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PREFACL

In recent years m several books (14) the present state of our
knowledge of human and expenmental hypertension has been de
scribed and discussed m grear detml It 1s legiumate therefore to
quesuon why 2 wntten lecture on this subject should be published
at this ime My first impulse 1s to apologize for makung this con
mbution which 1s mcomplete and mn great pare repeutious but on
second thought I have considered that 1t may prove of some salue to
those whose mterest 1s not sufficient to nduce them to read the orng
mal papers or who do nor have the tme to devote to the reading of
books on this topic To me the whole subject continues to be fasct
natng and I consider that it should be of grear interest to all students
of medicine and even to lavmen The justification for this statement
1s that (1) the death rate from arteriosclerotic disease of the bran
heart and Lkidnevs issoctated with the symptom of hy pertension
conunues to be vers high (abour four nmes that of cancer) (2)
tully 25 of deaths at least 1n males over 50 years of age 15 asso
cated with the eustence of this condition  (3) treatment has done
but hrele to reduce these figures (4) there are no known methods
of preventon and (5) the immung cause or causes of the two
associated conditions arteriosclerosts and h pertension are sull ob
scure or unknown It 1s my ardent hope therefore that the ad
vances 1 our hnow ledge of the pathogenests of human hy pertension
based on the 1nvestigations of experimental renal hy pertension may
vet lcad to the preventon and cure of this condiion which takes
such a large toll of human hves






CONTT NTS
PreFacr
INTRODUCTION

Production of Expenimental Renal Hypertension by 'V arous
Methods

Unilateral and bilateral nephrectomy

Reduction of the amount of functioning renal ussue

The effect of 3 nephrotic substance

Teradsation with roentgen rays

Occlusion of one or both ureters

Compression of the hidneys

Fmbolism

Passive hypererma

Permanent occluston of the main renal artery vemn and ureter

Arterioyenous anastomosis

Occluston of the main renal arterses

Ligavon of branches of the mam renal artery

Constrtction of the mamn fenal arterv

The admimistration of sterols

ProvuctioN ofF Exerriviratar Renar Hyperrenston By Constric
TIoN oF Mamv REVAL ARTERY

Frrect oN BLoob PrFssurr oF MoberaTE CoNsTRICTION OF THE Mars
ArTERY OF Onpy ONE RiDnEx

Errecr o\ Broop Pressure or Moperate Covstriction oF Boti Mars

RenaL ArTeries  THE Benion Prase o ExpERivenTal Revar Hy
PERTENSION

ErrFecT o\ BLoop PrEssure oF Grear ConsTRICTION oF Both Mar
Revar Arreries  Tue Mavienant Passr oF ExpeRIvieEstal RFvAL
HYPERTENSION

Parnorocic CraNGES IV THF ORrGANS OF ANNIALS WITH PERSISTENT
HyprriEasioN

Pathogenests of artertolar neceosis

Other changes n expenmental renal hy pertension
Parnogenests (MecHanissT oF DEVELOPMENT) OF EXPERINFNTAL
ResaL HYPERTENSION

Neurogenic mechanism

Endocrinogenic mechanism
Tue Huviorar Mecranisse o ExeErivienTar Renss HyperTFNSION

\



un RENAL ORIGIN OF HYPIRTENSION

Reaas
Chemical properues
Physsatogscal properues
Fare of renim in the body
Methads for the assay of remnt the e of roren

Hiprrrensisocen
Nawure and properties
Unt of hy pertesisinopen
Preparation

Hyerrrenss
Chemyeal properties
Prepatation and punfication
Phy siologieal propernes
Untt of by pertensin

HyPERTFNGIY a8F
“vature and prapesties
The un of hy pertensinase
The amount of by pertensmase 1 the blood and \anous organ
Mechanusm of acnon of hy pertensinase

Mrcianisst v Site oF Farviation asp Retrat oF Rinin
THE JUXTAGLOMFRLLAR APIARATLY
Tur Teraerent ot Hyerrression

Medical Treatment
Fuaracts of hidoey
Anurentn of hy by thep ! trection
of semn
ther $asoconserietor  prossor and antpressar subutances
and therr effeers

Surgieal Trearment
Lsulateral nephrectomy for hy pertensi n sdue s smlateral
renal disease
Stassary oF ToF Soviy areries ann Duirrereness Brrwees Hevin
Lsseavriat e Farrnientae Hussss Hypesrsssion 11



The
RENAL ORIGIN
of
HYPERTENSION






INTRODUCTION

Not infrequentls medical historans find 1t difficult or even mm
possible to assign the ongim of an 1den to 1 sngle person Although
Richard Bright knew nothing about hypertension because mn his
tme blood pressure tn man had not vet been measured yet there 15
litrle doubt that to him should go the credit for the basic 1dea that
hypertension may be of renal ongim  Although Bright did not
differentsate dlearly berween the virious tvpes of renal disease and
although he 1new nothmg of the mimportant ennty which 15 now
called essential hypertension yet he did make the important obser
varton that in cases of cardiac hypertrophy not obviously due to
merinsic cardiae disease ot extnnsic vascular abnormahty  there 1
found almost without exception some disease of the hidneys Basng
himself upon this observanon with the intwition of a great climeian
who was also greatly imterested 1n pathology  he speculared that the
mcreased weight of the heart (hvpertrophy) mght be relied to
the disease of the hidneys Indeed he went so far as to suggest that
a chemical alteranon of the blood resalting from the renal disease
was probably the immedmnate cause of the cardiac hypertrophy by
effecting an increased action of the heart and what 15 more important
by mnducing what ameunts to increased peripheral 1 ascular resistance
to the onflow of blood The latter 1dea 15 nothing shore of remarkable
for the ume for if there 1s one thing that appears to be definutely
settled about the bastc mechanism of the state of hy pertension m man
1t 15 the exstence of a state of increased peripheral vascular resistance
The speufic parts play ed by artersosclerosis and by generalized spasm
of the arterioles and the primary or secondan relationship of these
changes to the hypertension sull constitute 1 controserstal subjecr
What 15 not vet settled also despite all the work that has been done
on the subject 15 the quesnon of the renal ongin of the ty pe of hy per
tenston that 15 now usually referred to as essental, or promary

In a normal ammal direct determinations of blood pressure had
been made by Stephen Hales m 1733 one hundred years before
Bright but in man measurements of blood pressure were not made
until the end of the nmeteenth century  Although on the basis of
other mdirect methods parucularly palpation of the pulse pulse

£33
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tracings and ather bloodless methods the custence of 1 vtate of m
cretsed vascular tension m man had been recognired vet it w s not
unnl the development by Ria Rocer of 1 method to determine
blood pressure (really bursung tenston) by v prewnauc wuff and
t mercurs manometer that the eustence of elen ired blood pressure
moman was fully recognized sty sigmificinee apprecited and the
studs of ses pathogeness underal en

After the discavery of the existence of clevated blood pressure
man 1€ w15 realived 3t once thae the enfirgement of the heirt obsersed
by Bright w1 direct consequence of the hypertemston nd the
problem swirched 1t once to the pathogeness of the mcreased pers
pheral vascubar resstinee 1 hat confused the problem was the pre
sious discosers by Johnson and by Gull and Sutton of orginie dis
cise of the small artenies and artenoles which consisted of thickemng
of the walls and reduction i the size of rhe Jumen an obvioush
pussible orgamc cwse of mererwscd penipheral v weular resistinee. The
direct result of this was thir ane group of imesugitors 1 mnont
group contended with Johnson that the remal disetse w1s the cause
of the hy pertension the diffuse vaseular disease and the b pertrophy
of the heare while che other group asserted with the followers af
Gull and Surton thae the hy pertenston and consequent cardize hy per
trophy were the direet resule of the increwsed penpheral vascular re
sistance caused by the diffuse orgamie disease » huch only mesdeneally
miolved the kidnevs This division of apion has surined up to the
present time with one addition nimely  thae the primany pherome
non 1s mncreased penphertl vascubir resistmee due to vasospasn
(neurogemc or endocrnogenic) w hich results mncresed penpherd
resistance nd by perrension and thae 1l the argame changes yascalw
and carduae are secandan o the by pertension

In more recent rmes 1t has been recogmized that primany reml
discase s be assocsated with by pertension and that ¢ causamve re
fanonstup berween the tho conditions may exsst In such crses the
presence of the reml disease 1s recognized usually by rewon of reml
exveretors functionil abnormmbties which resuft from puholuge
changes 10 the hidness These include pols cysuc disease of the had
nevs  plomerulonephnms (1cute wnd chrome) bilateral obstruc
non of urcters from any cause Ifaters] chrome pyelonephnos
nd other condittans which imohe consderable reducnion of renil
prrenchyima and m whuch disturbance of exeretony funcuon usth
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occurs  After the recognition of essentnl hy pertension doubt was
cast upon the frequency with which renal disease ymght be constdered
the cause of the imtauon of the elevated blood pressure  As a matter
of fact renal disease characterized by disturbance of renal excretors
funcuion has always been excluded from the defimtion of essential
hypertension  Dalton and Nuzum beliese however that the crincal
«tatistrcal analysis of the data on renal excretors function m cases of
essenusal hy pertension 11 man does show 1n most cases some wmpatr
ment of absliry to concentrate urine and to excrete phenolsulfonphtha
lein The fact that renal excretors funcuonal abnormality frequenth
cannot be demonstrated for many vears after the onset of hyper
tension and even throughout the entire course of the disease con
vinced many myestigators that most Lases of hy pertension are not on
1 renal basis As a result hy perepmephrimemia abnormal pitwtars
fancttion neurogenic sumuli affecting the vasomotor mechamsm
and diminution of the sensttivity of the carond sinus are some of the
condinons that have been constdered at 1arious times the cause of
this ty pe of hy pertension
Most students and myestigitors of the subject of essential hy per
tenston are now n complete agreement that cardiac output, and the
volume and viscosity of the blood are within the hmits of normal
i well established essential hypertension It 1s therefore generally
agreed that with few evceptions the ulumate cause of the eles ated
blood pressure 15 increased peripheral vascular resistance  Although
there 1s sull some division of opuon about whether the mcreased
vascular resistance 1s ever on an organic basis et most ms estigators
we of the view thar peripheral vasospasm is the physiological basis
for the phenomenon That the orgamc changes m the peripheral blood
vessels especially the arterioles are ever so widespread as to be 1
purely mechamcal cause of hypertension 1s not supported by the
1 findings of patholog Also phy siologssts and cl N
have shown that the peripheral arterioles exhibit normal phy stological
responses to physical and chemical stimuli for example the normal
vasodilator response of the vessels of the forearm and hand to heat
and rerctive hyperemit (Prinzmetal Pichering) and the normal de
pressor response to an 1ntrayenous mjectton of 01 mg of histammne
aad phosphate (Pickering and Rassin} The process of vasospasm

therefore can be adduced 15 the cause of the mcrexsed penipheral
resistance
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The one man who Tepr the ades of the posable ren1d ongin of
some forms of humn by pertension alne was Volfed who beheved
that 10 pale (malignant} hypertension at feast the patholagic
change in the kidney plays an important part in the dexclopment of
the elevated blood pressure He even sought but faded 1o find 1
vasoconstrictor substance i the bloed of pavents wuk this con
ditan Although there are those who salt deny that the hednevs
ever play a prumary part m the mutation of hypertenston ver it 1
now quute generalhy admitted that some forms of renal disease may
m some suay be the cause of the hy pertension What 15 not generally
admitred 15 thar essennal by pertension especally the benign phase
the tvpe of hypertension thar  usually assocsated with widespresd
arteriohar sclerosss and especially with nephroselerosis but withour
accompantying excretors functional abnonnabin s of renal orgin
The arguments usualby gnen aganse the renal ongin of essential
hy pertension are {1} the frequent discovers of elevated blood
pressure long before there 1 any recagmzable sign of renal excretory
nsufficiency  (2) the absence of ansy recognizable signs of renal
excretory nsufficiency throughout the entire course of the hyper
tenston 1 a large percentage of ciwses and (3) the fulure to find ar
auropsy  sigmificant antratesal vascular disease m an eccasional cse
af essennal Iy perension

Laperimental proof for the view thae the hedneys plis a pomany
part n the development of the mcreased penpheral vascular resistance
and comequent by pertenston had been sought in a4 vaneny of wavs
before our own experiments on this subject began m 1928

Production of Experimental Renal Hy percenston
By Vanous Methods

Unilateral and buateral nephrectomy fad been tnied bue had
not resulted m b pertension s the rabbue car and dog  (Moster
1912 Bichman 3916 Cash 1926) Most expernments of a sumlar
snature that hace been performed up o the present time hnv e beernin
agreement wath the earh resules (Haerson Bhilock and Vason
1936) bue recently Grolfman has asserted that In pestension nins
develop i dogs and rats as a resuft of umiateraf nephrectoms

Reduction of the amount of functioning renal tissue by pirtnl
resecnon of each hadney had been reporred as causing shght fn pur
ension 1t the rabbar cat and dog (Cash 1924) and since 1928 ses
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eral nvestgators have noted the development of considerable hy per-
tension m the rat but not in the dog as the result of this procedure
(Ferns and Hynes 1931 Chanunn and Ferns 1932 Wood and
Ethndge 1933) In the light of our own studies on the dog and
because onlv the rat gai ¢ a pronounced effect 1t 1s suggested that the
cause of the elevation of the blood pressure in these ammals was the
hemody namic disturbance 1n the small remnant of the kidness caused
by the scarning from the surgrcal operation

The effect of a nephrotoxic substance such os uramwum had been
tried on rabbits bv Beckmann (1925) and Dominguez (1928) but
elevation of blood pressure was not produced consistently Since
then other mvesugators usmg the same and other nephrotoxic agents
have obtamed contradictory results Lead salts sodiom and potassium
oxalate mercury bismuth and streptococcus tovin are among the
other substances that have given negatrve or equivocal results The
direct myection of trypsin into the renal artery (Freedman and hatz,
1938) faled to produce persistent hy pertension 1t has been shown
that nephrotoxic heterologous antiserum to rabbit renal substance
produces glomerulonephritis and renal excretory msufficiency accom
panied by shght elevanion of blood pressure (Masugs 1934) This has
also been accomplished 1n the rat (Smadel 1937) and confirmed for
the rabbit  but Corcoran and Page (1941) failed to observe elevation
of the blood pressure m the dog with glomerulonephninis produced
by a nephrotoxic serum

Irradiation with roentgen rays of the hidneys of dogs caused
moderate elevation of blood pressure bur imparrment of renal
excretory function was an nvarable accompamment  (Hartman and
collaborators 1929) This was confirmed later by Page (1936) for
the dog but Hermann Dechard and Erhard (1941) failed to ob
serve mdirect evidence (carduc hypertrophy) of hypertension m
the rabbit as a resule of uTadiation of the Lidneys

QOcclusion of one or both ureters was first tried n 1929 by Hart
wich who observed some elevation of blood pressure associated
with fatal uremia i the dog as a result of bilateral ocelusion of
the ureters This result has been fully confirmed but most mvest
gators have reported failure to produce hypertension as a resule of
umlateral occlusion of a ureter Constriction of one ureter with
contralateral nephrectomy also did not result 1n hy perrension
the dog (Eschelberger 1938) 1In the light of our own expenmments
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1t appears probable that occlusion of a ureter may produce a hemo
dvnanuc disturbance similar to but not 1s pronounced 1s the effect
of constriction of the mam renal arters

Compression of the kidneys by an oncometer had been tried
mn 1909 by Alwens who reported shight immediate elevation of
Llood pressure m some briet experiments 1 cats  More recently 1
sinular effect on the hidnev of a persistent € pe has been produced
by Page and collaborators (1939) by the ens clopment of the kidneys
1 cellophanc or silh The same effect his been obtuned i rus and
dogs (Greenwood Nusstm and Tavlor 1939 Ilermann Jourdan
and Vil 1940) by means of collodion painted on the surface of the
11dney s and also by compression of the |idnevs by means of a tape
ned m a spiral form around the hidnev (Grollman 1944) These
methods are supposed to act by direct compression of the kidnes
substance or by the compression and resultant 1schema caused by
the thich pertrenal scar whach results from the pernephnus mduced
bv the foretgn matenial The mun driwsbach of the method 1s the
frequent accompimment of renal excretors functional disturbance
ind even fatal uremia

Embolism by the direct myection of various substances (liquid
paraffine Berlin blue charcoal) directh into the renal arters of cats
and dogs htd grven consistently negatn ¢ resulrs (Senator 1911 Cash
1924)  More recenth, however \laegrath and AMcClean (1938)
reported the development of hy pertension in the rabbat as the result
of the mjecton of hiesclguhr mnto the mam renal artery of rabbts
The same substance failed to produce ligh blood pressure in the dog
(Crestman and Blalock 1939)

Passive hyperemia of one khidney produced by the constriction
of the man renal vemn had been reported by Pedersen mn 1927 2
< wsing a transienc elevation of blood pressure i the dog This has
been conhrmed by Braun Menendez (1933) Dicler (1937) and
Friedberg (1944) It did not prove to be a method for the produc
tion of persistent hy pertension on a renal basis because bifateral con
straction of the main renal veins invarably resulted s fatal urem2

Permanent occlusion of the marn renal artery, vein and ureter
of both kadneys had failed to cause hy pertension in the dog (Cash
1926) Although Loesch (1933) did report hy pertension i the dog
1 the result of meermuttent occlusion of all the strucrures of the renal
pedicle et there 15 reason to belies ¢ tint the hy pertension des eloped
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only when constriction of some of these structures beeame permi
nent as the result of scinag

Artertovenous anastomosts had not been tried before 1928 In
1939 VW eber and Rumold produced hy pertension accompanted by
uremia m the dog by arterios enous anastomoss of one hidney and
contralateral nephrectorny  Thus did not prove to be a method for
the production of persistent hy pertension

Occlusion of the mamn renal arteries had been tried wm 1905 In
hatzenstem who reporred an immediate shight nse of blood pressure
probably of reflex ongin in some brief expenmems Cash 1n 1926
teported a rise of blood pressure m dogs that surived occlusion of
both mam renal artenies for several days but died 1 urerma This
resule has been confirmed since then by many other v esngarors
mcluding ourselves  Although the ammals develop elevated blood
pressure vet they die s utemm so this s not a good method
for the producnon of persstent hyperzension  Although the anrmals
dhe 10 urema as in the case of bufateral nephrectomy ver different
from the latter clevation of blood pressure does occur Thus 1s under
standable 1 the hght of our own expeniments on the basis that
Athough 1 srate of profound renal ischemia exists yet blood flow
through the 11dney does not cease altogether and a pressor substance
ot renal ongen may enter the crculanon by way of the mamn renat
van or the fymphatics

Ligauon of branches of the main renal artery gave contradicrory
resules and the hy pertension when it did oceur did not persist (Jane
wny 1913 Marl 1928 Harewich 1930 Friedmann and Wachs
muth 1930, Wolf and Hemsen 1935 honzerr and Unna 1937
Verney and Voge 1938) Occlusion of the mamn arters of only one
kidoey aho resulted m shght temporary elevanon of blood pressure
m dogs but ali of these experiments were published after 1929 (Fried
mann and Wachsmuth 1930 Harewaich 1932 Wantermtz and
collabortors 1940) 1t » not 1 method for the production of per
sistent hy perrension

Constriction of the main renal arterv had also been tried beforc
1928 buc hatrenstetn (1905) observed only shghe clevanon prob
ably of reflex ongin 1n 2 boef expernnent while Bridgman and Hirose
(1916) reported no clevation of blood pressure i dogs as 1 resulr
of the same procedure

The adminustratton of stcrols (cholesterol) had abso been tred
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mamy umes (Fahr 1912 vanLeersum 1912 Schonheimer 1924
Shapiro and Seecoff 192> nd Lowenthal 1926) but alwavs with
the tdea of producing generahized artenosclerosis and consequent
v pertension as a result of generalized incressed perpheral vascular
resistance and not with the mtention of proving the renal ongin of
hyvpertension  The results obraed were contradictors  Even the
admunustratton of vitamin D (Appelror 1933) (Handovshy  1937)
which did result m elesation of Llood pressure was based upon the
same 1dea of generahized arteriosclerosts as a cause of hy perrension
but the pronounced nephrotovie effects drew attention to the possible
renal ongin of this ty pe of hyvpertension In recent vears 1t has been
reported (Ham 1940 Grollman Harnison and VM ilhams 1940
Marzeh Novah and Reed 1942 and Selve and collaborators 1942)
that desovy corticosterone induces the deselopment of hy pertension
and Sels ¢ has asserted that the hy pertension 1s assocrated with the de
velopment of nephrosclerosis 1 the rat and therefore mav be of
renal origm
Some of the expenments summarized abose merely proved what
1s generally accepted even for man, namels the renal ongin of by per
tenston associated with renal excretory msufficiency as a resule of
great reductuon of remal parenchvma from any cause or obstruc
von of the urmary passages However those expermments that were
designed to prove the renal onigin of essential hs pertension failed in
most mnstances because (1) they were brief experiments 1n most of
which no elevation of blood pressure was demonstrated or the hs per
tension was fieeting and probably of neryous reflex ongm, (2) con
tradictory results were obtamned by different ms estigators using stim
slar methods  (3) when hypertension did resule the experimental
conditions did not reproduce the anatomical or what 1s more 1m
poraant the phyvsiological state of the ladnevs m bemgn essential
hypertension and (4) the hyvpertension did not persist or was
accompanied by renal excrerory msufficiency with or without uremn
This was the state of the whole problem when our onwn myesu
gavons of the subject began 1 1928 The working hy potheses of
these studies were as folfows (1) the pare posstbls plaved by the
ladnev 1n munanng so called essenual hy pertension should be sus
cepuble of evperimental 1y estigation (2) of vascular disease hnuted
to the Lidnevs, or any other pathologic process eapable of producing
a symtler raerarenal hemods namic disturbance be the primary factor
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1 the mitntion of essential hy pertension then the production of the
counterpart of the phyvsiological effect of such vascular or other
renal disease no matter how it may be accomplished should resule
m the development of hy pertension  (3) renal excretory functionl
disturbance should not be a necessary accomparument of the expert
mentil hypertension (4) The directne thought was that smce
stenosing sclerosis of the smaller arteries and arterioles 1s the most
common renal Jesion assoctated with essential hs pertension then if
the comsequent disturbance of renal hemody namics 1s the cause of
the by pertension the reproduction of this condion by any means
should also result in the development of elevated blood pressure Tt
was considered that the fulfillment of all these conditions would
wswer the requirements of the defimuion of essential hy pertension
nd sigmfs the experimental reproduction of this condition

Since there was no hknown way at that ume of reproducing the
wgnificant anatomical abnormslity namely  artenal and arterolar
sclerosss localized to the ladnevs 1t was considered that the best
way to reproduce the counterpart of the probable physiological
effects of this intrarcnal organsc vascular disesse would be to con
strict the main renal arteries  Since the mam effects of preglomerular
wteral and arteriolar disease of the hidney are probably reducnion of
mtraglomerular capillary pressure and reduction of blood flow to the
functioning, components of the kidney 1t was considered that these
v o effects mght be reproduced by the constriction of the mam renal
artery by means of a clamp It should be appreciated at once that the
method decided upon was 2 compromise that 1t does not mean that
it was considered that stenosing arteniosclerosts of the man rent
wtery 1s a frequent findimg, 1n cases of human essential hy pertension
and that the application of the clamp was considered an exact repro
ducnion of the anatonncil state of the kidney i essential hyperten
sion This 1s emphasized here and will be again because some authors
nd im esngators have been gmlty of this nusinterpretaunon



PRODUCTION OF LAPI RIMLNTAL RENAI
HYPLRTENSION BY CONSTRICTION OF
MAIN RENAL ARTLRY

Tor the purpose of constricting the mam renal artery 1t became
necessary first to devise a clamp which would fulfill the followmg
requirements (1) 1t would induce little or no tissue reaction so thar
w mughe be left permanently on the artery  (2) it would permut

‘ ‘
’ Jr\v‘ Aen -\’ (

@

rig 1 Clamps for constrictin ot renal artertes  Clamp with movable and remos able
plates and double acung scre v Ordinary type (A) Side view  (B) Mosable plate
i open posiwon  (After Goldblatr Am | Cim Pat/ 1040 1930 )

tig Clamp holder for ordinary type chmp (Fig 1) 1A) Screw denerto de, —
press € elevate the movable plate’ (B) The clamp holder vith the clamp i it w1thour
the remusable plate t the positton reads to recene the fenal arrery  (C) The same
tastrument with the holder of the clamp holder turned over by the depression of the
spring 1 the handle of the clamp (D) The climp holder with the clamp i
pasian so thar the scres of the clamp s 1cces§lb1t to the scress drver for the

the ble plate and of the remal artery (E) The re
movable phrc held 1n the jaws of this special instrument  Itas wath this special instng
ment that the removable plare 1s mserted into the (lamp in the clamp holder {Afrer
Coldblate Anmt J Clin Path 10 40 1940

i
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constrictton of the artery to ans desired extent  (3) 1z would permt
merease or decrease of constriction of the artery and (4) 1t would be
removable hirer withoue mpury co the arters Al these requirements
were fulfilled by the clamp niade of pure siver which was finaliy
devised for the purpose (Fi, 1)

Specnl mnstruments were 1lso devtsed to ud m the appheion
of the clamp They are not necessary  but they facilitate 1nd evpe
dite ¢he pphcation of the <Jimp (Fig 2y The clamp the mstrn
ments wnd the surgical procedure have been described m detul n
severil pubhications including Vedic 1 Physics

A chmp made of tintalum or of some of the other metals which
mduce little tissue reaction nught be even more desirable than silver
if they could be worked for the purpose



CEFLCT ON BLOOD PRLSSURL OF MODLRATL
CONSTRICTION OF THL MAIN ARTLRY
OF ONLY ONL KIDNLY

An earhy and unexpected observaton was elevation of the blood
pressure 1s the result of constriction of onlv one mamn renal artery
There was no tmmediate rise of blood pressure but within a perrod
of 24 10 72 hours after the constriction of the mam artery of onl
one hidnev the blood pressure became elevated In the dog the
hypertension usuafly lasted not fonger than s weels and onhy
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Tig 3 Dog 33y male chow young Imtal weghe 174 hg Lk = left mawa renal
artery moderateh conscricted = Mean blood pressure mm Hg  direct method
femoral artery This shows that st tooh about 4% hours for the blood pressure to
become sigificantly elevated that the mavimum was reached 1 about 2 weeh that
1t remained elesated at the mavimum Yerel for about two weeks and that it refurned
to the normal preoperat € level i about six weehs after the mavimum hat been
reachet (After Goldblitt The Har ey Lectures 1937 38)

[1]
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Fig 4 Ccar 3 female age about 1 year LK left namn renal artery was moderately
constricted The direce mein femora) blood pressure remained considerably eles aced
for six months LN the left hedney was evcrsed and withen 74 hours the blood
prossure seturned to normal and remained at this Jevel RR the right mam renal
artery was greatly constricted The blood pressure became re elevared bur the ammal
derveloped uremia and died (D) Termunally BUN (blood urea nitrogen) 134 mg
Cr 58 mg CO combimng power 405 volumes per 100 cc {Afrer Goldblatr hahn
and Lewss | Erper Med 7 97303 1931)

occastonaliv gs long as srx months  Usually the pressure reached 1
mavimum elevation m about one week remamed elevated at that
level for another weeh and then gradually returned to normal m
410 6 weehs (Fig 3) It was found later thae i the goat the sheep
md the rat umlateral constriction of a main renal arrery resulted
i hy pertension that usually persisted for months (Fig 4)

A sigmhcant carly observation by the author and others w 1s the
effect of the removal of the lidney wath renal artery constrcted
This resulted 1n prompt (12 24 hours) return of the blood pressure
to normal (Fig 4 5) These results drew attention to the possibiliey
that human hy pertension may also be caused by umilateral renal dis
case and more important that the removal of the diseased hidney
provided the contralateral hidney 15 normal rght also result mn the
return of the blood pressure to normal This will be referred to agan
under the heading of surgictl treatment
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Dog®|2-50 f

80
60
40

20 (4 days
0

g 5 Removal of an schemic hidney and production <f ischema 1n the remmu
bidnes  Mean blood pressure in mm Hi. (RR) nght mamn renal artery moderately

(RN night nepl at a ume when the mean blo d pressure way
elevated resulted m ns prompt rerurn to normal (LK) Rreat constriction of
main renal artery of left hidnev  This was followed by very high elevanon of
mezn Llood pressure the mean bload pressure at this time was m e thin
306 mm Hg (R) lalled (After Galdblare 4zm Ine Med 1169 1937)
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FRODUCTION OF HYPIRTINSION
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P& S Remoal of an ischemc hidney and praduction of schemna mn the remtmm
budaer Mean blood pressure n mm g (Rh) right maw renal arcers m Jerarely
comsincted (R™) night nephrectoma at 2 ume when the mesp blood pressure w
el ased rewubed s promps revoms o nemmal SLh) greer comstece m of
mam renal arvery «f feft hidnes This was Ellowed by ven hyh cletarion of
wean blood pressure  the mesn B o} presmare 2t this qm

e was more than
W mm Bl Ohy Walled (Afeer CaldWlary Ama It Med 15 9 jo3 )
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ITFLCT O\ BLOOD PRISSURL OI \IODLRATL CON
STRICTION OF BOTH MAIN RLNAL ARTERILS
THE BLNIGN PHASL OF L\PLRIMI NTAL
RENAL HYPERTLNSION

[n order to make the n pertension persist 1t was found necesviny
to constrict the mam artery of both hidnevs (Frg 6) or to constrict
the man artery of one hidney and remove the other hidnes (Fig 7)
C onstriction of both mun renal arteries at the same time resuleed m
1 defimite pse of blood pressure usually within 24 hours with the
MAXHNUN r1s¢ occurnng m o w Ccl\g or even longcr In most ex
periments an inters ) of 1 week or longer was allowed berv cen the
camping of the two main renal irteries (Fig 6) The removal of the

wr—J- | AR T O O A O | 1T

! ] i ] T
N i
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120}
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eyl Tie

Fig 6 Blachie shorr baired mongrel female age about 1 vear i 19 ¢ Inrtal wesht
14 hg RA = mderate constrictran of rieht maw renal artene T h =m derate eon
strction of left main remal areers RhO = occluston ¢ mght main renal arten

= aystolic blocd presure mm Hg determmed Uy the vanleersum carort i Joop
methad This shows that the blood pressure rematne ! eles ated for abour 3 y ears after
he constriction of both main renal arterres At no tme did this anmal show am

curbance of reml evercton functcn as determined by sartous 6 pe
e tAfrer Geliblare e

::;md“n““ and by the chemical compo tion of the bl od

He v ecturer 193 38)
118)
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concralateral hidnes for the purpose of nrhing the by pertension
persist was abo performed 1 a rule m nor ess thn 2 week after
the constrrction of the mun acrers of one hdney (Fig 7) by both
procedures mam, i esug rors huve now succeeded m producing per
wstent by perterraon 1 dogs monhess rabbus rus cars sheep and
goats In some of the dogs perastent elevavon of blood presurc

Fig 7 g 114 male bulldog young Tritad wesghs 11 he 1K = great constrct n
of Teft mam renal arters RN = mght nephrectomy == mean bhiod pressure mm
Hg direor methed femoral artery Thes shows that the blood pressure may become
chesated and resmam elesated £ x screral weehs s the rusule of constrsction of onby
cne man renal artery and that the hypertension may hecome persiscent as 2 pesult

of the ubseque w rem val of the contralateral lidney  (Afrer Coldblatt 77 ¢ Harvey
Fectures 1937 38}

tas been observed for more thin 6 vears That thy ss true hyper
tenston has been shown by the demonstration that both systohe and
dustolse pressures are elevared (Fig 8)

Immedhately after the 1pplication of the chimp there 1 conuder
able reducton of the blood flow through such hidnevs nd the
blood pressure mn the part of the reml arters dutal to the clunp «
defimtchy decrewed Whether these tao effects persist smdefimreh
has not vet been established

In mamy of the tmmals with persistent vy pertension due to mod
erite constrictton of both mam renal artentes there was btide or no
decrene of renal excretors funcoion detectible by any of the methods
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22 RENAL ORIGIN O HYPLRTFNSION

used 1n chmierl medieme (Fig 9) It w1s shown therefore eypert
mentally that merely by disturbance of the itrarenal hemody namcs
hy pertension was produced which although obs rously of renal ongin
nevertheless had no accompanving disturbance of renal excrerory
function Thus the most umporeant of the worl ing by pocheses was
satisfied by the results of these experments The direct apphcanon
of this observation to man 1s perhaps not jusnfiable but 1t does offer
cxpenimental evidence for the view that essenuial human hy pertension
usually associated wirh mtrarenal arterio and arteriolo sclerosts bue
without imparrment of renal excretory funcuon may also be ot
renil onigin  In recent vears as the result of the work of mny
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Tig 10 Doberman pinscher female young 18 Ry Ao abdominal aorta yust beluy
the ongmn of both mam renaf arteries greaddy constricted by 2 clamp Ao abdcmnal
aorta just below the ongn of both mawn renal artertes greatly constnicted by a clamy

Ao ¢ abdormnal aorra aboy ¢ the main renal artertes occluded by upheening the clamyp

Ao ¢ abdommal aorts below the mam renal arteries eccluded by tightenny, the
climp Th left man renal artery greatly constricted ty a camp R pight mam
renal artery treatly ¢ nstricted by a clamp The figures for blood pressure which
appeac as solid black aircles represene the caroud systake pressure determmed by th

©anLeenum carond loop method The figures which appear a5 open circles reprevent
femoral mean pressure determtned by the direct method Thus show s that the o

non of the aceta bel w the onign of the masn renal arteries has no sipnificant effect ¢n
the bload pressure n the upper pur of the bo Iy whereas con tnctron of the 2011
2bove the ¢ rigan of bech main renal artenies results m 2 define nse of pre sure hech

25 1 the case of ccnseriction of bth mawt renal artenies beguns in abour >3 hm}r

afcer the operation Note that even i che femoral artery  afrer rmn:)r) jram o ‘c
tatual fall of bl ¢dl pressure the final pressure was eventually highes than nrms!

{Afrer Golilatt Raho and Hanzal J Frper Med 9 6496 4 1939)
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vesngators much evidence has accurnulted to fasor this view Thi

will be discussed m a later part of this monograph

It was also shown that constriction of the aorta just above the

site of ongm of both man renal artenes results in elevation of the
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blood pressure swhereas constriction of the aorta immediately below

the ongin of the renal arteries 15 not followed by the development

of elesated blood pressure (Fig 10) It 15 of special interest 1n con

nection with the pathogeness of hy pertension due to constriction of

the man renal arteries that when the aorea above the ongm of both
main renal arteries was constricted although the mean blood pressure
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m the femoral artenies was Jower thin normal for a ume vet eventa
i 1t became deimitehy eley ared although not 1s much 45 1 the upper
part of the body  In this connection Steele s obser 1tron that in cases
of coarcranon of the aorta 1 man the dintohic artersal pressure 1
frequencly as elesated below the site of constriction 15 above it 1
of great interest A reduced effectne renal blood flow and norma)
glomerular filtraton rite hase abo been reported m such cases
by I'riedman Selzer and Rosenblum on the basis of mdirect evidence
(drodrast and mnulin clewrances) This is stmslar to the condittons
which obtam in essentiil human hy pertenston  Qther control studses
were lso cirried out  In the same ammal the splenic artery and
both femoral artertes were constricted This cawsed no elevaton of
the blood pressure (Fig 11)

For reasons that are difficult to understand there are those who
mmnmuze the mportance of these experiments because i human
Iy pertension the mam renal acters 1s not commonly stenatic aod
they consider therefore that the experimental conseriction of the mamn
renal artery does not reproduce exactly che state of the human hidney
n essenval by pertenston This 1s aduurted of course alchough there
are authors Il e Ywile and Blacl man who heve drawn attentton
the frequent evstence of sienosing rtenosclerosts of one or both
mam renl artenies n association with human by pertenston How
ever what 15 forgotten or ignored by some writers 15 that con
strrctron of the man renal artery was an expedtent resorted to exper
mentally because 1t was the only method avadable whereby to m
duce 2 disturbance of the crculation of the ladney that mught pos
stbly sunulate the most probable effects not only of stenosis of 1
matn renal arters  but also ot intrarenal stenosing artenal and arterio
e scleross To regard the experunental rype of hypertension
15 not exactly like human essential hy pertension because the maw
renal artery n human bemgs with hs pertension 1s not frequenth
stenotic 1s to mnunderstand the whole problem and the mun pur
pose of the ¢xperimental procedures which were used for the pro
duction of experuuental renal hypertension The recogmition of th
probable simlanty 15 necessary to a proper understanding and evalu
wian of the centributions made by the great vanety of studies e
ried out on mmals with experimental renal hy pertension

In some of the anumals wth both main renal arteries moderately
constricted after a pertod of weehs or months the blood pressure rc
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turned to a lower level or even to the ongmal normal level To
re elevate the pressure 1t was often sufficient merely to merease the
constniction of one or both mam renal arteries (Fig 9) In other
animals the examination of the hidnevs showed that the potennal
accessory circulanon to the periphers of the hidney had become
strihingly promnent wth large artermal vessels entering the cortex
of the Lidney from the vanous surrounding, organs and structures
Decapsulation and enclosure of one or both hidneys m a fishshin
condom frequently resulted 1n a re elevanon of the blood pressure
which often persisted Ths t3 pe of membrane did not induce the de

velopment of the thick hull of connectnve nssue around the hidney
which 15 induced by wrappmg cellophane collodion or silk 2round
a hidnes  but 1t did reduce the accessory circulation to the kidney

and 1t was thought that this mduced the re elevation of the blood
pressure  Cellophane collodion and silk membranes (Page and others)
have been wrapped around Lidnevs and elevation of blood pressure
has been observed to develop weel s or months after the apphcation
of thesc membranes The elesation of the blood pressure m these
anmals has been considered as due to the perinephritis and the com

pression of the renal substance by the thick hull of connectye nssue
which develops around the hidnevs That actual compression of the
ludney occurs has not been proved 1In fact there 1s no proof that
the mechamsm of the clevated blood pressure 1s not due to the scar
ussue which also des elops around the renal pedicle with constriction
of the artery vemn and ureter of the lidnev Two mdications of this
are the passtve hyperemia (venous obstruction) and hy dronephrosis
(ureteral obstruction) 1n some degree which are almost 1nvamably
observed at autopsy 1n such hidneys This 1s 2 matter which should
be settled Tn any event 1t 15 believed that the pathogenesss of the
hypertension n such cases 1s ssmlar to that which results from con

striction of the main renal arteries The main dravback of the method
1s that impairment of renal function 15 an almost mvanable accom

pamment of the hy pertension and fatal uremia (the malignant phase)

1S 2 common outcome =
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EFFECT ON BLOOD PRESSURE OF GREAT CON
STRICTION OF BOTH AMAIN RENAL ARTERIES
THE MALIGNANT PHASE OF EXPERI-
MENTAL RENAL HYPCRTENSION

1f both main renal arteres are greatly constncted from the be
ginmng or 1n some cases if moderate constriction g5 practiced at
frst and great constiiction later elevanon of blood pressure ac-
compamed by vanable degrees of impaired renal excretory functron
15 the result (Fig 12) If the renal arteries are greatly constnicred
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Tig 13 Dog 87 female Imeal
weght 140 hg R = almost com

ere of nght mam
renal artery L = almost complete

of left main renal ac
tery D =Died The ammal died
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1 uremta as b d by the great
accumulation of NPN 1n the blood

Creauune and blood urer mico-
gen were also gready increased
and the urea clearance was greatly
decreased  Anatomucally this am

mal showed both m the gross and
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the typical arteno
1ar lesions of the malignant phase
(Bee Plate 1)  After Goldblarr
Lynch Hanzal and Summeryille
J Exper Med 59 337 379 1934)
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from the begihmng, and especially if both renal artertes are occluded
fatal urenma results The same effect can be produced by excessnie
constriction of one mamn renal artery with contralateral nephrectomy
or contralateral ureteral occlusion In those ammals that develop
great imparrment of renal excretory funcuon along with the hyper
tenston  fatal comvulsive uremia occurs (Fig 13) and at autopsy
pathologic changes are found m the small arteries and artersoles w hich
resemble those observed in the malignane phase of essential hyper
tenston  More will be smd abour these changes under the heading of
pathologic changes

Thus hs pertension resembling both the bemgn and the malignane
phases of essential hy pertenston has been produced experimentally
1 amimals merely by varying the degree of constricnon of the mam
renal arcerres and the consequent alteranion 1n the intrarenal circula
nion The evact nature of this disturbance of intrarenal hemody namtcs
has not yet been determmed Vore will be said later 2bout the evt
dence that has accumulated to indicate that the benign and malg
nant phases of essenual hy pertenston 1 man may also be prumarth
of renal ongin
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PATHOLOGIC CHANGES IN THE ORGANS OF

ANIMALS WITH PERSISTENT
HYPERTENSION

Within the lidney the pathologic changes which result from
constriction of the main renal arrery are directly dependent upon the
degree of constriction of this vessel In the berugn phase that s m
hypertensive ammals with moderate constriction of the maimn renal
artertes and without accompanying renal excretory nsufficiencs the
Lidneys may show httle 1f any sigmficant gross or nmucroscopic ab
normalies detectable by the usual methods In the early stages
changes m the mitochondna of the proumal convoluted tubules mav
be found even 1n those 1 1dneys m which later no obvious anatomical
changes are detectable Pathologic changes n the structure of the
11dneys are therefore not mecessary for the determmation of the
bemgn phase of expenimental hy pertension produced by constriction
of the mam renal artery

Sell ure has shown that 1 dogs a considerable lowerng of the
systemic blood pressure alone mav resule in a disproporttonately
low renal blood flow with strlung physiologic evidence of tubular
damage vet without correspondingly stril ing histologrcal alterations
n the hidney depending upon the duration and degree of the anovia
This mav mean that tracellular changes not detectable by the usual
methods have occurred with consequent alteration m mtracellular
enzymes and other substances

In some hypertensive ammals after several months one of the
lidnevs mav be found atrophic even though sigmficant dimmution
of renal excretorv function had not occurred In such ammals the
other 1idneyv 1s usually hypertrophic and both m the gross and
microscopically essentially normal In some of these small kidneys
there 15 litele or no mterstial fibrosss and the reduced size of the
organ 1s due mainly to disappearance of glomerult and of cortical
tubules as well as shrinhage of the tubules which have no distinet
lumen and which are hned by greatly altered epithelum n which
signs of regeneration (mitoses and hy perchromatie nucler) are com

1291
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mon 1n the liming epithehal cells Thrs 1s the so called endocrime Aid
ey which Selye has produced 1n the left hidney of rats by constric
tion of the aorta between the ongm of both man renal arteries
Whether i such hidney s there 1s actual transformation of an exocrine
to an endocrme ty pe of cell and the part that these cells play 1n the
origin of the hy pertension which des elops remam to be detertmmned

In ammnls in the mabgnant phase especially when both man
renal arteries are greatly constricted at the same time profound
parenchymatous degeneratnon or diffuse necrosis with or without
hemorrhage may occur in both 11dneys

In the bemgn phase i dogs even after 6 years of persistent
hy pertension no significant pathologic changes have been obsers ed
m the zorta or n the large or small arteries The onlv changes that
have been detected 1n the vascular svstem of such animals have been
slight to moderate hypertrophv of the heart and thichening of the
media of the large and small artenies due to hy persrophy and hy per
plasia of the muscle fibers These experiments therefore afford no
proof for the view that hy pertenston by atself 1s 2 sufficient condition
for the production of generalized truc simple artenial or arteriolr

sclerosis
In the mahgnant phase 1 ammals even when 1t termnates fatalls

Plate 1 Arternl Lesions 1 Mabgnant Hypertension —
Part 1 Arteriole m submucosa of large intestne Begmnmng subendothelial deposic
of hyalm Endochelium sell preserved Hematoxyhn and Eosn X %6

Part 2 Artentole 1n submucosa of stomach Obkterstve hyalmzation of snuma
endothelum sull recogmzable but nucler reduced 1 nember and pyhnouc Hema
toxylin and Fosin X 430

Part 3 Artenole in submucosa of small intesune  Lumen complerely obliterated by
accumulation of hyalin contmmng a few pylnouc nuclesr Hematoghn and Eosin
X430 Parts | 2 and 3 are from an ammal that lved for one month after grear
constrictton of both main renal artenes  Renal excretory funcuon was greatly 1m
paired

Part 4 Arterole n submucosa of stomach Portion of entire thickness of wall
necrone  Normal thickness of wall and lumen natural size  Hematoxs bn and Eoun
X35
Part 5 Arernole cut longirudinally i submucosa and mucosa of larce intestine
Parcly hyahmzed partly necrouc with extrasasated blood around 1t A portion of the
same arteriole n the submucosa immedtately proumal to the parr included n this
figure was enurely normal Hematowybn and Eostn X755 (After Goldblate,
Exper Med 67809 1938) Pans 4 and § are from an ammal that lived for one
\weel, after great constriction of both mam renal artenies The animal developed con

vuluve urema
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mn as hitele 25 48 to 72 hours the most profound changes has e been ob-
served in the blood vessels of the dog monl ey rabbie r1e sheep and
goat The changes are sinular to those seen 1n the terminal phase of
human mabignant by pertension In the gross the condition 1s mant
fested by petechac 1n the gastro intestnal tract gall bladder urmnr
bladder pancreas adrenals bram pericardum and ms oeardiom
Microscopreally 1n the qorta there 1s only interstitial edema mamly
of the media  bur the wall of small arteries and arterioles 1n those
organs i whuch the peteclae occur 15 the seat of necrosts and fibrin
oid degencration with or without y aseular and pern ascular inflamma
tion characterized by the exudation of poly morphonuclear leuhocy tes
and some \mphotd cells The nceronzing and mflammacors changes
m the artenoles are indisunguwishable from those observed i the ter
munal phase of malignine human hy pertenston (Place 1) There s
however one sigmficant difference from the mahgnant phase n
human bemgs the vascular lesions do not occur n the blood s essels
of the 11dnevs bevond the site of constrictron of the mam renma
arrery  Lven intrarenal necrotizimg artertolar lesions have been pro
duced Great constriction of the man arters of one htdney and liga
tion of the ureter of the other I 1dney resulted 1n hy pertension accom
pamed by renal insufficiency  (Goldblatt and kahn) The artenolar
lestons of the malignant phase developed in the kidney with ureter
occluded 1 which intrarenal arterial tension was increased but not
1 the Tidnes with the mam renal artery constricted an which the
mtrarenal arteral tension was undoubtedly low
Pathogeness of arterrolar necrosss Of the mode of deselopment

of the degencratne necrotzing and inflimmatory lesions of the
arterioles v hich are found 1n many internal organs in the malignant
phase of experimental renal hs pertension nothing defimte 15 hnown
These vascular lesions are mdistngushable from those found in hu
man beings 1 the mahignant phase of essential hy pertenston and are
not to be confused with simple arteniolosclerosis observed in the
bensgn phase of human essenual hy pertension In antmals che arterto
far lesions are usually more severe and more widespread than n man
This may merely mdicate 4 greater suscepubility of the vascular svs
tem of ammals to these changes As mn human beings with mahg
nant hs pertension some organs especsally the lungs slin and sl ele
¢al muscles rately show these lesions The fact that the Tudney s fal
10 show these lestons may afford a cluc to thewr mode of des elopment
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The mtravascular pressure vathin the hidney bevond the site of
constriction of the main renal areery s low  In man even the mntra

renal vascular pressure 15 usually high because obliceratine sclerosts
of the main renal artery does not usually accompany the condiion
As a matter of fact 1t has never been shown even in malignant hu

man hy pertenston thar the arterioles which correspond to a larger
arterial branch which 1s the seat of stenosing arteriosclerosis eser be

come necronc It may be that only those arterioles become necrouc
that are subjected to a huigh bursung tension as well as to the effects
of the chemical substance or substances i the blood which result
from the renal damage In some cases of malignant hy pertension 1
man necrosts of the renal arterioles does not occur These may be cases
1n which there 1s widespread stenosing arteriosclerosis of the larger

trarenal arteres or of the main renal arters  wath or without arteriolo

sclerosis withm the hidney It seems therefore that a combmatien
of increased vascular tension and the effect of a chemical substance of
renal onigin the result of mterference with circulation of the Lidnes

are necessary condinons for the producuon of arteriolar necrosis and
the associated hemorrhages That elevated mntray ascular pressure alone
15 not a sufficient condition for the production of the necrotizing
artertolar lesion 1s demonstrated by the absence of these lesions 1n the
organs of ammals that have had pronounced hy pertension for many
yvears without accompansing sigmficant disturbance of renal excre

torv function or in the I1dneys of antmals with expenimental neuro

genic hy pertension This indicates that mtense vasospasm alone 15 not a
determmnant of these lesions That the chemrcal factors alone 1s not
sufficient for the production of the arteriolar lestons 1s demonstrated by

the face that bilaterally nephrectomized amimals with profound azo

termia bue without hy pertension do not develop the necrotizing lestons
of the arterioles and the associated petechiae That the lesions of the
arterioles are not due to 1schemic necrosss s of course shown by therr
absence from the schemic kidneyvs of the ammals and therr presence
n organs 1n w hich there 15 no obvious ischemia 1V hat the exact nature
of the chemical substance or substances 15 that plays the imporrant pare
mn the production of the anatornical lesions has not y et been elucidated
by the investigations of renal hy pertenston that have been performed
up to the present VWintermtz and his collaborators have been able
to produce lesions of a similar nature by repeated mnjecnions of an
extract of lidnevs But this does not prove that these chemical sub
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stnces, by themsehes have che abiinv o produce these lestons
becawe the extract also produced a considerable elex ation of blood
pressure so that o combmanion of the effect of the hy pertension
and of the chemmcal factor cannot be excluded Although remn was
used an these experiments v et there 1s no proof that the chemical sub
stance responsible for the lestons was remn or 1 remn i I perten
stve ammals for the remn used by Wantermts 1nd collaborors w 1
not pure

The nflammatory changes around the blood vessels are probably
only a reaction to the degeneranton and necrosts of the walls of the
artertoles but st cannot be demed that they mav be caused by the
same agent that produces the necrosis By repeated merayenous
jections of tyramine some investigators have produced lesions of
artertoles which they consider similac to those of the malignant phase
but there 15 cerrunly no good reason for the belief that ts ramune 1s
responsible for the Jestons of the malignane phase of by pertenston

Wilson and Byvrom and others have asserted thar they observed
the characterisuc mahgnane arceriolar lesions i one hidney 1 ris
with hypertension due to constriction of the mam renal arters of
the coneralateral idnes 1V e have not been able to confirm these
obsenvations 1 dogs rabbis monkevs sheep or goats with In per
renston due to constriction of one main renal arters  The conclusion
reached by Wilson and Byrom confirmed by others thar hy perten
sion by arself 1s able ro cause the characterssuc mahgnane artertolar
lessons n the ratr with hy pertension due to constricnion of only ene
main renal artery has not been substantiated i the experiments on amy
other amimals and 1s probabhy based on the erroneous assumption
that the conrralateral 1idnes was normal Al the glomerular nd
ntersteral mflammatory lestons v hin the otherw ise supposedhy nor
mal hidney, deseribed by these authors have been observed by us i
the hidnevs of rats with normal blood pressure The best explani
tron of the changes m the arterioles of the contralateral ladney ob
served by W ason and Burom and the ochiers 1 probabily that thes
were unaware of the frequent evistence of hy dronephrosis or pyelo
nephrits n one or both hidness of adule rats and that by constriction
of only one man renal artery they were really dealing in some
of these rats wich brlateral renal disease The possibiliry sult remans
¢hat the rat i thus respect differs from alt other anumals

Other changes 18 experumental renal hypertension Jr was
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shown early that the hs pertension which results from counstriction
of the maun renal artertes i ohies both the systobe and the distolic
pressures and the elevanon of these has been demonstrated m 2
ety of wavs  In expenimental renal hypertension the pulse rave
remains unchanged and no sipmficant alteraton n the output of
Blood from the hearr has been ebsenved v the hs pertensne any
mals The volume of the blood m hs pertensn ¢ dogs showss no signity
«antyanatons from the normdl The pressure in the fesser cirentauon
(the mam pulmonary artert ) 15 also wathin the hmues of normal
which mdicates that the pulmonic vessels are not affected by pen
pherl vascular constrictsion n this tpe of hypertension  In the
blood apart from the retennion of mtrogenous producys w the am
wth i the malignant phase no significant changes have been ob
served The pH of the blood remams wathin the Boug of normal
n antmab m the bemgn phase (Muller and ichel) o significanr
aheravons m the hpid and protewm content of plasma hate been noted
but Page did report a shght mcrease of free cholesterof ar the ey
pense of the estensfied fraction o specal sgnificunce has been
tiched to this change In wmmals thar exlubi retenuon of mrro
genous products accumulanon of the guansdine compounds alye
occwrs bt sinee there 1 no accumulinen of this product m the
berugn phase no speciaf sigmficince has been attached to the presence
of this pressor substance 1 the blood even in the malignant phase
A redistribution of the water content of sheleral nsuscles of dogs wis
experimental renal n pertension has been found (I wchelberger) Thas
merely indicates some extracellutic edema which occurs mosth 1 the
mabgnapt phase

As concerns the phy siologe il reactions w s perzensive anumils 1
15 of snterest that the carond sinas and <ardiiorne norves are pat able
o effecr a fow enng of the blood pressure to normat m ammals wath
mun renal anters constnored  Lhere 5 come difference of opison
about the effecr of oeclusion of the common carctd ireeres i am
mals with evpersmental renal bn pertension Some wehors hase found
3 grewer nse of blood pressure m such wwnb than i those wirh
tormal blood presure Ve have found thie the escision of both earo
tid stuses did pot adrer the development of by pertension produced
by renal ischenna and that the Jevel of blood pressure reached by such
anmals w s 5o different from e ot smmals with carand sntses 1w
tact Irseemn therefore that the regulatory system of the blood pres
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sure tunctions actively in expersmental renal by pertension and thar st
probably acts normally althongh at a hugh level It has been Found
that ammals with experimental renal hy pertension rexct m hy per
sensitive fashion to injections of adrenslin © ranune and pitressn bue
no one has suggested that these substances play any part m the ongmn
of the elevared blood pressure In fact because the mjection of co

caine causes no fall ot blood pressure in hy pertensne dogs Robbers
1nd VY estenhoeffer haye concluded chat o ramime cannot be the cause
of experimental renal by pertension Tt has also been shown thae the
dog s reaction to the cold pressor test 15 the same after the develop

ment of hypertenston 1s 1t wis in the pre hypertensne stite \am
v estigators hs e found thae the presence of an infection causes a fall
of the biood pressure winch returns to 1ts mmnal fevel after the

fecton has disappeared  The type of infection wfich produces the
most profound and the most lasting effect 15 distemper The pro

longed effect on the blood pressure 15 probably due to the slow re

covery of ammnls from this tv pe of infection This 1s a lead which
probably deserses more attention than ic has recenved  Sumbir effects
m be obramed by the mjection of bacteria or bactertal produces

for example o phord vacene njected ntravenously wall produce
temporary sigmficant fall ot blood pressure in anmmnls with expen

mental renal hy pertensian as 1t does also 1 human bemgs with es

«entral hvpertension WV hether or not this effect 15 produced by the
dilatation of afferent arteroles and improvement of arculwon of
the hadneys or by relasanon of efferent glomernlar arterioles
deurense of straglomerular pressure his not been established
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The production of the counterpart of the benign and malignne
phases of human hy pertension has made possible the ms estgation of
the probable pathogenesis of the high blood pressure even m mn
Since the orgmnal publicaion of the production of expenmentil
renal hypertension  the pathogeness of this type of hy pertension
hts been discussed 1 miny publications which have dealt mamnhy
with the possible apphicwson of the obsersanons on anmmals to the
problem of the mechanism of production of human essennial hy per
tension

It 15 obvioush mposuble to solve a problem of this hind by
the studs of patients chmeally or by examunation of specimens of
tissues obtained 1t autopsy  Progress in the tcquisition of our hnowl
edge of the pathogenesis of human by pertension has therefore been
delaved because n human bemngs it 1s rarely if ever possible to
study the pauent before and after the development of the elevated
blood pressure

The arteriolar scleross of the hidneys which has been reported
by mamv authors (Fishberg Bell and Clawsen VMonitz and Oldt) as
n almost msamble finding 1 c1ses of human essenmal hy pertenston
1t tutopsy  has been mterpre(cd by some as proof for the view that
the hy pertension comes first and’ produces the renal vascular dis
c1se The possible causal relationship between the two conditions
could concenably be mvestigated by the examimation of biopsy
speamens of hidnev obtained from the same mdividuals at intervals
before and after the development of hypertension  Since there 1 no
wiy of telhing with any degree of certunes which persons will de
velop hy pertension such a study of human beings 1s not feasible An
1pproch to this problem has been made by the eximimanon of biopsy
specimens of hidneys mn cases of established human hy pereension
after the condiion had been in eustence for 1 varable length of
nme (Castlenan and Snuchwich) Thus study has not led to 1 solu
ton of the problem for obvious reasons and the conclusion of the

[371
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wthors that the results of therr im estigation show that the yascnlar
disease 1s caused by the hy pertension 15 hardly justifiable

In 2 series of patients wi1th hy pertension that hnd ersted for vart
wle periods biopsy specimens of the hidnevs were extnmned for
vascular disease (Castleman and Smuthwicl ) In these smll spect
mens i which at best onls 1 few cross secrions of mdependent
trterioles could be observed the changes were lussified arbitranly
from 0 to + 4 ++ on the basis of hy thne thickening of the wall
and stenosis of the lumen  Despite the views and conclusions of the
iuthors 1 15w interestng wnd indeed n extraordinary face thie
some vascular abnormility w1s found 11 1bout 90°  of the spec
mens and that 1 rhout 20°, it was from moderite to severe From
the study of such small specimens it 15 obtiousls impossible to tell
whether the vascular disease 1s more or less pronounced m the rc
masnder of the hidney It 15 hazardous therefore to extrapolate from
the evaluation of such msure specimens ot hererogeneous tissue to an
estimate of the average condition of 1 smgle constituent the 1rterole
ot the entire organ Lven sf the appearnce of a few artenoles could
posstbly gne some estimate of the 1 erage chinge in syl vessels
of the remainder of the hidnev yet 1t cn give no rder of the state
of the larger mtrirenal vessels or of the hemods nume stite of the
entire hdney The lger mtrarenal astertes are rarels included i
such biopsy specimens because the specimens are ral en from the
periphers of the cortex It should be obuious that stenosis of ont
large mtrarenal arters could 1ccount for great hemody namic dis
curhance m a large mass of hidnev substance supphed by mam
artenioles that are not themsehves disersed  In human nephrosclerosss
stenosing arteriosclerosts of Jarge intrarentl vessels 15 1 common ¢
compamment of the arteriolar sclerosts The possible contrbution of
such obliteratie sclerosts of the large merirenal artertes and even
of the mun renal artery to the disturbince of intrarenal hemo
Jvnamices has been underesnmared  Indecd Blac) man has shown how
common 1t 15 to find 1m Iy pertensive panents at quropsy some de
gree of stenosts eyen of the man renal artery At no ume of
course has 1t been asserted that stenosts of the mun renal weery un
tareral of bilaceral s 2 common cause of or even a frequent hnd
mg 11, human essenonl hs perzension It 15 difficule cherefore to
anderstand why some authors should make 1 speenl pomt of empln

n
wzing that 1 many by pereensis e pagtents in ¥ hom prenounced ste
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osis of one or both mam renal arteries w1s found there wis 1ko
present sy mificant ntrarenal artenolar sclerosis This 15 to be ex
pected and 1t 1s probable that m most of these cases the intrarenal
disease developed first and determined the imeal elevation of the
blood pressure However the possble part plaved by the ob
literativ e sclerosts of the main renal arters cannot be demed

The possible mechanusms mvolved 1n the elevation of the blood
pressure are (1) afferent nervous stmult from the nerve endings
in the hidness to the vasomotor center or svmpathetic gangha with
resultant generalized vasoconstriction and consequent elesation of
blood pressure  (2) afferent stmuli from the kidnesys with resultant
output of n mcressed amount of some known mnternal secrenon
which produces vasoconstriction either by central or penpheral
action (3) the entrance mto the circulation of a primary pressor
substance of renal omgin or the new formation of a pressor sub
stance as a result of the interaction of a renal substance with substances
already present in the blood Teleologic considerations are mentioned
only to be discarded because they are not suscepuble of experimental
proof

Neurogenic mechanism The possible part played by various por
tions of the nervous system was mnveshgated first It was soon shown
that evperimental renal hypertension 1s not caused by a nervous
reflex from the kidnev affecting the 1asomotor mechansm of the
body Renal denervation (Fig 14) ilateral supradaphragmane ex
csion of splanchnic nenves and lower dorsal sympathetc gangli
(Figs 15 16) subdiaphragmatic splanchnicectomy with excsion
of the celiac and upper lumbar gangliz bilateral section of the an
terior nerve roots from the 6th dorsal to the second lumbar nclu
sne (Fig 17) prthing with destrucnon of the entire spinal cord and
complete svmpathectomy ncluding denervation of the heart (Fig
18) netther prevent nor abolsh the hypertension which resulrs
from constriction of the main renal artery  Lven under anesthesra
(pentothal) experimental renal hy percension persists whereas 1 nown
neurogentc hy pertension disappears These results eliminated the 1de
that a nervous reflex ongmnating mn the 1idney 1s the cawse of the
experimental renal hy pertension and ndicated that a humoral mech
mism was probably the cause There are those Iihe Ogden however
who concede that the renal humoral pressor mechanism mitutes ex
perimental renal hy pertension but who believe that this 1s superseded
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Tig 14 Liffect of denervauon of the hrdneys and constricton of sfie renal areerics
In the case of the blood pressure each poine repre enrs an ayerage of the readines
tabent orer 3 petiod of ten days Nate that gensl denemation dues not present the
production of by pertension {After Colins Am ] Fvuol 126 616 1936 )

later by 2 newragenie mechamsm meduted through the sy mpatlenc
ness otis systens This view has not been eseablshed by any means
and much more myesugroon 1s defimtehy mndicated
Endocrinogensc mechanism The French school s especiathy com
mtted to the view that m human essential by pertension fn perpme
phrinenys 1 a highly probable cause  Althongh there are those who
stil cling to the tdea that esseanal hy pertension 1s primarih, endoc
nnogenic and due to some distarbance of the hy pophysis vt the
csperiments on anmals have faled to fend support to this siew
Complete hs pophy sectomy does nat permanently lower the blood
pressure of 2 dog with espermmental renal by pertenston and does not
prevent the dexelopment of this 1 pe of by pertension (1g 19) There
« no proof that the actity of the posterior lobe of the proweary 5
changed m I way expenumental renal hy pertenston The amount
of the anudwrene prinaple 1 the unne remains unchanged i evpert
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big 18 Effect of svmpathectomy on deselopment of rensl hyvperrension [ flect
of constriction of the renal artertes <n the 3 stohe and diastolic pressure of 2 & M
which botls parasertebral sympathetic chains were removed from the srellare panglt 2
to the peluc chamm The unbrohen sympathetic chans rem ned are shown in the
upper part of the chare Nore that sy mpathectoms does nor prevent the profuction
of hvpertension ( \fter Freeman and Page 4dm Hearr ] 14 405 193

mental renal hypertension bur during dehy drrtion 1t 15 increncd in
both normal and hspertensne ammals Txcision of the postenior
prturtary does not mterfere with the development of or lower v
penmental renal hy pertension m the rabbit

Theroidectomy  gonadectony  and  pancreatectomy  have no
sigmficant effect 1n preventing or low ening experimental renal ha per
tenston 1 the dog

The only endocrine orgn which may possibly phy 1 sigmsficmt
cven of only @ secondars  patt in expenmentsl renal by pertenston v
the adrenal  Dren thus conclusion has beent contested (Rogoff) In
the earhest studs of expersmiental renl hs pertension st was shaws
that the medulla of the drenal plavs no pire in ¢he ongm or main
tenance of the clovated blood pressuse (Fig 20) There ¢ however
some mdicaron thar the adrenal cortex may play 1 secondiny pt
1 this tvpe of I pertenston although there e chose who do not
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fi 19 The effect of  mplere hypophysectomy on the development of hyperten
1 0 due to constricuon of both mun renal arteries Dog § 7+ male muddle sged
chew weghe 11 kg H =<¢ mplete hypophysectomy Lk = mod rate permanent
¢ nstriction of left main renal artery Rh = moderate permanent constriction of nght
nath renal artery k=il @ Complete hy pophy sectomy had no significant perma
nent effect on the level of blood pressure of the normal antmal and did not interfere
with the d velopm nt of hypertension due to constriction of both main renal arceries
(After Goldblatr Braden hahn and Hoyt J Mt Suas Hosp VI Jan Feb 194 )
concede even this The complete excision of both adrenals mn dogs
terferes with the development of hy pertension due to constriction
of the main renal arferies unless idequate supportive and subsutution
therapy 1s given (Figs 21 72) Yvhen ony two fifths of the cortex
of one adrenal 1s present there 1s no interference with the develop
ment of experimental renal hy pertenstion m the dog (Fig 23) 1\ hen
bath adrenals of 2 hy pertensts e arumal are remov ed the blood pressure
falls promptly to normal (Fig 24) Ttwall be shown 1a the discussion
of the humoral mechanism that the possible mode of action of the
cortical hormone s to influence the production of the pseudoglobulin
n the blood which acts as the substrate for the actiiry of renm to
form the pressor substance hy pertensin

Recently Victor reported the production of hy pertenston in dogs
by hgacion of the hilar ven and of grossls visible arreries and veins
1 either the supenor or the mfenor pole of onls one adrenal It x
cvadent of course that nerve fibers must have been ncluded 1n the
polar ligature although \ ictor daes not make spectal mention of this
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Frg 0 The effect of remcyal of one adrenal and lestructton of the medulls of the
cther adrenal on the desclopment of hy pertension due o comtricyion £ 1 th mare
renal artenies Dog 89 Inmal wewght 136 hg A = evesston of night adrent A =
destructon of medulls and denervation of left adrenal Section of lefe maycr and
renor splanchme nenves R and 1 = moderite constrictton of pght and Jefc man
remal artenies, respecenely The chmination of the medulls ¢f toth adrenal hal
1o sienificant effect on the develcpment f hy g ertenston due to con tricoon of beth
mamm renal blood arreries Svstolic blsod pressure deternuoed by ehe van Ieenum
carond loop method  (After Goldblare 1ynch Hanzal and Summerulle ] Fxpr
\fed 593473 9 1934)
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tg M1 The effece « f bilateral adrenalectomy on the de elopment ¢ f by pertenston
due 1o constnenion of both man renal artenes == wean bload pressure mm Hg
4 = non protem qutrogen my. per 100 ce = CO combmmg pov er volumes per
100 cc RLhA = tulateral adresalectcon snd both mawn renal arteries moderately
constracted LN <= beft nephrectomy 4 strm enow adtrenal corticad eviract begun

=adrenal coreat estract ducantinued  Durny the entire pernod follo ving the
bilateral adrenalectomy the anzmal recer ed by stomach tube w two equal dose
{90 amand 4 W pm) atoal of 075 gm perhg of bods + eight of sodum chlon 3e
2nd 025 gm per kg of bady wetpht of scdrum Wicarbonate At no Tinie durng e
four months of survival did the ammal ho + elevated blad pre sure  Several nme
when corueal exeract was discontiwed the bloc § pre sure fefl t eny In deved
h=llled (After Goldblate Arn Im ed 11 1937)

Nou explanation of or specul about the t of the hy per
tenston was given by Victor VWe hive repeated these expernments in
6 dags but have faled to confirm the resule In one of these dogs
the operation was performaed by Dr Victor humself but s animal
wo failed to develop by perrenmon More work will h e to be done
on this subject before ans final concluston can be reached abour the
sigmificince of thys contritbution

A theory which deserves careful consideranon s that of Selye
{5} {General adapravon syndrome) scho belseses thar vanous non
spesific ts pes of stress acnng by unhpown pathwavs on the anterior
hy paphy sis produce an increase of the adrenal cortiorrophic hor
smone which in rurn causes the adrenal correx to produce an sncreased
amount of desoxy corticosterone lhe substances {corticotd harmone)
winch affect the target argans onc of which n the kidney vath ge
sultant mtrarenal arteniosclerows and by pertension He belseses that
the anterior by pophs se 1 substance and the adrenal cortrcal substance
may act wdependenth  or sy nerpisucalhy upon the hidney and that
the adrenal corncal hormone may even sumulate the anterior hypo
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Fig 20 The effect of removal of anc adrenal and destruction of the medults of th
other adrenal on the des clopment of hypertension due to conscriction «f Loth man
renal artenes Dog 89 Tninal weight 136 he A = cxcruon of night sdreral A =
destruction of medulla and denervation of Jeft adrenal Secricn of left mafor am
minor splanchnic nerves R and L = moderate constriction of rieht and Tefe M}:"ﬂ'
renal atenes respectvels The elmmanon of the medulla of both adrenal at
no effect on the deselopment « £ hy pertenun due to of astrrcncn of ted
man renal blood astertes Sy stohie Llond pressure deternuned by the van )] e;nu::'
carond loop method (After Galdblate Lyneh Hanzal and Summersille J Fxp:
Ved 5934739 1934
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Fig »3 Deog 3 16 female 140 hg The effcct of a remnant of adrenal cortex on the
devel of 1 renal hy =mean blood pressure mm He,
A = non proten mitrogen mg per 100 ¢¢ plasma LNPA = left nephrectomy and
parual adremalectomy The medulla was destroyed About two fifths of the cc reex
was left RRA =nght adremlectomy and nght maw renal arrery grearly con
stiicted =sodwum chloride (075 gm per kg of body weight) and sodum crrate
(025 gm per hg of bodv weight) were given by stomach tobe from this nme on

=sodwm chlonde and sodum citrace disconunued No corucal extract was gven
2t any ume The blood pressure rose mod following the of the
renal artery and remamed elevated when suppornive treatment was discontinued This
shows that the presence of a small remnant of adrenal ccrrex adequate 1o help ro
heep the ammal ahye was sufficient to permu the development of hypertension after

the constricion of the main renal artery of the only kidney  (After Goldblatt
Ann Int Med 1169103 1937)
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physis to produce a direct effect upon the lidney It 1s of interest
that according to this author the 1idney sull plays a central part m
the determunation of the elevated blood pressure and thar the hy per

tension may be the resule of the recognized humoral mecharusm of

ne month duning which the dog, recerved substitation as well as supportive treatment
Whenever che satravenous cortical extract Was discontnued {—) the blaod pressure
gxadually fell to a Jevel below normal When cortical extract was begun agam
the blood pressure gradually rose but did not reach the previous hy perten e level
D =died of pneumoma (After Goldblatt dnm Jur Med 169103 1937)
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Fi, >t Effect on blood pressuce of bdaceral sdrenakctomy ani remal 1 chemind
I fect on the blood pressure of removal of both adrenaly combned with ifateral
renal ischenma  Observe the rapid fafl of blood pressure followiny rem val t the
second adrenal gland  (After Blaloch and Levy Ann Surg 1068 6 193

expenimental renal hypertension In additton this theorn offers 1
possible explanarion for the origin of the mtrarenal artenoscleross so
frequently found mn associatton with the hyvpertension The evpent
mental work which Selye and collaborators have publshed on this
subject has dealt less with hy pertension than with the production of
merarenal arteriosclerosis w hich they accomplished by the adnunistrt
tion of large doses of desony corticosterone acetate munhy to umi
laterally nephirectomized rats but also to other anmnls fed on a hugh
sodim dier  Much more work on this subject 1s necessary before
the part that the hy pophy sis and adrenal m1y play m the engin of
both s ascalar disease and hy perrension can be considered as definitels

established




THI HUMORAL MTCHANISM OF T\PCRIMENTAL
RENAL HYPCRTLENSION

The earhest mdication that + humoral mechamsm mught be re
sponsible for the elevated blood pressure n experimental renal hy per
tension was the effect of tyving off the renal veins in dogs with the
main renal arteries constricted adequately to produce hy pertension
Although these ammals developed urenua and died n from two o
seven days vet at no time did they show any elevation of the blood
pressure (Fig 25) Thving off of the renal vemns of hypertensive ant
mals also resulted in a prompt fall of the blood pressure The gradual
elimmnation of a possible primars part plaved by the nervous and
endocrne systems also stmulated the search for a probable hu
moral mechanism of renal ongin which might be responsible for
the elevation of the blood pressure in this tvpe of hypertension
wnd possibly also in human essental hy pertension  In fict most
of the recent contributions to this subject have deir with the
humoral mechanism  About thiy mechanism there e now two dis
unct views (1) That a kidnev with mamn renal artery constricted
or the seat of any pathologic conditions wiuch bring about a dis
turbance of the circulation similar to constriction of the mamn renl
artery may be the source of a substance winch when it enters the
arculation raises the blood pressure  (2) that the normal 1idney 1»
ordinary the source of a substance the action of which prevenes
hy pertension and that 1t 1s the absence destruction or neutrahzanon
of this substance which results in the eles ated blood pressure (Groll
man) Most of the evidence presented to date favors the former
view

In the first place it was shown that interference wich the blood
supply to any other organ but the lidnev does not result m either
temporany or permanent elevanon of the blood pressure  Constric
tion of the celuac avis and superior mesenteric arters of the femoral
and splenic arteries (Fig 11) and of the aorta below the onigm of
both mam renal arteries (Fig 10) does not produce a rise of blood
pressure 1n ammals It has certainly been shown that azotenua alone

I51]
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Fig 75 The effect of occlusion of the nam rensl sems on the devel pmenr of hyper
tension due to moderate constriction of b ch mamn renal arcenes Dog. 7 95 female
164 heg =mean blood pressure mm Hg O = blood urea nitrogen mg per
100 e RIVG =boch man reaal sems occluded RLA = both mam rena} artencs
greathh consincted The ammal died mn uremnz but the blo d pre ure did not be
come sizmificantly elesated The failure of the Eood pressure to rse way nterpreed
¢ due te mrerfercace with the encrance of a pressor producing substance brom the
Ludney into the s temic blood  (After Goldbate Anm [nt Ved 1169 103 1937)
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15 not a sufficient condinon for the elevation of blood pressure be
cause remorval of both ladneys although profound 27oterma » 1
consequence 15 not followed by the desclopment of hypertension
(Fig 26) Anastomoss berw een renal arters and renilvein although
azotemia develops also does not result i hypertension It 15 well
Inown also that acute nephrosss with wreny produced 1o tumals
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Fig 6 The effect of biliteral nephrectoms on the blood pres ure Dog 3 8 male
166 hg =Mean blood pressure mm Hg (O =Blaod urea ntwogen g per
100 cc plasma BN = bilateral nephrectorn The blood pressure did not become
elevated’ D= died The blood pressure did not become elevated despice the great
azotermz which developel (After Goldblace Ann Inr Med 11 69 103 19,7
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by varous metallic possons rarels results 1 any eleyation of blood
pressure  Also the shunung of the venous blood of 1 dog from the
only hidney with renal artery constricred through the Iner by means
of 1 reversed I ck fistulr nerther prevents the deselopment of hy per
tenston after constriction of the mun remil 1rtenies nor lowers the
blood pressure m hypertensne wmls This excludes any important
effect of the Iner on the pressor subntince of rentl ongn

T'he posable humoral mechtnsm of experimental renal hy perten
ston w1s demonstrated more directly by the erinspltition of a kid
neyv to the nech or grom of 1 biliterally nephrectomized dog or
ribbit VWhen the renl 1rters of the ermsplaneed hidnes with no
nervous connection with the rest of the bodv ww constricted 1
pressor effect resulted after the usnal interval The trinsplintation of
1 partally or completely wchemic Tidney from one dog to the

2

|
MMWINI‘”.-"\'{W/"A

T
M

3

Fip 77 Prossor action from the graft of an nchemie hidney Blced pressure '.:
twa chloralosed recently nephrectomized dogs in which an 1 chenuie hidney from &
hypertensine dog was grafted A) At I the kidney from a hyporcensine 1 was
grafred at ? graft remosed and anvstomosed 1n 0 g B 3t 3 graft re antst m sed B
At 1 the hudney which had funcuoned i dog & was grafted ar it wa remove
Time m minutes Blood pressure n mm Hg (After Howen and Fascolo

Soc argent de biol 13 B4 1937)

nech of 2 bilaterally nephrectonized dog resalted i 1n nmncdntt,
temporary elevation of the blood pressure when the clrcuh‘rilonl:;
the 1schemic kadney was restored (Fig 27) Thny cerraaly 10 ‘1? o
that some chermcl substance from the schemie Tadney c:pl:oc[hc
bringing about peripheral vasoconstriction hid bcen‘;\ 1shcs< l:? "
areulation VW hether or not this substance i the [1dney &
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vasoconstrictor or whether 1t becomes vasoconstrictor after entering
the blood stream 15 not elueadated by this experment  Another ind:

cation of the existence of 2 humoral mechanism was the demonstra

ton that 1f the entire renal pedicle was clamped so as to occlude
artery vemn and ureter for from five to seven hours the sudden re

moval of the climp was followed by 1 prompt elevation of the blood
pressure When such a completely ischemic hadney was removed
from the body without release of the clamp on the pedicle and 1t
was then perfused with normal saline a powerful pressor substance
was 1dentified 1n the perfusate by the injection of the larter into the
same or mto another ammal (Prinzmetal Lewis and Leo) Tt is now
generally recogmzed that the chemucal substances mvolsed m all
of the above expermments are probably 1dentical Certanly the dem

onstrauon of a yvasoconstnctor substance m the venous blood from
an ischemic kadney (Figs 28 29) and of a vasopressor substance in
the venous blood of 1n acutely 1schemic hidney (Fig 30) and m the
saline perfusate of 2 1idney of which the entre pedicle had been
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8 Vasoconstnctor actin of renal venous blaod on the vascular system of
the toad Bufo Arenarum hensel sccordmg to the Lawen Trendelenburg method
{A) Venous blood plasma from normal hidneys (B) Plasma from venous blood
of sschemic kidneys of hypertensne dozs The fine lines represent the greatese and
lea ¢ vasoconstriction observed with each type of plisma The heavy lines represent
the average. stion of the plasma from 15 g5 tested on 20 coads Noxe the consaictor
action of the renal venous blond of hypertensise do

3guon of the renal venows blood of b e dogs (After Houssay and Taquins

Fig

A
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T, 99\ asoconstrictor acton of venous blood from an ichemuc hadney  Per
fusion of the denervated lex of a dog vith defibrinated blood  (A) Blood from the
heart lung circurt after functionmg one hour (B) yenous bload trom rschemte hidnes
(C) senaus blood from Lidney vwith normal flos  Note the marhed vasoconstnictor
acton of the blood from the ischemic Lidney  (After Braun Mencnder Fascrok
Leloir and Munoz ] P/ysiol 98 83 1940)
clamped for several hours 15 postne evidence i favor of the hu
moral mechamism These i esugations chminated the probibilins that
a nervous reflex from the hidney affecting the v 1somotor ppiratus
plays 1 part 1n the onigin of this type of hy pertension ind helped to
ehminate the probabiliey that the sy mpathetic nervous system pins
a primary part 1n the ongm of this ty pe of hy pertension

The presence of 1 vasoconstrictor substance m the blood plisma
from the renal vein of 2 dog with expenmental renal hy pertenston
due to complete constriction of the mam renal artery w1s demon
strated by some (Figs 28 29) by the Lawen Trendelenburg tech
mique m the South American to1d but not by others using other
methods Some investigators failed to demonstrate pressor substances
m the svstemic blood of hy pertensne dogs or of humn beings nd
there was also no effect of blood from hypertensne dogs on the
ronus of survnving arrerial rings  But Solandt and collaborators dud
observe 1 defimute rise in the blood pressure of a bilaterally nephrec
romzed dog to which was gnen a direct tranfuston from a hy perren
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sne dog and Braun M and Fasciolo d 1 pressor effect
1n 4 normal dog 1s 4 result of the ntrayenous myection of 100 cc of
renal venous blood from the transplinted renal sschemic hidnes of
another dog (Fig 30)
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Fig 30 Pressor action of tenous blood from an acutely 1schemic hidney In
yection of senous blood coming from a hidney mcomplecely tscheauc for one heur
Dog ot 17 kgm chloralosed and nephrectomized Femoral blood pressure m mm
Hg At (1) injection of 100 c¢ of normal saline mto the jugular vem  at () begin
ning and end of mjecuon of 100 cc of jugular blood at (3) begmning and end of
iection of 100 cc of renal ven us blood Time in minutes ote the pressor action ¢ f
the venous blood from the pchemic kidney  (Afrer Braun Menendez and Fasciolo
Rer Soc argent de brel 15 161 1939)

Tt was soon shown that piperidomethy 1 benzodioxane (933F) did
not have any greater effect on the blood pressure of a hy pertensie
amimal than on that of a normal one whereas in both the effect of
epinephrine was completely reversed by an mjection of this sub
stance {Fig 31) Tlus mndicaced that the effectise vasoconstrictor sub
stance from the hidney was not sy mpathicomsmetic

All of these mestigations pomted to a chemical agent of renal
ongin as the probable cause of the elevated blood pressure The search
for this hypothetical agent began with the repetition of <ome old
observations made by Thgerstedt and Bergman which had been con
firmed by some and dented by others and consisted of the demonstra
non of a substance in the crude saline extract of 2 normal rabbit kidnev
which was capable of mducing a pressor effect when 1t was myected
mtravenoushy 1nto 2 normal rabbie To this substance they gave the
name Remn and the English word remn has now been accepted for
the basic principle of the humoral mechanism of evperimental renal
hypertension  Prinzmetal and others found that there was 2 greater
mmount of this substance in the hidneys of dogs with experimental



58 RENAL ORIGIN OF HYPERTENSION

Fiz 3t Action of Fourneau 933 on the pressor action of venous blood from an
acuecly nchemic hidney Twelve hgm dog anesthenzed with chloralose Femoral
blood pressure in mm’ He Time i munutes (1) Injecuon of 15 cc of control
\erunt into the jugular vem () hfteen ce of serum from the renal vem of an
schemue hidnes  (3) five gamma of adrenalin At the break tn the curves 001 gm
of Fourneau 933 per hgm of body weight was miected  Note that Fourneau 933 does

nat alter the pressar actun € venaus blaod fram the cheme hidaey  (Afrer Brwn

Mencndez and Fasciolo Ree Soc argent de biol 15 401 1939)

renl hy pertension and of hy pertensise human beings but not m rab
bis The stumbling block m the earlv experiments was the finding
that this substance w hich seemed to possess at least some of the bastc
requirements for the In pothetical pressor substance of cxpermentt!
renal hyvpertension sull lacked 1y direct v 1soconstrictor property

for 1t had no effect on the vasculir svstem when 1t was dissolved 1n
saline and perfused through 1 part (lower portion of 1 toad leg or
tatl of a dog) from which the blood had been washed out Two
mdependent groups of muestgatars (Brin \enendes and collabo

rators Page and collaborators) discovered that renin 1s not directly
pressor and that although 1t 15 the keyv substance of the humoral
mechamsm 1ts effect 15 due to the reaction with a substrate 1n the
blood and resultant formation of an entireh new substance v hich
has vasoconstrictor and therefore pressor properuies To this sub

stance the South American 1 estigators grve the name Hy perrensin
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while Page and collaborators named it Angrotonm It w1 these
earlier observations which led Landis mn 1940 to wnte  The evt
dence that renal 1schemia raises the blood pressure by 2 humoral
mechnism seems un1ssailible  Yer even to this day some obsersers
hase concluded that there 15 no peripheral v wsoconstrictor substance
m the blood of hypertensve wmals  Because m 1 rablir with
blood pressure Lept elevated by the constant infusion of remn the
blood pressure did not fall as a result of pithing unless the infusion
was stopped while 1t did fall when a hy pertensive rabbit not recen
ing remn was pithed Dock concluded that in the latter the normal
vasomotor mechamsm was called nto plav and that vasoconstriction
wis therefore abolished It 15 at least possible that the mmediee
effect of the pithing was temporanly at least to abolsh the outpue
of the primary constituent of the humortl mechansm This should
be invesugated

Whether or not the normal hidneys plty 2 part n the homeo
stwe regubttion of normil blood pressure through the humoril
mechamsm of remil ongin which begms with the entrance of renm
nto the renal venous blood s sull not established although evidence
15 accumulatmg that 1t may play such 1 pare It has been shown that
n shock the secretion of renm 1s induced and 1t 1s thought that the
low blood pressure which produces renal mschemin 1s the cause
Although the existence of remn was discovered onh about four
vears fter the discovery of idrenahn by Oliver and Schafer and
although the possible relationship of this substince to rased arteral
pressure was obivtous to the origmal imvestugitors vet more thn
40 vears pissed by before the existence of this substance w s fully
established  One of the reasons for this was the failure of some 1n
vestigators to corroborate the ongmnal findings of Tigersredt and
Bergman  Notible among these myestigations are those of By
Shaw  bur because his results with oxtracts of hadnevs and other
organs were irregular and because he obtamed pressor effects at
one time 1nd depressor 1t nother he did nor conunue hus 1mvesn
gations  vet he concluded that a tovc agent leads to the liberation
of suffiuent renal parenchyvma or f a sufficienthy large district of
renal tissue 1s cut off from the general circulanon by oblirerauve
vascular disease the cells imolved may vield a pressor substance to
the system and cause a rise of blood pressure above normil He
should be giien more credit for his contribution than has been done
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m the past  Other myvestgators who atrached this problem were
really dealing with putrefactns ¢ pressor amines not with renin when
they obrained pressor effects from the mtr enous myecton of e
Ivzed but not of fresh renal pressed jusce

The stimulus for the renewed mterest i renn came from the
discovery of the methad of producing persitent hy pertension m
ammals by the constriction of the mun renal artery  In quick suc
cesston yvarious smvestigarors confirmed the evstence of 1 substinee
Ithe that of Tigerstede and Bergman m crude and even in more purt
hed extraces of hidney Tigerstedt and Bergman had shown how to
separate the depressor from the pressor substance usualhy found in
these extracts This was 1lso confirmed It was also shown thar the
physiologreal effects on the wrculatton which resule from che mtrs
venous mjection of remn are really not due to remn wselt which i
not vasoconstrictor bur are due to the presence of hy pertensin which
1s formed by the tertction of renw and a substrate i the blood
plasma The physiological properties of rentn are theretore thoe € of
the end product hy pertensit or angiotorun s 1c has been named by
Page and colhborators

The tendency 1t the present tme 1s to accept the termmology
suggested by the South Americans for the constituents of the hu
moral mechanism which 1s supposed to be as follows

an enzyme from a globuln m

the hidney enters Hs pertensimogen  the blood
Renin the blood stream plnmt to form

through the renal

vemns and acts upon

an enzvme in
:\‘f’!?c];xpx?ﬁ:gc the blood nd
Hi pertensin actis ¢ asoconstrictor  Hy pertensintse in extricts of
substance and which some org ms
can be mactvated by
Agreement upon this or v other single nomenclature would
be ghh desirable The one gnen dbove appears entirely 1ccepr

emcal and physio

le
The followmg are brief summaries of the ch it

logical propertses of the substances which play 1 purn t
g
mechansm of renal hy pertension
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Chemical properties Although renmn has not vet been isolated
i pure form ver all of its properues mdicate that it 1s a protein or
protein like substance or that 1t contains protem as 1 contamunant It
15 present in the press juice or 1n vartous extracts of renal cortex (not
medulla) and does not occur 1n similar extracts of other organs Itis
unusually stable in solution and #ts phs siological properues are not
iffected by Ivophilization or freezing Tn solution 1 distilled water
1t deterorates rapidly but iof 1t 15 dissolved 1n 09% to0 10 /4 sodum
chlonde the stabihity of the protein 1s great In the hquid form heat
mng to 55 C for 15 minutes does nor destroy its activity but at
56 C and over 1t 1s rapidly destroved It 1 resistant to the acuon
of acid and 1s stable at pH as low as 37 and even lower but at
pH 10 or over 1t 1s rapidly mactivated The additien of ammonum
sulfate to a concentration of 1+ to 2 6 molar precipitates tenm from
n aqueous solution at pH 6 It may also be preuprtated with 038
to 041 saturated ammonmum sulfate at pH § with saturated sodium
chloride at pH ” to 3 and with 07 to 1 0 saturation with magnesum
sulfate In dilute solutions 1t 15 not precipitated by acrdification lone
1t any pH Renin mav also be precipitated from aqueous solution
by the addition of 2 to 3 volumes of alcohol or acetone
The following reactions for remn huwe been summarized by
Dewter It gives a positive biuret (peptide inkage) AMillon (tyro
sme phenols) Xinthoproteww (benzene ring) Hophins Cole (ery pto
phane) Lhrlich diazo (histidine o rosine) and Sakaguch: (argimine)
Negatn e reactions were obramned with AMohsch (carbohy drate) Sulli
van (cysune cysteme) benzidine (pentose) Reactions for sulfhy
drvl groups were negative even after denaturanon and treatment
with cyamde By fusion with sodium however the presence of sul
phur could be detected in the preparation The remn purified by
Plentl and Page w 1 shown to contamn carboyy peptidases pepstnases
trypsinases and anmno peptidases  Attempts at purificanion of remn
by chromatographic adsorprion by the use of 2 column of calcium
carbonate and by adsorption on haolin have been made  Although
Collings reported that passage through a Seirz filter resulted 1n a total

[el
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loss of the actmin of remn ver we hwve been unable to confirm ths
and others hive also succeeded i filtermg remn through o Seir
filter vathoue significant loss of actiaty  Jonnard and Thompson
found that remn 1 a crude evtrace nugrated toward the cathode
hetween pH 5 and 6 5 whife the depressor subscances mugrated taward
the anade between pH 5 and 75 In our own experience remn m
relatnedy pure form mmgrares toward he anode at pHl 76

Details of the preparation of ren have been gnen i ongnt
papers and in the book by Braun Menendes <o they will not be gnen
here The result of studies on the behavtor of renm subjected to
preapetron wich ammonum selface and dalysts suggests that 1 1
t pseudoglobulin bur this his nor been esrabhshed  Vost myesngs
tors regard it as 4 proteohy tie ensvme extracrable by v anous nethods
from 4l mimmalim Lidnevs and from the 1 1dness of other ks
Wanternitz and collboritors however have asserred thar remn
very pure torm (s free of amv ensynmatic actvary Nost exericrs wirh
renmn actiny probably contun 1 mixture of ensvmes and no spe
wfic sigle enzvme with all the charactenstie propernes of remn s
been wolated Plentt 1ad Page hue evcluded the acnon of anmno
peptidase wd carbots pepndase \ artous methods for the extraction
wd purtfication of renmt have been described 1he preparaton and
nolation of remmn by extricuon i bist cwrned our under acrolie con
diwions because anaerobic conditions favor che formation of putre
factive pressor anuaes o ramne soamy lamme nd probabls i
amine An arempt to prepare it under sienfe and anwrobic con
diions has not been reported  hidneyvs from voung rns hne been
reported to contan more remn than those from old rits but old
rats are sa1d to be more senmine fo parenterally adnumscered ceain
These studtes should be repeated on rats and other ammals by wse
of more recenth developed methods for the extracon md won of
sensn
Physwologcal properues Remn 15 effcctne onfy when it o m‘
sected mtravenoush  {t 15 nat vasnconstrceor when perfused throwgh
4 crculatary svstem trom which the blood has been w ashed mu{
Most of the phusiological properties including the pressor effect o
remn ate due direethy to hs percensin which resutrs from the;nm
actien of renun and hy pertensmogen a globulin i the hluodbP 3\“‘:
and which 1s the effectiee vasoconstricror and true pressor su S::on
The hemod» nanuc state of an ammal afrer the smtrasenous wy
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of renin 1s almost 1dentical with that of an animal with expenmental
renal hy pertension The site of action of renm self 1s i the blood
and not on the vasomotor endings of the peripheral arterioles or i
rectly on the arteriolar muscle s was thought at first In the rabbit
the pressor effect of renm 15 abolished or lowered by ether anesthesi
but this 1s not true of the dog

An interestng phenomenon ongnally reported by Tigerstedt
and Bergman and confirmed more recently by other ivestigators
who used purer renin 15 tachyphylaxss This means a decrease of the
response of an ammal to repeated intray enous mjections of the same
amount of renin provided these mmjections are made onhy 2 few min
utes apart before complete recovery from each mjecuon has oc
curred (Fig 32) This effect 1s independent of anesthesta the tvpe

Fig 3 Tachyphylanis to remo Effect of the nurasenuus smiection of one cc of
2 solution of renim (R) on the t1od pressure fadg ™ e the dimiished pressor

effect m the second and third mnjecuon Tim 1n munutes  Blood pressure 1 mm
Hg (After Braun \lenendez F Fasclo J C Lelor L F Munoz J M and

Taqumt A C (Translated by Lewis Dexter) Renal Hypertenston Chatles C Thomas
Publisher Springfield 1947

of anesthetic type or method of preparation of remin and occurs
cen i biwerally  nephrectonized anmmals This phenomenon
supposed to be due to a progressn e decrease of the amount of hy per
tensmogen (Fig 33) but this has not been definirely established
Renim produces no direct effect on the 1solated perfused heart
The meresed force of cardiac acuon which results from the inera
venous ijection of remin s directly artnibutable to the effect of hy per
tensin The effect of remn 1s not the result of the stumulation of an
endocrine organ because 1t produces its effect 1n the absence of both
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Ig 33 Disappearance of hypertensinogen from plasma by the mjecton of remin
Hypertensinogen m the blood of a ten hgm deg, before (first arrow ) and after
(sccond arrow ) myccuon of 05 cc of retin per ham ten cc samples of serum incu
bated ten smunutes with an excess of renin Rise i blood pressure observed by in
secuon of alcohalic extracts mto a chloralosed dog  Blood pressure in mm Hg  (After
Munoz Braun Menendez Fasciolo and Leloir Am ] 1f Se 200 608 1940)

hy pophy sis and adrenals 1nd acts esen 1 an ammal with spial cord
scctioned or destroved It has been reported that n the rat remn
cts when 1t 1s mjected mtrapenitoneally and that 1t 1s more effecnve
s the bilaterally nephrectonnzed than i the normal rac This phe
nomenon has not been reparted for dogs or other ammals Renm
has a more prolonged s asopressor effect in bilaterally nephrectotmzed
ammals probably because of the increase of hypertensmnogen in
the blood of such ammals The effect of remin in producing durests
and increased excretion of sodium chloride 15 probably attributable to
the hy pertensin formed The mntravenous 1njection of remn does not
produce a reduction in peripheril blood flow or a fall in the tempert
ture of the surface of the skin (Landis) Many of the studies which
have been performed on the effect of varous chenueals m mfubitng
or enhancing the action of remn really deal with the effect of these
drugs on the hy pertenstn which 1s formed a5 1 result of the 1cuon
of renin on s pertensinogen 1n the blood wnd will be discussed under
the headng of by pertensin

In same of the earlier studies 1 was asserted that exeracts of the
Ldness of wmmals with expertmental renl by pertension and of
briefly and completels sschenue hidney contain more remn than the
extract of the normal opposite hidnes or of the normal 1 1dneys from
other ammals Landis however was unible to correlate the remn
content of the kidney 1nd the phs siologieil state of the ladney Ths

worh descries more attention than it has recened and should be
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repeated now thie the niethods for entricnion and wssny have been
perfected

Renm reself his never been ssolated from renal venous or systemic

blood of wmls with experimental rent) by pertenston The presence
of renm hiws alwas s been mferred from the presumible demonserition
of v pertensin i the blood  Tn mose of these seudses s pertensinagen
w15 1dded to the blood sumples md meubited with ar to enhince
the action of the small tmount of renm presene By rhus method
Dexter Hivnes ind bridges demonstrated the presence of remn s
the svstenne venous blood of dogs at lewt in the ewrh phise of
eyperimeneal remil hypertension  (See Dig 3%2) By this indirect
method Dexter and Hivnes have 1lso metsured the amount of remn
16t the sy stenmic blood of human hy pereensiie patients Thes detected
remn onlv when the blood pressure w1 nsing abrupthy (eclunpsn
and glomerulonephritis) and found nonc 1n the blood of pments with
bemgn essenend hypertension For this reison they suggested thee
rente may be im ok ed ondy in the beginning during the des clupment
of the hypertension The presence of rem in detectable amounts
m the renal venous blood from 1 human Jtdney of which the maun
vemn hid been occluded for 12 munutes Tits been reported by Dester
and Havnes  Most of the negitn e results that have been obtamed
have probably been due to the small quanurs of blovd tested By the
meubation of large quanties of blood with proper precugons
prevent the eoncident action of hy pertensinnse we htve been 1ble to
demonstrarte the formation of hy pertensin 1s t result of the mtericuon
of the renn and hy pertensinogen present in the blood of dogs w 1th
evperimened rend b pertensian both bergn and mahgnms 1n the
mabgnant phse 1 ammals there was much more hy pertensin m the
final product nd therefore presunnibly more renn m the blood
(Gollan Richardson 1nd Galdblt)

The action of renin 15 not 1ffected by hy pophy sectomy tht roud
ectomy splmchmcccmm\ gon wWdecromy splenectony pncreuce
oy abdominil esisceritton or destruction of the spinat cord tf\:

though bilweral wdrenalectomn ha no smmednire effect vet s iv
lowed v 1 progressne decrese i the respomse 10 the ntricnous
injection of remn

Ic his been possible by slow

maunt of remn to keep the b
I for four hours (Fhll 1

ntrnenots ydmmisee won of 1
al a lood pressure cles wed }x Jewe

B P aTger

30 mm abose norma d Pictermg) L
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quanuties produced untoward circulators disturbance  Hessel s s
sertion that repeated njections of renmn lead to permanent hy perten
ston has not been confirmed and Taggart and Druny failed to pro-
duce prolonged by pertension with the continuous ijection of renm
The explanation for these differences 1s not clear but the subject 1
of sufficient importance to warrant more 1\ esugation

The pressor response to an mtras enous myec 1on of renin 1 more
delaved than the response to hy pertensin because the beginning of
the formation of the true \1soconstrictor substance hy pertensin has
to occur during this intennal It tales abour 20 seconds after the
myjection 1s completed betore a rise of blood pressure begins and the
e 15 not steep for 1t tal es about two mmutes for 1 umt of renm
to produce its mavimum rise of 30 mm Hg direct mean pressure The
return to normal 1 graduil and may take 15 long s 30 mmnutes
(hig 34)

It has been shown that the action ot the purest rensn so far pro
duced 1s no different from that of crude renal extract provided it does
not also contamn a depressor substance According to Grollman and
collaborators the amount of remin mn a2 hidney extract or ats apparent
concentration depends upon the cire of the tissue prior to 1ts prepa
rition the method of preparanon and the durition of nme betw een
the preparation of the extract and its assay on a test anmal The last
statement must apply only to vers crude and probably contammared
extract because a sample of our moderately punfied sterile remn
solunonm 09  saline hept at4+ C show ed no significant deteriora
tion during a period of 3 years

Remn 15 not species specrfic tor ammals Al mammalian renun
wcluding human  when mjected ntrmenousls  produces a pressor
effect 1 all ammals but no remn except primate remn produces 1
pressor effect ;n man A summary of the pharmocologic and hemo
dvnamic effects of renin 1s grven 1n Table 1

Fate of renin n the body The origimal 1dea of Tigerstedt and
Bergman that the hidnev eliminates renm has not been confirmed It
has been found that onby when large quantities of renin are suddenly
myected mtravenously does 1t appear m small quantits 1n the urine
Under these conditions the maximum excretion occurs 1 about one
hour after the 1njection The absence of the Iner and 1 1dnevs delays
the rate of disappearance of remn injected mtravenousls  Because of
this Lelotr and his collaborators concluded thar both organs play an
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A summary of the pharmacologic effects of zenin and the arculatocy
dynamics 1n hypertenstve anmmals as published by Dexter 1n the book by
Braun Menendez and collaborators {4) which 15 a modification of the sum
mary published by Lewss and Goldblawe (1942)

TaBLE |

I ffecr of Intravenous
Imection of Renin
Inco Normal Anmals

Aspect Considered

| No change
\o change
Pressor acrion not reduced
Pressor acton not reduced

Hecart rate

Cardiac outpur

“Toral sy mpathectoms
Destruction of cord

Hypophy sectomy Pressor acton not reduced
Thy rordeecomy Pressor zctron nov reduced
Conadectomy Pressor action not reduced

Acute adrenalectomy | Pressor action not reduced

Lressor acuon reduced or
abolished

Pressor action restored by
desoyy corticosreronc

Greater pressor effect

adrenalecromy

Biliteral nephrecte my

|
|
|

Peripheral blood flon | Not reduced duning e of
grcssur:

Renal carcalation [fierent glomerular arterjol
constricte

Pressor effect not merred

by Fourneau 933

Blood pressure
a Fourneau 933

I Cocame I re sor effect not mo fihed

by cocaine
TR~
¢ Pulmonary artery| No nise of pressure i pul
pressufe monary artery
d Duration of pres | T ersistence of pressor action
sor action afrer a sigle mnjection no

greater than 2 hours

Repeated intections produce

e Tachy phs Laxn
uchyphy laxs

I xperimental
Renal Hypertension

™o change

No change

Blood pressure not reduced

Hjy pertenston not abolished

Dampened bue not complereh
prevented or cured

Nesther prevented nor cured

Nesther presented nt r cured

Rise of blood pressure pro

duced by sschemyc hidney

geafes nor prevented

Hy pettenston prevented or
abolshed

Hypertenston parnally restore !
by desoxy cortcosterone

Greater rse of blood pressurc
prodused by ischemic kidney

grafts
Not reduced m hy pertensive
rabbits
1 flerent glomerular sreeriole
comtricted

F 933 produces same fall of
blood pressure 1 normal
and hy pertensnes

Cccane produces ny tall of
bload pressure in dogs with
hy pertenston from hgauon of
renal arteries

Pulmionary arters pres ufe ptY

g
Persistence of h)f:uemmn
after removal of mikeme
M laes usualyy greater tha

e N
Porsistent by pertenston T
mal or merea ed sensithift

1o renin
hypertert t

]
{
‘
|
j

LT t hg has | Peny
hy pertension ne ¢ been obtuined by con
tnuous ingections of renn .
s e e e ———
of reun and «ftsf £

Oa the basts of differences observed bet
tensin on the blood vessels of the rabbics ear
have conc!

ccosn formanon This subgect should be pursued

ween the effect
(Sec page 79)
fuded that the sm t7 g remmn effect 1s not adequate!

Aty Jon and coblabe saters
1Y eeplained by b per
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smportant part n the elimnation of remn from the body It 1s now
considered that the mam mecharusm of elimination of renim from the
arculation 15 destruction by the tissues of the body mcluding the
kidney and Iner In order that the results of all i estigators might
be directly comparable 1t would be well 1s soon as possible to de
cide upon standard uruts for the varous constituents of the humoral
mechanism and to establish standard methods of assay

Methods for the assay of remin The unnt of renin In our
worh we have used direct mtravenous mnjection of the test solution
for the assay of remn and have defined the dog umt of renin as the
quantity which when jected ntravenously mto a mormal un
anesthetized dog will cause a nise of direct mean pressure of 30 mm
Hg 1 at least three anmals This has proved a very wvseful rapid
method for use in punfication studies Leloir and collaborators on
the contrary have defined a unit of renin as the quantiry which when
meubated with hypertensinogen m excess at 37 C and pH 75
produces 0 5 umt of hypertensin in 2 hours This is 2n mdirect and
slower method but 15 also sansfactory  The advantage of the method
15 that mnute amounts of renin can be detected 1n this way A com
parison of the tw o methods has not yet been made A third procedure
also suggested by Leloir and collaborators measures remn indirectly
by the determination of the quantity of hy pertensinogen which dis
appears from a solution contamming 2 hnown amount This method has
special use m the assay of human renm  Full detals are grven in the
book by Braun Menendez and collaborators (4) A method for the
study of the reaction kinetsics of renmn has been described by Plentl
and Page This also mvolves the determination of the amount of

hy pertensin formed and 1s also not a direce assas of the aciniey of
renin
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Hy pertensinogen 15 the substance with which renm reacts to
produce the vasoconstrictor nd therefore the true pressor substance
hypertensin This consutuent of the humor! mechamsm has been
demonstrated only m the blood plasma serum and lymph  Afrer the
renewed interest in renm hid occurred 1t was sull thought for 1
while that remin was by awelf 2 direct «asoconstrictor substance
Although Rohlstedr Helmer nd Page did find that smpure remin
possessed 1 moderate v asoconstrictor action on the solited dog s tul
vet they 1so showed that this action disippeared when che renm w1
purified by dizlysis They also tound thar it the punfied remin v
mned with plasmi or hepaninezed bload the vasoconstrictor dcton
reappeared By the method of uitrafiltranon of the plmm they
showed chat the production of the v asoconstrictor action was a prop
erty of the collosd part of the plisma and not of the ultrifiltrie Ar
first these anthors considered that the vasoconstrictor action of remn
w1s the result of ws 1cavation by 1 hy pothetical enzvme (1 limise)
contained i the plasmi or whole blood and gnve to thy the nime
remir acti ator Braun VMenendes and collaborarors however m 1939
concluded that 2 new substance which they called hy perrenain ind
wihuch was vasoconstrictor resulted from the mcubon of a mixture
of remn with seram or plasma To the hs pothetical substance m the
serum with w hich the renin reacts they gave the name /) pertcnsiio
genr and the vasoconstrictor substinee they called bypertensin At
about the same ime Page and Helmer discovercd the s1me substincee
to wluch they gav ¢ the name antrotomn 1t s now evident from altthe
work that his been done that it s the renm which acts upon the
hy pertensinogen to produce the v pereensin - Page and collaborators
hne demonstrated thar the substrare 15 present in the «- 2 glabuln
friction of the serunt  Bec tuse it 1s the substrate of renin and becune
chis enzy matie reacyon results w the forminon of hy pertensin the
name by pertensimogen seems the most approprie forar

Nature and propecttes It his now been shown that the l;\ );cﬂ::d
stnogen 15 a protein of the plism thermolibile 1 pscudugfl}r; ’l”;:; -
2 consnruent of the « 2 globuln fracuon not alerafilerable o

Lo
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draly zable  Tlemoglobun serum albumun Iser spleen thymus tesus
lung heart sheletal muscle or vegetable protems do not act as renin
substrate. Unol now by pertensinogen has been found only m plasm
serum and h mph It has not vet been ssolated 1 the pure form Iris
precipitated from the blood serwm by ammenum sulphate bees cen
030 and 043 saturion at pl} 68 and does nor precipitate afrer
dithvsis agunst disolled water  Teatng at 60 C for 1> nunutes tn
actiates 1t but 1t remains unchanged if Fept at 90 C for 1 hour It
5 inactnated ar pH 39 for 30 minutes 1t 37 C butnotar 25 €
Advanmge 15 taken of this to obtun by pertensmogen free of hyper
tensnase which s mactinated at pH 39 and at 25 C for 30 nunutes

Hypertensinogen from 11y mammal em senve s substrate for
remn extriceed from the dnevs of manunals and resalts in the for
mon of hypertensin The onlv excepuon s man  Human renin
howeter 1s actne on the hy pertensinogen of amy mammal mchuding
man Avian hs pertensinogen daes not acr as a substrate for mam
mahan renm but forms hy pertensm with avian renn In proporuon
1o the amount of substrate w the blood the amount of rensn required
for the reaenon 15 vers smalt and the amaunt of hy pertensin formed
» proporsony to the amount of by pertenunogen The rewnon 1
hastened by wncubation at 37 € but 1t goes on to completon at
much lower temperatures — even ar 6 ¢ Other ensvines such as
pancreatm papan and pepsin or extrwens of iner and spleen do not
ave the same effect as renin on Iy pertensinogen

Unit of hypertensiogen The st 15 best defined as the amount
of substrite which with an evcess of renm and 13 the sbsence of
Iy pertensinise will praduce one umt of hypertensin The amount of
by pertensinogen 15 considered propornomil 1o the wmount of hyper
tensin formed  In this reaction the presence of hn pertensnase ma
result s fales determinsttons Fhe bt wechmgue suggested n
Bravn VMenendez % co of scrum plaunt or globulin soluton 100
umts of remn at pH /3 o b and betseen s/ wd 40 L for abour
10 mnutes To v oid the comadent acnon of by pertensinase the bese
procedure 18 to ciery out the rextwon w0 G tor - hours (Syar
stein}

The quanuny of hy perten wmogen w tbout the same i the blood
of normat dogs cons and gy while the bore b 1 smatler wount
(Lelow wnd collibarstar)  Fhe uount contaned m 1 e of plamy
s approvmatedy 875 umr wn huitiz 04wt morar and 835 wue
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i dog plasma It has also been shown thac b mph contuns as much
hy pertenstnegen as plasma  In experimental renal s pestension and
mn bemign human hy pertension no ncrease of hy pertensinogen i the
blood has been demonstrated In some cases of human and expent
mental renal maligmant hy pertenston with renal insufficiency 1 1n
crease has been noted  In the blood of bilaterally neplirectomwzed ami
mals the amount of by pertensinogen 15 increased  Hy pophy sectony
does not affect the hy pertensinogen content of the blood It 15 greatly
decreased 1n the blood of bilaterally adremalectomized anmals and m
dogs with hemorrhagic shoch 1f adequate substitution therapy 1
guen to adrenalectormized ammals the amount of hy pertensinogen
0 the blood returns to the normal level Adrenalectomized anmmals
have 1lso been found ro be less sensitis ¢ to an ntras enous inection of
renin In human hepatic msufficiency  a decrease of hy pertensinogen
has been reported but no change was found in one case of Addsons
disease (Dexter and Haynes) Repeated wyectians of remn reduce
the hy pertensinogen and 1n the tachy phy lacuce state the blood 1 sard
to be depleted of hy pertensinogen (Fig 32)

Tt 1 hughly probable thar hy pertensinogen 15 formed m the Iver
for 1t has been shown that the destruction of the Inver by chioroform
posoning and also hepatectomy cause the hy pertensinogen to de
crease 1n amount and even to disyppear from the blood 1t has been
demonstrated that 1t 1s sigmficantdds decreased 1n human hepanc
sufficiency  but tn a bilterally nephrectomized and hepatectormzed
anumal there 15 no dimmnunion of hy perrensinogen m the blood be
cause no renm 15 being hiberated to use up the substrate The same
apphies to shoch 1 bilateralls nepheectamized ammals

Preparation It has been found (Schales) that most of the hyper
tensnogen can be precipirated betw cen 0 30 and 0 41 saturation W ith
ammomum sulphate ar pH 68 Saturated sodium chlonde at plis
and 2M] potassium phosphate have been used (Page) and Crovatto has
dvocated the addinon of M porisstum phosphate at pH 63 Thi
precipiates both the hy per gen and the hy per Fur
ther precipitation with 231 phosphate then precipiries the hy pereen
smogen 1nd lewes the hyvpertensiase 1 the filrate  In thn way
relamn el pure hy percensinogen 1s produced  Full detatls we gnenm
she book by Braun Menendez and collsboratoss {4)
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The action of remm on hy pertensinogen results 1n the formation
of 2 new substance which s 1asoconstrictor This 15 the substance
which canses the increased tonus of the smooth muscle of the arterioles
and 15 therefore the substance which produces the pressor effect w hen
remn 15 1njected mtravenoushy or presumabls enters the blood stream
from the hidnevs of a hypertensine ammal To this substance Page
and Helmer gave the name angrotonn and although they described
some crystalline dervatives in the form of pierites and oxalates
which they considered pure vet as has been stated by Braun \ienen
dez (4) untl the melting pomt elemental composition relation be
tween weight of the substance and pressor actnvity are determmed
the 1solanton of this substance m pure form cannot be accepted If
hy pertensin 1s finally 1solated from the blood of I pertensis ¢ anymals
or man the probability will become great that this 1s the sub
stance that causes the persistently elevated blood pressure ind then
hypertensin will be the more approprte term I has been shown
that when hypertenstnogen 1s added to the plasma or serum of the
blood of a totally 1schermic human hidney and the two 1re mcubated
under condittons that prevent the destruction of hy pertensin a sub
stance results which has all the properties of hypertensin  Despite
some reports 1o the contrary evidence 15 accumulating that renin and
hy pertensin are present 1n the svstemuc blood of by pertensn e animals
and man This 1s one of the most important of the problems that sull
remam to be settled

Chemical properties As m the case of the other consutuents of
the humoral mechamsm the 1denufication of hypertensin depends
upon biologic methods because no specific chemmcal reaction for this
substance has been demonstrated Some ¢ the chemical properues
of this substance are now known It 1s soluble i water 96 / ethanol
75 7 acetone liquid phenol glacnal acetic acid and methy lene glv col
but 1t 15 msoluble m ethy ether chloroform and amyl alcohol It 15
dialy zable and thermostable (resistant even to boiling temperature)
alkals labile (destroy ed completely by barling for one hour at pH 10)
nd relatnvely acid stable because 1t does not become macusated by

(731
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boiling for two hours m IN HCI Its punificatton has proved diffi
cule Tt e be preciprtaced with phosphotungstic acid s destroy ed
by oudition and acets hion with T etene bue 1s not affected by re
ducing 1gents It 1s fworescent nd it gves the color reaction for
wginme but 1t 1s not destroved by the acton of rginase Its only
rexction for protemn 1s 1 posien e Sal wguchr It contams ty rosine and
Instidine but no cvstemne try prophine or prolme By the method of
clectropharess 1t has been shown thar hypertensin behtves 2s m
wunphoteric electroly te of neutral characrer It differs from pitressm
i being more resistant to bothng with 2cid produces 1 more riprd
wnd shorter nise of blood pressure 1nd docs not induce gy phyinn
It differs from adrenalin i thar 115 1cnon 15 not tmverred Iy 931
or by ergotamine nd 1t differs from ty ramune m that cocnne does not
wpreenbly aeer 1ts effect ind 1o because by pertensin produces
v soconstriction m the tord while tvrumne does not Irs ction 1
potentiated by ventol ty rimmne and ephetonine

That the reaction berween remn nd hy pertensinogen 1 dismee
gratne 15 indieated by the face that pepsm 11 nown proteols e en
svme may replce renin in chis reaction but only w2 very low ringe
of pH But pepsin 1s macene 1n the oprumum ringe of pfl for the
rcany of renin 1nd does not produce 1 pressor effect when injected
mtrnenously mto an amal That the reaction between renin nd
I pereensinogen 15 en/ymatic 1s not genem”\ 1pr(ed Il pertensin
15 destroyved slowh by hydrolysis and by the wction of proteases and
peptidases It 1s now generallv consdered that hy pertensin s 1 pols
pepide of low moleculir weight cven though Page and Helmer
found that it g1 e 1 negamn e biuree Jt1c destror ed by pepsn e psit
papmne and exerices of some org s 15 well 1 by fresh normt blood
plasma serum and hhed blood corpuscles all of which contun
enzyme, hy pereensinase which 1 capable of mactn atng by periensiy
The vasoconstrictor effect of hypertensin i nactns wwed by amino
ovdase from by er of Sepra oficinibs and by 1y rosinase from Paliorer
campestrts (Cronatto) Crur Coke Jists 1 number of chemtcaly which
or complerely 1nnctn ate iy perrensin the ment taportnt
of them being sodime It 1» thought that the effect of the mdlmc
s due to the trinsforminon of the tyrosine in s pertensin Tl l\“
also drawn attention to the 1ccelerated destruction of In pcncmlrﬂc ("\(
Iy pertensinse W hen onidized oy tochrome C s added 1o ¢ 1::1\(“
Ity pertensuogen and renal exrract contuning hs perrensin

pacendly
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Preparation and purtfication The opumum pH for the reaction
beeween renm and 1ts substrite 1s berween 7 nd § and the optimum
temperature betw een 37 and 40 C The proteins are then precipstated
by hear or by the addion of alcohol or acetone and the filtrate 15 con
centrated by boiling or ev aporation under reduced pressure  Another
method which has been described 15 the incubation of diilvzed renm
and Iy pertensmogen recovers of the ulrafittrate and concentranion
Sapirstein and collaborators have suggested mcubanon of renm and
by pertensinogen at 0 C which practcally elinnnates the comeident
action of anv hy pertensinise thit may be present

Up to the present time all iy estigators who have tried to punfy
hy pertensin huve reported lirge loss of potency during the vartous
steps  During the process for unl nown rewsons it 1s often com
pletely destroved

The purification of hy pertensin has been accomphshed by Crus
Col ¢ by means of anionic resin so that one unit had only 008 mg N
Canonic resin 1dsorbed the hypertensin but 1t was not pessible to
elute 1t The melting potnt of this substance 1n pure form has not ver
been reported  Plentl nd Page stadied the effect of proteoly uc en
7vme on partally purified anglotomn but they concluded that such
1 study cannot be taken as offering proof of the structure of dhs
substince

The most important recent contnbution to the study of the
purificatton of hypertensin s by Edman whose method consists of
chromatography precipitanion with mtramlic 1¢id and electrodnlysie
In this way he obtuned 2 600 700 fold punfication of the actne prin
aple but the vield was onh 3 This great loss he aunbuted to
the labihry of the structure of byvpertensin  His highly punfied
hy pertensin 15 almost forty times more effectne m rusmg blood
Ppressure than 1 comparable amount of tramme phosphate  As little
15 05 gamma elicrted n appreciable effect on the blood pressure of
a cat He regarded lus product as essennially pure judging by 1t
behavior i parntion chromatography on filter paper By means of
electropharesis he deternuned the ssoelectric pomr to be pH 68
From the diffusion constant of this hypertensin 1 pure witer he
caleulated the molecular weight to be 2700 By means of paper
chromatography and some prelimminy quintintne determmanons
he found 1n hus hy pertensin the 1o acds hune hisudine gly cine
alamine serine proline vahne tyrosme leucme (or soleucine) as
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partic acd and glorimic acid - Full dernls abour methods of prepira
tton and putification of remn are grven m the appendn of the bool
by Brwun Menendez (4)
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Fig 34 Duagrammance representaton and compars on of the effect of the intrascnots
miection of 3 unit of hypertensin 2nd 2 umir of renm on the direct mean fen ol
bloyj pressurc of an unaaesthetized traned dog

Physiological properties The characteristic pressor cffect pro
duced by an intravenous myection of hy pertensta 1s an almost 1m
meduare and steep rise I e thae of adrenalin (Fig 33) The mramum
e, from 2 unte of by pertensin occurs usually in one mmute or less
and the return to nornial m three mmutes or less  As in the case
of remn the hypertensive effect of hy pertensin 1s nor accompanied
by a change m bland flow through the shin s measured by the
temperature of the shin or by direct obser aton of the blood vessels
growing 1n 3 wound of the s} n of 1 rabbits exr The spieen md had
ney show a decrease m volume and there 15 a decreise in coronary
blood flow sncrease of senous pressure and decrease of renal blaod
flow dunng the pertod ot elevared blood pressure Except for 1
forceful heart beat hypertensm produces no sigmficant sy mptons
when 1t 15 mjected mtrw enovsly meo man  If the sag are cuc the
dog s heart rate shows no modificaon 15 a resule of the myecuon of
hvpertenain. The conttauous mtray enous mjecuion of hy pertensin
produces an merease 1n blood pressure w buch s maratamed during the
entice pertod of mmection (kig 35)  Hy pertensin has a stmulaung
cfiect on pracncatly all smooth muscle and this effect on sntestnal

steps s been wsed as 1 method for its 1denuficanon and even it

1551y
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Fig 35 Continuous intrasenous injection of hypertensin Dog 65 hgm  chlralesed
Double vagotomy Aruficul respiraton Femoral bload pressure m mm Hg Time
m minutes (1) intravenous injection of hypertensin 1s started at a rate of one unit/
min, (2) end of mgection  (After Braun Mencndez Tascrolo Telar and AMunoy
1 Phvsiol 38 83 1940)

In us pharmacological effects b pertensin 15 not speaific It has
shown ity charactenstuc pressor effect in dogs chickens toads and
snakes Toads and snakes bur no other amimals are rapidly rendered
tachy phylactic by repeated mjections of hypertensin  Although
Page and Helmer have reported tachy phy las to repeated mjecuions
of angiotorun by the method of perfusion of the rabbits ear vet 1t
1s questionable that this method can be accepted for this demonstra
uon The eustence of an anglotonm acmator also postulared by
Page has not been confirmed The pressor effect of hyperrensin s
unaffected by mntrav enous injections of cocaine atropine ergotanune
933F or sulbesterol It 15 therefore not a sympathiconimenc sub
stance  An intravenous mmjection of hypertensin mto a bilaterally
nephrectormized 1mmal gives an increased nse The mtravenous i
jection of hy pertensin produces a pronounced but transient nse m
the potassium of the blood and a greater and more prolonged rine
of sugar in the blood of dogs that are under the ifluence of chloralose
Mo special sigmficance has been attached to these observations and
they have not been conhrmed  As has been sad before the strihang,
ind sigmficant difference berw een the pharmacological properues of
renm and by pertensin 1s chae by pertensm produces sasoconstriction
when it 15 dissolved i Runger s solution and perfused through an
isolated organ from which the blood has been washed our while
remin in Ringer s solution does not hnve this effect The direct effect
of hyvpertensin and the ndirect effect of renin are everted op
the musculature of the peripheral blood vessels A large dose of
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Iy perrensin mjected mtravenoush nto normal persons causes a de
crease in blood v olume and cardiac output as measured by the ballisto
cardograph The effect ot hy pertensin injected intru enously 1 not
altered by vagotomy  exaision of the carond bodies splanchmic
nerves pitwitary pancreas Iner adrenals  destruction of the adrenal
medullr  rapid elimmation of the central ners ous svstem or evrscera
ton m cats and dogs

Page and colltborators concluded that there 15 m the peripheral
systemic blood of fnpertensive amimals and man 1 vasoconstrictor
angiotonmn lihe substance not present in the blood of ammals or mn
with normal blood pressure but this inding has not vet been con
hrmed There 15 also no proof thar this hy pothencal substance 15
rdenncal vath renm or hypertensin - Because these stndies v ere car
ried out by the method of perfusion of the rabbics ear the result
will requre confirmation by some other method before 1t can bc
1ccepred The same statement holds true for the demonstration of
1 pressor substance 1 blood that had been perfused through an re
hted Lidnev with renal arters constricted which w s demonstrared
by the same method

Recently Gregory and collaboracors faled to demonstrate an i
crease of vasoconstrictor substance mn the ultrahlerare of blood plasmt
of hunian beings wich essentual hy pertension of long durston Ther
used the method of perfusion of the lower half of the frog for the
demonstranon of the vasoconstrictor substance The method wed 15
of questionable quanutarne value There 1s some doubr therefore
that the results can be accepted unequisocally as proof that essental
hy pertension 1s not caused by an mncreased production of hy pertensin
or some other vasoconstnictor substance Dexter and Haynes failed
to demonstrate hy pertensin when thes 2dded Iy pertensinogen and
incubated 1t with the systemic blood of patients with essential hy per
tension  As a result of our own studies (Gollan Richardson and
Goldulact — unpublished) the mpression has been gamed dhar the
ymount of bluod tested therto has alw 1vs been too small Larger
amounts of blood should be mvesugated The fulure of Grollmw
and Rule to demonstrare a pressor effect n the normat rat of pan
biotic twins of which one was hyvpertensne on a rentl basis docs

the evistence of a2 humoril mechanism in this v pe of
that the nonmi

esults 1n hy per

not disprove
T pertenston and does not prove the contention
1idnes elaborates a substance the tbsence of whieh r
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tension The explanation of ther results may be simply the slow pass
age of the hypertensin from one 1l to the other 1nd the rapid
destrucnion of thit portion which does pass across

Unit of Hypertensin Ve have defined this as the quanugy of
hypertensin which when injected mtrtvenoushy mto the unanes
thetzed tramed dog will gre 1 msc of 30 mm Ig direct mean
femoral blood pressure in 1t feast 3 dogs (Tig 34) Braun Menendes
and collaboritors hae published a curse of the pressor effects of
sanous quanuties of hypertensin from which the number of umes
1 esumated by mterpolanon (Fig 36) 1t would be lughly desirable
to agree upon a single method nd 1 stindard unmir

Tig 3¢ Tncreas s m bl ¢ 1 pressure pr uced by d flerent amounts of hypertensin
Abscis 1 Units of byy rrenan Ordinares: Res of blood prossure m mm Hg (After
Lraun Menendez Tasar | el sr and \lunoz [ Ihysiol 9% 983 1940)

Recenthy AMyvlon and collaborators found that hypertensin 15 not
vasoconstrictor for the rabbits ear but that remin 15 This 1s contrary to
the results abtuned by others aung the Lawen Trendelenburg techmique
m the grant toad They also tound that hypertensin which 15 not vaso
constrictne when perfused through the rabluts ear becomes strongly
vasoconstrictive 1t supplemented with traces of epmephrine or if fresh
phvt s added  Of 70 wwno acds tested for a sundar properts to
that of hypertensim onlv tvrewne had i The mtroduction of 1wdine
mnto the trosme molecule enturchh abolished the vasoconstrictor action
They conduded thit constriction ot the blood vessel of the rabbits
ear depends to a large degree upon trices of epinephrmne and ty rosine
contuning, compounds of speatl configuration This subject deseryes
more 1M estigation



HYPERTENSINASL

The observation by Page nd Helmer that w hen renun 1s mcubated
with plasma or with serum angjotonn (hy pertensin) 1s formed but
that continued mcubatton results m the destruction of the angiotonin
led them to believe thar the conunued action of the remn was re
sponsible for the destruction of the angiotomn  Mundz and collabo
rators however, showed thac this mactnating effect of che renin
could be elimmated while the capicity of the remin to produce the
pressor substance rematned unaffected This led them to postulate
the evstence of another ensyvme associated with mmpure remn to
which they gave the name 7y pertensimune Page and collaborators
later conceded the existence of such 1n enzyzme and to correspond
w1th their nomenclture comed the name angiotonase for this enzy me

Nature and properties H pertensimnase s a hy drol zing enzyme
or group of enzyvmes with the abihty to destroy hy pertensint 1 w1tro
present m blood plasma and serum n laked red blood corpuscles
and m extracts of organs espectally intestne Jidney pincress
spleen and Iner Intesttnal mucosa 15 the richest source of this en
zyme while blood serum and plisma that are not hemoh zed contan
only a relatnvely small amount

Hypertensinase 15 a protetn not dubyzable and precipttible by
half saruration with ammonium sulface It1s actd and heat labile and
sn neutril solution 15 qutchhy nacovared ar 60 € The optimum ac
ity of hypertensinase 1s ac pH between 7> and 8§ Itis macen ated
if hept at pH 36 to 39 for 15 to 20 mmnures at 37 € evenn the
presence of renmn and hy pertensinogen At 18 C the acnon of hyper
tensinase 1s greathy decreased and 1t becomes neghgible ar 0 C a2t
which temperature the reaction betw cen renin and hy pertensinogen 1
only shghtly retarded and may go on to completion It mray be pro
duced under anaerobie condiions (Fasciolo) and the upnmum_p”
for the acenvaty of hy pertensinase not of renal onginis7 1o 8 {(Mundz)
For renal hy pertensinase the opumum pH 1s 4 (Helmer) which indi
cates the probabiity thae chere are at least two enzymes of lrhﬁ
type Its actiuaey 1s noc affected by treatment wath chioroform chy
mol toluol oceyIalcohol potassium cvamde sodium bisulphite pyro

180}
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gallol and sodium fluoride The action of hy pertensinase on hy per-
tenstn 1s regarded as monomolecular (Plentl 2nd Page)

Purc hypertensinase has not yet been 1solated but Croxatto and
collaborarors have concluded that its effect on hy pertensin 1s due to
1 peptidase and most probably an amnopeptidase This 15 1 agree
ment with the finding that the hy pertensin nactanng effect of an
extract of pancreas 15 due to carboxy peptidase They have concluded
on the basis of inhibition experiments that the hy pertensinase activity
of renal extract and of laked red blood corpuscles 1s partly proteoly tic
and partly due to an ovidase effect Ir 15 difficult to obtam hy perten
sinase free of remin from renal extracts but i a solution of remin
the hypertensinase may be easly destroyed by reduction of pH
t039

It 1s probable that the kidney may be the maim source of the
hy pertensinase n normal blood plasma  An mdication of this 15 the
lmost complete absence of hypertensinase from the blood plasma
of bilaterally nephrecromized dogs It has also been shown that
there 15 less hypertensinase m lymph than i plasma The smaller
amount of hy pertensinase 1n the plasma of the blood from an 1scherme
Ttdney may mean simply that the 1schemic hidney produces less of
this enzyme What part 1f any hypertensinase plays in the main
tenance of normal or elevated blood pressure has not vet been eluct
dated

The umt of hypertensinase We have used as the umit of hy per-
tensinase the smallest amount which 1s capable of mactivatung one
unie of hypertensin in 30 munutes ar 37 5 C For the assay vamable

of hyper are bined with a constant amount of
solution known to contan one umt of hypertensin the mixture 1s 1n
cubated for 30 minutes ar 37 to 38 C and 1s then jected mtra
venously into a normal unanesthetized trained dog The least amount
of hypertensinase which destroyvs the entre umt of hypertensin so
that there 15 no nise of blood pressure after the mntravenous injection
of the mixture 1s one umt of hypertensinase

Fasciole and collaborators define the unit of hypertensinase as
the amount which destroys U5 umt of hy pertensin in 4 hours at
37 C and pH 7 41n a volume of 10 cc with one umt of hy pertensin
ongmally present If exactly half a umt 1s nor destroyed they calen
late the amount by means of the graph n Fig 37

‘The amount of hypertensinase n the blood and in various

o

Ve
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DETERMINATION OF HYPERTENSINASC 2 MOUR INCUBATION
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UNITS OF HYPLRTENSINASE

Ti, 37 Determinaton of hypertensnase  Two hours of incubawan 26 37 C
curre derned by Dexter for the calculstion of umts of hyperten mae onc unit
destroys 05 unie of hypertensin in four hours Dots errcles and squarey represent
etpenments on different days  (After Dexter Ann [t Med 1734 194 )
organs In determmnations of hy pertensinuse 1 plasma or serum ¢
count must be taken of the presence of hemolysis The hy pertensinase
content of red blood corpuscles 1 hugh and a small amount of hem
olysis can greatly merease the quanuty of 1t i the plasma or serum
This accounts for some of the  armble results that has e been obtamed
Normal 1alues tor hypertensinise m the plasma of panents with
hypertension or Iner and hidney disease hnve been reported by
Hay nes and Dexter The obsers ation of W emnstein and colliborators
of 2 diminution of hy pertensinase in the 1 enous blood from an acureh
ischemic kidney was not confirmed by Dexter and collaborators
There 15 certamly no good reason for belbeving thie vanauons m
the concentration of hypertensinase i the plisma ply a part m
the course of experimental renal hy pertension

The number of South American umts of hy pertensinase present
10 vartons organs of the dog, are givenin Table 2 Simtfar derenmint
uons on human fissues have not been reported

Mechansm of action of hypertensinase H) pertensinase 15 prob
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Taste ¥ HypERTENSINASE ConTENT 0F DiFrerent Oneans or THe Dot

nits per gram of fr sl ussue

Intestnal mucesa

1700-1600
Rudney ROO
Intesune 400 800
Pancreas 740
Spleen 160 200
Hemalyzed red blond cells 80- 170
Liver RO
Adrenal 40 50
Brain 4 8
Hea

H
Nonhemolyzed red blood cells 4
asm2 or serum ! 4

ably 2 hydroly tic enzy me contamed mn extracts of tissue and 1a blood
There may be other enzymes in the body with the ability to destroy
hypertensin  Becanse hy pertensinise actinity 1 not inlubuted 1n the
absence of oxygen it 15 obviously not an oxidying enzyme and be

cause octy | alcohol inhibits amine onidise but does not inhibir hy per

tensinase the identits of these two 15 1lso excluded  Although tyro

sinase can mnactivate hypertensin yet 1t also mactivates tyranune and
adrenalin - Hy pertensinase 1s not a phenol oudase however because
1t1s not affected by ¢yamde The possitality that hy pertensinase 1s 2
carboxy pepnidase has been excluded by differences from the latter
1n 1ts action on various substrates  As in the case of other constiruents
of the humoral mechamism so also all the worl on the properties of
hy pertensinase will have to be repeired when 1t will have been 1so

lated 1n pure form



MICIFANISM AND SITL OF FORVIATION
AND RILLASE OF RININ

The discussion of this topic was deferred purposely untl the
nature and properties of the various constituents of the humoral
mechamsm had been described

The determination of the exact mechansm and sie of forma
non or relewse of remn 15 of grear imporrance yer despiee the
vast amount of work that has been done on the properties of the
vartous constcuents of the humoral mechansm of experimental renal
hy pertension bur hrtle 1s Y nown 1bout this phase of the problem
Although there are many like Leloir who consider that most of the
inown facts about the mechanism of action of renm are consistent
wich 1ts beng the basic cause of renal by pertenston vet Grollman
cren now questions the evistence of preformed remn m the hidnes
nd considers that 1t 1s merely the product of autolysis m itro Ths
can certamly be disputed, for his experunents may merely mdicate
that i the renal ussue of the Iving anumal there evists 1 remn pie
cursor (prorenin) v hich 15 transformed 10to remin as 1t Jeaves the
Ining cell and that the same rransformation can also occur 12 1itro
Analogous phenoment e hnown to occur wm the case of other
proteoly tic enzvmes of which trypsin 1s an excellent example

Exactly what takes place 1n the hidney with mam renal arters
constricted adequately to gne hy pertension which feads to the re
lease or formation of renn 1s not well known The obsenauon of
decreased 0%y gen consumption by the ischemc hidney or by 1schemtc
renal ussue has been confirmed but the significance of the result
has been questioned on the ground that the reduction may have been
due to the death of a certam number of cells and not to wmfornt
nterference with the function of the cells

The conunuous mhalatton of 100% oxygen for 48 hours farled nf’
lower the blood pressuse of hy pertensine dogs and the mh:ﬂ:umrlc f;“
7 10 10% CQO did not cause a greater wse of the blood pmS‘l""f "
such dogs This has been wterpreted as unfavosable to rl;]cm\nl; l‘rcn.\l
hy pmhetu.al anovemtc factor in the pathog enesis of expert

184}
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hypertension Yet this 1s contrary to the view of Cruz Cohe who has
concluded that tissue anovia especialls renal plnvs an imporrant pare
1 the humoral mechanism of renal by pertension The demonstrauon
of a great dimmnution of the ¢y tochrome C concentration and of the
wanvities of the oy tochrome oudise and sucamic dehy drogenase in
slices and homogenates of the 11dneys of hypertensive dogs may be
subject to the same criticism 1s the expermients on ox\ gen consump
tion Its sigmificance cannot be evaluated 1t the presenrume and more
work should certanly be done on this subject

The experiments on the ongm of remn carried out i t1tro have
mndicated that it oniginates in the cortex of the hidney and especally
m the ining epithelum of the convoluted rubules The finding thar
the extract of an aglomerular manne fish 11dnes contams no remn
proved of no great sigmificaince because 1t was show n later thar marine
fish kidneys which do possess glomerult also do not contam renm
while the ludneys of fresh water fish do possess it m considerable
wmount No explanation has been offered for this difference Tt 1 of
interest 1 this connection that renin can be produced in the lidney
of the dolphin which 15 2 marine mammal The demonstration that
the renin content of the v oluung tubular portion of the mesonephros
of the pig embryo decreases while that of the developing tubular
portion of the metanephros increases and the failure to extract renin
from kidneys 1n wiich the proxumal tubules have been destroyed by
sodum tartrate posoning indicate that the convoluted tubules are
most probably the site of origin (production and storage) of remin
or at least of proremin if this exists The exact nature of the sumulus
for the release of remin or prorenin has not yet been determimed The
1dea suggested by Page and collaborators that reduction of mntra
renal pulse pressure rather than decreased blood flow to the hidney
15 what determines the release of remn and the formation of the
vasoconstrictor substance depends enurely upon the demonstration
of a pressor substince mn the blood by the ribbirs ear perfusion
method This method 1s not 1ccepted as a test for renin or angiotomn
%0 1t 15 questionable just what sigmficance can be attached to these
expeniments Lien the assumpnon of a presumable change from
mtermuttent to connnuous pressure beyond the site of the afferent
glomerular artertoles 1s not jusuhed for the vers reason that 2 pube
pressure 1n the glomerulus has never been proved to exsst Braun
Vendenez goes so far s to statc unequrvocally thar the 1dex thar
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dimiushed pulse pressure within the 1idney causes the liberation of
renin has no sold experimental proof  The reduction of blood fow
through the functioning components of the 11dney (glomerular and
pentubular capallanies) 1s wnother possible sumulus for the formaton
of release of these substances That there 15 1 reduction n the blood
flow through the hidness in most persons with essentinl by perten
ston affecting both hidnevs equally a5 well as 1 the eurdy stages
of renal hypertension 15 an established facr bur there 1s still some
question abour whether permnent reduction 1n the blood flow 15
necessary for the perastence of the hy pertension i ammals The
answer to this question must await better md more dircet methods
than are avatlable 1t present for frequent decernunations of rendl
blood flow before 1nd after constriction of the renal arters  Page and
collaborators do nor igree that some reducnon of blood flow 15
a necessary conditton for the development of hy pertension merely
because by indirece methods mn an occisional ammal they found
no permanent reducuon 1 the blood flow through the Iidnevs
although there was sull 1 slighels ncreased blood pressure  For the
demonstration of true renil sschemia Chasis and Redtsh requure that
the ratio of rentl plsma flow (dwdrast clearince) to tubular excre
tory mass (maxsmum tubular secretion of diodrast) should be calcu
lated becanse the reduction of diodrast clearance does not necessanhy
mrean rentl ischema  Smneh and co workers state that the evidence
favors the view that the renal ischemia so frequenty obsersed s s
sential human hy pertension 15 1 secondary event and that the pot
mary esent ss the airculanon of 1 humoral substance of unhnown
orgin which brings 1bout the efferent artersolar spasm and progres
sine and prraliel reduction m renal blood flow winch they constder
characrenstic of essentnl hy pertenston Others beheve thae the of
ferent artertolar spasm 15 due to the hy pertensin produced by rema 10
the blood but 1n experimentil renal hy pertension this begins anit
after the renal artery 1s constricted  thercfore i man 1t should h’C‘
ain only when the renal arreries 1nd afferent artenioles are suffictent]
discased to suffer 1 reduction m the swe of the tumen |
The demonstrition 1 wtro by Docl  of 2 nornnily perfusible
ascular bed 1n the hidneys of human beings with bemgn h\lp":‘;(’:r
sion espectally when the perfusing flud 1s herosene ccrmml;‘( ;fdnc‘
yustify the conclusion that the perfusion of blood through ¢ ::cr o
o8 normal 1n such mdniduals It s mreresting have
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desprte the obvious objecnon to the method there was 1 great de
crease 10 the rate of perfusion cven of kerosene through the hidnevs
of panents with uremia due o arienoloscl glomerul hnts or
melonephnins So httde 15 known abour the anatonn of the tenal
aseubie bed wd the effectine airenliton thrangh the funcrioning
components of the ksdney that 1 s dangerous to draw amv concly
sins from experiments of this hind about the effecr of mtrarcnal
stenosing vaseular disease or any other pathologic process capable of
producing smilar hemods manuc disturbance The extstence of mam
mtrarenal farge arterio arternn] and areerto (enous amistomoses would
mullifs the spmficance of most perfusion experments This phase of
the problem 15 bemg mvestigated by Prinzmietal and collaborators
who hwe demonstrated the eustence of large mtrarenal arterio
1enous eommumicatons but hae not determmed ther number

In this connection the recent contrsbutton of Trueta and collab
orators (6) 15 of great sgnificance  Although they have not con
firmed the evsstence of lirge mrrarenal arteriovenous anastomoses i
man or ammal vet they have found thae schemia of the renal cortex
partial or complete may be bronghe about by the by passing of the
penpheral cortical esrculation through the medullany and the jnea
mednllary cortcal cireulanon winch they have found adequate to
carry the ensire amount of renal blood so that venous return may
be normat whide perpheral corucal ischenm ewsts Thes have con
cluded thar remat cornical ischemsa may be mnduced even by mera
renal corucal vasaspism of neurogemc ongim As 2 result of these
studtes both direct and indirect determmanons of senous return
from the hudnes become of questionable value as dererminants of the
effectve supply of blood to the most smpormant functonmg com
ponents of the ldnev which are situated n the cortex  In the
fight of these findings also renit perfusion expenments have lisle
or no sgmficwnce The pare thar mtermutrent or persistent neuro
geme renyl cortical sschersa may play 1 the pathogeness of hu
man essental i perrension still remuns 1o be established bur the
authors are comnutted o the view that ths mny be the common
mechanssm ind that thw 1 pe of hnpertenston mny therefore be
of renal orsgan




THL JUNTAGLOMLRULAR APPARATUS

The problem of the possible pare plaved by the juvtaglomeratar
apparatus 10 the humoral mechamsm of experinental rendl and of
human hy pertension 1s by no means settled This apparatus has been
described 1n detasl by Gootmaghugh and others

Goormaghtigh his reported an increase 1n the size of the jntt
glomerular apparatus and 1n the number and size of the ahbrilar and
sometimes granulir or yacuolated cells of this 1pparatus m the hid
neys of rabbits and dogs with renal hy pertension (Fig 38) 1le has
arrved at the conclusion that these cells may have 2 local or even
gener secretory or humoral activaty and may therefore have a direct
relauonship to the hypertensive princple  Afibrillar cells are com
mon 1 the normal kidney of the rabbyt but Goormaghugh has found
an wmncrease in the number of afibntlar and granular cells 1 the justa
glomerulr apparatus of rabbits made hy pertensu e by the constricton

sesel (L)
Ty 38 Ju“aglom(e;r;xl?r 1p;‘xznms‘1l’\d renal mi:c;]mz (r\)‘zﬁfx::;mm( e e

efferent vessel )

left, glomerulus from normal rabbre Ardney  at the night glomerulus of nbl’m hdn{;
after twenty one days of shght behemua  Hypertrophy of the luYt:‘L’ 0";’";"‘,"
apparatus and increase 1n the number of granular cefls  (After Goormaghtie

Ued 501541 1939)

of the man renal arrenes  He considers that the afibnllar cellshneto
do with the arteriolar tone and chat che granular cells are the source {:
the pressor substance  Dunthue has confirmed these findings and su
scrtbes to the same views Raufman has 1lso reached a sumlbar cm:l
clusion on the basis of an anacomical studs of hidness from norm

%8}




JUNTAGLOMERULAR APPARATUS 89

and hy pertensive persons Grief and Snuth however have drawn
attention to the great varation m the appeirance of the artenolir
media and the size and structure of the juxtaglomerular apparatus n
normal man and ammnls and have caunoned that because of species
differences for example the absence of granular cells in the hidnes
of man and dog the nterpretation of the effects of ischerma must be
contingent upon a more complete study of normal hidnevs The de
velopment of v tologic changes 1n the juxtaglomerular apparatus
mterpreted by some v estigators as indicative of endocrine activiny
does not constitute convincing proof of the origin of w endocrino
genic pressor substance or precursor in this structure

Up to the present time no direct convincing evidence has been
offered that any special cells in the juxtaglomerular apparatus or pre
glomerular arterioles are the source of a chemical factor which con
stricts the afferent or efferent glomerular or perpheral systemic
artertoles There 15 therefore no good reason for assurmung that this
apparatus 1s the regulator of glomerular blood flow or the indirect
cause of the hy pertension The very presence of remin m extracts of the
hidneys of developing pig embryos n which a juxtaglomerular ap
paratus has not been rdenufied militates against this view  More in
vestigauon will be required before the functional significance of the
juxtaglomerular apparatus and 1ts relattonship to hy pertension can
be properly assessed




THL TRLATMLNT OF 11YPLRTENSION
Medscal Treatment

As soon 15 the production of cvperimental renal h pertension
had been accomplished the most common methods for the med
ical treatment of human hy pertension were 1so tried our on hs per
tensive ammals, mamhy the dog and the rar It had been found
that 1 many pauents with hypertension the smtrasenous admins
tratton of pentothal sodium caused a significant and sometimes a pro
found fall of blood pressure This 15 the tv pe of patient who 15 usuath
chosen for treatment by surgical operation on the nervous sistem
It was found also that m the excitable by pertensn e or normat dog the
blood pressure did fall moderately during the period of unconsctous
ness after the mtravenous adnunsstration of between 10 and 15 mg
of pentoth1l sodum per hilogram of body weght The sime effect
was noted as a result of the intrasenous njection of pentobarbital
sodium  Such a fall ;ndicated that i the excitable normal dog the
pressure was probably high far 1 narmal ammal and that in the ex
crtable hy pertensive dog the hs pertension which had devcloped after
the constriction of the renal artertes was not entrehy of renal origin
and probably n pare ac least psychogeme In most of the normal and
hvpertensne quiet well traned animals no effect on the blood
pressure was observed from the mection of the dose of pentothal
or pentobarbital sodinm mentioned or even after wn mjecuon of
chiloralosin

In our own evpeniments an the treatment of hypereension w 1th
amv drug or method every ammil was usualh subjected 1t least
once to an mtravenous myecnon of pentothal sodium or of chioralo
o If the blood pressure did not fall sigmificantly during the state of
unconsciousness the dog w1s regarded as swsfactory for the de
cermunacton of the effect of other agents on the hs pertension of renal
ongm A sigmificant fall of blood pressure on the contrary w1s e
garded as the indication that the clesanion of the blood PY“‘““‘
was duc 1 part at lewst to factors other than renal and the anmy
was not used for theripeutic tests Lnder these conditions morl’h'"“
potasstumm thiocvanate mannito! hevamerate viscum album ('2\";"‘"
of mustletoe), allium sty um (garhic extrace) extract of watermelo!

190}
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seed sodiim bronude veratrum vinde acetslcholine choline chlo
nde sodwm chlonde micoume aaid and biotin proved meffective
Of the various substnces that have 1 fleeting cffect on human hy per
tension lowering the blood pressure by producing penipheral vaso
dilatation the mitrites are the most commonly employved In the dog
with experimental renal hy pertension as 1n man with so called es
sential hypertension the wnhalaton of amyl mitrite (pearl) or the
mtravenous imection of gly cerol trimtrate (1/100th gram) lowered
the blood pressure almost 1mmeduatels  In some ammals the direct
femoral mean blood pressure fell precipitously from a level well over
200 mm Hg to 30 mm or less The effect as in man lasted only
1 few minutes with 1 quick return to the ongmal high level The
administration of these substances at frequent mtervals prolonged
the effect by causing repeated falls of blood pressure but cessation
of admimsstration resulted m a prompt return of the blood pressure
to the origmal high level

Of the various drugs that have been suggested recently for con
tinuous or frequent adnumistration m cases of human hy pertension
potasstum thiocy anate 1s the best 1nown For man 1t has been stated
that if 1n adequate concentranon of this drug n the blood 15 man
tamed by duly idnumstranion the blood pressure mayv 1 some cases
be hept at a considerably reduced level and may even fall to normal
In the dog with renal hy pertenston 1t has been found that the con
centranon of the drug in the blood must be at or very close to the
level of 1ntonication before mn apprecnble fall of blood pressure
occurs  Inrowication indicated wsually by anoreviz vomuting and
sometimes by drirrhen regulirly preceded the fall of blood pressurc
a2 lower level To obtan 1 concentration of 10 mg of this drug n
100 cc of blood the most effective concentranon for man the dog
required a relatnely larger dose than 1s necessary for man With
drawl of the drug resulted m a slow return of the blood pressure
to the presioush hypertensive level the rate of rerurn depending,
upon the degree of mrovicion of the 1mmal  In one of our ammals
1t tool 1t hiele more than two weeks for the return of the blood pres
sure to the oniginal hugh level  Dunng the greater part of this time the
anmal was obviously il Other imvestgators have also tested the
effects of the mjection of potassum thiocvanate i dogs with renal
hypertension  Davis and Barker found that 1t effectnely lowered the
blood pressure and that supradiaphragmanc removal of the thoracic
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sympathetic trunks and spltnchnic nerves rendered the animals even
more sensitiv e to the drug  Groliman Harrison and Williams found
that potassium thiocs 1nate caused an msignificane fall when adouas
tered orally to hypertensne raes Hamlton and his associates found
that sodium thioeyanate low ered the blood pressure of dogs with
spontaneous  hypertension bur concluded that the sevson of the
vear (Summer) w1s mote Iikely to hne caused the reduction of the
blood pressure than was the drug and the £l persisted for two months
ifter all the thiocyanate was excreted  Certunly on the basis of the
experimental evidence there 1s no definite mdscation that porassium
thiocy wate 55 1 highh desirable drug for the trearment of renal
Iy pertension Thus 1t would scem thar 2ll the methods which hne
previoush fuled to affect humn by pertension are equally unsuccess
ful m expenimental renal hypertenston but that the difficulties m
vohed m the climerl appreciition of the hypotensive properties of
different agents in essentral hy pertension are greater than n expert
mental renal hy pertension
Extracts of kidney A long tume before persistent evpermnental

renal by pertension had been produced m ammals renal extracts of
various tvpes had been used empirically wath varable resules for the
treatment of renal disease m man Organotherapy with renal sub
stance estract or other ty pe of preparation 15 not 1 new proceduse
for the treatment of human hv pertenston with or wichout accom
pany g disturbance of renal excretors function The thought that
the Ladney may be 1 organ of ternal secretion dates back to 1893
when Brown Scquard assisted by d Arsonval was the first to pre
pare an extract of hidney for the treatment of this condinon Thes
treated the uremia associated with the anurm due to renal diseise
or to bilateral nephrectomy which they regarded 1s in part at feat
in the nature of hormone deficiency but they did not determune the
effcet of this treitment on the blood pressure  Many other publicy
nons an the evstence of an meernal secretion of the Lidney have
appeared since then nd treatment of nephrits and eclampsia W sth
urerma by renal organotherapy has been the subject of many r¢
ports
Renal opatherapy for the trearmen
snsufficiency was first pracriced by Renaut m 1903 1
rated hidneys and clumed thae the dulv admnistrato
tenal had a beneficui effect on both condinions

t of hvpereension with renal
Te nsed mace

0 of this m2
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Actually the first organ to be extracted for the possible 1solatnon
of 2 substance that would lower biood pressure m man was the
lidnes  Reml extracts speaificalls for the treatment of hy pertension
were first tried by Gomez m 193+ In 17 of his 40 cases of hyper-
tenston there w 1s associated renal excretory insufficiency and accumu
lation of mitrogenous products i the blood He stated that there was
a steady drop of blood pressure as the result of the treatment mn 38
of his 40 cases and also a fall of blood urea in 16 out of the 17 cases
m which there was elevated blood urea Dunng the past few years
there have been other publicitions dealing with the treatment of
human hyvpertension by renal opotherapy and mjecuons of renal
extracts of various hinds

What prompted the trial of renal substince or extracts hitherto
had always been exther pure empincism or the idea of the substitution
of a mussing or deficient renal hormone or the detoufication of the
potsonous substances present 1n the blood because of disease of the
kidneys The thought that such treatment mught lower the blood
pressure by mhibiting the formation of or destroymg or neutralizing
the effect of a pressor substance of renal ongin or some substance
1n the blood plasma w hich mnteracts with the substance of renal origin
to form a pressor substance 1s entirely new and s based on the current
theory of a humoral mechanism of hypertension of renal ongm

Any atrempt to treat expermmental renal by pertension by affect
g the humoral mechamism should take mto consideration the posst
balities that have been outlined by Mundz and collaborators 1 su
pression duminution or mactivation ot renin 2 inhibition of the re
action between remn and hypertensinogen 3 dimmnution of the
amount of hy pertensinogen 4 mhibiton of the action or destruc
tion of hypertensin by an mcrease i the amount or activiry of
hypertensinase or of some other agent capable of accomplishing
thys

The first attempts to treat experimental renal hy pertension by
means of renal (and muscle) extracts were made by Harnson and
collaborators who reported a low enng of the blood pressure 1 hy per
tensive rats by renal extract gnen by mouth or parenterally They
assumed as the basis of their treatrment that m temporary by perten
sion due to unilateral constriction of the mamn renal artery che nor
mal hidney by some humoral mechanism for example by nhibiting
or destroying the pressor substance might be plaving 1 part
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ehminanng the hyvpertensne effect of the hidnev with the renal
artery constricted There 1s other evidence for this view 1 The re
motal of a normal hadnev 1 the presence of one with rentl artens
constricted causes the blood pressure to remamn permanently ele
vared 2 After removal of the nchemuc kidnes of the other n
normal the blood pressure falls to normal n 6 hours but 1t tahes
five tmes as long for the blood pressure to reach normal after the
remorval of both kidnevs when one or both are ischemuc It was this
which led Katz and colhiboritors and others to the idet that by
countericung or neutrahizing the pressor substance the normal kid
nev mught plyy 1 pare 1in the elumnanion of the chemicil meditor
of expermmental renal hy perrension They beles e that the more rapid
fall of the blood pressure to the nornual lesel i the presence of
normal I idney ussue as contristed with the slow fall in 16s absence
mught be due to the excreton or destruction of the pressor sub
stance by the remaming normil kidney  They showed thir i
amma) wich urcteril-s enous fistulz on the side of the normal hadnes
the removal of the opposite 1schemuc kidoey w s sull followed by
ripid (6 hours) fall of the blood pressure to normal They reached
the conclusion that the nornial renal ussue destroved the pressor sub

stince since othurune is conunued presence m the blood stream
should have hepe the blood pressure elevared for 2 longer pened

In the opiion of Deter and Braun Menendez the renal threshold
for the excretion of rentn 1s too high to account for the possible stabil

w7ing part plaved by the normal hidnes  Grollman and coliaborators
hae adopted the view that the actne principle dened from hidnes

tissue 15 an essental humoral agent the shsence of which 1n the dis

cased hudnev results m hypertension They now beleve that the
dnumistration of this principle overcomes the deficiency and e

lteves the hy pertension

The demonstracion that renal veta blood from an sschemic hid

ney concats much less hy pertensinase than renzl e blood from
normal kidnes would throw hght on the earlier expermments of kree

man w ho found that normal dog s blood can reduce the Dblond preisurc)
of dogs with experumental renal hy pertension W hereas l;lond l;l;:\
2 hypectensue dog had no such effect The anupressor eff ccr‘ llr:luud

case may be due to the presence of hy pertensinase m mmlnll o

and tts dumnution 1n the blood of hypertensine apmals  [low
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this finding has not becn confirmed  More worl should be done on
this subject

The 1dentical renal exeracts used by Page and collaborators w hich
«aused 2 reducton of arcer1l blood pressure n ther hy pertensive
ammals and panents faled to have the same effect i the hands of
some other v estigators  Although Page and collaborators have tried
to relate the antipressor effect of their Lidney extract to 1ts b per
tensinase content vet 1t has been shown that there 1s little hy perten
Sinase 1 it and Schales and collaborators have found that this ex
tract gave the same results when 1ts hypertensinise was first com
pletely destroved There 1s cerramly no proof that hy pertensinase
per se 1 absorbed 1nto the blood stream from an ntramuscular n
jection In facr 1t has been shown that for the antipressor effect of
1 remal extract for the treatment of hy pertension h pertenstase 15
not required Harnson Grollman and \Willams did not determine
the existence of hy pertensmase m their extracts but they reported a
lowering of blood pressure m the rit dog and even man by the ad
mmstration  both orilly and intramuscularly  of 1 renal extract
which conrains no hy pertensinase Thar such effects are caused by 1
remin mbibitor as postulated by Page wnd collborators has not been
confirmed

The possibility that all the effects on blood pressure by reml
extracts hutherto reported are due to a non specific py rogenic effect
(with or without actual elevanon of temperature) of a foreign or
gamie material thar produces a local and general reaction has already
been suggested by several i esngators It 1s interesting 1n this con
nection that a reducton in the severiny of the local reaction as 4
result of purification o the extract also resulted 1n a corresponding
reduction 1n the anupressor effect Schales Stead and Warren ob
served an antipressor effect which was not specific for renal extracts
and atrbuted 1l the effects they observed to the local and general
reactions which occurred In their opinion this mvalidates any con
clusions about the specihie effect of any renal extract The same effect
on blood pressure was obtamed when the extract contuned ittle or
90 hypertensinase if the local and s stemuc reacuions to the myec
tions occurred The extract which Grollman Harmson and VWil
liams used can hardly be the same as that of other my estigators be-
cause they found that the actne substance was dulyzable and effec
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tne by mouth mn both animals and man  Most of therr c\peniment it
worh on ammals wis done on the rat nd has not yet been con
firmed No other miesugitors hase reported 1 low ering of e
blood pressure 1n by pertenan ¢ imndividuals from the oral admustra
fon of renal exercts Goldring and Chasss fuled to observe a favor
able effect 1n four hypertensine pauents treated with renal extrict
by mouth esen when they admimistered the equn tlent of 50 hilo
grams of origmal hidney substince daly

Although Page and collaborators mstst thar they have obsered
fall of blood pressure from renal extract without 1ccompanying
local or syvstemic reaction yet 1t his been shown that all the effects
can be produced bv the parenteral mjection of foreign organic sub
stances such as milk and tvphowd vacane There is certamly no
ciear ndicanon rhat the renal extracts thar have been prepared up
to the present pme constitute an adequarte treatmene for hy perten
sion  Perhaps the fice thit in the last 6 vears there has been but
lietle progress reported from the treatment of hy pertension by these
renal extracts 1 an mndication of the difficulties mvolved

Many different tupes of evetract wnd other preparztions of 11
rious organs especially of Iner and pincreas hne been prepared
wnd admustered empireally 1 v wtets of wass for the treatmens
of human essential hy pertension The results tor the most part have
been equiocal and the clums for the value of these prepirauons
Ly some have not been substanuared by others

The results ot the tretement ot hy pertensn e anmmls by a grext
vanery of subsrances that hne also been admimstered to man are
summarized in Table >

Anttrenin - Treatment of hypert 1 by the p ! sn
jection of renn  Because renm 15 2 prote 1t was ta be expected
that 1t might be antigente and that 1ts parenteral mjection \\o'uld
resule 1n the development of an antibods int the blood plasma What
the propertics of such 1 anuserum w ould be could not be nnnupn(}td
bur 1 was hoped that 1t would at least prove to be anupressor thit

s anuremn N
Wakerlin and collaboracors were the first ro worl on this suby

and reported that mn the blood serum of rabbirs dogs -m;) g)\:n‘\:\
pigs but not n the harse jecred with heterologous renin [::,nbh
rious species 3 substance or principle developed which \‘\n :lsccu l}m "
of nenrrabzing the acute pressor effect of an miras enous 1)
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Taste 3
Reute | Peniod Effects
Substance Am Daly of of on
Employed mal Dose Sdmun | Treat Blood
sstra ment Pressure
uon Days
Nuntes and Nitrates
Erythrol tetramitrate( Rar | 003 gm Oral 5 None
Frythrol tetranitrate! Rat | 006 gm Oral 5 Alederate falb
i rythreltetranirate! ! Rat |00y gm Oral 7 None
Mannitol hexamitratet ! | Dog | 008 pm Oral 1 “one
Prsmuath subncratef > Rat | 0075 gm Oral 8 None
Sodism mitrice! ) Rac | 01 gm Oral 5 None
Sodium mtrite! ) Rat [ 07 gm Oral 5 Moderate fall
Sulfocyanates
Potassium yamate! | Dog 1\ Fall
Potassum ()] Rat |01 gm Oral s None
Potassiim y )| Rat | 07 gm Oral 5 Modurate fall
Potassum y *] Rat | 01 em Oral 7 one
Potassium v | Rat |07 gm Oral 7 oderate fall
Potagsum y [ Dog Moderate fall
and toxic
symptoms
Magnesuon sales -
Magnesum carbopatet * | Rat | 07 gm Ora} 10 None
Magnesium sulfate ' Rat | 005 ¢m Oral 6 None
Cl olime salts o
Choline chlonidet? Dogl 52 gm Oral o1 None
Acety]cholinet ) Dog |25 mgm v 44 None
Acety! methyl choline
hydrochlonde Rac | 05 mgm 5C 5 None
Acey! methy] choline
hydrochlonde Rat | 10 mgm sC 5 Moderate fall
Bromdes
Sodim bromide Dog | 80 gm Oral 10 | None
Vegetable Extracts ]
Allum satvum (garkie)¢ 7| Dog | 70 gm Orai 60 None
Allm satvum (garhe) )| Rat | 10 gm Oral 3 None
Allwm sativum (garhic) €0 | Rac | 05 1 mgm Oral R None
Allum satvum (garhe) | Dog | 06 <¢ Oral 15 None
Viscum album
(nustletoe) ¢ ¢ Dog | 07 gm Orl 15 None
Veranm vinde
(tincture) O Dog | t cc Oral 15 None
Watermelon seed ! Dog None
Vstamns
00 000
Vitamin A¢ e 10 Oral 90 180 | Definue fall
400000 U
Nicotinic acid( ) Dog | 0270 gm Oral 21 None
ount Dog | 1000 U SC 10 None
Vitamn B O Doy, | 812 cc Oral 4 “one
Ascorbic_acid( ) Dog ! 10 gm Oral po None
samun L6) og | 100 mgm Oral 150 None
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Tase »—Contsnued

| ! Route [ Period “Effects
Substance FAn D Daly o o on
Pmployed ' mal | Dose Admin | Treat Blood
| istra ment Pressure
o 1 ton Days
1 1ssue Extracts 1 ’
Pancreas (powdered) (! Dog [ 03 gm Oral 30 None
Puancreas (powdered) ' Doy, { None
Adrenal cortext™ Dog |01 ec/hgm| SC 30 None
Livert) Dot | 612 cc IV and] 30 1 Nene
Preustary s » | Dog | 15 gm/kem| IV 0 | “None
= e T
Hormones ,‘
Cstronet "Dog [ 01mgm Lem{ I 30 Neae
Testosterone | Dog | 75 mam /kem | T\ 30 None
Pituntin ¢ | Dos, 10 U/kgm Y] 15 None

Each ce comtamed 615 mem thamm 001 mgm rboflnm 015 mgm pynd
owne 2 mgm mconnic acid and 04 mgm_pantothemic acid
1 Grollman, Harrison and V3 illams (19402) 6 W aherhn iloss and Smuth (194>

2 Friedman Jarman and VMarrus (1942) 7 Moss and Wakerhin (1944)
3 Goldblaer hahn and Lewis (194 ) I'\ = ntravenously.

4 Duavis and Barker (1941) I\l = ntramuscaolarly

§ Vvakerhn and Ganes (1950) 5 C = subcutaneously

remin They found that if the antserum was first mixed with the
renin and hept for 1bout I8 hours ar abour 4 C the mnture lost
its pressor effect when mnjected mtramuscularly mto a normal dog
Normal serum did not possess this property of inactvaung renin
They regarded this principle as analogous to an antibody 20 anu
enzyme or anuhormone and suggested for i the name anuremn
This has been produced 1n the rabbie by the mtramuscular mjection
of human hog cat and dog ream 1n the gumea pig by the intra
abdommnal mjecuon of hog cat and dog renn and 1n normal and
renal hvpertensie dogs by the meramuscular mjection of hog and
rabbit remn The mnjection of homologous renm or of heterologous
renm pressously mactnared by heat did not duce the formation of
anuremn 1 etther normal or hypertensne dogs Hog Iner extract
faled to produce anuremn m normal or hy perrensine dogs
Antrenin ss a protern but it 1s neicher an enzyme nor a precipitin
In the dog and guinea pig cven when the antrenin niter 15 hugh there
1S no precipitin n the blood In the rablur s which preapinn ::
sponses are more easily obuned precipitins against other plasta p!

cemns are formed 1 high titer when these ammals arc grven repeated
t the rabbie serum

\ntratenous myections of impure remn ‘The fact tha
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sull retains 1ts ability to neutralize remn after the precipitin has been
removed by absorption 211 witro certamly indicates that the antirenin
and precipitin are not 1dentical

In our laboratory 1 which the evistence of anuremn was con
firmed Dr Yale ] Katz studied the chemcal properties of thi
sabstance and found that 1t 1s preciprated quantitatnely by ammo
mum sulphate at 2 concentration of 16 molar and pH 50 T s
present 1 the pseudoglobulin fraction of the serum 1n which ar
culating antibodies are usually found and this fraction contamns prac
ucally all the anurenin of the ongnal serum  Antirenin 15 acuve
between pH 23 and 107 but 15 mactvated at pH 19 or less and
110 or more At 0 C and 1n the frozen or Iyophilized state 1t re
mans stable for at least three months Heatng of the antiserum at
65 C for ten mmutes does not inactn ate the antirenin but 1t 1s com
pletely destroyed by heaung at 75 C Antiremn does not neutral
ize the pressor effect of eicher hypertensin or pitwitrin Like anti
hormones antiremin 15 not species specific m the neutralizanon of
renn 1 1tro except for anurenn from rabbis mduced by the m
jection of human remn This specificity 1s also true for anuhormones
produced in rabbits by the mjecuon of extracts from other human
tssues  Hog antirenin produced mn the dog will mactivate dog cow
or hog remn but not human renin

Wakerhin and collaborators reported a fall of blood pressure to
normal in dogs with repeated intramuscular wjections of hog renin
mto hy pertensive dogs They also observed the preyenuon of hyper
tension n dogs which recened simlar mjections before the renil
arterses were constricted Both of these observauons we have been
able to confirm (Goldblatt H haez Y J and Richardson E)
Walerlin and collaborators found thar the intraperstoneal mjection
of 40 ml of dog serum contaming a high nter of antiremin for ho,,
renin had no specific effect on the blood pressure of a hypertensne
dog

No significant changes have been observed by Viakerlin or by
us in those anmals thar developed high titers of inurenm in therr
plasma We have found that atter a normal or hvpertensne ammal
has developed a high uter of antiremn large doses of homologous or
heterologous remn may be jected mtravenously nto them without
producing anv change wn blood pressure Ve have mjected intra
venously 1n one dose as much as 100 dog umits of hog renin withour
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notng any elevation of the blood pressure 1n a dog with ten nmrs
of antirenin per cc of its blood serum The hidnevs of rabbuts and
dogs which had a high titer of anurerun 1n their blood were found
to contan normal smounts of renm

Winternttz and colliborators failed to confirm the production
ot anuremin but thes myjected che remin ntravenously Friedman and
collaborators did not ebserve a fall m blood pressure m animals thit
recenved parenteral (not intravenous) mjections of remn but they
probably njected 1n msufficient amount of remn We too faled to
detect the production of anurenm 1 dogs by the intras enous mjec
non of 1s much 1s 25 units of hog renn 2 das for 12 weeks but by the
subcutaneous and mtrmmuseular myection of the same amount and
even less we did succeed in producing antirenmn of high uter m the
serum of normil and hy pertensive dogs Ve also obsersed a fall
of blood pressure 1n hy pertensne dogs and prevented the deselop
ment of hypertension in dogs by repeited subeutaneous or wmtra
muscular myections of hog remin befare the renal arteries were con
stricted The optimum dose for this w1s 25 units of remn per du

Although W\ akerlin and collaborators were the fust to produce
anuremn yet they now constder that they hase good cvidence that
it 1 not the anuremn which 15 responsible for the prevention of
I pertension or for the lowering of the blood pressure in dogs with
renal by pertension The evtdence upon which they hne repudiated
the sigmificance of the antirenin 1s not conclusne One rexon gnen
15 that ghly purified hog renm 15 as effectine as parnalhy punhied
hog remn m stmulaung the formanon of anuremn but that te 5
much less effectnve as an anuby pertensne agent [t s highly prob
able howeter that thys difference was due onh to the smaller amovnt
of remn mjected Another reson was that m an occastonal dog thae
recens ed myections of hog remn which had been snactisated by heat
4 fall of blood pressure w 1s also noted Not too much sngmﬁcanrs‘
should be attached to this because m some untreated dogs the bh’;:
pressure also recurns o 1 lower let el and besdes a son s}":_;"c
effect of mjections of protemns assocrited wath the impure renin .
not be enurely cxcluded and mav play a part 1 the phrnumﬂ\:;w
W abethn and collaborators 1lso found no correlarton berween

con
anuremnt titer and the anuhy pertensine cffect This ﬁndﬂ;\g E:mm
tray 1o the results of our own swudes It s difficult to make

e an
parnson between ther results and ours because they did not g
> Sy
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exact determination of the titer of antirentn attuned by their animals
nd our methods of assay are not directls comparable Their ant
renun titer has been based on the amount of remin extracted per gram
of renal cortex which 1s obvioushy subject to considerable vanation
e have utrated the exact amount of anurenin by detcrniming the
number of units of remin mactnated by the serum  Our dog umit
of antrenm 15 the mimmum quanuty which neutralizes the acute
pressor effect of our dog unit of renin

Possible application of the results obtamed m ammals to the treat
ment of human hy pertenson 1s beset with many difficulties Because
homologous remn does not produce antirenin the injection of hu
man renm snito a hy pertensn e panent v ould probably be ineffectve
W hether heterologous anumal renins w huch do not produce a pressor
effect in man would nes ertheless induce the formation of antirenin
1ssull unknown  Remin prepared from the hidneys of other primates
which does produce an elevanon of blood pressure i man would
probably mduce the deyelopment of antirenm m man  bur the diff
culties nvolved 1n obtammg the large quanuty of remn that would
be required for this test are obvtous Much work on this subject 1
stll required It has not vet been given the attention 1t deserves

Other vasoconstrictor pressor and antpressor substances and
their effects In any consideration of the humoral mechanism of renal
hy pertension mention should be made of the studies of Bing ind col
laborators which although they may have no direct bearmg on this
mechanism et indicate a possible way whereby a pressor substance of
renal ongin may be formed or released under conditions w hich
volve a disturbance of the intrarenal hemodynamies By perfusion ex
periments these authors demonstrated that an ischemic ladney but not
2 normal one 1s capable by decarboxylation of converting dihydro
\yphenylalanime (dopa) a substance which possesses no pressor
properties mto hy droxy tyramme which 1s 2 powerful pressor amme
They showed that the amount of hy droxyty ramine w hichis formed in
the J1dney from 1 dopa under conditions of oxvgen lack s pro
portional to the reduction of blood flow through the perfused hid
ney and also demonstrated the transformaton of dopa nro hydro
Yytyramune mn hidney extracts 1 urio under conditions of low
ovygen tension But even without the iddion of 1 dopa the de
velopment of a pressor substance has been reported merely as a result
of anacrobic condinons Liver spleen lang and heart muscle treated

.
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m the sime way did noc develop pressor substances Licer and m
testine 1lso contam 1 dopa dectrbosylase yer these organs were un
ble even when their eircultaion was reduced to produce hy drov
tyramine from 1 dopa which w1s added to the blood

Bing was dso able to show that partly or completely sschenme
cats hidnevs 2 ¢10 comerted 1 dopa mjecred intravenoush  mto
hydrovvnnrumne  Oster 1nd Soskin observed that the ntrnenous
mjection of 1 dopt mto cus with expermmentil renal hn pertension
resuited 11 1 great rise of blood pressure while no e occurred
normal cats This 15 of great interest m ths connecnon  Bing and
collaborators did not conclude that by drovy ty ramme 15 the cause of
or i any way directh molsed i the pihogeness of experimental
renal or of human hypertension The same conclusion has been
reached about v rammne  As a result of hs obsert wions Bing merch
concluded that the deaminanion of wmino acids n the ] sdnes may be
catalyzed by amine ovidases mnd that this process requires ovvgen
In an mschamic hidnes under relatnel anovemic condions de
carboxy Jation withour dewnmation of amno acids would resule i
the formation of pressor 1mines m wcumulwon of which might
result 1 elevated blood pressure It has been demonsirated that the
two pressor substances hydrovyryrummne nd hypertensin are de
stroved by different fractions of renal exerice and by diffurent mech
ansms It has abo been shown thar remn does not cffect the de
carbosylation of 1 dopa to convert 1t to hydrovstyrumne Tt b
been demonstrared that the reduction of the blovd flow to the hud
ney results m 2 profound alteration of the subsequent chene! events
The kidnev has the capabilis of convcrtmg the ammo 1d which
1s 1tselt wachout pressor properns mto @ powcrful presor wnine
whch accumulates under anerobic conditions and results n elevation
of blood pressure  Pressor anunes are rapidhy destraved however
by ouditne enzvmes when the arculiuon 15 normal nd acrobic
condmons prevul Their worl has provided 1 bass for the h\p;\
thests that the b pertension w hich resules from renl tschemty mny he
due to dmumshed deammmation of certain 1mno acids and tht #t
may possibly play an 'u:cessors[ or e\cln an 1mportant prisatsy partin

ertepsion In somice ty pes of amm?t
& p’I‘hc work of Bing nlr):d collaborators has been the bm; }:’f ‘:]‘_‘
anempt made by others at the treatment of experimental rcn':s ogsp\))
engton 11 rats by means of quinones and 1n hypertensne
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diketone 1-4 ¢y clohevandione  Lowenng of the blood pressure was
reported but we have not been able to confirm 1y of these results
by the use of the same maternls 1in hypertensne dogs

Pressor ammes certanly eust and produce tharr effects when n
jected mtrav enously mto amimals Dearmnation requires oxs gen The
question 15 whether some disturbance of the hidnev may so reduce
the 2vailable oxygen that deamination of narural ammes does not
occur and that the entrance of such amunes mro the blood stream
results in I pertension There 15 as yet no available evidence from
the studies on man  that this mechansm play s a part in human hy per
tension The problem whether there 1s 1 renal mechamism of hy per
tension which 15 dependent upon a metabolic fault m the kidney
which mterferes with the utilizanon of melanm like substances and
their phenolic precursors 1s not yet settled Even the possibility that
such @ mechanism exists 1n one ammal the rat for example and not
11 other ammals including min has not been determimned with cer
tamty

The studies on the treatment of human hy pertension with ammne
ovdases have not led to an elucidation of this problem Schroeder
and collaborators found that the parenteral njection of t rosinase
a phenolic oudase capable of oudizing both mono dibydre ovy
phenols and ortho hy dro oxyphenols to inactive quinones reduced
the blood pressure m rars and dogs with evperimental renal hy per
tension and 1n man with essential hypertenston He showed also
that tyrosinase can mactwate renn w2 i#ro m the presence ot
catechol But Prinzmetal and collaborators showed that the effect
obtaned by Schroeder was probably due to the local and sy stemic
Teaction mduced by this matenal and not to the enzymatic actaty
of the tyrosinase because an extract contaiming 1t was also effectine
when the tyrosinase acmary was first destroved  Alles Blohm nd
Saunders concluded that the amount of tyrosinase mjected by
Schroeder was much less than would be required for the ovidation
of diphenolic anunes This subject desers es more s esugation

Croatto and collaborators have shown that pepsin 1f 1t acts on
blood globulin ar pH 30 or lower can produce by peptic digeston
of the proten a vasoconstrictor and pressor substance which they
have called pepsitens and which they assert 15 1dentical 1n chemical
and pharmacological properues with hs pertensin except that pep
sitensim 1s not m4ctivated as rapidly by by pertensinase from red blood
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corpuscles This difference they attributed to impurities 1n pepsitensin
and asserted that the purer the pepsitensin the more senatnve 1t 15 to
mactination by hy pertensinase and other proteoly tic enzymes It h1s
been found also that hypertensit 1s more easily destroved than
pepsitensin by the acuon of pepsin This 15 to be cxpected stnce
pepsitensin results from the action of pepsin on blood globulin The
reaction 1s usually carried out wich the hypertensinogen ac pH 3§
but 2 pH of 5 to 6 for 30 munutes 1s considered best (1% eber AMajor
and Lobb) and it will occur when the pH 1s up to 7 but not higher
In this respect the action of pepsin differs from that of remin De
pressor substances mn also result These have caused difficulttes m
artempts at punfication and may even mash the pressor effect Ac
cording to Alonso n effect simlar to that of pepsin may result from
prolonged treatment with actd Remin and pepsin also do not act
upon exactly the same substrates Plasma globulins acrdified to pHl
2 4 for 30 nunutes at 25 C and then neutralized or precipitated
with 1lcohol and redissolved no longer yield hy pertensin with renin
but stull vteld pepsitensin with pepsim It would seem thercfore that
pepsin acung on denatured globulin 15 capable of producing 2
pressor substance while remin fuls to do so It 1s of inrerest that
Iy pertensinogen after treatment with renn cannot react with pep
sin to form pepsitensin The eustence of pepsttensit has been con
firmed by others including ourselves Helmer and Page hune pro
duced 1t with cryvstalline pepsin - Crovatto has obtained pressor sub
stances from the action of pepsm on other substratcs such as casemn
ovalbumin lactalbumn and lactoglobulm but not gelann Renin does
not act upon these to form hyvpertensin Trypsin pepsin and “‘)"f
dustase do not have the pressor substance producmng properties ©
pepsin
Just what significance 1l of these experments will have m mnn
nection with the humeral mecharusm of renal hy pertension 1€ 15 <‘I11
difficult to esumate  For the prescnt these obserations merely mn c’n
c1te the probable non speaific character of the remin hy pertensinog .
rerction and the disintegratne enzynnatc nature of tiis reactic
which results mn the formation of an actve pressor substanee n
The observation that both hy pertensin and pepsitensit e lm
wmated by an ammno peptidase obtaned from yeast his led C;I:\:; o
10 conclude that the hy pertensinase activ ity of reml extrace ';" i
e atnbuted to the enzy me nuno pepuidase conruned 1n ren.
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They hue also shown that the vasoconstrictor effect of hy pertensin
tested on the perfused toad 15 destron ed envymancally by the action
of anune oxdase and tyrosinase  In our ow n lbaratory 1 collabora
tion with Gollan wnd Richardson much work has been done on
enzymes from many plants thet are capible of mictnaung hy per-
tensinm witro It ss dfficule to make prepirations that are not tovic
and although antipressor effects have been obtained n hs pertensve
dogs yet 1t 15 difficult to estmte how much of the effect was duc
specifically to the plant hy pertensinase

Shorr Zwesfach and Furchgott n their studies of the humoral
mechanism of shoch have obtuned results which may prove in part
at least applicable to the humoral mechanism of renal hs pertenston
From the Lidney they have obtained a vaso excitor material (VEM)
which has the ability when ijected ntrivenoush  of potentrating
the vasoconstrictor effect of the topical application of adrenalin on
the ternunal artersoles and precapiflaries of the mesoappendix of the
rat VEM 15 not tself a direct vasoconstrictor substance and 1t has
not yet been wsolated 1n pure form They have found that VEM 15
also present 1n blood plasma 1n the rreversible phase of shock and i
experimental renal hy pertension due to constriction of the man
tenal arteries  From slices of normal kidney VEM 1s obtained only
under anaeorbic conditions but from the ischemic hidney of the
I pertensive animal the extract may be obtamed under acrobic con
ditions 25 well The aerobe production of VEM from the lidneyvs
of hypertensn o dogs 15 believed to be due to the loss of a renal
mechanism for the mactnation of VEM

Trom liver and sl eletal muscle these authors have also 1solated
A vasodepressor materal (VDALY which has the ability to inhubit the
vasaconstrictor effect of the topical applicatton of adrenalin Vaso
mhubitor mareral (VIM) would have been a more appropriate name
for thus substance \ DM 1s not mself a direct vasodilator and 1t has
not ver been 1solated 1n pure form From normal liver the VDA 15
extractable only under anaerobic conditions From the lhver 1 sub
stance has also been obtained which s capable of destroving \ DAL
under aerobic condmons Extracts prepared from liners removed
during 1rreversible shock or previoushy subjected to anierobie ncu
bation for two hours faled to mactivate VDAL They have ealted
this substance VDM ovdase which 1s sud to consist of two com
ponents g heat labile apocnzy me and a heat stable coenzyme Neither
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one of these has been 1soltred n pure form Therr evact nature has
not vet been determined

There 15 but httle doubr that none of these substances 15 sdentrel
with amv of the known components of the humoral mechamsm of
esperimental remal by pertension vet they may play an mmportant
part m either potentiating of neurralizing the v isomoror effects of
some of these substances The possible part they may play in the
mamtenance of gormal blood pressure and the possible contnbution
to our hnowledge of the pathageness and therapy of by pertenstan
which may result from these studres cannot vee be deternined from
what has been published This work s of the greatest wterest ind
unporeance and should be pursued by these authors 15 well 15 by
other msestigators

The most recent contribution to the subject of the humori
mechamsm of hypertenvion has been made by Shiples Helmer and
Kohlstaedt and has been published only m prelimmany form These
authors have discovered a pressor principle i the blood plima of
cats dead as the result of cestun undiagnosed narural cruses of DDT
7 g or of prolonged hyy resultwg, from large with
deaval of blood The meravenous snecton of plsma from such
anmmals caused a sustamed elecanon of blood pressurc for 1 lone
1s five hours i cats which had been bilaterally nephrecromtred two
days before but not 1n normal cats This effect occurred with or
without anesthesia even i the prthed nephrectomuzed rest anymal
This pressor principle appears to be distinct from remn angiotomn
pepsitensin hy droxvey ramine or tyrammne beeause of the difference
1 the contour and duration of the pressor response and the diffe
1 the conditions under w hich the response is obsenved The au
fufed to find this principle m the blood plasma of balaterally nephrec
tomzed cats which had been posoned with DDT or i w hich pro
fonged hy potension had been produced by excessne bleedmg "'1’"
anumals 2zotemuc as a result of bilateral nephrecromy Thes 1:
fatled to find 1t in the blood plasma of normal Inng cats ot of “m“n
cats which had been Lidled suddenly by vamous means The C”‘h
cluded that a moderatels prolonged perrod of hy potension (‘(‘lim
concomutant duntushed blood flow and/or blood pressure "1‘; e
the hidneys) 15 necessary for the production of this prcﬁﬂ: 15""‘c sz
They hate not yet solated this substance 1n pure form bu

rence
chors
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cluded that 1t appears to be protemn m narure 15 heat labile and does
not piss through 4 dialvzing membrane or alera filter The actne
substance 1s partly but not completely precipitared at pH 4 by satura
tion with sodwm chlonde or 06 swuration with ammomum sulfate
Although 1t has been demonstrated that remn does appear 1n the
blood 1n the state of hy potenston due to excessne bleeding yet the
amount of remin present 15 not sufficient to account for the pro
naunced and sustamed pressor reacuion of the plasma which would
come from the hypertensm produced by the renm 1 the amount
of plasm used m the expermments menuoned above The myection
of a fresh solution of remin extracted from cat hidneys possessing
the ability to produce hy pertensin 17 2110 did not cause the same
marked or sustaned pressor response 1n the pithed bilaterally neph
rectomized cat Of great iterest 15 the fact recently reported by
the authors (Second Conference on Factors Regulatung Blood Pres
sure sponsored by the Josiah AMacy Junior ¥ oundation New Yorl)
that this new sustamed pressor substnce (SPS) 1 also mactnated by
antirenn pmduced W l(l’\ lmpure renin

The fact that this new pressor substance produces such a sus
tamed effect 15 of great interest There does not appear to be am
oby1ous connection berw een this pressor substance and the substances
described by Shorr and collaborators The sigraficance of this con
tribution to the problem of the humoral mechanism of renal hy per
tension and the regulanon of normal blood pressure remains to be
determmed

On the bawis of evperments on renal hy pertension n the rabbir
Pickering has concluded that only the mitial phase of this type of
hypertension 15 due to the remn hypertensin mechantm and that
the persistence of the hy pertension 15 due not to a neurogenic mech
amsm gs proposed by Ogden but to another humoral mechamsm
Because the pressor substance mv olved 1n the latter 1s not of renal
ongin 1t 1s not identcal with that of Shipley and collaborators
Much more worh 15 requited before the exact nature of the mechan
1sm mvolved 1 the acure and chrom phases of experimental renal
hypertension can be considered as established

The effect of diet on experimental renal hy pertension has not been
exhaustvely 1nvesugated It has been asserted thar a high proten
(800 grams of ment dails) diet or 50 grams of urea duly icreases
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the elevated blood pressure m dogs with experimental renal hs per
tension A diee that produces 1 considerable gamn of w eighr has a
smilar effect

The significance of the experiments of Calder on the production
of hypertension m the rat by 2 diet defictent m the heat stable frac
non of the cstannn B complex 15 of mterest His behef 15 that the
hy pertension 1s of metabolic ongin and due to dminished oudatne
processes m the Tidnev  In this way he relies hus results to those
obtuned by constriction of the mam renal arteres This worh re
quires conhrmation

The clam for the effectns eness of ascordic acd m reducing hyper
tenston i min has not been confirmed This has nor been tested on
Iy pertensie anmnals It has been reported thar 2t mun F hs no
effect on the blood pressure of dogs with expennmental renal hyper
tenston This has not been tested on hy pertension 1 man

The assernion that lirge doses of itmmn A lower the blood
pressure of hy pertensne human bemgs rats and dogs has not been
substantiated by the same 1y estigators (W akerhin and collibortors)
who finally decided that 1t was not the vitammn A that produced the
effect because fish body and Irver ol still contained the blood pres
sure reducing substince when the vitamun A was destroved In fact
Grollman and collaborators found thar a ughly punfied vicnun A
concentrate did not have the hypotensne effect and thar the effect
was enhanced by the oudition of the fatty acds m the effectne
marne ol The narure and mechamism of the acnon of tlus sub
stance 1n mirme ols are not hnown In his most recent publicatien
on this subject Grollman 1sserts that a number of sefined ot de
med from marine fishes and from the seeds of che tung trec d
mmustered orally reduce blood pressure m hy pertensive s dogs
and man Vegetible os were not effeeme m hy pertenstie am
mals Oudatton wnd sapontfication prior to oudation enhanced th;
actvars of some of the actve oils The effect was independent o
therr onginal viumin A content and was retamed after the dmmc!
won of this sitimun The actwe principle 1s soluble i water 'mlt)
dahvzable as 1n the case of the orally effcetne rend utmc(? “Il;c
which he 15 now inchined to consider this matensal ldcnnc;l s
states however that 1t 1s sull impractictl to grear pents ()x:mpk
there 15 no rexdily v ulible source of large amounts of this P"‘ s

It has been reported chat viexmin A may affect nrea and
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clearances but these authors did nor centrol their experiments by
guing the same product with the vitamin A mactivaced Vitannn D,
gnen by mouth has no effect on the blood pressure of the hy per
tensive rat (Briskin)  Another sterol that has no effect on expert
menal renal h pertension of the dog 15 testosteronme (W akerhn and
Games)

As a result of expernments n which they noted 1 disequilibrium
of sodium balance m hy pertensne rats Grollman and collaborators
tested the effect of restriction of sodium intahe on hy pertension n
the rat and 1 man They noted a Jowenng of bload pressure m
both The sigmificance of these obsery 1nons especially wath relanon
t© the part plned by the cortey of the adrenal remams to be
cluerdated

Rempner has reported the blood pressure lowerng ¢ffect of a
dier consssting mamly of nice and other observers have confirmed
this effect n at least some cases The outstanding characteristies of
this diet are the low protein and low sodwm content 1% hether the
effects that have been obsen ed are attnbutable to the low sodiem
the low protemn or both has not vet been established There are
those who beheve thar the effect 15 due mamly of not entirehy  to
the low sodum content of the diet Some observers have faled to
observe any sig mficant low ering of blood pressure as 2 resul of this
dict Recently Dich reported a fall of blood pressure 1n dogs with
chronic experimental renal i pertension that had been fed the rice
diet

According to hesson and VMcCutcheon there 15 no relanonship
between the level of blood pressure and fetention of calerum 1n
man This relationship has not been v esugated 1 ammals

Surgical Treatment of Hypertension

The various surgical procedures that have been carried out on the
nervous system for the treatment of human hy pertension have all
faled to affect experymental renal hy pertension Even rotal sympa
thectomy of the abdomen and thorax meluding denervation of the
heart and destrucuon of the spmal cord have had no permanent effect
on expermmental renal hy perrension 1n the dog (Freeman and Page)
(Fig 22) The disturbance of renal hemody namics produced by the
clamp cannot be altered by these procedures but the effect on the
\asomotor mechansm should be the same as i man It s ar least pos
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stble that the reduction of the blood pressure w hich has been recorded
1t human beings as the result of surgical interference with the nen ous
syvstem mayv be duc 1n some way, and m part at least to the resultant
improvement of the circulation 1n the lidney There 15 no proof
however, that this improyement does occur If the lowening of the
blood pressure i man 1s not due to mprovement of the renal ciren
lanon then st must be admutted that in the dog the effect on the
vasomotor apparatus of various surgical procedures on the nerious
system are for reasons unhnown not as effective as m man This
difference mayv have to do with the usual orthostatic positron of man
as compared with the natural horizontal position of quadrupeds It
15 well known that especially in the earh strges after s mpathec
tomy i man the blood pressure falls only or to 2 greater extent
when the erect position 1s assumed and that 1t frequently rerurns to
the ongmal high level when the pauent 1s i the horzoneal positon
The expenments on the antmals do not mn any way controvert the
results that have been obtaned so far by sympathectomy m the treat
ment of hypertension n man It 1s posstble that m some cases of
human essentinl hy pertension stimuli from the central nervous 38
tem plav a part even if only a secondary one 1 elevatng the blood
pressure It myv be that this 1s the factor that s most commonly
mnfluenced by the usual medical or surgical treatment of essential
hy pertenston and accounts for most of the fall of blood pressure that
» produced by such treatments

Unilateral nephrectomy for hypertension due to unilateral renal
disease Reference has already becn made to the production of expent
mentil renal by pertension m ammals by constricion of the man
artery of only one hidney and to the cure of the hypertension by
the release or removal of the clamp on the renal areery or exerson
of the hidney with renal artery lamped at a nme when the blom;
pressure 1s still considerably elesated The resultant secogniton "l
the exsstence of human hy pertension 1ssocrated with umlateral rcm2
disease espectally umtlateral chromc pselonephritis and the “su:
weompanying renal vascular disease or any other P-’ﬂ“’k’gl“;] “';O
ditton capable of producing the same alteration of intrarentl her °
dynamcs and the cure of the hypertension m some €ases by :Xe
cston of the diseased hidney  has also been mentoned In ma,nﬂ:"’L
fiest £y pe of unnlateral renal disease chat was 1r|ctmun.;‘tc‘dt\;‘zsrce;§m N
p)cloncphrms and Butler was the first to show thal
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of such a diseased ladaey resulted in the prompt return of the blood
pressure to normal  Since then other mnyestigarors have removed a
pvelonephrine Lidnes, when the other kidney  as considered normal
and, 1 some mstances the blood pressure rerurned to normal and
has remuned normal for s fong 45 6 vears In man as in some dogs
and frequently 1n goats shecp and rats the hypertension evidently
may persist for a long time on the basis of umlateral renal disease
0 those cases 1n which the blood pressure faled to return to normal
1tmay be assumed erther that the remaining hidney was also diseased
but that the disease was not recognizable on account of the absence
of renal excretory mmpairment or that the residual hy pertension was
not of renal ongin  In recent v cars there have appeared reports of
ses m which hypertension was found assocuated with umlateral
seml disease of other types and m which removal of the diseased
hidney also resulted 1n the return of the blood pressure to pormal
Congenital abnormaliny with stenosis of one renal artery  arterio

scleronc marrowmg of the onfice of one man renal arters caused
by artenosclerosis of the aorta wself or of the first part of the renal
Utery arteriosclerotic stenosss in ans porton of the mam rendl artery

thrombosss of the aorea 1t the mouth of the renal areery o in the main
remal artery aneurysm dissecting or otherwise of the aorea with
tompression ot the mamn renal arters unilateral renal panvasculits
and extrinsic tumor pressing on 2 mun renal artery are all illustra

tons of the types of unilateral renal disease associated with hyper

tension that have now been observed i man The return of the
blood pressure to normal a a result of the removal of such a diseased
Midnes fas already been reported n cases of human hy pertension
M which one hidney was dseased and the other obviously normal or
not significantly affected The subject has been reviewed mn greac
detarf by Abeshouse who has gnen a complete bibhography of the
Pablshed work on this subject In personal communicitions to the
author there have now been mentioned more than >0 unpublished
€ases 1n which nephrectomy for umlateral renal disease has resulted
11 a return of the bloud pressure to normal for periods varving from
3 months to 6 years In most of these cases the disease was umlateral
chronic py clonephrius with the usual intrarenal stenosing vascular
disease that accompames this condition In man when the presence
of disease 1n one ladney 15 established 1t 1> often difficult to determine
with certamnty whether the other kidney 15 affected and especially
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whether 1t 15 the seat of arterial or arteriolr sclerosis Al studies of
the presumably normal kidney meluding clearance tests of vanous
1mds for renal excretory function mav gne results that are within
the lmies of normal nevertheless this hidney may be the seat of
constderable vascular disease It 1s impossible therefore to predict
with certamnty m human beings the probable effect on the hyvper
tenston of the removal of one obvioush diseased hidnes  If the other
ludney 1s actually normal the probability 1s great n the light of the
evperimental studies on ammals and the results already obtamed
from unilateral nephrectomy 1n man that the blood pressure will
return to normal and remain ar that level after the removal of the
diseased hidney  If the other hidney 15 hnown to be diseased or if
1ts exerctory function 1s found to be somew hat impatred unlaera!
nephrectonny 1s not indicated as a treatment for the hy percension
alone It should then be practiced only 1f 1t 15 considered advisable
for the renal diseise stself This 1s 1n complete 1greement with the
views of others If both lidneys are discased then the excrston of
the more diseased organ for the purpose of allevsaung the hyper
tension 15 certainly not justifiable

We have found that in dogs constriction of the mam artery of
one hidney does not result m elevation of blood pressure if the ureter
of the same 11dney 15 occluded Tlhis would ndicate that m humin
hyvpertension  presumably on the basis of umlareral discase of the
ureter of this hidnev 1s completchy obstructed there 15 some prob
ity that the hs pertension 1s not being caused by the v olvement
of this kadney and that the other hidney may be the cause as 2 result
of disease without detecrable disturbance of renal excretory func
non or that the hy pertension has some other cause In such cases
therefore the removal of the obniously diseased hidnev should b¢

he

undertaken only because of the other symproms and nmf {lmn::ﬂ
purpose of reducmng the hypertension In a few cases of W ¥
hrouc bt

hypertension however 1n winch a completels hy dronep
nev was removed the blood pressure promptly retusned 1o 10!
nd has rematned normal for mans months Lely
As 1n the case of many discoseries 1 medicine there 15 It cr‘ftri
follow an exaggerated enthusiasm for any new procedure that ‘;anlf
a possible cure for a pathologic conditton Unforuunately lﬂls e
cases of hy pertension one hidney has been remot ed W hen st w e
fulls established that the other hidney was normal Ths has res

st
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not onfy sn the fature of the blood presure o fall but o some
fases, even i an aggravauon of the blood pressure renal farlure and
2 futed ourcome To remove the more diseased of two disersed had
neys for the purpose of curing hy pertension 15 certundy not just
fiable

In ammals with persistent hypertension due to bilateral el
schemiz the surgeal producuon of collaerit airculanon ta the
sichenue bidnes has also sesulted m the rerumn of the blood pressure
to narmal but the few attempts to do this to the Rudney sn human
cases of hy pertension have not vet been successful Honever up 1o
the present tme the atrempt to produce collateral arrcultoon has
been practiced on only one hadnes m hy pertensne human besngs m
which both Ludnevs were presumably diseased The difference be
tseen the results in man and anumals 1s due parddy to this but it un
doubtedly also due to the facr that in the dog the intrarenal vessels
are not orgamscally diseased while sn man in most instainces it 15
the intrarenal and even preglomerular artenioles that are affected
An anastomosts of extrarenal and intrarenal vessels could therefore
prove of hide or no vatue unless the wschemia were due only o dis
ease of the larger intrarenal vessels or better to the extrarenal portion
of the renal artess  The occurrence of such c1ses m man has already
been reported but the dwgnosis m hfe 15 difficule
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SUMMARY OF THL SIMILARITIES AND DIFFERENCES
BETWELN HUMAN LSSLNTIAL AND LXPLRI
MENTAL HUVIAN HYPIRTINSION

In two excellene recent books on the subject of hypertension
almost diametrically opposite views huve been expressed about the
mechanism of the elevation of the blood pressure Goldning and
Chasis (2) concluded that the weight of the evidence was agamst
the identity of the mechanism m human essential and expenimental
renal Iy pertension They postulated the existence of a primars hu
moral mechamsm of unknown origin to which a renal component
may contribute a secondary and accessory effect  Braun Menendez
and coffaborators (4) including Dexter w ho translated the book mto
Cnghsh have adopted the view that human essential hy pertension
in both 1ts bentgn and malignant phases s of renal ongmn I belteve as
they do that experimental renal hy pertension does fasthfully repro
duce human essential hy pertenston 1n most respects

In evpermmental renal hypertension as mn human hy pertension
there may be no sigmificant disturbanee of renal excretory function —
the bemugn phase or there mav be pronounced renal excretory func
tional disturbance with urenua — the mabgnant phase depending
ennirely 1n evpersmental hy pertenston upon the degree of constric
uon of the main renal artenies  An increase m the concentration of
guamdime m the blood of anumals and of man n the mabgnant
phase of the hy pertension has been demonstrated, but this s hetle
or no significance wch relanion to the hy pertension because 1t oceurs
also 1n bilaterslly nephrectomized ammals that have azoterma but no
Iy pertension  As i human hy pertension so also in expenmenta renat
by percenston cardae acnion 15 increased  but cardiac race and out
pur, volume viscosity and penpheral flow of blood and venous
pressure remamn unaltered Pulmonic artersal pressure remmns u)n
altered, 1 both man and antmals v hen che hy pertension i uncz;mp 1
cated by lefe ventricular faslure as ndicared by 1 normal night heart

In the bemgn phase of hy pertension in both man and ammals cardiac

twpestrophy deselops affectng mamly the left ventacle and medial

tny pertrophy of the artenal vessels also occurs m both
4]

In the mahg
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nant phase 1n both there are n many organs the 1dentical ty pical
vascular lesions arteriolar necrosis fibrinoid degeneranion and necro
tizing artenolitis

With few exceptions the response to medical therapeunc meas
ures of great varery 1s the same 1n both human and expernmental renal
hupertension  [n both man and ammals hypertension associated
with unilateral renal disease mayv be cured by the exasion of the
diseased kadney provided the other hidney 1s normal Bilateral neph
rectomy does not result m a mise of blood pressure in either man
or ammal 1 have personally observed one patient from the day
when her only Lidney was removed until death six davs later with
out noting any elevarson of blood pressure despie the rapidhy de
vdopmg profound azoterun  Sympathectomy  partial or extensne
may result 1n ar least a temporary fall of blood pressure m human
hypertensnes withour affectng the prmany cause of the hy perten
sion  but there 15 little or no effect as a result of this procedure m
mmmals Whether this difference euists because the dog does not
wssume the orthostanic posiion with 1ts consequent hemody namic
effects on the vasomotor apparatus cannot be stated with certamty
at present The fact that after sympathectoms the blood pressure
falls profoundly in some cases only when the patient 1s 1n the vertical
position that 1t rises agam when the horzontal posiion 15 assumed
and that 1t rerurns to the origmal high level in a considerable per
centage of the hypertensive patients favors the probabihny of 2
renal humoral mechamsm tn which the effect of the vasoconstrictor
substance 1s presumed to act directly on the musculature of the pert
pheral arterioles and not by wav of the vasomortor nerves This 15 1n
Teeping with the conclusions of Prnnzmetal and Wilson and of
Pichering as a result of their studies of the pathogenesis of human
i\ pertension

The frequent fall of blood pressure in the late stage of pregnancy
i ammals with experimental renal hy pertension remams as unex
plained as a smlar fall which has been observed by obstetricians
some hypertensne pregnint women The observanon of polydspsit
and polyura in ris with cxpernnental renal hy pertension has nor
been emphasized m human hy pestension and has not been reported
m hypertensive dogs although the drenc cffect of remin mjected
mtravenously into dogs has been mentioned This descrves more
m estigation
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Renal bload flow 1s reduced im most cases of by pertension 1 man
nd 1n experimentat renal hy pertension n immmals The ndirect studies
of blood flow through the hidney 1 mn do not demonstrate clearly
the phy siological effect of the sclerosis of the afferent arterioles be
cuse the presumible vasospasm of the efferent artemoles which
results m a high glomerular filerinon fraction tends to mask 1 Al
though the interference with afferent flow 1s definite in the ammals
and obviausly brought about by the constriction of the mam renal
arters  yet the same indirect ugns of efferent vasospasm nd Jugh
glomerular filtration fraction have been reported m the hy perten
sne ammals In both man and ammals dus similar effect muy be
secondary to the prmiry humoral mechinsm of renal ongm which
resules from the hemodynamic disturbance produced by the pre
glomerular vascular discase ind the comstriction of the mun renil
artery  respectu ely

The presence of remn has been demonstrited i the renil yenows
blood of ischemic Trdneys of man ind ammaly nd an mntrasenous
injection of remn or hypertenstn iso gnes the ndirect evidence
of efferent visospasm  Remn hs been demonstrated i the sy seenie
blood of recently hy pertensin e dogs and 1 patrents with by pertension
due to rcute glomerulonephrioss et the fatlure to demonstrate it the
systemic blood i bentgn human ind m expermmental renal by pereen
ston m1y be onhv because the amount of blood used for the tests i
breen nadequate or because of the lrch of sensitaty of the method
for 1ts detection Y hether the humoral mechanism s cffectne m
only the relamnely 1cute stages of hy pertension and whegher s has
been suggested there 1s i the later stages 1 greath mcreased senst
ity to hypertensin remun to be determined  These matters de
serve much more study  The compirime summars of the pharma
cologic effects of renn and of the circulators dy mmes hyperten
swe ammals gnen m Table 3 shows that the prelichsm 1 strihang
e this does not meaa chat chie chermcal mednation of hy pertension by
means of renm his been proved eicher for amm) or man The prr
nepanon of other pressor substinces such 1s epmephrine t“In"r’.I::
pitressin and guwmdin can be excluded from serious consideras
The esidence for this has alrerdy been gnen |

As 1 human hy pertension 0 akso i evperimental renal by per
cssure tends to go higher in b perten

blood pr
renson the level of b : but 1t hs not been proved that 2 fugh

sive ammals thae gan @ eight
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protem dier or the ingesnon of 1 fuge amoeunt of ures mcreses the
blood pressure s min or Al

Although the clev wed svstolic blood pressure of hyperthyvrod
s n man s rebeved by thy rordectomy ver it 1s doubeful thar amy
of the known endocrine organs plty a primars pare 1n exther essential
I pertension assectated with 1scalar disese 1 mwan or 1w epert
mental renil hy pertension i ymmals There » no proof that the
hypaphssss plavs 4 part m the pachogencss of renst hy pertension
but there are dehinite wndicattons thar the adrenal corncal hormones
do play 2 secondiry parr i the development and muntence of
evpenmental renal and perhaps of human by pertension. The adsensd
cortey phvs a part 1 nfluencng the production of hy pertensinogen
Thus action 15 evidently exerred by i effect on the Iner which s
probably the source of thus protein

There are so many smabnmes between bunin essential by per
1ension wsotted with 1ascular disease nd expenmental renat by per
tesston that 1t daes not seem unresontble o suggest that the former
my 1lso be of renal origin ARl of the more recent studses by Shorr
nd collaborators by Shipley 1nd Helmer by Truer and collabora
tars by Selve md wollboritors and by Hartroft sudl pont direetdy
0 the central posttion occupred by the kadney i the pathogenests
of experimentf and probabhy of human essenmil by pertension Lven
if the remal ongin of dus form of renal by pertension should become
cstablished it wounld sull reman necessary to deternune the cause
of arternl and arterolar sclerosss which when st wffects the Lidneys
to 1 sufficient degree munates the humora mechanan of the hy per
tension T he faure of smmal to develop widespread rtennl and
artentoltr sclerows ©en after vews of hypertension without tccom
panying smpurment of rentt exerctony functnon (the bemgn phse)
does not lend support o the view that hypertension w2 sufficrent
condition for the derernuntion of sascular scierous 1t must be ad
mitted however thae this may mewn onhy thar the blood vessels of
antnals re less sensiny ¢ than hunnin vessels o the effect of ncrewsed
mrnscular renston dlonc althongh they appear to be esen more
senmtive to the condimons whih derermme the necrotszing v asculw
thanges of the malignant phwsc of Mypertensson ™Now  thar the
probable prmmry sigmificance of renal wieead and artenobr sclerass
has been mdiated by the cyperumentt studies ehe cune of the
taseultr diserse b become the most mperemt problem for sn
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sestigation  The recear contributions to this subject of Selve an
collaborators ind of Hartroft mav prove to be a step 1n the ng!
difection
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