perinephritis, vascutar lestons, and changes i the unnary wrace
are associated with hypertension, presumably mn the same manner
as in the experimental animal Histological evidence mdicates that
in man the presence and degree of hypertension parallel closely the
existence and degree of renal vascular lesions When the venal process
affects the vessels of both kidneys ly as in glomerulonephriti:
and pyelonephritis, hypertension 15 almost constant In disorders of
the urinary tract both 1n man and in animals, hypertension 1s almost
always absent In bilateral lesions of the urinary tract, the frequency
of hypertension 1n man 15 somewhat less than that observed after
eXpenimental obstruction of both ureters 1n the dog. These differ-
ences are logical because in man as a general rule disorders of the
urinary tract affect renal function and arrculation only slightly,

In the hypertension produced by unilateral renal lestons, removal
of the affected Lidney abolishes the hypertension in animals and
oceasionally 1n man. Recently Smith, Goldring and Chasis (1943)
In a critical study of data 1n the literature, concluded that of 76
hypertensive individuals with unilateral renal lesions, only in 7 did
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nephrectomy produce a definite and maintained fall of blood pres-
sure. If 1t is assumed that the hypertension in these patients was due
to unilateral renal 1schemia, these results are different from what
occurs in dogs since in this animal removal of the ischemic Kidney
is accompanied in all cases by a fall of blood pressure to normal
levels These difierences may be explained in two ways® (1) the
differences possibly depend on the cause of the renal ischemn in
man and in dog, on the time during which the hypertension has
been mamntained, or on the character of the renal lesion, (2) it is
possible that man behaves hike rats in respect to unilateral renal
lesions associated wath hypertension. In these animals nephrectomy
becomes progressively less effective in curing hypertension produced
by unilateral cellophane nephritis the longer the duration of the
hypertension. This 15 due to the fact that the unilateral disorder
rapidly leads to the appearance of arreversible lesions in the kidney
on the opposite side Despite the similarity of the behavior of human |
and experimental renal hypertenston, it must not be forgotten that in
man the renal lesions may often be a simple coincidence This point
deserves further study. Human hypertension of renal origin has the
same characteristics as hypertension produced in animals by renal
ischemia.

ESSENTIAL HYPERTENSION AND EXPERIMENTAL HY-
PERTENSION FROM RENAL ISCHEMIA

Studies of the characteristics of animals made hypertensive by con-
striction of the renal artery and of hypertensive patients have shown
many similarittes Lewis and Goldblatt (1942) have Jisted these in 2
table which we have reproduced in a slightly modified form (sce
Table 6) .

It will be noted that there 1s a close similarity between essential
hypertension in man and experimental renal hypertension n the dog
while there are many differences between human essential hyper-
tension and experimental neurogenic hypertension in am'_mnI&

In Chapter XIV, we presented anatomic evidence indgcntmg ‘hf"
renal vascular lesions are demonstrable in most patients with essential
hypertension In the majority of patients with essgmial hypcrter}swné
there is a certain degree of renal ischemia as indicated by studies o
renal function. Both the anatomic and functional changes 'ha"‘f
been interpreted by some as indicative of a renal ischemic origin ©!
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eysential hypertension while others have considered them to be the
Tesult of the hypertensive process We have discussed the evidence
from bath pomnts of view. We believe that the evidence points to the
kidney as playing an important rdle i the production of essential
hypertension

In the present state of our knowledge, we are unable to determine
whether the renal changes which lead to hypertension are primary
or whethler m their production other mechamsms are 1nvotved. It is
probable that the pathogenesis of this disease is somewhat similar
to that of diabetes, as Smith, Goldring and Chasis (1948) have sug-
gested Diabetes depends on changes 1n the pancreas which are
primary or secondary to changes 1n other glands (hypophysis, adrenal,
thyroid, and so forth) As regards hypertension, however, we believe
that the mechanism by which blood pressure rises involves an an-
atomic or functional change in the kidney leading to 15 ischemia.

Tasug VI
Tuman ‘Experumental Crperimental

Aspect Considered Essential Tenal Neurogenic
TMeart rate Normal Normal Increased
Cardinc output Normal Norma] Increased

lood valume Norpral Normal Increased
Blood niscosity Normal Normal
Penpheral blood Normal* Normal Tncreased

ow
Sympathectomy Ofters improves Nesther prevents | Prevents or abohishes
cures most eompletel;
Bplanchmcectomy Often improves Neither prevents | Prevents or sbolishes
o eures most completely

Renal blood flow Reduced Reducedt Norma!
Renal ex T ~

funeta . .
Cardine . ntricle—marhed

N t. dog.

Pulmonary artery | Normal,mereased | Noraat

Pressure 1n left ventricu-

Jar faifure
Thyrouectomy Neither prevents | Neither prevents .
. nor cures

Iktﬁnl vascular In late stages In late stages Nomt

changes
Genershzed  arten- | Tnmalignant stage | Tnmalignant stage | None

olar necross and

nectobizing arteni-

™

¢ Disputed Abramson and Fierst, 1912,
;nlxpnled Corcoran and Page, 1951b
Dr Stanley J G Nowak- personal commumeation, 1915,
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THE CHEMICAL MEDIATOR OF HYPERTENSION

As we have had occasion to point out in the course of this book,
1t has been demonstrated that renal ischemia liberates renin mto the
renal venons blood. The propertiés of renin depend on its capacity
to form hypertensin when 1t is incubated with plasma or serum under
appropriate conditions. Although renal ischemia under certain con-
ditions is capable of liberating renin, and although this substance
is found 1n the blood 1n certain types of renal hypertension, it does
not necessarily follow that renin plays an exclusive réle as the
chemical mediator of hypertension. In order to consider that a sub-
stance 15 the cause of hypertension, it is necessary (1) that the physt-
ologic effects produced by its injection reproduce the changes found
1 hypertenston, (2) that it be demonstrable in the blood of patients
with hypertension, and (3) that it be found in lesser amounts mn the
blood of pattents with normal blood pressure.

Let us consider how renin satisfies these conditions.

(1) PHYSIOLOGIC EFFECTS OF RENIN: The pharmacologic
effects of renin and the arculatory dynamics in hypertensive animals
are summarized in Table 7, which is a modification of that pub)i:hed
by Lewis and Goldblatt (1942) Analysis of this table reveals a good
parallehsm between the two Such similarities do not constitute
proof but are compatible with the hypothesis that renin is the che_m-
1cal mediator of hypertension, Some other pressor substances which
have been considered as causes of renal hypertension have pharma-
cologic characterstics which are dissimilar and make their participa-
tion unlikely Thus, for example, the pressor action of adrenalm,
tyramine, guanidine and pitressin is accompanied by a strong
constriction of skin vessels which is contrary to that o})served m
hypertension and mn animals following an injection of renin. The in-
jection of Fourneau 933 produces the same change in blood pr_essmef
n normal as tn hypertensive animals, whereas it inverts the action o

adrenalin This is evidence against the theory that adrenalin is con-
cerned in hypertension Since cocaine is not capable of abolishing
it 15 most unlikely that tyramine is the causal agent

hrontc renal hyper-
mental renal
levated titer

hypertension,
Strong evidence that renin 15 the causal agent of ¢ C
tenston in animals is the prevention and cure of experl
hypertension 1n dogs following the production of an ¢
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Aspect Considered

Effect of Intrayenous
Tnjection of Renn
Into Normal Anirals

Expenmental Renal Typeetension

Heart rate

Cardue output

Total sympathectomy
Destruction of core
Uypophysectomy ..
Thyroidectomy
Gonadectomy

Acute adrenalectomy

Chronie adrenalectomy

Bilateral nephrectomy
Pengherel blood fow
Renal erentation
Blood pressure

a Fourneau 933

b Coctine

. Pulmonary artery
pressure
2. Duration of pres-
ction
e Tachyphylaus

{ Permanent hy.
pertension

No change
No change
Pressot action not reduced
Pressor action not reduced
Pressor action ot reduced

Pressor action not reduced
Pressor action not reduced
Pressor action not reduced

Pressor action reduced or
abolishe

Pressor_action restored by

No change
No change
lood preswure at reduced
Hypertension not abolished

but not completely

Neither prevented nor cured

Neuther prevented nor enred

Rase of blond pressure produced by
1schemye kiduey grafts not pre-
vente

Tlypertension prevented or sbal-

s
Hypertension pachilly restored by

Greater pressor effect
Not reduced dunng mse of

Efferent glomeruler arteriole
‘eonstricted

Pregsor effect nut inverted by
Fournean 633

Pressor effect not modified by
aime

No rise of pressure in pulwo-
nary artery

Persistence of pressor action
after & sngle injection no
greater than 2 hours

Repented imjections produce
tachyphytaxis

Permanent. hypertension bas
not been obtained by con-
tinuous inyections of reain

esory,
Greater tise of bland pressure pro-

duced by 13cheme kadney grafts
Not reduced 1 hypertenive rab-

its
Efferent glomerular artenale con-
stricte

T 933 produces same fall of blood
pressure it pormals and hyper-
tensives

Cocaine produces no fall of blood
pressure 10 dogs with hyper-
tension from ligation of renal
arteries

Pulmonary sriery pressure normal

Persistence of hypertension after
‘removal of tscheme kidaey usu-
ally greater than 6 hours

Persistent hypertension Normal
o tnereased senutivity to renin

TPermanent bypertension

in the blood of antirenin by the mtramuscular mjection of heterolo-
gous renin The possibility that the blood pressure falls are due to
the injection of foreign protemns can not, however, be entirely
excluded even though no local or systemic reactions hase been ob-

senved,

A most important point which has not been adequately studied is
the possibility of producing persistent hypertension by continuous
injections of renin 1f this could be done, it would not onty reprodace
the disease but would also demonstrate that tachyphylawss is not
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capable of preventung the development of hypertension. With
adrenalin and with tyramine it has not been possible to obtain
persistent hypertension,

It has been stated that since hypertensive animals are as sensitive
or even more sensitive to the pressor action of renin than normal
animals, renin can not be the etiologic agent tesponsible for hyper-
tension. This is a plausible argument since the further addition of 2
substance capable of producing tachyphylaxis ought to produce 2
diminished response. The cause of renin tachyphylaxis 1s largely due
to the reduction of hypertensinogen concentration in the plasma
The presence of a normal hypertensinogen concentration in hyper-
tenston may possibly explain the normal sensitivity of hypertensive
animals to renin. .

A further argument aganst the rdle played by renin in the genesis
of hypertension 1s that removal of the ischemic kidney in hyperten-
stve dogs causes the blood pressure to return to normal in the course
of about six hours or less while the falls obtained after injectons of
Tenin appear to be much more rapid It must not be forgul'l:n, how-
ever, that injection experiments have been carried out with heter-
ologous renin and that the dosage employed may have altered these
TESpOonses. .

Despite these objections, renin may still be the chemical medlﬂ(}‘:r
of hypertension. Some of these phenomena may be due to :)[‘
presence of mpurities which modify its action, although itis posst 1:
that hypertension is the result of the action of several pressor su
stances

(2) DEMONSTRATION OF RENIN IN THE BLOOD O’F l‘f[lys
PERTENSIVE ANIMALS AND HUMAN BEINGS. Renin ha
been demonstrated in the renal venous blood and in the sYSfChmslz
blood of animals with renal hypertension dux:ing the acu;& P le'
of hypertension It has been demonstrated dl.‘lﬂflg the ﬁ;st :(?ry .
lowing ischemia, especially when the constriction of the ?ﬁ ey
extreme and when accompanied by signs of severe renal insu! et
It has been detected in a few human beings during the acute x}: i
hypertension (acute glomerulonephritis, toxemia of p;{gﬂimczi c;ncy
animals with chronic hypertension with or without rena mst by
as well as in patients with essential hypertension, the mos

results have been uniformly negative up to this tume.
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This diference between acute and chronic hypertension is a curi-
yus one and remains quite unexplained It 1s possible that the appear-
nce of renin in the blood during the acute period of ischemia is
due to autolysis of renal tissue as a result of the severe 1schemia. In
his case renmn 1nstead of causing the hypertension, would be the
wesult of a destructive process. Another mterpretation might be that
renin 1s the mutiator of a series of processes which lead to hyperten-
sion, which once produced persists providing the condition created
by the renal 1schemia persists. A third possibility is that due to the
extreme ischemia during the acute phase, remn 15 produced in such
large amounts that it can be detected by existing methods in the
blood As the process becomes chronic, 1t duminishes in amount so
that it is not recoverable by these methods but nonetheless capable
of maintaining the hypertension Although there are many other
possibiltties for explaining these dafferences, it is useless to review
them New investigations should be fruitful

From what has been said, we may conclude that renin does not
fulfifl sausfactorily the second condiion It is to be hoped that with
improvement of methods for the detection of renin this 1mportant
point will be clarified

(8) DEMONSTRATION OF RENIN IN THE BLOOD OF
NORMAL SUBJECTS. Remn has not been found in the blood of
animals or human beings with normal blood pressure It has been
Possible, however, to detect 1t 1n the blood of patients and animals
1n.a severe state of shock. This 1s 1n no way contradictory since under
condittons of artersal hypotension, there 15 renal ischemma and,
therefore, a liberation of remn The fact that the hberated renin is
not capable of elevating the pressure 1s easily explained by the action
of the various factors responsible for the shock.

From what has been said, there are a group of similarities between
hypertension from renal ischemia and human hypertension. Al
though it can not be definitely stated that the two are identical, evi-
dence indicates that in human hypertension the kidney plays an
mportant réle.

_ The erucial proof of the identity of both would be the demonstra-
tion 1 the blood of the renal pressor substance responsible for the
hypmcmmn. ‘This proof is still Jacking but 1t is to be hoped that
Rew investigations will offer a solution to this important problem.



340 RENAL HYPERTENSION

capable of preventing the development of hypertension. With
adrenalin and with tyramine it has not been possible to obtain
petsistent hypertension

It has been stated that since hypertensive animals are as sensitive
or even more sensitive to the pressor action of renin than normal
animals, renin can not be the etiologic agent responsible for hyper-
tension This 15 a plausible argument since the further addition of 2
substance capable of producing tachyphylaxis ought to produce a
diminished response. The cause of renin tachyphylaxis 1s largely due
to the reduction of hypertensinogen concentration in the plasma.
The presence of a normal hypertensinogen concentration in hyper-
tension may possibly explain the normal sensitivity of hypertensive
animals to renn. .

A further argument aganst the rdle played by renin in the genesis
of hypertension is that removal of the ischemic kidney in hyperten-
sive dogs causes the blood pressure to return to normal in the course
of about six hours or less while the falls obtained ;}Etcr injections of
renin appear to be much more rapid. It must not be forgotten, how-
ever, that injection experiments have been carried out with heter-
ologous remn and that the dosage employed may have altered these
responses. .

Despite these objections, remin may still be the chemical medlal:\'
of hypertension. Some of these phenomena may be .d\'lc to ;]‘
presence of impurities which modify its action, although it is posst ;
that hypertension is the result of the action of several pressor sU
stances.

(2) DEMONSTRATION OF RENIN IN THE BLOOD OF }}{Js
PERTENSIVE ANIMALS AND HUMAN BEINGS. Remin b2
been demonstrated in the renal venous blood and in the syst;r:s'z
blood of animals with renal hypertension during the acute p

i fol-
of hypertension It has been demonstrated dlfn.ng the ﬁ;st iat);y "
lowing 1schemia, especially when the constriction of the arte .

£ severe renal insufficiency

extreme and when accompanied by signs o ! hase o
It has been detected in a few human beings during the aculcs I
hypertension (acute glomerulonephritis, toxerma of pr[iir::‘xlﬁczicnc)'
animals with chronic hypertension with or without rt;‘namm! T eble
as well as in patients with essential hypertenfmr.!, the

results have been uniformly negative up to this time.
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This difference between acute and chronic hypertension is a curi-
ous one and remains quite unexplained It 1s possible that the appear-
ance of renin in the blood during the acute period of ischemia is
due to autolysis of renal tissue as a result of the severe 1schemia In
this case remn 1nstead of causing the hypertension, would be the
tesult of a destructive process. Another interpretation rmght be that
renin 15 the imtiator of a series of processes which lead to hyperten-
sion, which once produced persists providing the condition created
by the renal 1scherma persists A third possibility 15 that due to the
extreme ischemia during the acute phase, remn is produced in such
large amounts that it can be detected by existing methods in the
blood. As the process becomes chronic, 1t diminishes in amount so
that it is not recoverable by these methods but nonetheless capable
of maintaining the hypertension. Although there are many other
possibilities for explaining these differences, 1t is useless to review
them New investigations should be frmtful.

From what has been said, we may conclude that renin does not
fulfill satssfactorily the second condition It 1s to be hoped that with
improvement of methods for the detection of renin this important
pont will be clarified

(3) DEMONSTRATION OF RENIN IN THE BLOOD OF
NORMAL SUBJECTS. Renin has not been found 1n the blood of
animals or human beings with normal blood pressure It has been
possible, however, to detect 1t 1n the blood of patients and animals
IR a severe state of shock This 1s 1n no way contradictory since under
conditions of arterial hypotension, there 1s renal 1schemia and,
therefore, a Jiberation of renin The fact that the hiberated renin is
not capable of elevating the pressure 1s easily explained by the action
of the various factors responsible for the shock,

From what has been said, there are a group of similarities between
hypertension from renal 1schemia and human hypertension. Al-
lh"u'éh it can not be defimtely stated that the two are identical, evi-
dence indicates that in human hypertension the kidney plays an
mportant réle.

'Th: erucial proof of the identity of both would be the demonstra-
tion in the blood of the renal pressor substance responsible for the
hypertension This proof is still lacking but it is to be hoped that
new investigations will offer a solution to this important problem.
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capable of preventing the development of hypertension. With
adrenalin and with tyramine it has not been possible to obtain
persistent hypertension.

It has been stated that since hypertensive animals are as sensitive
Or even more sensitive to the pressor action of renin than normat
animals, renin can not be the etiologic agent Tesponsible for hyper-
tension This 15 2 plausible argument since the further addition of a
substance capable of producing tachyphylaxis ought to produce a
dimimished response The cause of renin tachyphylaxis is largely due
to the reduction of hypertensinogen concentration in the plasma
The presence of a normal hypertensinogen concentration in hyper-
tension may possibly explain the normal sensitivity of hypertensive
animals to renin.

A further argument against the role played by remmn in the genesis
of hypertension is that removal of the ischemic kidney in hyperten-
sive dogs causes the blood pressure to return to normal in the course
of about six hours or less while the falls obtained after injections of
remn appear to be much more rapid It must nat be forgotten, how-
ever, that njection experiments have been carrjed out with heter:
ologous remn and that the dosage employed may have altered these
TESPOHSCS. .

Despite these objections, renin may still be the chemical mediator
of hypertension, Some of these phenomena may be .dtxe to .thc
presence of impurities which modufy its action, although it is Poss‘h:f
that hypertension is the result of the action of several pressor sub-
stances.

(2) DEMONSTRATION OF RENIN IN THE BLOOD OF I;IIYS
PERTENSIVE ANIMALS AND HUMAN BEINGS. Renin ha
been demonstrated in the renal venous blood and in the syst;ml:
blood of animals with renal hypertension duting the acu:‘e P! f‘;L
of hypertension It has been demonstrated d\fnflg the ﬁ;]'st :\t);sry .
lowing 1schemia, especially when the constriction of the ?ﬁcicﬂC)’-
extreme and when accompamed by signs of sev<=:re renal insul o
It has been detected in a few human beings during the acute p 13)5 In
hypertension (acute glomerulonephritis, toxemia of P’e'g':i’]‘&iczk'ncy
animals with chronic hypertension with or wx(h.ouz renal in bl
as well as in patients with essential hypertension, the mos

results have been uniformly negative up to this time.
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APPENDIX

METHOD OF GRAFTING KIDNEYS BY VASCULAR
ANASTOMOSIS

Dogs werghing 8 to 10 hgm. are anesthetized by injecting intra-
venously 10 cc of 2 warm 8 per cent salution of chloralose per kilo
of body weight Both kidneys are removed through a midline ab-
dominal mcision. The femoral artery is prepared by the usual tech-
nique, and a glass cannula, connected with a recording manometer,
is mtroduced The neck vessels are then dissected to make ready for
the graft The jugular vein is exposed through an incision in the
neck It is carefully separated from the surrounding tissues and
cleared from the pont where it enters the thorax to the level at whic.h
it divides into several branches high in the neck At this point, it is
ligated and divided. 3

The plane between the neck muscles and the trachea is separated
and the carotid artery is ssolated from its accompanyng veins and
nerves The thyroid vessels must be hgated at its upper portion. At
the level of the carotid sinus, it 1s ligated and drvided.

Payr’s cannulas, which facilitate the making of anastomoses, nrve
now mtroduced into the carotrd artery and the jugular vein }‘-f
have used bronze cannulas of different sizes, the larger ones being
reserved for veins and the smaller ones for artertes The vessel 33
passed through the lumen of the cannula with the help of.smrfll
forceps The vessel 15 then turned back over the cannula an‘d f'ltd m
such a manner that the endothelial surface 15 exposed within the
Iumen (sce figure 23, page 82). The animal is placed on an operating
table One or 2 hours are allowed to elapse before performing the
graft m order to allow the operative shock to subside. A heated pl.n:
at 37°C is placed beside the antmal in order to keep the temperatur
of the grafted Lidney at 37°C. .

Thegl:ldney of th}; donor amimal is now removed. The dog i
anesthetized with ether The abdomen is opened widely through
midline abdominal incision. The aorta and vena cava are 'T“P‘dg
dissected free at the level of the renal vessels. The Lidney IS éree
by placing a ligature around the tissue at each pole of the kidney.

342
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they are separated by filtering through mushn. The pH is lowered
to between 2 and 3 by the addition of 5 N hydrochloric acid It is then
filtered. The precipitate is suspended in 500 cc. of cold water and as
1t is becomung redissolved, 1t is immediately neutralized. It is then
filtered and the filtrate brought to 2 volume of 600 cc. Ths solution
is maroon in color and 15 the one which has been used in our labora-
tory for the majority of experiments. It contains only traces of hyper-
tensinase This hypertensinase can be completely destroyed by rais-
ing the pH to 9 or 10 for 15 to 20 minutes at room temperature,

PREPARATION OF SERUM GLOBULINS
(HYPERTENSINOGEN)

Beef blood is collected in the slaughter house. The addition of an
anticoagulant has been shown to be unnecessary since the fibin
separates spontaneously. The blood is centrifuged in a milk separator
of the Laval or Sharples variety To each liter of serum, 300 gm. f’f
ammonium sulphate are added Once dissolved it is left overnight in
the icebox. It is then filtered for the next 48 hours through’ fluted
paper in the icebox The precipitate 1s dissolved n warm water u?ing
one-quarter of the volume of the original serum and is neutralized
with sodium hydroxide This solutton can be used for the preparation
of hypertensin. When used for other purposes, it is necessary to
dialyze 1t due to the quantity of ammomum sulphate present.

PREPARATION OF HYPERTENSIN

Four liters of serum globulins, prepared as described abO.VE, are
heated to 87°C and the amount of renin necessary for ob.tai'nmg the
complete transformation of hypertensinogen to hypertensin is adderll‘
This amount is determined by small scale experiments. In generz,
1 liter of renin is used to obtain 1,000 units of hypertensin. After 15
minutes of incubating at 37°C., 15 liters of 96 per cent alcohol ar;
added and the solution filtered_The proteins may also be remove
by pouring the mixture nto 2 volumes of boi}mg water, then Im:::
ing the pH to 4 or 5, and filtering. Alcohol gives the purer prep
e roximately

The filtrate is evaporated under reduced pressure to app e
200 cc. It 1s placed in a separatory funnel and falumt? .
powdered ammonium sulphate and extracted three times ‘]m‘e e
10 ¢c of phenol The phenolic extract is filtered and to the It tra‘t
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added 10 cc. of water and 150 cc. of ether After shaking, the aqueous
phase is separated and saved It is extracted twice more with 5 to
10 cc of water. The combined aqueous extracts are acidified and
extracted ses eral times with ether The ether 1s then evaporated from
the aqueous extract by heating over a hot water bath It 1s made
aad to Congo red with hydrochloric acid and heated for several
minutes, It is then left for several hours 1n the rcebox and filtered

PURIFICATION. The i)reparauons thus obtained are very impure.
Some of the impurities may be eluminated by resorting to one or more
of the following procedures which can be repeated or combined 1n
several ways

(2) Precipsiation by alcohol The solution of hypertensin is evapo-
rated to a small volume, and 4 volumes of 96 per cent alcohol are
added Salts and other substances remain 1n the snactive precipitate

(b} Preciprtation by ether from ammomacal alcohol The solu-
tion of hypertensin is evaporated to dryness and the residue is ex-
tracted with 95 per cent alcohol containing 1 per cent concentrated
ammonia It is then filtered Ether 15 added to the filtrate unul
precipitation of hypertensin 15 complete.

() Preciputation by ether from acetsc actd The solution of hyper-
tensin is evaporated to dryness and 15 extracted with glacial acetie
acid It is filtered Ether 1s added to the filtrate unul precipitation of
hypertensin 15 complete

(d) Lxtraction with phenol. The solution of hypertensin is satu-
rated with ammonium sulphate and 15 then extracted with phenol
The hypertensin passes 1nto the phenol, from which it may be ex-
tracted by water made shghtly acid by hydrochlonic aad This is
accomplished by adding 10 volumes of ether and extracting several
times with small amounts of water. The phenol passes into the ether
and the hypertensin into the water

() Adsorption and elution. The solution of hypertensin 1s pre-
cipitated with 10 volumes of ammonacal alcohot {0 1 N} The mac-
Si‘c precipitate 1s removed by filtration The hypertensin 1s adsorbed
in a column of aluminum ode prepared according to Brockman.
Tt is eluted with 30 per cent alcoho! Thus method has given us our
purest preparation which contains ¢ 1 mgm. of nitrogen per unt.

Regardless of the method used, there 1s at tumes a tremendous loss
of actise substance.
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ASSAY OF HYPERTENSIN

PRINCIPLE OF THE METHOD. The rise of blood Pressure of an
anesthetized dog produced by the intravenous injection of a solution
of hypertensin of unknown strength is compared with the rise of
pressute obtained with a standard solution of hypertensin of known
po!ency.

TECHNIQUE. Due to therr greater senaitivity, small dogs weighing
410 6 kgm are preferably used. Chloralose was previously used as the
anesthetic. At the present time, nembutal or amytal (004 to 008 gm
of amytal per kgm , 0.04 gm. of nembutal per kgm) are given by
mouth or by mtraperitoneal injection, The animals must be fasting.
Prthmg under ether anesthesia followed by artificial resprration
sometimes provides satisfactory preparations. Once the dog is
anesthetized the arterial and venous cannulas and the tracheal
cannula are intraduced by the usual technique Artificial respiration
must be so adjusted that it 1s sufficient but not excessive It is ad-
visable to maimntam the pulmonary venulation at the minimum
necessary to preserve the normal color of the mucous membranes and
yet sufficient to suppress spontaneous respiration of the animal Cool-
ing of the dog may be prevented by using a heated table, The blood
pressure 1s recorded on a kymograph by the use of a suitable record-
ing manometer,

CRITERIA OF A GOOD PREPARATION. (a) Sensitiity ——Senfi-
tavity refers to the rise of pressure produced by a dose of hypertensin
of known potency It vanes from one animal to the next Generally
speaking, 1 umt of standard hiypertensin gives a rise varymg between
20 and 60 mm Hg The greatest accuracy may be obtained when the
anmmal 15 most sensierve If 1 unit of hypertensin produces a rise of
less than 20 mm, Hg, 1t 15 better not to use the animal.

(b) Constancy ~Since the sensitivity of the dog may vary from one
moment to the next, the sensitivity must be checked repeatedly. A
good preparation undergoes little change in sensitivity. .

(¢) Regularity —A good preparation shows ho changes 1 heart
rate, blood pressure or variations of blood pressure from respiratory
causes.

It 15 relattvely easy -
regulanty, especally if pithed preparations are uses

to fulfill the conditions of constancy and
d As regards the
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ASSAY OF HYPERTENSIN

PRINCIPLE OF THE METHOD The rise of blood pressure of an
anesthetized dog produced by the intravenous injection of a solution
of hypertensin of unknown strength is compared with the rise of
pressure obtained with a standard solution of hypertensin of known
potency.

TECHNIQUE. Due to therr greater sensitivity, small dogs weighing
4to 6kgm are preferably used. Chloralose was previously used as the
anesthetic. At the present time, nembutal or amytal (0040008 gm,
of amytal per kgm; 004 gm of nembutal per kgm.) are given by
mouth or by intrapentoneal injection. The animals must be fasting
Pithing under ether anesthesia followed by artificial respiration
sometimes provides satisfactory preparations Once the dog is
anesthetized the arterial and venous cannulas and the tracheal
cannula are introduced by the usual technique. Artificial respiration
must be so adjusted that it 15 sufficient but not excessive, It is ad-
visable to maintain the pulmonary ventilation at the minimum
necessaty to preserve the normal color of the mucous membranes and
yet sufficzent to suppress spontaneous respiration of the animal. Cool-
1ng of the dog may be prevented by using a heated table. The blood
pressure is recorded on a kymograph by the use of a suitable record-
g manometer

CRITERIA OF A GOOD PREPARATION. (a) Sensitivity ~Sen§l~
tavity refers to the nse of pressure produced by a dose of hypertensin
of known potentcy It varies from one anunal to the nex.l Generally
speaking, 1 unie of standard hypertensin gives a rise varying between
20 and 60 mm Hg The greatest accuracy may be obtained whe.n tln;
anymal 1s most sensitive If 1 unit of hypertensin produces a rise o
less than 20 mm Hyg, 1t is better not to use the animal

(b) Constancy —Swnce the sensitvity of the dog may vary from or:
moment to the next, the sensittyity must be check?dA repeatedly.

reparation undergoes little change in sensitivity.
EO?S };legulanly —A gogd preparation shows no changes mi rl:.e::yt
rate, blood pressure or variations of blood pressure from respira
s

Ca‘;zeis relatively easy to fulfill the conditions of f:nstmgsal:g
regularity, especially 1f pithed preparations are used. As rega
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attainment of sensitive preparations, we can only suggest the use of
small amimals .

Procedure.—The sample to be assayed is injected into the jugular
vein If possible, the volume of injections should not exceed 10 cc.
since large amounts may produce a pressor effect due ta the volume
njected After the mjection, 5 cc of normal saline are drawn wmto the
syringe and 1njected 1n order to wash the vein, since the position of
the cannula prevents the circulation of blood through it

The regularity of the blood pressure tracing 1s cheched. One unit
of hypertensin 1s then injected in order to determine the sensitivity
of the animal After 4 to 5 minutes, the blood pressure returns to its
instial level, at which time the unknown sample may be injected IE
the rise obtained 1s much greater or less than that of the standard
solution, an amount of standard which will give approximately the
same rise 15 then injected

CALCULATION OF THE AMOUNT OF HYPERTENSIN, After
the tracing of blood pressure has been sutably fixed, the rise of pres-
sure in mm Hg produced by I unit of hypertensin and by the un-
known solution 1s measured The amount of hypertensin contained
in this 1s calculated 1 units by the following formuala U= (d/t)?,
where U represents units of unknown solution, d the nse of pressure
mmm Hg produced by the unknown, and ¢ the rise in mm Hg pro-
duced by the tnjection of 1 unit of standard solution of hypertensin.
To avoud these calculations, the nomogram reproduced m figure 92
may be used In column ¢, the nise in pressure produced by 1 unit
of standard hypertensin 15 recorded and 1n colhtmn d, that produced
by the unknown By jomning these pornts with a straight line, the
amount 1n units is read at its intersection with the oblique hine, U.

Example —The jection of | umt of hypertensin into a dog pro-
duces a rise of 30 mm Hg, Six ce of the unknown sample produce an
clevation of 120 mm Hg Since there 1s a comsiderable difference
between the rises of pressure, 05 cc. of the unknown sample 15 -
Jected This produces an elevation of 42 mm Hg The re-mjection of
1 unit produces a nise of 28 mm Hg This nse produced by the
standard solution 1s used 1 the caleulauon singe 1t is the nearest to
that produced by the unknown Using the formula, U= (12/28)*
or 22 unus in 05 cc, or 4 § wiuts in 10 ¢« The same result s oh-
taned by using the nomogram
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betseen two known amounts, one of which is greater and one of
which is less

The calculation is based on the fact that with amounts of hyper-
tensin which are approximately the same, the relation between risc
of pressure and dose is linear as can be seen in figure 93. To make sure
that the sensitivity of the assay ammal has not changed, the rises of
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The hines represent results obtained 1n different dogs It 1s seen that within
the hmats inducated, the relation 15 Linear, although there 15 some vrriation 1n
the slope of the lines (After Taquim, Braun-Menéndez, Fasaolo, Leloir and
Mufioz, Rev Soc. argent de biol, 1913, 19, 500)

pressure obtained by the standard selution are plotted on a graph.
+ 1F the slope of the Line obtained by joiming the pomts 1s sinular to
that in the graph of figure 93, the sensitivity may be considered to
have remained constant, 1n which case the amount of hypertensin
contained in the unknown solution can be estimated by simple
extrapolation If the sensitivity has vaned, the determination must be
repeated
Example —A sample of hypertensin has already been found to
contain approximately 1 unit in 2 cc, but a more precise assay is de-
sired, Three-tenths cc of the standard solution 1s 1njected and a nise
of 20 mm Hg pressure 1s obtained One cc of the unknown solution
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The error of the determinations as we have just indicated depends
particularly on the sensitivity of the dog and on its constancy. A
Certain amount of error js also introduced by assuming that in all
animals the rises follow strictly the relation expressed by the formula
employed. This source of error can be diminished by using an
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FicuRe 92 NOMOGRAM FOR CALCULATION OF THE AMOUNT OF HAPERTENSIN
4 UNKNOWN SOLUTIONS

amount of hypertensin which gives approximately the same rise as
that produced by the unit of standard hypertensin.

If greater accuracy 15 necessary or desired, small amounts of hyper-
tensin should be used Differences become more manifest when
amounts under ! unit are utilized This may be done as follows The
amount of hypertensin in a given sample is cfxlcnlnted by tl.le.mel‘l\md
just described. An aliquot containing approximately 0 5 unit is taken
An amount of standard solution which produces a rise of pressure
stightly fess than that of the unknown is next injected. The unknowg
is then injected followed by a somewhat larger dose of the sl:lnda;
solution calculated to produce a slightly greater nise o‘f pressure. in
this way, the amount of hypertensin in the unknown lies somewhere
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between two known amounts, one of which is greater and one of
which is less.

The calculation is based on the fact that with amounts of hyper-
tensin which are approximately the same, the relation between rise
of pressure and dose 15 linear as can be seen in figure 93 To make sure
that the sensitivaty of the assay amimal has not changed, the rises of
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The Dines represent results obtamed in different dogs It 1s seen that within
the limits indicated, the relation is linear, although there 1s some varation in
the slope of the Imes (After Taquini, Braun-Menéndez, Fasciolo, Leloir and
Muiioz, Rev Soc argent de biol, 1943, 19, 500)

o

pressure obtained by the standard solutton are plotted on a graph
IE the slope of the line obtained by joining the pomts ts similar to
that in the graph of figure 93, the sensitivity may be considered to
have remained constant, 1 which case the amount of hypertensin
contamed 1 the unknown solution can be estrmated by simple
extrapolation If the sensitivity has varied, the determnation must be,
repeated

Example —A sample of hypertensin has already been found to
contain approvumately 1 unit 1n 2 cc, but a more precise assay is de-
sited Three tenths cc of the standard solution is injected and a rise
of 20 mm Hg pressure 15 obtatned, One cc of the unknoun solution



350 RENAL HYPERTENSION

produces a rise of 24 mm Hg, and 0.6 cc. of the standard gives arise
of 30 mm. Hg. By plotting on the graph the rises obtained with the
knoun solution, 1¢ 1s observed that the slope of the line 15 apptosi-
mately ‘that which would be anticipated if there were no change in
sensitvity. The nse of 24 mm Hg produced by the unhnown is seen
by extrapolation to correspond to 0.44 unit.

This method requires the use of extremely sensitive animals.
Under satisfactory conditions, the error is not greater than 15 per
cent.

METHOD OF AS3AY OF RENIN
DIRECT METHOD. Principle—The amount of hypertensin
formed by incubation of small amounts of renin with hyperten-
sinogen in the absence of hypertensinase for 2 hours at §7°C. depends
upon the concentration of remn.

Reagents —

(1) 2 M phosphoric acid

(2) Bromeresol green (0.1 per cent)

(8) 2 N and 05 N sodium hydroxide

(4) Phenol red

{5) Hypertensinogen without hypertensinase
(6) Mertinolate solutron (Lally) 1 per cent
(7) 05 M phosphate buffer pH 7.6

Procedure —(A) Collection of plasma: The sample of arterial or
venous blood in which the presence of renin is to be investigated is
collected in a centrifuge tnbe which contains 1 cc. of 3B per cent
sodium citrate for each 10 cc of blood. The blood is centnifuged and
the plasma placed 1n a test tube. .

(B) Destruction of hypertensinase; The plasma is acidified with 2
M phosphoric actd, approximately 0 4 cc. being used for ‘eafh 10 cc.
of plasma The actd 1s added drop by drop with constant stirring untl
2 yellowish-green color 15 obtained by mixing one drop of plastna
with one drop of bromcresol green "This corresponds to a pHof 42
according to the table of Clark. The fisst few drops of a'ud produc;
a turbidity of the plasma from precipitation of fhe proteius, but this
turbidity disappears with further addition of acid. When the pla.sm:l
recovers 1ts transpatency, it iy in the neighborhood of ﬂ}e dcsu’;d

acidity The sample 15 then incubated at 37°C for 20 minutes In
this way ali of the hypertensinase and z large part of the hyperten-
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sinagen ate destroyed while the renin remains unaffected. The pH is
then raised to 7.5 (phenol red) with 2 N sodinm hydrovide added
drop by drop with constant surnng

(C) Incubation of the samples with hypertensinogen: Different
amounts of the above sample are placed n separate test tubes ac-
cording to the amount of remin which may be expected to be present,
for example, 2, 4, and 8 cc To each tube is added the following: (a)
An amount of hypertensinase-free beef plasma (see preparation, page
353) which contains approximately 2 units of hypertensinogen. Six
to 8 cc. are ustally used (b) 03 cc of 1 per cent merthiolate solution
(Lally) (c) One cc of phosphate buffer pH 7.6, and (d) water ad
20 cc. The tubes are then incubated for 2 hours at 37°C. and the
reaction stopped by pouring the contents of each tube into an
Erl yer flask g 60 cc (3 vol of 96 per cent alcohol.
Two control tubes are prepmred The first contans the largest quan-
uty of plasma employed in making up the previons tubes In the
example above, this would be 8 cc The other reagents are added 1
exactly the same way as described, but the contents of the tube are
preapiated with aleohol without previous incubation The second
control tube contams an equal quantty of hypertensinase-free beef
plasma (8 cc) and an amount of a known remn solution equivalent
to 1 unit of remin  After adding merthiolate and buffer, the tube is
1ncubated for 2 hours as described

(D) Preparanion of the samples to be injected The samples are
filtered by suction through Celite or Kieselguhr m Buchner filters
and the alcoholic filtrate 15 concentrated under reduced pressure
over botling water to a volume of 2 to 3 cc The flask 1s washed with
small amounts of distilled water, and this aqueous solution contain-
ing the hypertensin formed during the incubation 1s injected 1nto
a dog intravenously (see determynation of hypertensin)

Calculation —~One unit of remin 15 defined as that amount which
produces 05 umt of hypertensin in 2 hours under the conditions
described It 15 considered that the relation between the amount of
remn present and amount of hypertensin formed 15 linear for values
between 0 1 and 1 untt of hypertensin It 1s preferable to remain with-
in this range since the assay of hypertensin 1s more accurate between
these limits One-tenth unit of hypertensin formed corresponds to
02 unt of remin, 0 5 unit of hypertensin formed to 1 umt of renin,
and so forth,
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If the control tube gives a pressor response, as not infrequently
happens, this amount, calculated in units of hypertensin, is sub-
tracted from the amount found in the other tubes.

¥NDIRECT METHOD. Principle.~This method consists of measur-
ing the amount of hypertensinogen before and after incubation with
renm. The amount of hypertensinogen which is destroyed is pro-
portional to the amount of renin present. Both human and pig renin
act on beef hypertensinogen, but human hypertensinogen is not
affected by pig renin. When a given amount of beef hypertensinogen
1s added to human plasma containing human renin, the amount of
beef hypertensinogen remaining after incubation can be determined
by adding an excess of pig renin which does not attack the human
hypertensinogen

Reagents —
(1) Beef plasma
(2) 0.5 M phosphate buffer pH 7.3
(3) 1 per cent mertholate solution (Lilly)
(4) Soluvion of hypersensinase
The solution of hypertensinase is obtained by hemolyzing 1 cc of
fresh dog blood with 10 cc of distilled water.
Procedure —Three test tubes are made up as shown 1n the follow-
ing table:

Tube I Tube II  Tubelll
@ ) )

Sample of human serum 10 U] —
Becf plasma .. - . 2 - 2
05 M phosphate buffer pH 78+ 05 - 05
Merthrolate solution .o B 06 03 03
Solution of hypertensinase . 05 05 —_

The 3 tubes are ncubated at 37°C, for 6 hours Tubes 1T and'lll.
which constitute the control tubes, are mixed at the end of this time,
An excess of pig Tenin (3 cc. or 300 units) is added to tube Y and the
combined tube (U1 and 1II). Incubation at 37°
more minutes. The protems are then precipitated by
volumes of 96 per cent alcohol. The solution is filtered,

C continues for 5
the addition of 3
the fltrate

»
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,eva'por:\zcd, the flask washed, and the amount of hypertensin present

in the samples assayed 1n the dog by the method described.

The destruction of more than 040 unit of hypertensinogen ind1-
cates the presence of renin .

1f the amount of hypertensinogen destroyed 1s 1 the neighborhood
of © 90 unut, the serum contarms 9 6 unit of remn. The destructon of
040 umt of hypertensinogen ndicates the presence of 0.1 unit of
renin The destruction of less than 040 unit should be interpreted
with reservation since this approximates the limit of error of the
assay of hypertensinogen.

PREPARATION OF HYPERTENSINASE-FREE
HYPERTENSINOGEN

A solution of hypertensinogen of known strength and free from
hypertensinase 1s used for the determinatton of remmn
Principle —Hypertensmase m dog, beef and horse plasma may be
totally destroyed with scarcely any effect upon the activity of hyper-
tensinogen by subjecung 1t to a pH of 3 9 at 25°C. for 20 minutes
Both hypertensinogen and hypertensinase in human plasma, how-
ever, are destroyed by this procedure
Reagents —
(1) 2 M phosphoric aad
{2) 01 per cent aqueous solutton of bromcresol green
(3) 5N sodium hydroxide
() 01 per cent aqueous solution of phenol red

TROCEDURE (A) Collection of plasma —Because of 1ts availability
in large amounts, we have used beef plasma for the preparatton of
hyper free hypert gen. Plasma from dogs and other
animals, however, 15 entirely satisfactory The blood 1s exther oxalated
or defibrmated, precaunions being taken to avord hemolysis After
centrifuging, the plasma or serum 15 saved One Iiter of plasma or
serum 1s placed in a vessel with a capacity of two Iiters The con-
tamner 1s thermostatically heated at 25°C unul the temperature of
the plasma or serum comes 1nto equilibrium

(B} Destruction of hypertensinase —Phosphoric acid is added drop
by drop with constant stirring with 2 glass rod unul 1 drop of the
plasma mixed with 1 drop of bromeresol green gives a yellowish-green
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chlor corresponding to ava of 4.2 according to the table of Clark,

lectrometric delermu}atlons have shown that this color corresponds
o a pH of 3 9. Approximately 40 cc, of phosphoric acid are necessary
for the proper acidification of 1 liter of plastna or serum.

The »sollmon 15 incubated at 25°C. for 20 minutes Sodium
hydroxide 1s then added drop by drop with constant stirring, until
1 drop of the plasma mixed with 1 drop of phenol red gives a rose
color corresponding to a pH of 7.4 according to the table of Clark
Approximately 16 cc. of 5 N sodium hydroxide are required for chis’
step.
(C) Testing of the plasma —Before using this plasma for the assay
of renin, it 1s advantageous to ascertain (1) if all of the hypertensinase
has been destroyed, (2) 1f 1t contains hypertensinogen activity, and
(8) 1f the alcoholic extract of this plasma possesses a pressor or de-
pressor effect on being injected intravenously into a dog.

The following tests are therefore carried out. (1) In order to be
sure of the complete destruction of hypertensinase, 8 cc of the treated
plasma are incubated for 2 hours at 37°C. with 1 unit of hypertensin,
buffer and Merthiolate being added according to the method de-
scribed on page 855 An unincubated cohtrol tube is made with the
same mixture. The pressor action of thie alcoholic extracts of both
tubes should be the same. (2) The amount of hypertensinogen con-
tamned m the beef plasma after destruction of the hypertensinase is
determined according to the method described at foot of page. About 1
umit 15 usually present in each 3 to 4 cc.’of the hypertensinase-free
plasma (3) An alcohol extract of 15 to 20 cc. of treated beef plasma
incubated for 2 hours at 37°G 1s tested for 1ts action on the blood
pressure of the dog, If the pressor or depressor action is extreme,
the preparation 15 discarded.

(D) Storage —A small amount of toluol (5 to 10 cc.) is.added to the
hypertensinase-free beef plasma thus obtained, and.lt should be
stored 1n the 1ce box in a closed vessel Its potency remains unchanged
for months, If a precipitate appears after some time, it can be re-
moved by filtration or centrifugation.

METHOD OF ASSAY OF HYPERTENSINOGEN
- ded to 05 cc of 05 M phosphate buffer
Two cc of plasma are ad or balhpat No to 40°C. -

at pH 74 The mixture 15 heated in a water b :
for 5 minutes. In the case of human hypertensinogen, 2 to 8 cc. of
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hypertensinase-free human remin containing not less than 50 units
per cc. are added In the case of dog or rat hypertensinogen, 2 to 3
cc. of hyper il free pig renin i about 100 units per
cc. are added. The nuxture 15 incubated at 37°C. for 7 munutes. At
the end of this tume it 15 removed from the water bath_Enough saline
solution is added to bring it to a volume of 10 cc and the proteins
are precipttated by adding 30 cc of 96 per cent alcohol This 1s then
filtered.

The hypertensin formed remains 1n the filtrate. The aleohol and
water are removed by evaporation under reduced pressure over boil-
ing water The pressor effect is recorded n the assay amumal, the
hypertensin present betng calculated according to the method de-
scribed above The amount of hypertensin contamed in 1 cc of the
mixture of plasma and atrate is calculated Correction for dilution
with citrate 1s made Assays should be carrted out 1n duplicate, If
differences are greater than 30 per cent, the assays should obviously
be discarded.

METHOD OF ASSAY OF HYPERTENSINASE

‘To asemes of test tubes, 10 cc of the following muxture are added

Hypertensin 10 units

0.5 M phosphate buffer pH 74 5 ce

Merthiolate (Lilly) 1 per cent 2 cc

Water ad . 100 cc
Graded of the unk hypert solution are

added to the different tubes The volume of hypertensinase solution
should not exceed 05 cc One of the tubes, to which hypertensinase
is not added, serves as a control Each tube is incubated for 4 hours
at 37°C The tubes are then placed 1n a boiling water bath for 5 to
10-minutes. The amount of hypertensin remaining 1n the tubes is
assayed 1n the dog by the method described Oue umit of hyper-
tensinase is defined as the amount which destroys 0.5 unit of hyper-
tensin in 4 hours of incubation under the conditions described In
case exactly 0.5 unit of hypertensin 1s not destroyed 1n any one of the
tubes, the amount present may be estimated by consulting the curve
shown 1n figure 68, page 170
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