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Foreword

155 soadies presenced 1 this volume, and maay othess '{?:;:‘Cd
Tupon only by reference sepresent fiteen years of o (1{
won berween the Deparunen of Mediane and the Department "l
Physiology of New York University College of Mediane This col
faboration has been the product of 2 broader plan wheteby 1n succes
swe years vasious Jupsor members of the medical faculty have s¢
tumed 1 physiology for 4 pesiod of 2 yeac or mare, dunng which
ume they have usually assumed the rounne dunes of nstrucnion as
well as the prvifeges of mvesugauon Faahues have been made
available for cerram of these men on ther rerum 10 the Department
of Mediome 10 cary on ivesugatve Sork along the lines of thew
chuef clunscal ncerests and as cerram phases of this snvesugative work
bave assumned ncreasng chinteal ynpostance, specal effore has been
made t0 a1d 1t by supervision and crinscism and above all by wtegea
Ton s refanon to normal physiology

The 1mperus ta this cooperauve program was afforded by the late
John Wyckof As Assoaiate Professor of Medicine then as full Pro-
fessor and finally as Dean Dr Wyckoff ever defended the thesis
thar those who would reap the maximal benefits from thewr medseal
uanng should retura a¢ some ume dunng this taung ot shostly
theceafter 1o one or more of the prechmcal departments for adds
nonal experience

1f thus polucy bas been profitable 1o medicane 1t has been doubly
profitable to physiology for nat aae of the men who has performed
thus excursus has faded to bung ta the preclnteal department his
share of practical experrence 20d dynamc nterpretation and, above
24l of the wirality that springs from the tesponsibiluy for the care of
sick human bungs

Willim Goldring and Hesberr Chasis are tag of the men who
have brought their clinscal expertence to physiology and thus en
niched shis subject and whom physiology 1 tum has been able 1o
help For fifyeen years they have givea generously of thewr tme to
wavestiganons on the physiology of the normat and the diseased kud
ney and 1c 15 2 pleasure 0 acknowledge this indebtedness and 1o
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acknowledge with them that the opportuniues for these collabora
uve studses stem from the foresight of our mutual friend, John Wy
ckoff It 1s largely because of the foundations which he lard that the
authors are able to write this volume on hypertension 1n man from
data obtaned 1n man

HoMrR W SmurH
Aprd 1944



Preface

15 TH preparation of this book we were faced with the chowce be
Itv.gm a full review mmplnc with atations and a conase presen
tanon of our concepts of hypestension and hypestensne disease We
chose the latter and the bulk of the matesal comprising this book
15 dertved from our owa cliac] and expenmental observations We
have presented as facts only those obsenanons whuch our personal
expertence fas fed s o accep as established Where curtent knowl
edge was madequate to permut us to reach a definite concluston, we
subjected all pertnent evidence to 2 cneal analysis and artved ata
tentative opon We caution the reades to tecognize that such a
presentation must conean some dogmatsm We are fully aware of
the hazard muolved 1n a discusston of hypentensive disease sn man
4t 3 time When many quesuons femain unanshered

Accumulation of the dlimical matenal has been faalitated duning
the past fiftcen years by an 5 that ¢ d ¢
ohservation of hypertensive patents 1 the Nephnins and Hyperten
stont Clinic of the New York University Clinic and 1a the Adule Car
diac Chine of Believue Hospital with penodic admussion of these
pactents © the wards of the Third (Mew York Unwernity) Medieal
Drvision of Beflevue Hospizal Pattents with hypertensee complica
zons of pregnancy observed on the Obstetrical and Gynecological
Service of Bellevue Hosputal were refecred to the Nephrius and Hy
pertension Chinuc for follow up observation In MANY INSIAnCes it was

possible to assess cimeal apprassal ar necropsy
New renal fi { 20d hemod

had

applicable to man
were developed i this clic. They yrelded daca of sufficent [l

tance 10 thiow new light on some aspects of hypertensive disease
The method of measuting renal blood flox n man permutted us 10
exammine the quesnon whether of 6ot fenal 1schemia was the primary
event 10 human hypertension and 1o assess the therapeuuc value of
centan surgical procedures cuseently used 1n the trestment of hyper
tensive disease Methods for the measurement of the rate of glomera
ar filtrauon and for the measurement of maximal tobular excretory
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capacity have made 1¢ possible to exammne renal functtons 1n a man
ner not possible heretofore The use of the right heart catheterrza
tion method 1n esumatng cardiac ourpur combined with direce arte
ral blood pressure determmation permutted us to measute over all
pertpheral reststance and to examtne some of the fundamental hemo
dynamuc alterations 1n hypertenstve disease 1n man

In the past decade there has been a vast amount of vestigation
hypertension, and many of the conclusions dertved from animal ex
periments have been arbitranly eransferred to man The results of the
application of new methods indicared to us that such transference in
great part 15 not justfied and strengthened our conviction that the
hypertension expersmentally induced 1n anmals 1s fundamentally dif
ferent 10 genesis from the hypertension that occurs spontaneously n
man For ths reason we present only those conclustons that are based
upon or confirmed by the study of the disease 1 man

We stress the disunction between hypertension and hypertensive
disease because 1t 1s 1mportant to distingwish between elevation of
the blood pressure as a reversible hemodynamic alteration and hyper
tensive disease as an trreversible, progressive process

We have been impressed with the relatve benignity of increased
blood pressure i the large majority of panents, and with the facts
that ncreased blood pressute per se does not produce subjecuve
symptoms and that the actual level of blood pressure does not neces
sanily reflect the seventy of the disease However, subjecuve symp
toms and the phobia of high blood pressure are often created in
patients when they are informed of the presence of hypertenston, par
ticularly when emphasts 1s placed upon the level of the blood pres
sure While such patients require constanc observation and advice,
1t 15 tmportant for therr well being that the significance of the level
of the blood pressure be minimized rather than emphasized

Our principal purpose mn the clinscal chapter 1s to present the life
history of hypertensive disease The clinical data, therefore, are pre
sented broadly with litele reference to detail Our experience with the
clinical manifestations of hypertenstve disease does not differ from
the general experience, and detarled repentton would serve no pur

pose
The structural changes 1 hypertensive disease are referred to only
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1n those mnstances where they ase fecessaty € establish 2 basis for
discasston of alreranons in hemodynamic and renal funcuons 0
evaluate the role of the ladney 1n the genests of humaa hypertension,
and to atrsve at conclusions beanng on the sationale of cerram forms
of therapy We have not included 2 discussion of the detatls of gross
anatomical and hxsxopathologxc:d changes sunce they ate adequately
presented by others
It seemed desitable to present the renal funcuonal matenal 1 w0
secrions The bady of the book contains a composue desctiption of the
functional evolutson of hypertensive dusease 2 detaifed presentanon
and discussion of the quantrauve observanons in andiidual patients
on which our condusions wexe based 15 gwen 1n Appendix G The
appendix contains adto detafed descnpuons of the methods em
ploged and the manner of their apphication in the study of the func
nonal aspecs of hypertensive disease as well 25 discussion of the
i of these
We acknowledge with profound respect our debt to Doctor John
Henty Wyckofi whose help and encouragerent made possible the
beginnings of this task
We have been paruculatly forranate in our assoazton wath Doctor
Homer W Smuth Professor of Physiology at New Yotk University
College of Medicine The peniod of preluminary uamng with hon
and bus constant godance made ths book possible Collaboranon
between the Deparuments of Physiology and Mediane led 10 the ap-
plecaton m hypertensive pavents of the new measurements of renal
function concesved by Doctor Smith 1t futher perrameed us 1o 1nter
pret problems 1 hypertensive disease on the baus of funcuonal a}
tera;:;ons a point of view which lasgely charactenzes this book
 are grateful to0 Dacrots Hilmen & Ranges Jules Redish, and
S:“‘h::::: gj:lz‘z(?l“h their constane and mvafuable assistance 1m he
ei close assocsation with us sn the chinte and

on the watds and their aid 1 the anal

ysts of the chincal and fune
tonal marenal

Yo eral conmbuted 1 lacge measute 1o the complenon ot

We are indebted f;
dog €d Tor assistzace i the collecnion of the chmeal data

peniods of this sudy (o Doctors Alberr & dmang,
Stanley E Bradley Heary D Lawson and James L \th:;bcrgcr,
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who served as Commonwealth Fund Fellows 1 the Department of
Physiology, for technical assistance to Lucy Aliminosa, Martha Barretr,
Bety Crawford, Nancy Eggleston, Norma I'inkelstein, Helen Kiegher,
Helen Claire Lawler, Anna Lublin, Frances E Marx, Anna Rosen
thal, Willie W Smuth, Katherme Tilson, and Christune Waples, for
nursing assistance to Josephine Hearn, Ann Ruvorre, and Agatha
Lvashuus, for effective follow up of patients 1n the home to Miram
Cragn, for secretarsal assistance to Winsfred Gosline

We are indebted to the following members of the faculty of the
New York Untversity College of Medicme for assistance with spe
cal sections  Doctors Clatence £ de la Chapelle, Edward B Gresser,
Morns Herman, Betnard Kaplan, Emery A Rovenstune, and Irwin
Wellen, and for the surgical procedures mvolved in thus study to
Dactors Acthur M Wrighe, Hippolyte M Werthein, John Mulhol
land, Samuel Standard, Howard Jeck, and Robert Hotchkiss

We are indebted to Doctors André Cournand, Stanley E Bradley,
and Heary Lauson for permussion to use unpublished daca and for
their help with the chapter on hemodynamics

Pasts of the text and a number of the tables and figures appeared
otgmally 1n The Journal of Clinrcal Investigation, The Archives of
Internal Medieme, The Amesscan Journal of Physwology, and The
American Journal of Obstetrics and Gynecology These journals have
generously given us permussion to include the materal m this book

Tt 15 also a pleasure to acknowledge the generous support over the
last five years of the Commonwealth Fund, whose mterest has made
possible a much more comprehensive program of 1nvestigavon than

could otherwise have been catried on
WG

HC
Aprid 1944



Contents

1 DrpNmioN OF HYPLRTENSION

Choscal sigauicance of the level of blood pressure 10 hyper

tension
Classsficstion of hypettension
Systolic bypertension
Range of normal blood pressure
Methods of measuring blood pressute
References

11 CuNicAL ASPECTS OF HYPERTENSIVE IISEAST
Hypertensme disesse 25 2 cuse of death
Concept of a prehypertensive phase
"The kodneys
The heast
The retinae
The bramn
Hypertension 1 pregnancy
References

M Sevresc HEMODYNAMIC AUTERATIONS I HYPRRTEN

SIoN

Cardac output

Mean arterial blood pressure
Eifective penpheral resistance
References

IV RenAl FUNCTIONAL AND Renar HemopyNmwic AL

TERATIONS IN HYPERTENSION
Rate of glomeralar filtration

Effective tenal blood flow

Filtration fraction

Mavamal tbubar exeretory fapacity
Maxumal tubular resbsosptine apaaty
Excretion of urea

S wawm

4
14
18
23
28
29
32
30

39
F
42
43
13

33
55
59
(39
G5






Contents
Chimeal Impheations
VI SouE MEGHARISMS IN ATHEPOSCLERGSIS
Intoduttien
Pathogenetic Factors

Some Commeon Denominators of Hypertension
and Atherosclerosis

The Role of Fatand Other Lipids
Clinscal Implications

VIII Pracricat. MeTHons For Mobzay Taerary oF Hy
PERTENSION

Introduction
Evaluation of Pauent for Drug Therapy
X of G lized Vasosp n Hyper
tensive States
Speaitic Use of Drugs

Results Expected

IX A PRELIMINARY APPROACH TO THE TREATMENT OF
ATHFROSCLEROSIS

Method
Results Expected
X SuMaaRy AND INTERPRYTATIONS
Bibliography

Index

Xy
200
203
203
205

208
21
236

238
238
239

2o
218
268

277
278
281
284
297
329



Xiv Mechanisms of Hypertension

Specsfic Tifector Substances
Anatomcal Causes of Renal Ischerma
Drugs Acting on Nephrogemie Mechanmisms
Hydralazine and Other Chelatng Agents
The Effect of Antithypertensive Agents on Neph
rogemc Effector Substances
Chinical Implications
V Facrors INPTUCNCING THE CONVERSION OF NEURO-
GENIC TO NEPHROGENIC HYTERTFNSION
The Transttion {rom Intermttent to Permanent
Vasospasm
Theory of Habitual Repetitive Stumuls
Theory of Depletion of Vascular Substances
Intrarenal Lnzymatic Mechanisms
Chimeal Implications
Adrenocortical Mechanisms
Chincal Implicatrons
VI Trace Merars anD CARDIOVASCULAR DISEASF
Introduction
Metals Concerned :n Metalloenzymes
Possible Competitions Between Abnormal and
Essential Trace Metals
Drugs as Chelatng Agents
Essential Trace Metals in Man
Abnormal Trace Metals mn Man
Metals of Possible Biological Sigmficance in the
First Transiional Group
Metals With Possible Harmful Effects

68
8
82
8

109
110

116

116
117
17
118
130
132
139

141
142

150
155
166
176

185
192



MECHANISMS OF HYPERTENSION






Chapter 1

THE COMPLEX OF FACTORS IN
THE HUMAN DISEASE

INTRODUCTION

wrERIAL hypestension 1s only a sign of disturbed hemo-
A dynamics At the basis of this disturbance 1s gen
eralired yasospasm Wathout vasospasm the diastolsc blood

pressure would not nse sigmificantly )]
G lired

1 a cond common to a
number of hemodynaric disturhances Whenever effective
blood flow through vital organs 18 reduced a senes of
Teactions 18 set 10 Totian auned at testoring flow through
those organs at the expense of other less essential ones
Thus vasgspasm follows hemorrhage precedes and ac
companies shock severe coronary occlusion heart failure
and other states of arculatory embarrassment It even ac
companies the upnight posttion to a small degree In these
conditions blood pressure 15 normal or low and effective
arculating blood volume and cardiac output low the vaso-
spasm accompanying the reduction m crculation ﬁnly m
late imenersible stages of shock 15 vasospasm replaced by
vasodifatation or its capillary counterparts If the peniph
cral arculatory state of vasospasm remained constant
and effective circulating blood volume or cardiac output
were returned to normal hypertension would epsue

Therefore when generalized vasospasm occurs n the
presence of a normally functioning heart a normal Blood
1olume and a normal bloog viscosity (dependent ou the

3
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ushed rather widely over her face neck and shoulders
?tlhere were blocchu)y when he examined her heart. She
appeared a bit umorows and tense but under good self
control Her axallae were wet (or would hase been had
¢he not used antisweating preparations) and her hands
and feet were cold and mosst. She admusted blushing
eanily m the past on the least prosocation. She was ex
cessively neat, vegular 1n her habits almost compulsive
but quite upassertive, Laboratory examinations wete un
revealing Being cumous he smmersed her hand o 1ce
water for 1 munute a pamful expenence she showed no
emotion but her blood pressure rose to 168/99 mm Hg
falling 10 5 minutes to lower levels after 1t was removed.

This young woman s vascular response to the stress of
an exammation and to the pam of ice water was almost
certainly mediated through the sympathetic nervous sp¢
tem She was one of those individuals very common sn
the population who react to stress by vasaspasm Her
blushing was ch 1suc ofa d phalic discharge

‘The phyuaan did nothing but suggest an anaual phys
12l exammation for which she regularly returned. She
had two uneventiul pregnancies At the age of 32 her
previously labule blood pressure was found to be 1607300
mm Hg or thereabouts not returntng to a pormal di
astolic with rest As each year passed, a shghtly upward
trend was obsersed At 46 1t varied around 180/110 mm
Hg Her mother died of 2 stroke of apoplexy at the age
of 62 which upset her emotionally She went to another
physican who found her hlood pressure 200/116 and
told fer that she had high blood pressure Thus was the
first she knew of 1t and she became very agitated saw her
onginal physiian i an exoted state and he measured her

blood pressure at 230/140 mm Her tunds ocul showed
spasm . but no other changes He put her i hospata)
upon which her pressure fell ta 160/100 mm  measured
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concentration of cwwculating red blood cells and plasma
proteins) diastolic hypertension 15 iewitable Hyperten
sion, then, can be considered a form of generalized vaso-
spasm, a variant of normal responses to circulatory stresses,
characterized by heaithy blood and heart and by s
chironic nature Any one of several of the mechamsms
which produce vasospasm can be mvolved m causing hy
pertension, new mechamsms can also arise at a time long
after the orgamsm would be dead or recovered from shock,
had that been the mtiating cause

While we do not know the exact canses of generalized
vasaspasm, we do know a grewt deal about the mechamsms
whuch produce 1t The causes themselves hie 1n biocherm
cal alterations 1n blood vessels nervous tissue and organs
of high metabolic activity It 15 not enongh to say that we
do not Lnow and therefore we must not try to know For
there are not many areas which have been so well studed,
and there 1s htle need to imohe esoterrc mechanisms to
the neglect of known ones If one asled any physiologist
what influences he would think could raise diastolic blood
pressure on the basts of experimental data he would
choose antonomg nerves, hidneys and endocrine organs He
would not choose liver, thyroid spleen or pancreas, how
ever, but conuder sympathetsc nerves and their ongns,
renal blood flow and adrenal glands

Chnmeal Chromic Hypertension We can transfer these
thoughts of our physiologist immediately to our own
climical expertences viewing each case mn their hght Let
us take some typical ones

1 A woman of 25 was found on routine exammnation
to have a blood pressure of 152/88 mm Hg which after
a rest fell to 138/82 Her mother had hypertension with

out sequelac She had no symptoms, but her physiaan
nouced that her heart rate was a hitle rapad and that she
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at 56 At avtopsy were found cercbral hemorthage mas
sve atteriosclerosss moderate of aotta repal artenies
coropary artenes morked of cucle of Wilhis with rup-
Yare it phrosclerosts moderat cardiac hyper
trophy (460 Gm) Her adrenal glands were normal

Thus sequence of events leading to early death can be
Teconstructed 1n the light of what 1s known For many
years this woman veacted ta stressful situations by neuro-
genic p Slowly the bility of this al
became less and less some gradually mncreasing factor
buing added which maintained a basal blood pressure at
hygher and ligher levels wpon which was engrafted a
widely fuctnatng neurogepic component This added
factor was what killed her Perhaps she would not have
died 50 early were st not for another disease atheroscle
tosts which began probably after her P and
affected her cerebral artenes to such an extent that one
tuptured under the hugh pressure

2 A man of 2o was found 1o have 2 shightly elevated
blood pressure and tachycardia when examined for the
draft. His mother was hypertensine and hus father had died
of a coronary occlusion at the age of 51 Enuress unul the
age of 8 had ocewred but he was free of further urmary
symptoms and fus urine showed no albumin He went to
fus famuly docior who found a few bacteria sn his unine
with about 10 white blood cells per high power fidd 1
the centrifuged sediment tepeated cultures showed nan
hemalytic streprococaus of the colon group in large num
bers He was given phenobarbital and was accepted for
duty wn the Army He had a aeditable eareer and won
several decorations for bravery s discharge physieal
examination showed 2 bload pressure of 160100 mm
Not untl the age of 33 did he consult a
severe headaches and hluring
peared a monh earlier His

physican for
of vision which had ap-
blood pressure way 236/160
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every 4 hours, 1t was normal during sleep (140/90) and
dropped to 122/88 when tetra-ethyl ammonum chionde
was mjected antravenously She was given phenobarbital
but was never the same Invesngative studies on the renal
clearance of para aminchippurate and mulin revealed re
duction of renal plasma flow and relatwvely ancreased
glomerular filtration rate the profile of efferent arteniolar
spasm

Emotonally induced vasospasm had added to 1t another
factor In the first place the neurogenic influence had
creased Secondly the reversibihity of the vasospasm had
lessened

She had her menopause at 45 By the age of 48, she was
suffering from headaches every morning anwuety mn
creased nervous tension and an mner sense of excitement
Her blood pressure was now constantly over 200 mm
svstolic 1 spate of sedatives but fell with rest to 160/110
fluctuating widely Duning sleep induced by heavy seda
tion 1t did not fall to normal Her fund: now showed some
sclerotic tortuous arteries her electrocardiogram ind:
cated enlargement of the left ventricle scen also in x ray
photographs Occasionally she had a trace of albumn 1
her unne but she excreted 30 per cent of intravenously
njected phenol red (PSP) 1n 15 munutes and her kidneys
were able to concentrate urine to a speafic gravity of
1025 The blushung became more pronounced

Now had appeared an irreversible component to the
vasospasm, . that sleep did not completely abolish it
Signs of orgamc damage were developing Rest reassur
ance sedatves, superfical psychotherapy and laying on
of hands could not mterrupt the vicious cycle

She suffered her first stroke of apoplexy a mild one at

51 and recovered with littde residual other than a imp

Hypersension persisted unabated and she died of another
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d dilata
adney and cardiac hypestrophy (520 Gm) an
ton Z{u bram was edematous hus adrenals normal

“This man suffered fsom the accelerated phase ' or
what 15 more exactly and descripmely calied malighant
hypertension  and died young He had the constitunional
tazke up of the hypertensie person 0 which was ::c\:d

¥ chyome_jongrade_smouldenng pyclonephats with an
organtsm which does not produce pus but causes scat
ussue These two factors operating together shortened s
Iife By the time he died there was little evidence left of

the prumary renal dusease 1n the Ladney dustorted by neph
Tosulerosts

3 An older man had a shghtly elevated blood pressure
at times of stress which had been normal on regular ex
aminations all of hus hife At49 however he was refused
Infe msurance hecause of a blood pressure of 170110 mm
Hy He had no symptoms except nervousaess but he was
atense dynamicindividual with excessive dnive angd amb:
ton & hat of & per m haspital
revealed no sigmfl b lities except 1 lelt
ventrseular enlargement studies on fus renal plasma flow
showed shght reductton with the calculated inareased
renal vascular resistance on the afferent side of the glo-
merulus His blood pressure varted moderately but did nos
fall 0 noraal levels dunng sleep or the mjecuon of tetra
ethyl ammonium chlonde Renal “funchion way normal
He waywell working hard and taking few vacations untt
he was suddenly seized at age 54 with a severe retrosternal
pain and was admitted to hospital with an acute coronary
ocdunon Other than summal cardiac enfargement a tor
tuous aorta ang the vsual signs of infarction there were na
abnormalities He recovered slowly but s hload Pressure
notmal or low dnring hur iloess becarae
180/110 mm durimg rest and ay gt

h 23 220/120 duning
acuvity In spate of rearrangmg bas bfe he remained

hypertensive until hus second wntaretion ar 57 trom which

elevated again to
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mm  there was 8 plus protemuna and microscapic hema
turia, the ocular fundi showed early papiliedema and soft
cotton wool exudates but no hemorrhages, and hus heart
was shghtly enlarged He was able to concentrate nrine
to a specific gravity of only 1619 and excrete only 15 per
cent of the intravenously injected dose of phenol red
15 mnutes Culture of the urme showed nonhemolytic
staphylococcus, considered a contaminant but ntrave
nous pyelography renealed blunting of one upper caly<
the right kidney FHis blood pressure altered little during
deep sleep and when terta ethyl ammonsum 10n was m
Jected, lus duastolic pressure fell from 158 to 145 mm Hg

This man, unhhe his predecessor, had rapidly reached
an arrevessible stage of vasospasm His blood pressure
was fixed’ and his course was presumed to be rapidly
progressive Some orgamc renal component could be i
ferred from the earher unnary findings and the pyelo
graphic evidence, but this was asymptomate His famuly
and carly istory suggested that he might be one of those
persons who react to stress by vasospasm, added to this

v component was a chroncally diseased hadney

He refused admussion to hospual but was examned
frequently during the next year and took the new Rau
wolfia drugs continuously without effect on lus slowly
rising blood pressure and deterorating condition Fanally
he was forced to seek help because of increasing dyspnea,
but by that tme the noupratewn murogen wm his blood
was 132 mg per cent his diastolic pressure 160 mm Hg
or more ke had suffered one attack of pulmonary edema
and his ocular fund: showed many hemorrhages hard
exudates soft exudates and papilledema After a stormy
downhll course he died of uremta complicated by conges
tve heart farlure At autopsy there was moderate general
zed artenosclerosts advanced arterrolar nephrosclerosis
with necross, 2 few depressed scars on the cortices of one
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The curious thing about her obesity was s distribution
over the trunk upper arms and thighs Her laver legs
and arms were not obese at ali There was a *buffale
hump” and her face resembled those seen after overdoses
of cortisone Measurements of the sodium and chionde
her sweat showed values of 10 mEg JL. or fess Imels
found 1n Custung s syndrome, She bruwsed eastly and her
ankles had a tendency to swell in the evenings Shehad a
distinet mustache Serum sodim was 145 chlonde 101
(0, 324 and pousyum 28 wEyq fL.

She did well but remained hypertensie at horae a3t
was impossible for her to yestrict her salt intake and her
appeute Mot unul she was 45 did her first episode of
congestive heart falure bring her back o hospual She
died 2 years later a cardiac anpple 1 the wtenm At
autopsy were found arteniolar nephrosdlerosis shght to
none moderate generaliced artersosclerosrs marked car
diac hyperrrophy and diatanon (840 Gy There was 2
1 %12 an adenoma 1n_the lefr adrena) cortex.

In her case a functioning adenoma m her adrenal
cortex was affecting, both her salt and fat metabolism the
former imfuencing her hypertension Better diagnostic
methods would hase allowed surpical removal

These four cases are Mlustrause of distinct types of
atteriat hyp

ene d o} ty In actual
practice one sees wide vanations m thetr courses and some

u:nes bizatre mmixtures If the first patient had contracted
?‘:‘:x.r. lonephntrs n dhuldhood or pyelonephrtis durmg
pregrancy or had by chance had a hank 1 her uretero-
pelvic yuncion due ta an aberrant renal artery with stasis
and anfecion she probably would have exhuibited more
severe hypertension at an earlier age M the second had
:m contracted pyelonephntis m childhood he might
aix\e lined o become hypertensne s his 505 and died
of heart taslure or 2poplexy 1n hus 605 §€ the renal artersal
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he died At avtopsy there was found cardiac enlargement
with focal myocardial fibrosts a new infarct artertalar
nephroscleross  slight, and generalized arteriosclerosis
Careful cross sectioning of the mouths of the renal arterzes
revealed some encroachment of their lumma by athero-
sclerotic plaques

This man alse probably had the constitution for hyper
tension When he developed atherosclerosis, the shght
narrowing of his remal artertes interfered enough with
renal hemodynamics to cause a moderate hypertension
The elevated pressure worsened the atherosclerotic process,
which 11 his case was lethal because 1t 1nvolved his coro
nary_arteries Hypertension atself did hude direct but
much ndirect harm for he died before his ime

4 A woman of normal weight began to gam rapdly
after her second pregnancy at age 22 Within 2 years her
weight increased from 110 to 196 pounds and slowly
creased thereafter At 35 she weighed 252 but on dietary
restriction lost 23 pounds Her menses had always been
somewhat irregular and frequent but in her 30s persods
of amenorrhea for 3 to 6 months appeared She was found
to exhibre hypertension at age 31 using the Jarge (18 cm )
cuff her blood pressure was 160/102 and using the normal
(12 cm) cuff 186/122 Subsequently hypertension was
moderate blood pressure seldom exceeding 200/130 mm
and usually being about 200/120 Fundal changes were
mimmal Studied m hospital there was hittle evidence of
vascular damage other than an enlarged heart Perrods of
decreased urmary output followed by polyuria were no-
ticed when her fluid balance was measured Renal plastoa
flow and glomerular filtration rate were normal Werght
was lost very slowly on severe dietary restniction of cal
ories, but restnction of salt promptly lowered blood pres
sure to normal lesels Her mother and one of three sisters
were fat hursute and hypertensive
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The curious thing about her abesity was 1ts distnbruon
over the trunk upper anws and taghs Her lawer Jegs
a0d arms were not obese at all There was a “buffalo
hump” and her face resembled those seen after overdoses
of cortisone Measurements of the sodum and chionde i
her sweat showed values of 10 mEq /L. or Jesy levels
found m Cushing’s syndrome She brussed easily and her
ankles had a tendency to swell i the evemngs Shehada
distinct mustache Serum sodwum was 145 chlonde 103
€0, 324 and potassium 28 wEq 1.

She did well but remained hypertensive at home as 1t
was impossible for her to restrict her salt intake and her
appente Not unnl she was 45 did her first episode of
congestise heart failure bring her back mto hospital She
died 2 years later a cardiac cripple in the intenm Ay
autopsy were found arteriolar nephroscleronts shight to
none mod g d ar osis warked car
diac hypertrophy and dilatation (640 Gm) There was 2
1x 12 cm adenoma 1n the left adrenal.corgex.

In her case a functioning adenoma mn her adrenal
cortex was affecting both her salt and fat metabolism the
former influencing her hypertension Better diagnosic
methods would have allowed surgical removal

These four cases are Mustrative of distinct tepes of
2°tental fypertension encountered chmscally In actual
Practice one sees wide vanations 1n their courses angd some
tmes buzarre mixtures I the first patient had contracted

1 " 1
glomer P hildh

1tis 1m ¢ or pyelonephnitis dunng,
ber pregnancy or had by chance had a hink 1n her ureterc,

PeIvic junction due to an abesrant renal artery with stasis
and mnfection she prohably would have exinbited more
Sesere hypertension at an easher age If tae second had
Rot contracted pyelanephnts m childhood he mmght
fave Ined 10 become hypertensive 10 s 50's and dued
of heart faslure or apoplexy m his §0 5 If the venal artenal
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atheromata 1n the thid had piled up enough to cause
setious encroachment on the lumna, he might have en
tered the malignant stage, unless heart or bran gave out
first If the fourth had contracted pyelonephritis as well as
her tumor, her course would have been shortened Renal
disease of any nature to nterfere with blood flow, when
combimed with the “hypertensive diathests, can increase
the severity and shorten the course The fact that hyper
tension 15 absent before azotemia m approwimately 30 to
40 per cent of pattents with renal diseases, points up the
necessity for the presence of another factar to explam
pathogenesis

Pathologic Alterations Dead house pathology dees not
always explam physiologic and brochemucal alterations
m disease But it cannot be neglected There are very
few anatormic changes n hypertenston, but they are char
actenstic

1 Renal arteriolar and artenosclerosis are almost um
versal mn this disorder (2) Cases strular to our fourth are
a notable excepuon (8, 4) The thickening scarnng and
hyalmization of the afferent artenioles vary from shght
to marked with complete or almost complete occlusion
of their lJumma Only 1n azotemia, and then only 1 half
the cases, ate the necrouzng arteriolar lesions seen (5, 6)
‘These are called mahgnant nephrosclerosis, a term
which has hittle to do with non azotemic mahlignant hy
pertension " What has been little described are the earh
est changes seen m hypertension a thichening of the base
ment membrane of the glomerutus, fater an mcrease 11
ground substance of the mft, well followed m dogs (7) and
observed m man This change may be the result of 1
creased ntraglomerular pressure which must accur when
efferent artenoles are constricted more than afferent ones

2 Cardtac hypertrophy, and often dilatation, are almost
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anusersal although we have rately seen normal sized hearts
after sustaned hypertension Tins chapge 1 probably 2
work hypertrophy resulung from the increased cardiac
work necesuitated by the hypertension. It @n be modi
fied by associated atheroscleroas of the coronary artenes.

3 Generalized atheroscleross 13 almost unversal i
this country although cases without it are common 1n
China (8)

Sequence of Develoy of A lar Nephroscl
Ths basic Jesion whach by sts very nature can cause renal
1schemua and hypertension, 1s a result of hypertension
In other words the altered hemodynames of hypertension
cn lead to 2 pathologic change which further alters renal
and therefore penpheral hemodynamics. The evidence 15
clear on this point, 1m tats rabbits dogs and man (Chapter
V} Therefore at some point 1 two of our cases renal
vascular dusease appeared after hypertension had become
well established. Whether or not this secondary discase
1 yesponsible for the loss of reversibihity of vasospasm 1s
not known, but presumably 1t 18 not whally accountable.

O ¢ All biol 2 1 rk an .‘ be
undenstood 1n terms of physics and chemusery The re-
masnder of this monograph 1s concerned largely with an
cxamination of the biochernacal alteratzons possibly operat
IRg to cause this dusease which 1t s0 eventually fatal 25 3
rule and which 15 5o common to Western Civilszation.

MECHANISMS OF SOME OF THE EXFECTS OF
CHRONIC ARTERIAL HYPERTENSION
Degree of Perpheral Vasospasm i Chronic Hyperten
:«m The vasaspasm can be very intense 1o chronic artersal
YPeTIension 1n fact, 1t must be 10 10 order to mamn
the dustalic pressure at bugh levels, One can esumate
the wntenuty of the vasospasm by measuring the pressure
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atheromata 1 the third had piled up enough to cause
sertous encroachment on the lumina, he might have en
tered the malignant stage, unless heart or brawn gave out
first If the fourth had contracted pyelonephritis as well as
her tumor, her course would have been shortened Renal
disease of any nature to mterfere with blood flow, when
combsned with the hypertensive diathesss," can increase
the severity and shorten the course The fact that hyper
tension 1s absent before azotemia m approxumately 30 to
40 per cent of patients with venal diseases points up the
necessity for the presence of another factor to explamn
pathogenests

Pathologic Alterations Dead house pathology does not
always explamn physiologic and biochemical alterations
i disease But 1t cannot be neglected There are very
few anatomic changes 1n hypertension, but they are char
acteristic

1 Renal arteniolar and arteriosclerosis are almost um
versal 1 this disorder (2) Cases sumilar to our fourth are
a notable exception (3, 4) The thickening scarnng and
hyalinizauon of the afferent artenioles vary from shght
to marked with complete or almost complete occlusion
of their lumina Only i azotemia, and then only m half
the cases, are the necrotizing artertolar lesions seen (5, 6)
These are called malignant nephrosclerosis  a term
which has httle to do with non arotemic malignant hy
pertension "' What has been Intle described are the eaxh
est changes seen 1 hypertension, a thickening of the base
ment membrane of the glomerulus, later an increase in
ground substance of the tuft well followed 1n dogs (7) and
observed in man This change may be the result of m
creased mtraglomerular pressure which must occur when
efferent artertoles are constricted moare than affexent ones

2 Cardiac hypertrophy, and often dilatation, are almost
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unversal although we have rarely seen normal sized hearts
after sustamed hypertension This change 1 probably a
work hypertrophy resulung from the ncreased cardac
work necessitated by the hypertension It can be mods
fied by assocrated atherosclerosis of the coronary artenes

$ G lized atheroscl 13 almost 1an
this country although cases without it ase commion 12
Chuna (8)

Sequence of Development of Arteriolar Nephrosclerosis
“Thas banic lesion which by 1 very nature can cause renal
wchemua and hypertension 35 a result of hypertension
In other words the altered hemodynamics of hypertension
can lead to 2 pathologic change which further alters renal
and therefore penpheral } dy The evidence 15
clear on this pomnt 1n rats Tabbits dogs and man {Chapter
V} Therefore at some point 1n two of our cates renal
vascular disease appeared after hypertension had become
well established Whether or not ths secondary disease

1s responsible for the loss of reversibility of vasospasm s
not known but presumably 1t 1s not wholly accountable
G t Al biol 1 ph can eventually be
understoad 1 terms of physics and chemustry The re
mamder of this monograph 1s concerned Jargely with an
of the bioch 1al possibly operat

18g to cause this disease which 15 50 eventually fata] ay a
rule and which 1 so common to Western Civilization

MECHANISMS OF SOME OF THE EFFECTS OF
CHRONIC ARTERIAL HYPERTENSION
Degree of Penipheral Vasospasm 1n Chromic Hypexten
sion The vasospasm can be very intense n chronic artenal
hypertenston 1n fact, st must be so 1 order to mamtamn
the diastolic pressure at hugh levelt One can esumate
the wtensity of the vasospasm by measuning the Presture
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in an artery peripheral to complete mtermzitent mecham
cal occlusion (9 11) In man only the brachial bed offers
2 convement means of doing this In Figure 1 are shown
‘asystolic arterral pressure gradients’ in various types of
hypertension Persons with diastolic pressures from 100 to
200 mm Hg have shown asystolic brachual pressures 18
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Fic 1 Brachia) asystohic arterial pi d m ran (9 10) A

needle connected to a recording manometer was mnserted into the
brachial artery and a sphypmomanometer cuff placed about the
upper arm  After rapid occlusion of the cuff the fall of pressure in
the distal segment (the forearm) was measured The level of pressure
with no crculauon 1s a measure of the degree of vasoconstriction
opposng arterial runoff Cunes were obtaned from a 46-yearold
normatensive woman a 54 yearold artenoscleronic man without
much dastobic hypertension 2 56 year old severely hypertensive man
treated with ganglionic blocking agents and hydralanine and a 87
year-old woman with untreated mahgnant hypertension The curves
are a function of diastolic pressure (11}
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seconds after occluston from 30 to 122 mm Hg (average
58 normotension bemg 15 10 40 average 287 mm) 2
findiny surprsing on the surface but expected when duc
consideration 18 gven to hypertensue hemodynamics
The smooth muscle of all arteries and artenoles must
therefore be 1 2 state of chronic spasm otherwise hypet
emia would ocewt m those which ase not

Pathogeness of Hemorrhagie and Exudative Retinuts
The lesions found 1n the fundi ocult when the dstolic
pressure 15 Ingh are those of edema hemorrhage depostts
of proteinaceaus or lipid matenal and scarming  Many
opbthalmalogusts consider that hemorthagic and exudative
retsnutss 15 due to localized 1scherma of the vetina second
ary to excessive vasospasm From a hemodynamc ama
tomic and physiologic viewpownt this concept 1s hardly
tenable since 3) ischemia of 2 patt does not usvaliy cause
edema without mfarction b} 1schemia does not lead to
hemorthage ¢) the vetinal arteries and arterioles have
rather thin musculzr coats and d) the lesions appear
when the diastolic pressure 1s fugh regress when it s
lowered (sometimes to the pownt of producing sesmal
1schermia) and occur as 2 mamfestation of a sudden worsen
g of the hypertension A more logical explanation s that
oF plethora or excessive hypererma It the artery supplymg
an area of the retwna were diseased so that it could not
contract and  healthy’ vessels m the remainder of the
body were made to constrict hyperemea through that
diseased vessel would resuh. Excessive flow and pressure
would be transomued tp the eaxplary bed supplied by

that artery When senous outflow became msuficient 1o
cury off the increased load wa

ter then plasma and
finally ved Dlood cells would be forced d\rou‘;h the capil
Tary wall This concept explam:

s what we find edema
cotton wool exudates and hemarthages The hard
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n an artery peripheral to complete intermittent mechant
cal occlusion (911) In man, only the brachal bed offers
a convement means of domg thys In Fagure 1 are shown
‘asystohic artersal pressure gradients i various types of
hypertension Persons with dastolic pressures from 100 to
200 mm Hg have shown asystalic brachual pressures 18
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Fic 1 Brachul arteral p fis m man (9 10) A

needle connected to a recording manomecer was snserted nto the
brachial artery and a sphvgmomanometer cuff placed about the
upper arm  After rapid occlusion of the cuff the fall of pressure
the distal segment (the forearm) was measured The level of pressure
with no airculation 15 a measure of the degree of vasoconstrction
apposing artenal runoff Cunves were obtamed from 2 46year old
normotensive woman a 54 yearold arteniosclerotic man without
much dsastolic hypertension 2 56 year old severely hypertensive man
treated with ganghiome blocking agents and hydralazme and 2 37
year cld waman with untreated mahgnant hypertension The curves
are a function of diastolic pressure (11)
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Comment The secondary effects of hypertension are
relatnely ummportant to thys discussion but they are of
the utmost importance to the patient and to his therapy
for 1t 15 by them that hypertension becomes a fatal disease
A further and often fatal effect 1s discussed 1n Chapter
i
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exudates may be the scars of old hemorrhages and the
protem and lipid remnants of exudation of plasma

Since the artenes of the retina and bran are thin walled,
weak structures compared to those mn the remamder of
the body, bemng 1n a media of higher external pressure,
farly generalized exudation and hemorrhage would be
expected when systemic diastohc pressure rose to very
high levels It 1s probable that focal hemorrhages in the
Lidney, and perhaps m the gut, are the result of a hugh
diastohic pressure through an artery or artersole which 15
so diseased that 1t cannot constrict as much as the rest of
the vascular bed Therefore, many of the hemorrhagic and
exudative lesions found in malignant hypertension are
probably caused, not by excessive spasm proximal to the
lesson but lack of enough spasm to compensate for that
of the rest of the vascular bed

Pathogenesis of Necrotinng Arteriolar Lestons In man,
we find necrotizing lesions of the arteries and arterioles
usually of the kidney only in nutrogen retention (5) Two
nfluences are necessary, azoterma and a igh diastolic
pressure Azoterma alone will not produce the lesions, for
example, 1 urema without much hypertension On the
other hand, hypertension alone will not usually cause the
lesions in dogs (6) or in man It 1s difficult to discover more
than 1solated cases 1n experimental animals without uremua
(12) Both kidney (6) and a section of the small intestine
can be protected from their occurrence by partial constric
tion of the mamn artery even in severely uremic animals
(18) Necrotizing fibrinous artertal degeneration however
has been raused by the imjection of organ, notably renal,
extracts into nephrectomized dogs (14 15) Therefore
both pressure and severe renal disease seem to be required

for their occurrence
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This form of reacting to stress may be common to some
human bewgs 1 marty environments and of many races
although adequate stoties hiave not been made The old
idea that a_pan, of the poplauon s _sympathotome and
part_parasympathototuc 0T vag may hase some
hass of fact, Different species of ammals show different
types of Teaction to stress Tats Cats guiNea pigs and rabbsts
not only exhibit opposite types but respond 1n aberrant
ways to hnown pressor and depressor agents There 3re at
least two kinds of dogs nervous overactve breeds whach
are hypertensive on the first and many subsequent examy
nations and mote or less philegmatic breeds or cross-
breeds which exhubit normal blood pressures and brady
cardia (21) There s httle Teason to believe that the hu
man organism differs radically in 1ts fundamental reactions
{rom those of higher snimals

Sympathotomic people are supposed to be subjecs 1o
vasomotor phenomena tachycardia and cardiovasenlar das
eases espectafly hypertension Parasympathotomic people
are supposed to be subject to bradycardia 2 Jow blood
pressure and gastrontesunal disorders espectally peptic
ulcer Another type of wmdmidual develops allergic reac
tans In any population all vaneties and degrees of veac
tine ability ean be expected depending probably on the
amount of imbal between sympathetic and parasym
pathetic nervous function and she arount of external siress
to which mdwiduals are expased There may be several
Qifferent constitutional types we have not observed true
extnnsic asthma 1n a hypertensive person and such allergic

States as Yy fever and. urticana are much less commort
than 1n the general popu

7 duod

1 ulcer 1s 1
n hypertension. although it exists 4} theumatoid arthn
by and most malignant tumors are seldogs encountered
ma hypertensive population (22)



Chapter II
BASIC OR CONSTITUTIONAL FACTORS

HC BASIC factors m artertal hypertension are those
broad and 11t defined influences which ciuse 2 human
bemng to become predisposed to the development of the
disease By arbutranly separating basic trass from frctors
operating after the disease has become established one
can onthne the ares of theripeutic 1pproach and predict,
with some success efficacy of vanous forms of therapy
Reaction to Stress by Vasosy The basic_defect m
persons predisposed to hypertension appears to be a reac
uon to stress by vasospasm or through vasomotor phe
nomena Thus Ievy, Stroud, White 1nd Hillman (15 18)
found 1 Army Officers that transtent hypertension tran
stent tachycardia and overweight each predisposed to the
later development of hypertension the Jast factor bemng
the least signuficant Long prior to these studies Hines
found that when the stress of the first examnation re
sulted 1n transient elevanon of the systohic pressure to
more than 140 mm Hg 63 per cent of the pauents would
develop hypertension 20 years later 1f more than 150 78
per cent would exhibit it (19) Cnitical predisposing dia
stohe levels were above 85 mm Furthermore Hines has
shown that persons reacting by vasospasm to pain {cold
pressor test) later usnally develop hypertension (20) Thus
manner of reacting therefore probably constitutes the
underlying etiology, which lies 1 the constitution of the
indvidual and 15 described but net understood
18
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Thas form of reacting to stress may be common to some
human beings 1 Many enyironments and of many races
although adequate studies have not been made The D]g
Jdea that 2 pors of the population 1s_sympathotome. an
pat_patasympatt or vag may haie some
ba'{‘s' of fact Different species of ammals show different
types of FEACtON Lo stresy TAls TS PaInea Pigs and rabbuts
not only extubit opposite types but respond 1n aberrant
ways to hnown pressor and depressor agents There are at
feast two hinds of dogs nervous overacure breeds which
are hypertensive on the first and many subsequent examt
natons and more or less phlegmauc breeds or cross
breeds which exhubit normal blood pressures and brady
cardia (21) There 15 little reason to beheve that the ha
man organism daffers radically 1n 1ts fundamental reactions
from those of higher anymals

Sympathotomc people are supposed to be subject to
vasomotor phenomena tachycardia and cardiovascular dis
eases especially hypertension Parasympathotonic people
are supposed to be subject to bradycardia a low blood
pressure and gastrowntestinal disorders especially peptic
ulcer Another type of ndividual develops allergc reac
nons In any population all vaneues and degrees of reac
tive ability oan be expected depending probably on the
amount of imbalance between sympathetic and parasym
pathetic nersous function and the amount of external stress
w whith mndwduals are exposed There may be several
different consutunional types we have not observed true
extnnsic asthma 1n a hypertensive person and such allergic
states a5 hay Iever and urncara are much less common
than 1n the general population duodenat ulcer 15 unusual

1 hypertension although 1t exsts 4) theumatoid arthn

s and most malignant tumors are seldom encountered
2 hypertensise population (22)
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The abihty, or habst, of reacting to stress by vasospasm
does niot cause hypertension It merely predisposes those
ndiyviduals so constituted to the slow development of the
disease  Other 1nfluences are probably operative which
change reversible nta irreversible vasospasm

HEREDITY AND ENVIRONMENT

Heredity The manner of reacting to stress by vasospasm
15 apparently an mhented charactenistic Hines has shown
clearly that persons who so react have parents who are
either hypertensive or react hkewse to pamnful stimuh (23)
The gross herednary nature of chromc hypertension 15
well established, although Pickering disagrees with this
wdea (24) what makes up this predisposiion has been
little understood

Thomas has clearly shown that cardiovascular disease 15
an wmhented traw m the United States (25)

Personality Pauvents suffering from chrome arterral
hypertension 1 all stages of seventy supposedly exhibit
certain defects of personality, the gualities of which go to
make mature and well integrated mdividuals The defi
ciences have been considered as a subnormal level of as
sertiveness and tendencies towards obsessive-compulsive
tratts (26, 4) Anxiety which may precede, or be a result of
the 1llness, 1s also common (27) Whether these alterations
are simitlar n the major psychosomatic dsorders which
result 1n wrreversible orgamc changes (peptic ulcer, asthma)
or are specific for one disorder, has not yet been clearly
established Likewise the effects of abnormai renal metabo-
hites {primary amines and other substances) upon cerebral
metabolism, which might enhance relatively minor func
tional derangements, are not known (Chapter 111)

FEnvironment Without stimult to cause 2 reaction the
reaction would not occur ‘The stresses, or stimuli, which
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axwg_ﬂ,fihc_ﬂ‘_"l‘m‘_—mfm and the amntude of the
\ndividual toward 3t can be considered as msting fac
tors 1n the reaction These influences vary widely trom
S7e person to anather i olving the many faceted aspects
of existence and adjustment 10 a prevathing social order
1t 15 probable that the more complex: society becomes the
greater are the 1 stresses consequent to ad
justment to that society and thesefore the sumuls to so-
matic reaction INCrease

TPickenng lately summed up his concepts on the relauon
of heredaty ¢© n and n hyp
(28) To get these conclusions sn perspectine 1L WY be
sud that 1 13 mode of mhenitance blood pressure 1e
sembles height but that the suze of the geneuc factor 18
greater 1n the cate of height. However the regression coef
ficrent certanly underestimates the size of the genetic fac
tar since we have been unable to allow for the day today
varability of blood pressure and we have had to allow
for the effects of age by a device which 15 probably vahd
when 1t 15 applied to large numbers but not so accurate
for indiniduals By contrast, height shows quite inngmfi
cant vanations from day to day and for a considerable span
of adult exustence 1s uminfluenced by age The difference
between the size of the geneuc factor 1n blood pressure
and height 15 probably less than regression coelficients
suggest. Even so 1t would seem justifiable to conclude
that environmental factory are more ymportant than he
veduary facters in the pathogenests of hypertension

These considerations lead to one further 1dea which

18 30 tevolutionary that I mezely Tay i¢ before you know
g that your minds must mslmcuv:ly Teject 1t Namely
what the cunrent toncept of essential hypertension ax 2
speatfic duease entity 15 largely an artefact. 1 venture to
Suggest that a resratement of the Facts would define essen
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tial hypertensives as that group of the population with
artenal pressures exceeding a certamn value arbitranly
selected and 1n whom no specific canse can be detected to
account for the high pressure It 15 suggested that the
factors causing 1t are factors operating generally on the
population  Of these factors the contrtbutions of age, sex
and mbentance can be defined approimately The influ
ence of environmental factors which would seem by ex
clusion to be of great importance, remains to be explored

We do not behieve that this idea 1s so revolutionary,
having entertained 1t for many years (29 31, 4) In Chap-
ters V and VI will be discussed the factors operating gen
erally on the population n Chapter III this cunous, il
defined but wellknown vasomotor manner of reacting
which varies from indiadual to mdividual These factors
can now be examned separately

CLINICAL IMPLICATIONS

Since persons predisposed to hypertension emotionally
react to environmental stresses through somatic pathways
by vasospasm, mn the very earhiest stages of the disorder
some reversal of the somatic response can be expected if
reversal of one or more of the psychic components could
be accomphished Many attempts to do so have been made
Psychotherapy has been exiensively employed 1 young
individuals wathout organic disease 1t may teach the per
son either to avord emotional stresses to sidetrack the
reactions thereto along other pathways or to resolve them
without somatic reaction by means of fogic and msight
In pauents of older ages, with somewhat more advanced
hypertension or with organic changes, however httle 1n
the way of therapy can be expected By analogy, while psy
chotherapy of peptic ulcer 15 useful to promote heahng
and to prevent further attacks 1t 13 useless refieving
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prlonc obstruction with scaruing secondaty o “l"““g_
attacks These defects of persomality howerer are p[r?h
ably so deep-seated and fundamental to the grouth of fﬁc
indnadia) that complete Tebuilding becomes most i
cult except 1 young people In our expenence psycho-
therapy has failed to modify the course of severe hyperten
sion sufiiently to allow us even to suspect some beneficial
somatic efiect and we have often watched patients deten
oxate 1o esentual death 1n spite of the most vigorous forms
avarlable (an analyst reanalyzed by an analyst)

An enyronment considered unfavorable by the inds
viduaf may be altered by moving 10 a new oue temporary
effects upon the course of moderate and mild stages have
been observed The famihar fall 1n blood pressure when
patients enter the hospital 15 an example How permanent
this change can be 1 not known Minor adjustments 1n
adverse enviranments espeaally those caused by other
ndmduals with whom the pattent 15 1 tlase contact may
for 2 time alter emolonally nduced stresses (Figure 2)

Drugs espeaially sedaunes have been employed for
tmany years for the purpose of suppressing the emotional
tension and lowenng the threshold of reactions to stress
As a general rule the more severe the hypertension the
less eflecuse are sedanve drugs and other such nfluences
upon the disease Contrarwise the milder the hyperten
sion the more effective ate measures aimed at the psyche
and the emouonal dssturbance

The effects upon the cautse of hypertenyion of any one
or combinations of the above approaches ts directly Propor
tonal to the relatne influence of these factors 1n the toral
prcture Psychosomatic diseases may start as functional de

diated through

2 nerves and end
as orgame conditions causing death Therefore while the

beginning may ke m the Psythe as exemphfied by the
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word, constitution, that factor becomes inereastgly les
important as somatic changes ocenr In reversible early
and very mild stages the disease may be controlled, as 1t
somatic ravages progress less and less can be expected
from attacks upon these etiological factors Alterations of
240 4

4

220

200 o

mo g

Fi¢. 2 Typical rapad Sall of blood pressure after hospitahizaton E E
was 1 39 year-old woman who was first discovered to have an ¢levated
blood pressure six years previously ut the time of pregnancy compht
cated by pyelonephriis Duning the ntervening years her blood
P was always el danap s office Sx months and
one month prior to admission she suffered two attacks of severe head
aches numbness and weakness of ane side of her body and loss of
conscroustiess for one to three hours with gradual recovery duning
the following week Her blood pressure was sud to have varied be-
tween 2307130 and 210/110 mm  Hg {or 2 years She complained of
dyspnea on exertion and dizziness On examipation there was one
small retinal hemorthage Blood pressure was 288/136 Her heart was
enlarged to the left i X ray photographs Renal funcuon was excel
lent No cause for the attacks was d on careful g
examimation ‘The first pressure shown (2307130 mm Hg) was
measured by both the mtern and asustant resident the mght of

hseq) ones were d by nurses & g the
following morming (From Schroeder H A, and Perry H M Jr
Am Heart J, 51776 1856)
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disturbed emotional and nervous functions cannot be
cted to dissolve scar tissue
exx:hhough Bays and Scmshaw disagree (32) from all
the evidence available we can be fairly certain that hyper
tension not secondary to renal disease 15 2 disorder fairly
well coufined to persons exposed to the influences of
Western Civilizanon (4) For exaraple 1t 1s unusual an
patts of Afnica (83) and China () very prevalent in Amen
can Negroes but rare in American Indians 1n the South
west (34) In Uganda only 26 per cent of autopnied tases
of heart falure were due to essential hypertension the
same percentage to atheromatosis and none to coronary
thrombosis renal hypertension however, accounted for
16 per cent ($a) Surely one 1s led to conclude that en
wironmiental 1nfiuences are of the greatest importance for
m ths country probably half the cases of heart fmlure

are hypertensive i ongin ‘When viewed from ths ont
Jook many d s m the g

hypertension fall into line

Comment There are three apparent facts upon which
onte can speculate

1 The predisposiion to hypertension 15 nhented

2 There 15 an emotional overlay 1n the diseate which
wiay be exther pimary or secondary

3 The disease 15 confined more or dess o ererlzed or
partly civilized people without any particular ethnie
caltura) or socad pateern suggesung that environmental

factors such as food habuts or cortace with mndustralized
society plays an imtating role

graphic madence of



Chapter HI
NEUROGENIC ILFFECTOR MECHANISMS

INTRODUCTION

HILE yet unproven 1t seems clear that the svmpa
Wtheuc nervous system 1s somehow relatwvely ot abso
lutely overactive i prehypertensve and hypextenswe
_states, especially when there 15 no demanstrible orgame
“renal component The wndirect evidence, suggesting rapid
alterations wn the nervous contral of blood vessels 15 as
foliows

1 The blood pressure 15 labile and widely vanable
(g 3)

2 Traube Hering and respiratory variations n blood
pressure are often marked (36 37) (Fig 4)

3 The rasospastic response to pamnful stmult and to
emotion 1s often exaggerated (20 38 41)

4 The pressor effects of central vasomotor stumult
such s inhalation of carbon diowde and holding the
breath 15 often mcreased (42-44)

5 Bloching sympathetic nenves by drugs or surgery
abolishes many of these exaggerated vasospastic responses
to patn and emotion (45, 46)

6 Drugs acting partly on the central nervous system
Jower the blood pressure more or less (mde snfra)

7 Sustamed hypertension can be produced n certamn
ammals by mterfering with sympathetic and cerehral
nervous mechamsms (47 50)
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RY

nmtg 120

LR

Fic ® Darly and mghtly fuctuations of supine bload pressure 1 n
18 yearald man i the pre hypartensine phue His bidnevs and
ficart were norml by Al tests Note that the nise i pressure occurs

onh during the dav The dnisions between cach 21 hour pennd e
at mudmi bt

The esidence agunst neuro.emc effcctor mechamsms
operating 1n sustained human  neurogenic hypertension
15 poor and asually explicable by an amlysis of the cases
employed for expenmentation or by an understanding
of the processcs concerned m Neuragenic \asoconstriction
"\t present no one doubis the existence of neurogemcally
induced vasospism 1n man We must emphasize lioweser
that m chromic human arteral hypertension the rclame
patts played by newrogeme wd nther mechimisms vary
consderably from pattent 1o patent (Chapter 1V) The
contrary evidence follows

1 Iutle or no increase i urmary catechol ammes 1s
usually found (11) Norepmephrine however 1s liberated
at nerve endings and metabolized or conjugmed i situ
before 1ts products veach the blood stream Therefore
sverproductron must be gret enouh to satutate ovidatise
and conjugatine enzymes in order 1o allow enough 1o spill



Chapter I

NEUROGENIC EFFECTOR MECHANISMS

INTRODUCTION

Wmu: yet unproven it seems clear that the sympa
thetic nervous system 15 somehotw relatively of abso
lutely overactive n prehypertensne and hypertensive
_states especially when there 1s no demonstrdble orgamsc
renal component The ndirect evidence suggesting rapid
alteritions in the nervous control of blood vessels 15 as
follows

1 The blood pressure 1s labile and widely vanable
(fig 8)

2 Traube Hering and respiratory variations in blood
pressure are often marked (36, 37) (Fig 1)

3 The vasospastic tesponse to pawful stimult and to
emotion 15 often exaggerated (20 38 41)

4 The pressor effects of central vasomotor stimuh
such as nhlauon of carbon disude and holding the
breath 15 often increased (42-44)

5 Blocling sympathenc nerves by drugs or surgery
aholishes many of these exaggerated vasospastic responses
to pain and emotion (45, 46)

6 Drugs acung partly on the central nervous system
lower the blood pressure more or less (vide infra)

7 Sustaned hypertension can be produced 1n certain
ammals by mterfering with sympathetic and cerebral
nervous mechanisms (47 50)
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Fic 4 Spontancous varatons m bliod pressure measured {hoto-
kymooriphically by duect artenyl puncture W G normal and
normotensne vanauen 9 6 mm Hg F T normotensive comales-
ent {Hm severe acute polinmyelitts with probable sh bt mvohe
ment of the lvpothalamus or medulla gnm, nise 1o neurogenic
\avomotor instthiliny sartion 41,20 mm Hg W D [urly savae
ncghroenic hypentension sanation 13,1 mm Hpg 1 H severe
neurogenic hypertension varmuon 3> 2> mm Hg WD frepent
after several days rest) vanation 7 3 mm Hg C O mild neurogenc
Bypertenuon sanation 419> mm  Hg By indirect measutrement
€ O s ssahic presure: when taken by a white <oated physictan
rarid from 186 1o 240 mm and her diastolic [rom 120 10 100 mm

nursts alwavs obtuned reddings 20 to 30 mm loser The wide
farrly regular tracings are those of vespiration (he smaller ones of a
pl('lh\lsm) raph on the finger Cumera speeds 125 5 and 2 mm per
sceond
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Neurogenie Effector Mechantsms 3

Several influences ansimg sn the brain can cause expert
mental hypertension such as nosse (54) wternal hydso-
cephatus (46) punciure of the third ventnicle (§5) tying
off the artenal supply (49) all of whuch mayantesfere 3ith
blood flow or nersous function sn a regulatory area Simt
larly 1n man increased intracranial pressnre cextan brain
Tesions of viral sascular ot traumatic ongin (fractures of
the base of the skull encephalitis poliomyelitis) certaint
tumors and hypothalamic inyury can lead to chronic neuro-
genic hypertension or 1ts atute equivalent {56)

There axe four possibilities to explain the cerebral role
n human hypertension 1 The nerous temperament of
thie hypertensive person with the frequent finding of
anety and frostration may imtiate Tepetitne discharges
through the sympathetic nenvous system Subnormal as-
sertiveness  obsessivecorapulsné traits and anxiety are
said to be common to the hypertensive personality (26
27} Thus hypothests has always been an attracuve one
but 1s unproven and most dufficult to mvestigate with the
tools at hand

2 The penpheral metabolic abnormalities associated
with hypertension may cause stmulation of cerebral
metabolism It 15 known that mMany pnmary amines cause
central excitatory effects Amphetamine (Benzedrine) 1s
a good example In fact Mann and Quantel (57) suggested
that the central stumulant action of df phenylisopropyla
mine {(Amphetamine) ss related to 1ts mnhsbition of tyra
mine oudauon by amine ovidase 1 brain Op thiy basis
E;\l::::uand Bernheun (58) exanuned 2 large number

urally related salts 1 rats and found 1n many
Instances good correlations between central shimulation
and cevebral amine omidase nlubion Chnically the
e 5wl o o o e
abserved profound and
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over mto blood nd be excreted mn urine Actually some
patents do hme modcrately ncreased amounts i ther
urtnes (51h) about 1 third

2 No mcrewse m arculing catcchol ammes cn be
detected (38)

3 Many patients do not show il of the typical exag
gerued pressor responses nor the marked depression of
blood pressure mduced by drugs or surgery (52) The logt
cl exphination ts that mother vasospastic process 1s Iargely
operutnne m such mdnduals
* Although neurogenic pithways effecting vsoconstric
tton are mumately connected 1t 1s necessary to exwmne
cich component of the sympathetic nervous system 1 the
Iight of 1tts rolc and of specific effector substances nd
chemotherpeutic 1gents Some of these are known some
must be postulited The brun and 1ts 1ppendages exert 1
profound effecct upon normal yvasomotor tone nd 1re
probably mvolsed i many forms of generilized viso
spsm "As Starling sud (53)  No pathology will be ade
quate which does not take mto 1wccount the sensitiveness
of the vasomotor centers to the changes i the crculation
Constderible informizon on pathogenetic fctors cn be
learned from the actions of specific drugs more perhips
than by direct experunents

CLEREBRAL MECHANISMS

The areas withm the braum mtnung or transmitting
sympathetic discharges or reguliting visomotor tone re
three the corten the Iypothrlimus and the yasomotor
center Just how these rers are mvoled in the hyper
tenstve process s not hnown What 1s known however
1s that certun drugs modify therr activities and partly
affect the amount of peripheral vasospism neurogenically

mduced
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the hypothalmus ot vasomotor center mnay mitiate sommate
sustyned neurogenic pressar Tesponses Winle such lestons
hase been found 1n some wases (54) and may account for
the hypertenyon of some older persans there 1510 vmiform
correlation with afl cases and this 1dea remains merely an
attractise hypothests

SPECIFIC DRUGS

Whatever the cause of the increased netvous excitabrhity
of hypertensise pauents many agents have been used 10
counteract 1t ahd thus produce vanable effects upon blood
pressure depending upon a) the Telane part played by
the brain §) the effectiveness of the drug and ¢) the abity
of the patient to tolerate sude effects Sedaties have been
used for many years m an atcempt to allay tension and
anyety They will not be discussed smce their employ
ment 13 wide

Serotomn Antagomsts Reserpine causes depietion of
cetebral sexotonmin 1 the expersmental ammal (65 66)
platelet serotonin 13 also reduced to a low level ‘The net
effect of tns agent a chemal analogue of yolumbie 1
ta produce on affect the equivalent of a prefrontal Iobot
omy (67) Its locus of actson appears ta be pre hypathalame
and subcortical the postertor hypothalamus wheren hie
the sympatheuic centers 15 partially bloched (68) Tre ef
fect of the dsug 15 cumulanve tequiming a v eek ot 1o for
ora} doses o act maximally although rapudly excreted
the drag ssell demves  serotomin acceprory it the bram
bluc&ed‘}for long penods Aside MWM
acuon the net somanc effect 15 that of relanve parasym:
thetic overacnviry (Table 1) Dxm&zﬁﬁ‘{\%%i
acidity can Tesult peptic wicer has appeared de novo or
E:;‘:% ::C‘s;::‘tip n ((;g; ‘{f our cases chrome ulcerauve

artous cerebral symptoms are
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uncontroliable anviety induced by imntravenous aoamyl
ammne m laboratory workers, for example Therefore,
some cireulating primary amines may induce_cerchral
stimulation  Tast diffbse dysthythmias in “the ~électio-
encephalograms are common 1n human neurogenc hyper
tension (4) this picture can be produced by certain amines
(59) Thus, a vicious arrcle could be estabhished, from per
1phery to bran to penphery, the imntiating organ not
bewng known
Serotcnm a dertvatyve of tryptopharie, has recerved the
greatest interest in this regard, swice 1its 1solauon from
platelets This primary amine _occurs brain and may
have a definte function m netvous tissue (60), s may
other sumlar substances It 1s interestng and perhaps
more than comadental, that malhignant carcinoid of the
appendiy, a serotonsn producing tumor, apparently causes
a pecular flushing phenomenon which 1s sumlar to the
diencephalic blush which we associate wath neurogemc
hypertension (61, 62) Injection of serotonin mn man causes
a variety of subjective symptoms not «pparently associated
with anxiety but similar in some respects to those seen
following other substituted primary amines (63) The role
of several tertiary and qurternary nutrogenous compounts
on nerve conduction and synaptic transmission is barely
beginning to be appreciated
3 There 15 either excessive production of stimulating
substances 1 situ or generalized inhibition of those en
zymes concerned with metabolizing such substances For
example 1f every sympathetic nerve ending contamed a
molecule inhibitory to amine owdase or to the enzyme
conjugating norepinephrine the normal tone of sympa
thetic nerves would be enhanced There are no praofs

of this theory
4 Local vascular lesions of an arteriosclerotic nature in
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TABLE. 1—{continued)

Reserpane Chlorproma 1ne
(123 subeets) (137 tdjects)

Epistaxis : 4 01 5
Blursed Vision 1%
Dry Mouth g 13
Heart Burn 51
Edema 73

Pruritus 16 ; H
Derroatitit ] < 5
Jaundiee o 2 ;
Hepatomegaly 0

2h0 nduced among them vivid dreawms and mghtmares
One of the most interesting of 1ts actions 1s to cause, i a
stzeable percentage of people nervousness nsorinia agy
tated depressions and swicidal tendencies (70) used to
treat these symptoms 1n psychotic individuals 1t can back
fire and produce them Truly this most interesting drug

has begun to open up a wide field m our understanding of
mental diness

X ¢ 18 also an antagomst to serotomn (73)
Its locus of action has been presumed to lie subtentorally
probably 1 _the medull \

g effects are seen as
well and hypothalamic action has been postulated (74)

While 1t can cause some depression of the sympathetic
fnenous system st can also produce symptoms of stmula
tion m some individuals (Table 1) wath hypertension and
tachycardia  Lakewsse ats antiemenc action may be e
versed m other subjects

Other antimetabolites to serotomn are not used hy
pertension yohmbine because of sts nephrotoxicaty and
dlysergic aad diethylamude which produces schizophremc
ike states (63 66) The most meresting are the nitro-
wdoles which are true competitne antagamsts blocking



34 Mechansms of Hypertenston

TABLE I

RESFRPINE AND CHI ORPROMAZINE
IneENCE oF Stoe REactions anp Toxic EFrecs 1y
NORMOTENSIVE PATIENTS

Reserpsne Chiorproma sne
(123 subjects) (137 subjects)

Sympathetic N S Inkabition
Hypotension
Bradyearda
Duaphorests
Chilliness
Nausea
Vomiting
Diarchea
Exacerbation of Peptic Uleer

Souvus o wR
- o

w2
Lol K- A0~ W~
PN

Qan
3

Sympathetsc N S Shmulotion
Hypertension
Tachyearda
Hyperthermia

oo
w00 o
~ oo

Cerebral Symptoms
Excessive Flushing
Dizziness
Fatigue weakness
Syncope
Esxcessive Drowsiness
‘Tremulousness
Myalga
Ataxia
Parkinsonism
Vivid Dreams
Agtated Depressive Psychosis

NOCSooROMLmo
e N

-
L Sy

o Ny
(SN

AN~ Wi S ome
-

"
-

Other

Nasal Stuffiness 216 15

* We have seen 4 cases
1 Higher in our expernience

1 Author s senes
{From Zeller W W Graffagnino P N Cuflen C F and Restman

H J U e of chlorpromazine and re.erpine in the treatment of emotional
disorders T A M 4 160 179 1956
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NH,

CV,CH}:HCOOH Tryplophane

1 Hydroxylase + OH ot usolated

NH:
HOWCH,(EHCOOH 5 hydroxytrytophant

dunlmenlloenzymc
l Decarboxylase Py(n metalieds
NH,

WCH}ZH. +COs 5 kydroxytryptamsne (Serotonia)

Mm + fic senutive
mineondase + 0, Nonapeal ngym :
HO, g L 3 'd’

coenzyme
CH.COOH +NHi  § hydm)ymdule acetic aad (in
( unae

Fic 5 Metabolism of serotonin, modified from Sjoerdsma et at {51)

phane and ats decarboxylation (Fig 5) The hydroxylase
has not been discovered but the renal decarboxylase (71)
contans a pynidoxal metal complex as a coenzyme (72)
Uike many other amino acid decarboxylases. Serotomn 1s'
metabolized by monamine oxidase (Chapter IV) an en
Tyme Tequinng oxygen and sensitive_to_oxygen tension
Therefore tenal yschemia could allow the formation of
serotomin. by apaerobic dearbo'(_ylauon but prevent
deamination 1 situ diie to oxygen lack Serotorun would
then escape 1nto the blood and be deaminated erther T 10
the lungs or on artenal smooth muscle While 1t 15 doubt
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the action of serotonin on smooth muscle, they have not
been employed more than sporadically with httle effects

A mewer sedative, 2 methyl2 n propyl 1,3 propanediol
dicarbamate (meprobamate) apparently selectively blocks
nternenrons primanly on the thalamas and caudate nu
cleus (75) There 1s Little or no effect upon the autonomic
nervous system This drug should therefore prove a tool
for controlling anxiety sn mildly hypertensive patients and
thus esumating the role which nervous tension per s
plays i minor elevations of blood pressure

Comment None of these agents are more than mild
antthypertenstve drugs One or another may control mod
erate or mtermittent clevations of blood pressure, espe
cially when assocrated with emotional tenston, but they are
relatively valueless, except as adjuncts, in more severe cases
Obviously the sustaimung mechanism for severe hyperten
sion lies elsewhere than 1 the bran, although wmitizting
mechanisms may be there, 1n cerebral edema, however,
a large neurogenic influence may be exerted The most
potent and specifically acting drug can do no more than
bt the relatively munor role which the bramn con
tnbutes 10 the process of generalized vasospasm Even
after destruction of much of the bram by atherosclerotic
disease, to the pont of causing a vegetauve existence,
established hypertension may not disappear

Serotomn s ane of the newest agents discovered to be
mvolved 1n cerebral mterneurone transmussion Of great
interest 15 the fact that dus primary amine apparently has
a specific affimity for catereal pathways ta the posterior and
lateral hypothalamus (Too much could shmulate and
cause emotional tension 2 pormal amount interest, itz
uve and drive, while too little could result i mental de-
pressmn) Serotonin 15 found 1n quite prumitive manne
organisms, 1t s formed by the hydroxylation of trypto-



Neurogenic Effector Mechanums 87
Wi,

: CH.CHCOOH Tryptophane

l Hydrosylase + QH Not ysolated

NH,
HOW_CH,&HCOOH 5 hydroxytrylophane
Jdoxal metallornzyme
1 Decarboxylase Py(‘:uuab\r, oy
NH:
HO\O?CHJ:H, 4 COy 5 nydroxytryptamsne (Seratomn)
g dase + 01 N 1 sensitive to
o oy hk ‘probably with
HO

vanadn

um 23 toenzyme
WCH:COOH 4+NH; § hyd'o?indak atetse acd (in
urine;

Fir 5 Metabolism of serotomin modified from Sjoerdsma ef al (51}

phane and its decarboxylauon (Fig 5) The hydroxylase
has not been discovered but the renal decarbovylase (71)
contans 2 pyndoxal metal complex as a coenzyme (72)
like many other amino acid decarboxylases Serotomin 18
metabolized by monamne owudase (Chapter IV) an en
Iyme TeqITIng Oxygen afd senmtive to_ovygen tenision
Therefore renal 1scherma could allow the formation of
by anacrobic_decarboxylan

bu! prevent
deamination 1 situ due to oxygm lack Serotomn would

then escape 1mto the blood and be deamnated either ]
the funey or on attenal smmth muscle Whale 1t 13 doubt
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ful that serotomn 15 concerned directly 1 hypertension,
njections into hypertensive, but not normotensive am
mals and man are moderately pressor, and this mnteresting
substance 1n shghtly increased amounts could represcnt
an tbnormal metabolite causing Some symptoms and a
small portson of the vasaspasm

CARQOTID SINUS MECHANISMS

There 15 no good evidence that the carotid sinus mecha
nism 15 underactive 1 the usual case ot hypertension
Chrome sustained hypertension can be produced mn dogs
however, by ablation of the carotid sinus and aoruc de
pressor nerves (76) while this state 1s true  neurogeme
hypertension, after several years the renal lestons of ar
teniolar pephrosclerosis develop (7) In our experience, this
form of hypertension 15 not dependant solely upon
creased cardiac ourput as there 15 mntense peripheral vaso
constriction under anaesthesia (10) A chnical counterpart
may be suspected n patients with atherosclerotic narrow
ing of the mouths of the mnomnate and left common
caroud arteries That an appreciable degree of narrowing
1s uncommon may be suspected from the clinical obsena
wtans that symptoms of severe cerebral schema do not
usually follow reduction of elevated blood pressure to
normal that some degree of obstruction may occastonally
be found 15 suggested by the vague discomfort accompany
mg normotension seen 1m many atherosclerotic hyperten
sve mdwaduals { While hardening of the cargud sinus
wall and Jocal atherosclerotic nurrowing have been sug
gested (77) these lesions are unproien as canses of chronic
hypertension}

Speaific Drugs There 15 a group of drugs from plants
of the veratrum famly which do affect the caroud smus

jac ket
sensizing the pressor rereptors and thus increasing the
activity of the depressor mecharusm (78) Protoveratrine
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A and B are the most punified allalowds usnatly found
2 mixture and most difficult 10 separate They muggggﬂﬁ's
sion of blood pressure and bradyeardia nausea and vomit
fig iy esult Brom vagal sumulation (79) The pathuay
35 through the g\ossqphmmgcal nene to the vasomotor
center (78) When doses are adjusted properly intermuttent
normotenston can tesult from the careful use of protovera
trine and s impure derisatnes (80) Apparently tolerance
15 quick to appear and disappear 5o that sustamed normo-
tension will not result unless adjuncts operating on other
mechansms are used Whether or not thiy drag 15 a true
anuhypentensive agent afectng the base procest s
uncfear although the hemod
favorable (Table 11)

Baroceptor Changes McCubbin Green and Page (81)
nave tecently shown that the carotid sinus and aortic de
pressor mechamisms are set at a ugher level of pressure
ta fenal hypertensive dogs than in normotenste dogs
They propusc(\hc mgenioos theory that this hagher  set
ung wmantains the hypertension) esen when the inttatng
mechamsm (renaf 1schemia phéochromocytoma toxemia
of pregnancy) 1s removed Thus(renal hypertension slow ly
becomes neurogemc) buffer nerve hypertension as Ogden
has suspected 1n rats (82) 1f this were 50 10 man one would
expect that Jate chronic hypertenston would respond to
the wse of drngs or surgery acting on nenes better than
would early hypertension Chimeally the opposite holds
true therefore dus attracte hypothesss necessanly can
t human casey -

¢ ¥ 18 quite

be discarded as applying 2o mos

SYMPATHETIC NERVOUS MECHANISS
THROUGH GANGLIA
Al nenes alier
gence from the spinal
c{uﬂl P58 toush gangha In generaf sympathetic n}:'r\ei
GTM symapses in paravertebral gangha while parasympa
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TABLE II

CARDIOVASCULAR FFFECTS 0F PROTOVERATRING AND GANGLIONIC
BLOCKING AGFNTS 18 Man

Nermal Ivperlenstee
Gan
Epuneph  Norepineph  Proto- Tiomse
rine nne Lerafnne Bgochde
Cardeac
Heart Rate + - - -
Stroke Volume + + + -
Cardiac Output + [} 0 -
Coronary Blood Flow + 4 ? ?
Blood Pressare
Systolic Arterial + + - -
Mean Artenal + + - -
Duastolic Artenal -~ + - -
Mean Pulmonary + + ? -
Pesspheral Crreulation
Total Peripheral Resistance - + - -
Cerebral Blood Flow + 0 0 a
Muscle Blood Flow + 0~ + +
Cutaneous Blood Flow - + 7 +
Renal Blood Flow - - o -
Splanchnic Blood Flow + o 7 -

* Transient

thetic nerves end n gangha at more penpheral (organ)
areas The adrenal medulla receives preganghonic fibres
which cause discharges of eptnephritte 2 sympatheric effec
tor substance, nto the crculattion therefore it may be
cansidered 2 ganglion i the broadest sease of the term

The chermical mediior of ganghonsc transmussion 1s 2
quaternry ammomum compound acetyl clioline Whether
or not other compounds containing tetracovalent nitrogen
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of choltne esters Can act as transmitters 15 not Lnown Ace-
tyl cholme (or 1ts dersvatives) apparently 1s essential for
synaptic transmussion 1 all gangha both sympatheuc
and parasympathetic. Nicotine 1m0 small doses 15 a stmu
lant.

The ganghion 1self governs the ntegmty of the post
ganghonic fibres much as the spmal nucler control the
integrity of ther neurons. Removal of a ganglion s
probably followed by degeneratson of the merve after 2
few days sensivity of the nerve ending to arculating
vasoconstnictor substances develops Therefore in order
1o perform an adequate sympathectomy preganghomic
fibres must be cut

Speafic Drugs Chemical ganghonic blocking agents
usually contamt quaternaty ammomum stabilized tetra
covalent pitrogen competing with acetyl choline or other
more labile nutrogenous substances Numbers of such com
pounds exast The sunplest one of the group 13 tetracthyl
ammonwum lon known for many years as a vasodilatng
drug of short action  Longer action 1s achieved by length
ening the carbon chain and doubling the nitrogen group
0

i 1

(s p hexamethonium) or by
adding cumbersome ring structures (pentolnum. chlorss
ondamyne) AU act in a ssmilar manmer dffering only 1n
duration of action and degree of gastromtesunal absorp-
ton A new blocking agent mecamylamine (Imversine

differs conuiderably 1 structure bemng a complex spatial
molecule with trivalent mirogen as a secondary amune It
l:las the advantage of virtually complete absarption from

e gastrointestinal tract (83) Comnaraty
T T g ) (83) parative doses are shown

Since acetyl choline also mediates DETve transmission to
striated muscle may appear strange that curanform
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paralysis does not Tesult from ganglionic blocking agents
Some anatomucal or chemical differences between gangha
and motor end plates undoubtedly exsst, for hexame

{CaH N+ (HCHWN(CH)NHCH,)s
Tetrsethyl Ammonium (TEA) Pentamethomum ()
CH,
. |
DN HCH:2)pt NG mN ¥ CHCHINHCH),
éH; AH:
Pentolintum Chlotisondamine

(H,C)y* N(CB)NHCH)
Hexamethonmm (C)
NHCH; CH,
HC CH,
H —oCHr-éH

Ha Ha
Mecamylamine

]

N
OCH r‘i(/ N—~C H./\;/\

.
CieCH Ot CHi— Gy
inr-ch \so,-cn,-—l q
b

Trmethaphan Camphor Sulfonate

Fic 6 Structural formulae of tons of some ganghomic blocking
agents The salts are not shown The last known as Arfonad 19 only
wsed ntravenously Note the quaternaty or tetracovalent mtmgcr;
groups which ate the active ones and the camphane structure ©!
those with tnvalent mitrogen
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4 Mechamisms of Hypertennion

thomum 10n 1 large doses can exhibt curare hike actions
Lengthening of the carbon cham to 10 atoms results in a
curariform drug, decamethomum curire 1self contans
tetracovalent mitrogen, and succnyl choline has a simular
action (84) The longer the cham from 5 to 10 carbon
atoms, the greater 15 the paralynic effect

The cardiovascular effects of gangliome blochade are
summanzed i Table Il Thus, ganghionic blochade white
lowersng blood pressure, does not act primanly upon all
of the functions disturbed 1n hypertension Furthermore,
sympathetic nervous mwhbition at the gnghome level
15 also assoctated with parasympathetic nervous inhbinon
Renal and splanchnuc blood flow are altered m the wrong
direction Continuation of these disturbances could cause
seriolis consequences, were it not for some unknown re
adjustments which take place wathan the orgamsm counter
acting the changes While the effects of these agents in
oppostng the hypertensive process are real and offer evs
dence for the role of the sympathetic nervous system 1
pathogenesis, they are not all to be desired Presumably
they differ from the effects of surgical sympathectomy The
subject of the specificity of these drugs on the basic proc
esses concerned 1Mt vasospasm is open and arguments pro
and con the question of whether or not the observed
effects are truly anuhypertensive have vahdity on both

sides

SYMPATHETIC NERVE ENDINGS
The ¢h 1 effector sub e of the sympathetic
nerves 1s norepmephnne On sumulation of a nerve, this
primary amine 15 released at the junction of nerve and
organ or smooth muscle fibre Infusion of norepmephnine
mtravenously mumics the cardiovascular profile seen mn
sustained artenal hypestension (Table II) and a similar
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"pcture 15 caused by noreptuephine secreling Phwd‘m;,
mocytomata Therefore the neurogenic component o
hypertension can be considered to be mediated by thas
substanre '

Norepimephnine 1 detined exther from dihydrocyphengl
senne by decathoxylaven or from tyramine by hydroxy
lation of the benzene mng and the f<atbon The first
appeans the most facile method for the nene ending to
make this substance sapdly It wmactivated enther through
contugation through owidation of the amine nitrogen by
monamine owidase or by rearrangement of xts molecule
to form an ndole nucleus through owudation by poly
phenolovidase a copper enzyme

The 1deal agent for counteracng norepinephune has
not been found There are a number of sympatholyuc
drugs whnch bt 11¢ acuon on herve endings and which
are effectine for short or longer periods m expenmental
ammals We list them only 28 directions for research
These may be grouped roughly as dernatves of benzyla
mane of phenethylamune of ergot of benzodioxane and
of imdazole (Table 1V see page 48) All contain tertiary
subststuted nitrogen

Densauves of Beorylamme Dibenamine a complex
structute remotely Telated o novepinephnne forms ught
onds at sympathetic nerve endings presenting the action
of this constrictor substance probably by competitiy e 1
hibion The acuon 1s prolonged for many hours It 1s
moderately effective by mouth much more so yntra
venously There are many side effects 1n man especially
c§ the bramn Dibenamine and ys relauves are the most
efiective sympatholytic agents known at. present but therr
vafue 1 hypertension remains to he proven
d‘l’:;‘l‘::‘::;i Pl:;“'—‘vhmme We kad an opportunity

8 P Of primaty amunes 1 tats for sympath
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olytic qualities, some of which were given mntravenously
in man
Those bloching norepmephrine mn the rat had the fol

lowing formulae
E(CHJ): CHLHC
HO CHCH, NCHy
HO@ é; : é ’Q
H gg CH CHCH,
ShF 1298 A SKF 669 C
/CH,
N
CH.0 K} CH,
Gl e
Mer 11
NH;
HO CH(EH:
HO'
H

Norepinephrine
The mitrogen 1n these compounds was completely substt
tuted all being ternary amunes There was, howeier no
consistency 1n the results for the following gave no block
ng action

EIHC.Hv
HO, CHCH:
HOQA '
H
SKF 690 A
NH: CH, N(CH):
[!: VN
HODCH HCH, B CH—CHCHCH:CHy
H Ha Hs
SKF 1222
cH,

51143
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NG
HO, CHCH,
HO " Nty
CHO, CHCH;
SKF 1297 A CHO "
NCH):
Ho, CCH, SKF 1217 A
BO 1
SKF 129 A
E(C:H-):
HO, CCH,
e
SKF 1300-A
Renal hype dogs responded by a lower distol

pressure only when ShF 1208-A was gwen ¢ ShF 690 A
was a powerful epmephrine Iile substance i man causing
vasodilatation and an increased cardiac output with fall
i dustohic pressure SKF 1298-A caused symptoms sug
gestine of cholinerge sumulation two others were with
out effect

The expenments of Furchgott are of interest Using
the spirally cut rabbat s 2o1ta as A source of smooth muscle
he was able to show on this simple system how certain
agents such as dibenamine block all constrictor amines
others biock some and others block only a few (85) There
fore 1t ety that very speaific agents can be found which

wiil pick out one primary amne and not others for 1n
hubition

Morie of these substances specifieally drpressed elevated blood pressure
1 the anaesthetized yemal hypertenuve rat without affecting normotensive
Tats.
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Dervatives of Ergot The dibjdrogenated ergot atka
\ouds have the ability of blocking adrenergic impulses but
thetr action 1s greater on epm:phrme than on nor:pm:ph
mne Toxic effects lumt the tolerable dose so that use
£} blockade 35 rarely produced “They must be gven sub-
lingually or parcmcrally their effects 1 hypertension
vary but are usually inconsistent.

Denvatives of Imdazole Tolmolne (Pricolne) and
Phentolamme (Regtine) are two short acung moderately
effective adrenergic blocking agents contamming both
benzene and wmdazole nngs Phentolamine while oppos
ng the actions of both epinephrine and pnephrme 13
useful for the most part only as a test substance for ar
culating catechol amines It usually causes a transient fall
of blood pressure in hypertensive patients suggesting that
some sympathetic tone 1s present in azotemsa the effect
may be prolonged and profound Cardiac stmulation 1s
the rule Tolazoline 15 readily absorbed and excreted un
changed 1n the unine phentolamine 15 apparently metabo-
Ized up to 90 per cent of the dose The short duravions
otaction limt thewr use

The Benzod Piperoxan (Benodaine) and pro-
sympal first synthesized by Fourneau act transiently usu
ally by vasoconstricuon They do eppose however the
acuonof ep babl P mhtbigon
norepephrne 1s blocked only by tove doses Side effects

are many especially smooth muscle sumulaton and [imit
thewr use except in epmephnine producing pheoch
Cytomas

hrine

Comment Al of the known adren
ergic blocking agents
£l to block. cardiac aceelerator mechanisms tad%)csrdna
azd thcrease n cardiac output of reflex ongin humt thewr
chmical uses In all cases blockade of injected or circulating
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Vasoconstrictor amines 1s greater than is the blockade of
nerve impulses, dibenamine has less differential activity
m this respect The ideal agent for chemical sympathec
tomy 15 one which prolongedly blocks norepinephrine at
all vascular nervous endings including especially those n
the heart Thus agent has not been found, if 1t can be 1t
should prove the best agent for controlhing the neurogense
factor mn human hypertension
Other Lffector Substances Wihile the role of other
sympathomimenc asunes i hypertensson 1s fot estab-
hished they are probably present n escessve amounts and
may contnibute to symptoms 1f not to vasospasm Decar
boxylation of amino acids by hidney 1s an anaerobic proc
ess (86, 87) winle deamination 15 an aerobic one (88} the
enzymes monamne oxidase and possibly diamine ovidase
being sensitive 1o oxygen lack (89) Under these condttions
any amno acid decarboxylated by the hidney could form
amnes by partial interrupted metabolism, altering the
locus of deamnation from lidney to peripheral smooth
muscle or Iner The level of primary amines i hyperten
sne blood 15 usually hugh (4 96, 91) Tins error of metab-
ohism will be discussed at length in Chapter IV

CLINICAL IMPLICATIONS

In the absence of a good speafic adrenergic blocking
agent which also blocks the cardsac svmpathetics we are
forced 10 nse combinanons of drugs depend upon gang
hiome blochade or affect the carotid sinus mechamsm
Combinations of adrenergic blocking agents such as dt
benamine denvatives and protoveratrine have been ad
vocated the former to block nerve endings and the atter
to slow the heirt In fact one such preparation also con
tans veserpwe, which tends to cause bradycardia Such
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pousse café combinations are to be avoided daili“ d;’“g‘
gue reactions and side effects and 1t would be difficult to
assess the vomiung nduced by dibenamine and that by
protoveratrine in such a mrxture

The toue or side reactions of reserpe and chlor
promanne hate been gunen Table I The most senous
late tovic reactions of veserpine are those of agitated de-
pressne psychosts which are often accompamed by suadal
tendencies and may lead therefore to death Of chlorpro-
manne there are hepatic disease and granulocytopema
some 17 deaths have resubted {92) Chromic administration
of any drug given 1o control not cuse a chrome disease
may back fire Furthermore n severe hypertension the
use of mild drugs is potentially dangerons gving the phyn
cran a sense of secumty while the disease continues re-
Tentlessly on its ravaging course

There are no known late toxic reactions to protovera
tne Immediate ude effects aye those attnbutable to vagal
sumufation 1€ nausea and vomiting The rapid develop-
ment of partial tolerance 1n a few hours with restoration
of sensivity after a few houts rest 15 unexplamed

Ganglionic blocking agents show many side effects most
of them the result of parasympatholysis or sympatholysis
(Table V) Only two senious ones of thas nature hase been
encountered The first occurs when partial often asympto-
matic obstrucuon to 2 hollow organ has been present

Complete obstruction may result The second 15 concerned
with the mode of excretion Ahbsorbed blocking agents are
exreted mn the unine If severe renal disease 15 Present
ﬁt:‘g;:,;‘; b:)?:n'r’sa:ct :ﬁd c;lnsc hypotension and anunia as

ypotension and anuna persist
m"ro set ch pharmacologic thef to catch anather pharma
ogic offender 14 undesirable 1 modern chemotherapy
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but sometumes 1t becomes necessary The achaty of cho-
hnergic drugs 15 enhanced when gnngha are blocked, thus,
urecholine 1nd prosugmine provide useful tools 1n abating
umrwanted parasympatholysis (98) Likewise norepimephrme
mfusions combat the hypotension quute effectrvely

TABLE V
Sior Errects oF GanoLionic BLOCKADE
Carotd Sinus Reflex Decreased
Cardioaccelermtor nerves Bloched
Cardiovascular reflexes {cold pres or etc]  Bloched
Venous pressure Decreased
Eye~~Pupil Fiyed 1n mud position
~—~Accommodation Fived at noewnal testiag porat
Ptosis Stight or absent
Ear~Eustachian Tube Paralyzed?
Sahivary secretion Deerea ed
Gastnc yuice acdity and volume Decreased
Gastromtestinal motylsty Decreased
Gastrie tone Pecreased
Colonic tone Decreased
Defecatory Reflex Decreased
Uninary Bladder tone Decreased
Sweating Decreased
Sexual potency {male) Tahibated
R, to injected h I d
Response to injected cholinergie deugs Increased

Mecamylimune ntovication occurs In azotemc mngds
viduals and m others with poor renal function It 1s chat
actenized by gross, generalized coarse muscle tremor, 1
creased with actinty, disappeaning with sleep, by nervous
tension and sometimes by visual hallucinations The state
tesembles delirrum tremens The flapping tremaor, which
molves all voluntary muscles 1 advanced stages, 15 not
associated with cog wheel ngidity and only moderate hy
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perrefiea 15 found The tremor usually remans far many
days after discontinuaton of the offending drug even as
Jong as two weehs Severe hyperpyrexia without infection
leading to death was observed once Dutanun may parly
amelorate the candition It 1s probable that this secondary
amme of a camphor nature affects the central nervous
system  camphor 1self 1 convulsant and high doses of
mecamylamine cause gross tremors 1 dogs We have ob-
served fine tremors lly when h h
wasused Meprobarmate can cause Jeucopenia

Ganglomic blockade disease occuts 1 poorly treated
malignant hypertension (93 9% 5) 1t 1s chanacterized by
excessne tachypriea worsened n the suung or standing
position ciffuse or patchy roentgenologic changes in the
lungs with few physical signs and intersuitial pulmonary
fibross at autopsy Almost all cases hase exhibited azo-
terma (5) the microscopie Sndings are ndistingwshable
from utemic pneumonitis  One patient Tecovered akter
theuseof cortisone the remander died

All of the anthypertensie agents with powerful ac
tons ean induce cardiovascular actidents due to the na
ture of the arteral disease (atheroscleross) often en
£ountered and too sudden alteration of hemodynammes
Astenial thrombosss 15 the most sertous although 1t 13 rare
Such reactions are not true side effects of the drugs them

selves but are wherent davgers i therr averenthusiastse
and careless use

1h

Summary Because drugs acting specafically on the anto-
TOMIC BeTLous system may affect the elevated b

lood pres-
2:: bm humarn thmmsxon we may astume thay Sxere
LE c
P Lo
o e 2 e - Compone N some cases

hs < A\&; P y A sympathetic
ough the sdeal counteracting agent 1s not aval
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able, certain tools can be used with varying results on the
course of the pnimary disorder All have side effects and
most, late toxic reactions, which usually do not preclude
therr use provided careful attention 1s paid to the patient
and his personal reactions



Chapter IV

NEPHROGENIC EFFECTOR MECHANISMS

EVIDENCE FOR EXISTENCE OF OTHER
EFFECTOR MECHANISMS

o Trvss point we have snferred that mechanwms other
Tman nenrogeme account for much of the generalized
vasospasta seen 1o severe hypertensive states Although
therr natures are smperfectly understood there 1 sufficient
expenmental and chimcal data 10 warsant careful exammna
uon of several hypotheses which fit or do not fit the facts

Most of the evidence for the eustence of effector mech
anisms other than neurogemc comes from expenmenta
hypertension and from the wide vanations mn the acute o
prolonged effects of drugs acting on sympathetic nenes
To nke up the phammacologic evidence the followmn
climeal observations are pertinent

3 Early and muld hypertension responds well to ssimp)

measures and milder acting sympatholyuc drugs sever
hypertension hittle or notatall

2 Extensive surgical sympath y either lumbodo
sal of subtotal sull Yeaves a sizeable proporuon of patien
as hypertensive as before relieves a fair number con
pletely with the remamnder mproved to vanable degree

3 Full therapeunc doses of ganghome blocking agen
Ot protoveratnine cause mtermittent or sustamed norm
tension i a few cases a madsfied response m many at
no appreciable effects {other than postural ones) n ¢
more severe forms of hypertension
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1ble, certamn tools can be used with varying results on the
course of the primary disorder All have side effects and
most, late toxic reactions, which usually do not preclude
their use provided careful attention 1s paid to the patent
and his personal reactions



Chapter IV

NEPHROGENIC EFFECYOR MECHANISMS

EVIDENCE FOR EXISTENCE Of OTHER
EFFECTOR. MECHANISMS

o Tints pownt we have nfersed that mechanisms other
Tthan neurogenic account for much of the generalized
+2505p3sm se¢n 10 severe hypertensie states Although
therr natures are imperfectly understood, there 15 sufficient
expenmental and clinical data to warrant careful examina
tion of several hypotheses which fit or do not fit the facts

Most of the evidence for the existence of effector mech
amsms other than neurogemc comes from expenmental
hypertension and from the wide variations 1n the acute or
prolonged effects of drugs acung on sympathetsc nerves
To take up the pharmacologic evidence the following
chcal observations are perunent

1 Early and mild hypertension responds well to sumple

measutes and mlder acting sympatholytic drugs severe
hypertension little or not at all

2 Extensive surgical sy tomy either lumbod
sal or subtotal snill leaves a sizeable proportion of patients
as hypertensive as before relieves a fair number com
pletely with the remander smproved to vanable degrees

3 Full therapeutic doses of ganglionic blocking agents
OF protoveratrine cause intermittent or sustained horme-
tension 1n a few cases 2 modified Tesponse 1n many and
no appreciable effects (other than postural ones) in the
more severe forms of hypertension
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NEPHROGENIC EFFECTOR MECHANISMS

EVIDENCE ¥OR EXISTENCE OF OTHER
TXFECTOR MECHANISMS

o mus potnt we have mferred that mechanisms other
than neurogemc account for much of the gencra'lllfd

vasospasm seell in SEVETE hypertensive states Although
ther natures are imperfectly understood there s sufficient
expenmental and clinical data to warrant careful examina
ton of several hypotheses which fit or do not fit the facts

Most of the evidence for the exustence of effector mech
anssms other than neurogemc comes from expenmental
hypertension and from the wide varjiations in the acute or
prolonged effects of drugs acting on sympathetic nerves
To wle up the pharmacologic evidence the following
chimical obsersations are pertinent

1 Early and mld hypertension responds well to simple
measures and milder acting sympatholyuic drugs severe
fypertension hittle or notatall

2 Extensive surgical sympathectomy erther lumbodor
sl or subtotal stall leaves a sizeable proportion of pauents
2 hypertensive as before yeheves a fair number com
pletely with the vernamder improved to vanable degrees

3 Full therapeutic doses of ganghionic blocking agents
OF pratoveratrine Cause Mmterfattent or sustamed normo-
tension tn a few cases a modified response 1n many and
o appreciable efiects (other than postural ones) in the
mare severe forms of hypertension
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4 Injection of tetra ethyl ammomum 1on causes tran
sient falls of blood pressure to a floor, this level bemg
low m milder cases and rising as the disease progresses
mto severe stages Only 1n cerebral edema does the floor
fall (95)

5 Injectsons of hexamethonum ton 0 full doses cause
variable responses the estimate of the neurogeme com
ponent affected by the drug ranging from 100 to 15 per
cent of the total elevatian of blood pressure above normal
The less the fall after hexamethonium 1on, the higher 1s
the final blood pressure There 15 a reciprocal relationshup
between neurogenic and humoral factors in mamtamn
g the blood pressure hagh (53) (see Table XIX, p 110)

THE NATURE OF THE OTHER MECHANISMS

Two processes can be hypothecated to esplain these
findings

1 The artenes and arterioles become so sclerotic that a
mechanical mncrease mn peripheral resistance accounts for
the sustained hypertension in the absence of neuragemc
mechamsms This explanation 1s mncompatible with the
anatomic and pharmacologic facts While hypertension
causes vascular lestons, they vary in intensity and degree
throughour the body Only late hypertension 1 associated
with these lesions Reduction in blood pressure of a degree
sufficient to canse local 1schemia in areas of severe vas
cular disease usually can be accomplished without such
schemic mamfestations

2 The arteries and artertoles are m a state of spasm
which 18 not medhated through nervous mechamsms This
15 the only tenable hypothesis If so several causes of the
spasm must be examined

a) Some organ 1s forming and discharging mto the ar
culation abnormal substances, which either are strong
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\asoconstrictors themselses or wlich inhibit the destnic
tion of normally cireulating pressor substances

b) Some organ 1s Aot destrojing ©1 excreung pressar
cubstances normolly present, o hat they accumulate to
form anew homeostauc level
¥ ¢ Somie Orgam 1s seautzng the blood vessels to normally
arculating pressor substances

d) For some Teason the artenal and artenolar walls

become thereby z penpheral re-
sistance.,

Probably all of these mechamsms can operate under
different chinical arcumstances
The vast expenmental and large chimcal expenence
with hypertension 1nduced by tenal 1schemua focuses at
tention upan the {kudney as a mediating mechamsm for
that compy of efevated artenal pressure whichiis not
neurogenic 1 ongin} The posterior pitwtary howeser
{ forms a pressor substance and the adrenal cortex can
 Semsitize blood vessels to vasoconstriction therefore en
{ docnne mechamsms must also be considered (Chapter V)

In thas section we are concerned however with nephro-
genic miechanisms

First the effects of sy

patk neryous ges upon
the renal circulation must be examined Both emotional
tension and catechol 3s¢ Setion

ol amines canse yenal vaséconstriction
bolished 1 the case of the former by sympathectomy
Cunously enough norepmnephrine constnicts 1n so far as
18 Xnown only the renal arculation to a greater extent
than other vascular beds The hemodynamic profile 1s

sunilar to that seen 1 hypertension with efferent arterso-
lar constniction being d

E hrine d
the same renal profile Therefore increased new
sympathetic tone can cause relatié tenal lsch:tmaD but
\schemia of no otherknownorgan ’
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4 Injection of tetra ethyl ammontum ton causes tran
sient falls of blood pressure to a floor, this level being
low n mulder cases and nsing as the disease progresses
nto severe stages Only i cerebral edema does the floor
fall (95)

5 Injections of hexamethonium 1on in full doses cause
vanable responses the estimate of the neurogimic com
ponent affected by the drug ranging from 100 to 15 per
cent of the total elevation of blood pressure aboye normal
The less the fall after hexamethomum 1on, the hgher 15
the final blood pressure There 15 a reciprocal relationship
between neurogemic and ‘ humoral factors i maimtain
ing the blood pressure high (53) (see Table XIx, p 110)

THE NATURE OF THE OTHER MECHANISMS

Two processes can be hypothecated to explam these
findings

1 The arterres and artenioles become so sclerotic that 2
mechanical increase in peripheral resistance accounts for
the sustained hypertension m the absence of nenrogemc
mechamsms This explanation 1s incompatible with the
anatomic and pharmacologic facts While hypertension
causes vascular lesions they vary in mtensity and degree
throughout the body Only late hypertension 1s assoctated
with these lesions Reduction 1n blood pressure of a degree
sufficient to cause local ischemua in areas of severe vas
cular disease usually can be accomphished without such
1schernic manifestations

2 The arteries and artenoles are mn a state of spasm
which 15 not mediated through nervous mechamsms Thts
1s the only tenable hypothesis If so several causes of the
spasm must be exarmned

a) Some organ 1s forming and discharging into the or
culation abnormal substances which either are strong
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4 No remmn ot angiotomn cn be foand after several
weeks of hypertension although the enzyme 1s present at
first. VEM m blood however increases with time to

teau (103
phs a’[l&e u)‘qgen consumption of the lidney may be
reduced (104)

In kidneys Temoved from hypertensive vats and dogs
the following enzy 1 have been demon
strated

1 Amino aad oxidation 1s reduced (304 105) suggest
mg a general inhubinon of oxidative enzymes

2 Transamimation 15 reduced in the presence of ade
quate pyndotal phosphate {104) suggesting a deplenon
from renal issue of apoiTansaminase

% Deasunation of amines 1s reduced (101) suggesting
depletton of monamine oxadase

4 Sucamc dehydrogenase and possibly cytochrome
ovdase are reduced (105) Al of these enzymatic altera
tions can be explained by loss of renal tissue consequent
to prolonged 1schemia

In man the following changes have heen measured

I Renal oxygen consumption 15 usually reduced (10§
107} tefiecting the 1schema

2 The unne 15 usually acid (108) reflecting perhaps
the acidity of the cortex 1n ischemsa

> Theresa tendency for renal loss of sodium and some
chlonde (103 110 4) cauted w the case of sodwm pos
sibly by the acidity producing loss of base

4 The ratio of ammonna to utrable and 15 lower than
normal anfluencing possibly
of hypertensie kidneys {3 1)

the sodium losing tendency

5 Prumary amnes 1 antenal blood are usually elevated
{90 81 112} a resule perhaps of msuficient deamimation
from oxygen Yack

Removal of one ischemic kidney before hypertension
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Second, what metabohc abnormahities are present m
renal ischerma? This subject 1s ittle understood and altera
tons little measured We know of some functional changes
in expertmental ammmals Certamn unnary abnormahties
occur, reflecting what appear to be minor renal derange
ments The cause 1s reduced blood flow, but whether 1t 15
mediated through oxygen lack or through some other
mechanism concerned with flow remains to be discovered
In anaesthetized experimental animals the following occur
after acute mechanical constriction of a renal artery

1 Corncal oxygen tension falls only to rise again with
out changing the constriction (96) suggesting wintrarenal
vasodilatation

2 The same changes 1 blood flow take place At this
pomt the renal vascular bed becomes sensitive to mjected
epmephrine (97)

3 The cortex becomes acid (96)

4 Remin the renal proteolytic enzyme 1s released mnto
renal venous blood where 1t reacts with a globulin to
form hypertensin or angiotonin a constrictor peptide (99)
Lakewse, a vaso excitor material (VEM) appears mn blood
(100) Angiotomin produced by the 1schemic hdney, can
constrict the vessels of the kidney malung it more
1schemic (101)

& After several hours blood pressure may rise m the
expenimental ammal (97), probably dve to the release of
remn and/or pressor amines

In the dog made hypertensive by partial constriction of
a renal artery the following changes have been seen

1 Renal blood flow may be unchanged or decreased
{102), but all of the mcreased resistance s not provided by
the mechanieal clamp there 15 a component of wntrarenal
vasoconstriction as well be 1t neurogenic or humoral (9}

v e botresrnvy 1 T than narrmal /7GR
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s 1 more than 3n academuc pamnt 1f hypcrl:nsm;\
were the tesult of chrone miubion of a Tenal cnzymm
removal of the enzyme of semoval of the fadneys v.o:
accomphish the same result, The next queston 1 whether
a precursot 1s altered by wschemc ladney 100 2 pressor
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Fig 7 Azotemic hypertennion with reversal when azotemia regressed
Pajient was a 49 jear-old woman with abdamunal fymphosascoma
which bad imvolved both ureters crusng bidateral hydronephrons It
%as tmpossible to paw a uretheal catheter through the left Radio-
therapy was institated, sesulung m 2 sbnrkage of e qumor 2 e
tum of xemal funcuon toward normal and 2 £ of blood pressure
Seeanonally 10 hyporensne evels

substance or whether normat kidvey mactisates 2 pressor
substance foynd normally 1n blood This question cannot
be answercd except by reference to the hyp:rumsum
easting 10 the presence of one 1chenuc and one normal
ladoey The hypotheses of best fit include bad processes

fetention  hypertension developing with afoterma and
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has persisted for Jong often reheves the elevated blood
pressute Such experuments suggests that the ischemic lig
ney was mahing something new, a pressor substance At
this pomnt there are two apparently drametncally opposing
viewpomnts  Groliman's expenments show that totally
nephrectomized dogs develop chronic Bypertenston when
mamtained by peritoneal dialysis or the artificial kadney
He thercfore believes that healthy kidneys are necessary
to mamntain normotension (118) In other words the Jud
ney destroys normally circulating pressor substances, and
on its removal (or mn fschemc states) these substances
arising elsewhere accumulate The other viewpoint 1 that
the 1schermic hidney makes pressor substances not normally
present from precursors adding something new These
tWo opposing theomies can be resolved by moyving to 2
more fundamental Jevel

The hdneys can make vasoactive amunes from the
proper amiino acids Perhaps by decarbovylation, without
deamnation vasoactne peptides can be formed Ob
viously nephrectomized dogs cannot make these sub-
stances In azoterma or mn the absence of the hidneys how
ever, vasoactive amines are probably formed elsewhere
and remuned The humaral substances produced by renal
ischenyt and those accumulating i the absence of the
ladneys are diffcrent although both are pressor The
latter are mamly catechol amines for increased quantities
have been found m uremic blood and heart muscle
urinary concentrations are fow and regitine and benzo-
dioxane lower elevated blood pressure (as it pheachromo-
cytoma) (38) A clinical counterpart 1s seen s cases of
azotermc hypertension where the blood pressure rises
only with the blood nonprotem and fills when azotemia
15 reheved (g 7) Prostauc obstruction s the most com

mon example
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TABLE VI
0
Asnvo Acps CapARLE OF FORMING URIVARY AMNONIA

(Dog and Ral)
Renat e e et
Amino Renab Renad Renal
Amino dosd Acd  Drammate Decar Amine
Ondase Present boysdate  Dxsdase
Present

Present Praent
e
Glyane +
‘L-Alanine +
L-Lenoine
L Cysenr

4+
+
L. Methwmae ?

~nt O

L-Aspartic Aad ?
L Asparagine

L-Glutamine

Lisudine

?

-

+ +
Orrygen saquured for
&

¢ + ° ° +
No ammonsa [ormed by glutamic acid lysine of atpinine

After Mawster (132)

or diamne oxidase which also acts on other diamines such

a5 cadavenine The Temainder are oxidized by monamine
oadase

Both of these ate found widespread througt
wany nssues. The liver 15 2 5ich source Smooth muscle
and gut contam them Thew ubiquitons nature 18 all out
of proportion to ther known metabohe Functians

The mowt wnteresung aspect of monamune oxidate 1
eference to Tenal 1schemna 1s azs sensstivity to oxygen lack
{Fig 8) Small decrements of oxygen tension mhibat
enzymanc acuvity considenably which 1s fiot always the
ase for Sther oxdases (89) If this relationshup holds 1n
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production hypertension of the ordinary renal or ‘es

sential vanety

How are these often subtle changes made? What are the
enzyme systems concerned? Very little 1s known, but
speculation 1s rewarding

The Ammne Oxidase Theory The hadney 1s an organ
of hugh metabolic actiity with one of the largest oxygen
consumptions and blcod flows of any 1 the body Filtra
tion 1s 2 passive process, tubular transport usually an
active one The Jadney males some ammotua from gin
tamine, thereby providing a bise conserving mechansm
Other ammo acids undoubted!ly contnbute therr nitrogen
groups as well, probably by transamination or deammna
tton * There are many enzymes 1n kidney Of them, de
carboxylases of certam amino acids have been described of
tyrosine, lustidine, dihydroxyphenylalanme (DOPA), tryp-
taphane leucine and 5 hydroxytryptophane Decarboxyla
tion 1s an amaerobic process lberating carbon diovide
from the amuno acid and leaving the wmine residue

We do not know for certain that aming actd metabohism
takes place 1n the Mdney primanly through decarbosyla
tion {Table VI) The enzymes are found howeter, and
presumably must act If they do, they can provide bicar
bonate for mbuolar transport Interestingly enough most
known decarboxylases are pyridoxal enzymes

The amme residues of these amno acids are the vaso
active substances tyramusie histamme, dihydroxyphenyl
ethylamine, tryptimine 1oamylamine and serotomn
Histammne 1s deaminated by a special enzyme histaminase

® There 13 httle or no Lammmo aod ovidase wm mammalan hdney

Glyane axidase 15 found but for other amino aads to donate ammonta
to form gl or the two phase reac

1 and then oxsdatse by mona

requires either
tion b Y
mmne oxadase
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that passed would be distnbuted to all sascular organs and
ussues including bran splanchme bed and liver In so
domg they would be expected to show 1) vasoactivity
before being deaminated and 2) some stimulatory or de
pressant actions on cerebral metabolism }

Pactena 1n the colon have the proper decarboxylatng
enzymes for these amno aaids and for several others The
resultant ammes should theoretically act on the vascular
system and brain 1 2 sumilar manner 3f absorbed That
they do nat usually so act can be explained by their de-
srucuon by amime oxadase 1n ntesunal wall and i hives
For 1t 15 well known that prumary amunes and even ept
nephrine can be ingested 1n large quantities without sys-
temic effects adding one or more maethyl groups to thesr
side chains as 1n amphetamine or ephedrine however pre
vents oxidation by hepate and ntesunal amine oxidase
allowing the drug to pass unchanged through liser and
act on bramn or blood vessels No orally active amine vaso-
constricting agent lacks this side chain It 1s possible how
ever that when bacterial flora are selectively anhibited by

bioties products of 1 putrefaction can be ab
sorbed 1nto the circulation from the lower colon and cause
ptoras especially when the liver 15 damaged
ZnThc fact that extracts of artenal hypertensive blood
vally contatn more prnimary amines than those of nor
matensive blood {90 91) and that certain new or abaormal
amunes appear in some hypertensive unine (114 115) lends
Suppors (o the idex that renal amine oxidase 15 mhibited
In most caes of severe Kyperiension Presumably other
wenal wschemie states sch as shock and congestve heart
fadure would be associated with the same metabohe
abnormality

This attractise theory

s xecewved consides

first propounded by Holez (G0
rable attention from our group
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the hiving ammal, we may readily concesve of the con
sequences of renal ovygen lack

The amno acids decarboxylated by hadney would con
tinue to be so metabolized Owxdation of the amine res

™
T

Relative rate of oxsdatson

6 W60 100
o{) O’

Fic 8 Relause rate of oxidation as a function of oxygen 1ension
Dotted oirces are for tyramine or monamme ovidase solid for xan
thine owidase A reduction in axygen tension of 50 per cent reduces
the acuvity of the enzyme by about 50 per cent. Thus monzmine
oxidase as apposed to xanthine oxidase 15 extremely sensiive 10
ovygen lack (From hohn H I Tymmine ondase Biockem 7

221693 1937)

sdues would be diminished i proportion to the oxygen
Jach Presumably these amines would reenter the arcula
tion through the renal vewn and be deaminated by mo
namine oxidase at ather sites where there 15 adequate 0ty
gen Tust, the lung would tahe some of them out, those
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amines {which 15 theoretrcally possible) a minor Vicious
arde could be 1ndnced ‘The result wowld be manor de
grees of fluctuating neurogenic hypertension and many of
the symptoms of the neurogenic hyperensise state
. Since we are concerned primarily with the Lilling factor
n hypertension and not with mild neurogenic vasospasuc
states 1t 35 well to exatne the properues of this enzyme
system further There ate two which are of help 1 1m
plicating 2 dusturbance of amine oxidation Furst of all
amine oxidase acts on hypertensin or angiotonin (4 112)
This pressor amne 13 2 complex polypeptide {119)
Serond the enzyme acts on pherentasin This pressor
amne 18 probably a polypepude (120) If the enzyme can
act on terminal ammes of peptides 1t 15 possible that the
formation of such peptidic ammes orcurs through decar
bovylaton and destraction by terminal amine owidanon
Therefore we cannot exclude monamine oxidase 10 any
theory of pathogenes:s
This enzyme probably needs vanadium as a cofactor
Vanadium occurs 1 three valence states and 15 therefore
3 good meral for oxidation reduction reactions bemng used
35 such by certan asodra which concentrate 1t from sea
Water While not shown to be an essential trace element
for man vanadivm 15 found 1n tissues of mammals and
occupres 2 place m the penodic table where essentiality
tught be inferred This subject wilt be discussed further
m Chapter Vi
Posuble Role of the Lungs In order to cover other con
cevable mechamsms of vasospasm mduced by humoral
pressor substances we canmor neglect the pulmonary ar
culanon Any yascactive matenial formed 1 an organ and
discharged 1nto the venous arculation must pass through
the lungs before entering the area of action the penpheral
artenal bed The langs destroy at least one vasoacuye
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Partly purified but sull erude amine ovidase, mjected nto
rats, prevents the pressor action of both remn and
pherentasin (wide infra) Furthermore, hypertensin ot
angiotorun 1s a good substrate for the enzyme (112, 116)
mdrcating the presence of 1 primary amine group neces
siry for activity, for the reaction mivture 1s \ascularly
mert or depressor Renal hypertensive dogs can be mam
taned normotensive on daly mjections of the actise
enzyme (117, 112) Al paturally occurring pressor sub
stances are 1mnes Why, then does not this enzymatic
disturbance account fullyfor the estabhshment and mamn
tenance of hypertension?

Perhaps 1t does, but not through the medation of the
substances histed Yor all of them are relatively weak pres
sor amines when compared to norepephrine Very large
quantities would be required to cause hypertension
amounts readily detectable in blood Furthermore, a mix
ture of these amines would be expected to produce a
penpheral circulatory profile different from that seen
hypertension 1 so far as is known for many of them have
selective actions on different vascular beds (112) although
all, mcluding hstamine, constrict the vessels of the lid
neys (118) Therefore, crrculating primary amnes from
sumple ammno acids cannot be ymplicated as direct causes
of generalized vasosprsm They can be concerned how
ever, with some of the minor mamfestations of hyperten
sion, such as headaches anxiety tension nervousness i
somma the diencephalic blush flushing sweating and the
hke If they can cause nervous ind emotional tenston
{which some of them can) and if nervous tenston can
cause peripheral vasoconstriction through sympathetic nex
vous cischarges (which 1t can) and if sympathetic dis
charges can cause neurogenic renal ischemua (which st
can), and i renal 1schemma can produce exrculating prumary
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ably 1s associated with renat abnormalities (90 91 120 124)
As far as 1s hnown 1t 1s the only pressor substamce found
so far 1n hypertensive blood but not in normotensive bleod
There 16 more 1t astersal than 1n venous blood

Pherentasin has a_prolonged pressor action 1n rats
especially those with renal hypertension (9T) Tt also con
strcts the smooth muscle of the 1solated rabbat aora (120)
Because of 1ts strong pressor achion and the small quantities
present wsolation and wdentification has been most difficult.
Much of what 1s known of 1ts nature comes from mnactiva
tion studies by known agents

Pherentasin probably contains a trace metal essenual
for actity the nature of which 15 unknown It 1s nact
vated by many anubypertensive agents not acung on
sympathetic nerves (Table VII) and disappears from the
blood when hypertension 1s controlled No one knows how
1 formed.

Remun Now largely dascarded the mechanusm for the
formavion of remin by sschemickidneys supphied an attrac
tne hypothesis to explamn chronic renal hypertension
When the kidney 15 made 1schemic tenim 15 released 1nto
renal senous blood from parenchyraal tissues possibly the
juxta-glomerular apparatus (125) Thus proteclytic enzyme
acts on an grglohuhn made 1 hiver partially hydrolyzmg
1t to hypertensin or angiotonin * a vasoactive polypeptide
As with most other more sumple substances this pressor
2mine does not produce the penspheral airculatory profile
of the hypettensive state as doesnorepinephtine (126 127
Unfortunately for the theory yemmn and its effector sub-
stances have not been found 1n renal venous blood of dogs
:r human bengs with chromse hypertenston They do

ppear however 1in the acute Vvasaspastic states of acute

LN ang

are used i except |
Teference 1s made to 2. 1peafic prepataton One lnmalbou{ld ﬂmp;:
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matertal, serotonin, and probably others, for over 2 hun
dred years physiologists have taken advantage of this prop
erty to free shed blood of “spatmft’ and *frubgift con
stuictor and diftor substances i preparation for perfu
slon experiments Presumably monammne oxidase 15 the
enzyme which deaminaies constnictor primary amines 1
the putmonary crecust ™

Let us for a moment consider what maght happen if all
pulmonary monamine osidase were intubited A portion
of the pressor amines formed normally by kidney or tis
sues would be transported unchanged from venous t0
artenial circulitions and would act on the peripheral blood
vessels, the blood pressure would rise unless cardiac output
were depressed The remamnder would constrict the pul
monary vascular bed, causing pulmonary hypertenston
If extra quantities of primary amnes were formed by hid
ney {or liver) and pulmonarv monamine oxidase were in
Iubtted or saturated beyond its capacsty to oxidize them,
further vasoconstriction would result Therefore, the pul
monary circulition could play a part in hypertension

In this respect 1t 1s 1nteresting thar the lungs were the
orLch—gwns sn which Tipton detected vanadiam the pos
sible cofactor of monamine oxidase The pulmonary circt
lanion responds to hypoxin by constriction The lungs
contain many abnormal trace elements notably alumnum
and titamum, a known enzyme mhibitor This hypothesis
to our knowledge has not been explored

SPECITIC LFFECTOR SUBSTANCES

Pherentasm  Although pherentasm has pever been
proven to come anly from the Lidney, this pressor amine
of probable peptide nature 1s found n wncreasing quan
tittes m the blood of patients with severe hypertension, 18
difficult or impossible to detect 1 muld stages has been
obtatned from the renal vemn of two pattents and presam
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Coxpar.sov bF PROPERTIES OF ANIMAL HYpFRIEMSIN ANT
Huaay PHERENTASIN

Hyper  Pheren
Inactvatson by tensin fasin Method and Remarks
LG4 @

Drytog {1) can be lyophitzed
Heatatpli 88

Hearar pH 2D
Mtrons and
Nghydns
Semucarbazde
Hydroxylarune
Amine Ouidase
Tysosinase
Papasn-fcysteine
Chymotrypsin
Cacboxypeptidase
Trypsin

Pepain
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Mo
Cov

Co

(2) aiters toa tapd reactant
(2} alters toa rapid reactant

fwmrote

{1y rapd (2) slow
(1) rapd (2) partial

Both enhanced

{1} more sensttve
8.Hydroxyquinohne (1) stow (2) more rapsd
EDTA Ma¥y (1) 50% sn 22 hours

{2} $0-100% va 3-6 hours.
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0
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0
0
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0
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Rapid for both

+  Serotonn antagonist

hNo’rz V;/hﬂa dustinet differences between these twa substances are
bvious the hypertensin used was probibly princpally h

ypertensin 1
{engistoran) ohtaned from hog reain and serum Pherentaun may be hy
{:;rttmm 1 of ruman angs wih 5 shphtly Gifferent strortore mnce
,d::u:‘nu Teason to belive that the oy globulins of g and maa are
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TABLE VI
INACTIVATION OF PRERENTASIN DY METAL Jons ANp METAL
Binine Acents (120)
Estimated Actinsty Per Cent of Control Values

Boiled Color
Substance Immediats  4-5 hr 24 b ol
2
24w

Mett 91 130 61 L]
ot 187 180 12 o o
MuH* 45 1 0 —~  Pikdoudy
Fett 10 134 58 [}
Cott 59 50 50 6 Faintpuk
[ 96 107 27 L]
2at* 1Y 137 4 7o
Hyt* 168 5 15 o
None 100 100 100 80 o
Hydralaxine 45 200y o8y Deep blue
NasCN 1o oy Yellow-orange
Na Fe{CN)NO 110 om o
NalNe 8 0(2) 0
8 Hydroxyquunoline 35 o) Pale green
NadhEDTA 100 o@) [
Cysteine 100 100 (120} o

All metals mere added to the aclive material in 001 M concentrations mwing 8 sl
concentration 10 the 20 ml bath of 00008 M The binding agents were added in 2-5 mé
amounts per ml extract None of the metal ions alone affected the test system at 0 0008 M
concentrations. The test method was that of Furchgott (85)

Figuzes in 1tslics represent mare than 50%, inhibition

* The fgures in parentheses indicate the number of hours of {ncubation at reom tem
perature when different from that shown at the top of the column

renal 1schermua toxerma of pregnancy, shock acute nephti
s and congestive heart falure (128 131)

The validity of the remin mechanism 15 unquestioned
as a defense reaction to acute and sub acute arculatory
changes When these become chronic remin 1s replaced
by another vasospastic mechanism, probably that of
pherentasin

Pherentasin may be a form of hypertensin for there are
similanties between the two substances There are also
dissumilanities. The known propesties of the two are listed
m Table VIII It 15 possible that metabolic alterations
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ammals to normal levels {182) Ttas not xemn At a pro-
tein 1 probably acts enzymatcally Possibly sustaned
pressar prnciple 18 2 precussor of pherentauin or repre
sents another renal pressor mechanism

Vasoexator Matenial ‘This umdentified substance has
the property of sensiuzung blood vessels to epinephnne
when the latter 15 topically appleed Tt comes from sehemie
adney and 13 active 1 TINULE 2mounts Larger quantiies
appear 1 chtomc hypertension and congestive heart
farlure (100) Other substances such as Tenin pherentasin
sustained pressor pnnaiple and some primary amsnes also
hase this property which may be nonspeafic

Others A great many vasoactive substances have been
found 1n unine and blood mast of them exentually show
ing up as pnmary amunes Or moye complex structures
They may represent metabolic by products of the basic
Tenal abnormality No good case for any has been proven
as directly concerned 1n chromc generalized vasospasm
(123135 112 4)

Comment When many different substances are dis
covered or suspected to Cause a single recogmzed abnor
mality time usually leads to the abandonment of all but
one as causanve factors Let us attempt to gather all of
these different substances together and fit them mto one
untfied scheme Todoso wemust speculate

1 Renin may be mvolved 1n experimental venal hyper
tension The evidence for this statement 13 indirect 1n that
antiremn prepared by mmmunization reduces the hyper
o enal hypertenae dogs (126) Ants hog renin
anti monkey réntn nc:iaxlmm andkmmne Spentension
and simran hypertension (l;l;‘ ,‘I‘i:“ €y and hwman renin
fore species specific to some di ) These anti renums are there

egree

2 3% anu monhey remn 15 found to affect buman hyper
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occurring with time form the former from the latter, or
that both have a common precursor Hypertensin appears
to require a metal as an activator

Postenior Patmtary Factor A pressor substance of poly
peptide nature which has recerved some serious attention
i hypertension 1s vasopressin While a smooth muscle
stimulant an small doses, it also has such anudwretic
properties that hittle speculation concerning 1ts tole 1 N
hypertension has been aroused The direct relationshp?
of the hypothalamus and the stalk of the pitwtary, the !
known but minor electrolyte ymbainces found and the
peptide nature of the substance make 1t not inconcewable |
as an effector substance, provided some mmor alteration®
1n 1ts molecnie negates 1ts anudirenc properties While
not a nephrogemc substance one of its actions 13 on the:
Lidney, 1f pressor, 1ts release by the pitmitary might be
expected to cause widespread vascular constricton [he
antidsuretic dose, however, 15 very small compared to the
pressor dose In our expenience even large amounts do
not constrict the smooth muscle of the isolated rabbit
aorta, as pherentasin and hypertensin do Although 1t 15
possible that pherentasin may be a renal metabohc prod
uct of vasopressin, there 1s no proof or disproof of this
1dea Interestingly enough, however, pitressin has been
used to treat hypertension, with most vatiable and mncon
cluctve results *

3 d Pressor Pnnaple A protem obtamed from
1schemuc renal tissue or blood of amimals 1 shock has the
property of restoring the low blood pressure of pithed

@ Pitresin OF Vasopressn may tequire aun activator for commeraial
preparations are iactive on the rabbit aortic stnp 1t exists 11 a sing form
with an S-§ linkage (435) We have attempted to actuwate at by adding
copper cobalt ferrous iron nc manganese nickel and mercury without
success save for an equivocable shight activation with copper Oxjtoon
or pitulinn 13 2150 10active 1 this system
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contam 2 termnal amme group negessary for actiuty
Both can act as 2 VEM Remn 1s wnacuvated in vivo by
crude monamune owdase (112)

6 Alterations may OCCUT by two mechanisms  decar
boxylation of a termnal catboxyl leaving a peptide amine
or preferably peptide splitung leaving a termnal amine

7 The substrates as well as the remns from different
species are Obviously duff In comp Human
and prmate remn will veace with the substrates from all
mammals tested while antmal rentn will not react with
arglobulins from primates The extubition of prestor
actinaty of all hypertensins does not 1n any way mean that
théf 3é 1denucal ;n chemical composion but only that
they have 11 common an active group probablv a terminal
primary amine Pepsin acting on casein produces 2 pressor
pepude  pepsiensin sdentical m action to hyperlcmm
Thete are thus many variables in species the sonrce of
a reun the source of serum a~globulins which almost
certamly differ in composition from one species of apimal
to another and perhaps the nature of the plasma enzyme
comvesting the 1nactsve pepude into ats vasoaaine form
The dilfferent amino acids found by varnious workers can
be perhaps explained by the different sources from which
the remin and ats swbstrate were obtained {Table 1X)
Sunce hruman renim 15 wmgue 1o primates 2nd since human
globulins are umque to man human hypertensin can be
expected t0 be nmque 1 Its composition of amine acids
Therefore human hypenensin may have only a moderate
resemblance to that obtained from herses a0y pigs and

cows and could well be pherentagn
8 There 1sno

. good evidence that renn or pepsin break
own their protem substrates mto substances having a
terminal pnimary amine Activation m

Gst hikely occurs
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tensto, one can assume that renint or some sumilar protemn
1 mvolved in human nephrogenic hypertension But
remn 15 found 1n renal venous blood only in acute vaso-
spastic states and pot in chronic hypertension, erther ex
pertmental or climical Therefore, 1t must remam 1n the
Lidney, a hughly speculative pomnt

3 Hypertensin or angiotonin 15 found only m acute
vasospastic states It has twa forms, hypertensin J, mactise
on 1solated smooth muscle but active 1n blood,* and hy
pertensin I, a much more highly constrictor and pressor
substance (138, 139) An enzyme in plasma converts 1 to
II (141) apparently this 15 2 metalloenzyme, requiring
chlonde and another metal which 1s tightly bound Per
haps this enzyme 15, or acts like, sustained pressor pnin
aple
4 Pherentasin 15 found only tn chronic vasospastic
states Perhaps pherentasin 15 a form of hypertensim or
angotomn, altered either by a shightly changed remn by
a shghtly different protemn substrate, or by a new enzyme
develaping i chromc vasospasin, such as a peptide decar
boxylase attacking the termuinal carboxyl group

5 Both of these substances are peptides mactivated by
metal binding anuhypertenste drugs and therefore prob
ably contamn a metal necessary for activity Both are in
activated by monamine oxidase and therefore probably

* Hypertennn 1 obtamed fror the action of hog remin on horse serum
congaims the yngle amino acids aspartic prohnt sahne molencine levane
tyrosine phenylalamine argmine and two molecules of husudine (13%)
Peart usng hypertensin from rabbie remn and beef serum dusagrees
shigtly n that there was no 1olencine and two molecules of valme (12)
Obvsously tyrounase inactivates both through the tyrosine porison of the
imalecule amine oxidass attacks the termunal primary amine probably
on aspartic and Manganese mactnates by psendopeptidase activity 1y
The sequence of amino aady an Fearts hypercensin s Asp Arg Val Tyv

Val ths Pro Phe His Leu (142b)
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through a manganows peptsdase (205) ‘Thus, we can postu
Jate several theorenical alternate Teactions based on all
the endence (Fig 9 the active matenals are waties)

Reaction A would thus occur 1n acute 1asospastic states
while seactions B G or 1) mught rale place m chroni¢
states Pherentasin nteds o serumm for acvaty thatathasat
feast stx amno acids 15 based upon the findings of the actve
matepial howing si¥ spots 1n chromatograms A more um
tary hypathens 1s that pheventasin 15 actually hypertensin
11 2 matter on which we have no evdence 2s yer

Comment The pieces of the piciure puzle are falling
st place but there ss need for rauch work to be done
before the outhnes are, clear

ooy of Action of Pressor Substances Winle not &
rectly established 1t 15 reasonable to assume that 20) sas
cular smooth mustle 15 constricted by the pressor sub-

A Reni oy lobuln et 5y
emin-+ay plobuhn e I 1
B e;m D abont D)PG nsia [ {peptede 10 amino acds
emb«y
Hypertenstn {+Plasma enzvme eond?

————y
Peptada, )
{attive form with termmal ann:f) +€0(’Mn ?

Hypertonsin 11

Hypertensn H-+Monamine ondase~nnactne aldehyde +NH,
eptidase?
. z”:‘t::‘:: HAHypenenanase (plasma) —~————s jnactive  sub-
yperte 1 H (term
%p}e m::?:ml“-‘;) eptidase+-Mu*t (renal?) — Pherentasin (termnas
Sentasin 4 Menamine oxidzse — mactive aldehyd
|5 ehyde- N,
€ Hypensosn 1+ Peptudase seruen?) — macsive Pherentann (6-harsina

aty)
The
:ﬂr;r&a\sm-ymna) decarbaxylase —» Pherentasin Gterm

Prot
 Revins difierent globutin Lo,

Pretentonn L Roms) Plerentaun (64 anuno ands)
minal w‘;&;’:,,&f‘ M2sma peptidase (M%) ~ Phereptss {tec
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10 do more than detect the grosset lesions A disease cang
mg renal schesnn which then nfluences hypertension is
often unsuspected because the cardiovascular manifesta
qaons of the elevated blood pressure may mask the under
Iying renal abnormatuy

Organic Parenchymal Renal Disease "The most common
diseases of the Jadney producing schewua are pyelone
phnus and glomerulonephius The former 1s often 3 Jow
gﬂ'd’c—' ldenng fibrosing dssorder without sy
mamfestations and often withowt obvious unnary changes
(143) The latter may be masked msofar as the unnary
sediment 15 concerned by the supenimposed hyperiension
To st the other more unusal Tenal duseases congental
or acquited 15 hardly within the province of this discus-
sion most are often but not always assoctated with
hypertension (144 4)

Orgamic Extrayenal Artenal Dusease  Atherosclerosis
of the mouths of the yenal artenes 1 common in general
1zed and 1n aottc atherosclerosis The mechanism for
the deposition of hipid 10 plaques about the onfices of
Infurcating arteries 15 not known Undoubtedly preswre
changes play 4 part possibly the presence of increased
numbers of vasa vasorum at such bifurcations ifuence
the lesions Therefore when ath 3! nvolves the
renal artenes partial venal 1scherma may result with sub.
sequent elevation of the bloed pressure m predisposed
mdmduals With aortography becoming thore commaon
such Jesions are more frequently demonstrated According
to Blackman they are the wsual findings an hypertensive
pauems (145) Ik 15 posaible that they represent the most
comman form of the disease 1n 1ndsvduals beginming to be
hypertensive over the age of 50 They are difficuls to dem
onstrate at necropsy (146 147)

Becwuse the eastence of these lesions has not been
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stance (or substances) responsible for the humoral com
ponent of sustained hypertension 1f this 15 50, the followmg
physiological alterattons 1 vascular volume can be
expected

1 An mcrease m aortic volume, for the aorta 15 pre
domnantly an elastic and not a muscular organ As elastic
limats are approached with increasing pressures the rate
of 1nerease of volume lessens

2 A decrease 1 the volume of blood mn muscular
arteries

3 If vems also taok part 1 the process, venous volume
m the smaller muscular veins should be decreased with
out, howeser change in central venous pressure

1t 15 often dufficult to detect the high pulse pressure 10
hypertension by feehng the dorsalis pedis arterses or even
the radials When blood pressure 15 lowered by hydrala
zine, the pulses 1 these smaller arteries bhecome full
Thus, as pulse pressure fails the detectable pulsations
muccular arteres increase This seeming paradox 1s eastly
explicable on the basis that the muscles of these arteres
are constricted 1 hypertension and that therr volumes
are dimimished

The high pulse pressure seen 1n most patients with
hypertension 1s probably due to a relatuve loss of aortic
elasticity because of stretching under pressute Thus, the
aorta becomes physiologically hardened ' In chuldren
and young adults we sce low pulse pressures with diastolic
hypertension probably because their aortas are more elasttc
than are those of older people

ANATOMICAL CAUSES OF RENAL ISCHEMIA

A vanety of mechanisms and lesions can account for
renal 1schemia in man, many with experimental counter
parts Unfortunately our diagnostic methods are too crude
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1t the two groups Yuile (158) tecently resiewed the htera
ture on the relation of obstructne lesions of the man
Tenal artery and hypertension and concluded that such a
relattonshup does exsst 1 certamn cases “This author ponted
out the desirability of closer al and physiologic
correlation
Orgame Intra renal Artenal and Artenclax Disease The
atmost unersal tesion found 1n the kidneys of patents
with hypertension at necropsy 1s Tenal arterial and arteno-
lar sclerosis This fesion 15 not the cause of the hyperten
Sion Tiowever but s the result And a late result at that.

About 50 per cent of patients having renal
durmg the of } )

biopstes done

P bod ympathectomy had
tutle ot no artenal or attenolar sclerosis (159) Thus lesion
has been shown to tesalt from hypertension produced by
a vanety of causes 1 rats {160 163) rabbts (164) and
dogs (165 7) Senal renal biopsies in dogs over a seven
year peniod bave demonstrated the gradual development
of the lestons only after 2 to 4 years of both neurogenic
and umlateral renal hypertension the first sign being a
thickening of the glomerular capsule and later an merease
m matenal 1n the glomerular tuft stzimng with penodic
acd ()

None of these renal diseases alone can be snd ta cause
hypertension yn man untl azotemia dey elops Hyperten
510 13 absent 1n 30 to 50 per cent of patients with the frst
W0 types in non zotemic stages The thurd type of course
1 the resultof hypertension Theydo however 1wmiftuence 1t
profoundly and may often alter 1ts course ta a progressive
and severe one That quality which we call the abnlity o
Teact to stress by vasospasm must apparently be present
firstand sn conjuncnon m order for severe sustaned hyper
tension to develop 1nt patients with argamic renal sechemia

Why then are there no more cures of hypertension
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emphasized 1n the recent Jiterature, we quote from Braun
Menendez ef al 1n 1946 (148) “Goldblatt (149) was the
first to show that hypertension was associated 1 some
cases with sclerosis and narrowing of the onfice or of the
fumen of the mamn renal artery Lester (150) somewhat
later described a case of chromic hypertension associated
with complete arteriosclerotic occlusion of the left renal
artery and incomplete occlusion of the right Freeman and
Hartley (151) almost simultaneously reported hypertension
m a patient who was nephrectomized because of an ac
cident At autopsy an atheromatous plaque was found to
obstruct the mouth of the renal artery Stmilar cases were
described Jater by Blackman (145), Stewart (152) Saphir
and Ballinger (158) and Laas (154) The mportance of
umiateral narrowing has been emphasized by Oppen
heimer, Klemperer and Moschkowstz (146) who showed
that i 18 cases who anatomically showed unilateral par
rowing of the renal artery, 15 had hypertension Blackman
(145) found a narrowing of the renal artery at or near is
mouth 1 86 per cent of cases with hypertension Richard
son (155) recently reported stenosis of one ar both renal
artenies by arteniosclerotic plagues in 25 of 32 hyperten
sive patients studied at autopsy

hahu and Laipply (147) observed a high naidence of
bilateral arteriosclerosis 1 1000 hypertensive patients
studied pathologically Friedman  Moschkowtz and
Marrus (156) observed arteriosclerosis of the renaf vessels
m 23 of 28 hypertensive pantients who were nephrec
tormzed

Lasa, Eckstetnn and Solomon (157) reported that 1 100
consecutive cases coming to autapsy m which blood pres
sure readings were available, hypertension was present
56 while 44 were nonhypertensive No appreciable differ
ence n the average diameter of the renal artery was found
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matter of fact many effectnve drugs bind metals 1n one way
or another (Chapter VI) This common property smmed1
ately focuses attention on metallognzymes in fudney and
sascular smooth muscle It also stimulates considerable
thought about the Tol¢ of trace metals m pathogeness of
severe hypertension m which the neurogeme component
has become of munor consequence

The agents used sn man are hydralazne and 1ts denva
uves thiacyanate 1on sodmm mtroprssde 2 3<dimer
captopropanol (BAL) sodwum azde and ethylenediamine
tetraacetate Of practical interest for continuous use are

only the first three the effects of the other three being
short lwved (Table X)

HYDRALAZINE AND OTHER CHELATING AGENTS

Hjdralazine and sts dervatives are unique drugs No
other agents known produce the same actions on vascular
smooth muscle Understanding of their_mode_of action 13
the Ley to understanding of_pathogenesis and possibly
etiotogy of severe hypertension  While maperfectly undér
510607 Corsideration of therr pharmacological chemicat
and enzymatic actions 1s necessary

Chemical Reactions Hydralazne like other hydrazides
1 a strang chelating agent. It will form a complex with
ron copper tin vanadium, manganese mckel siver and
mercury The possible structure 1s

N
~—Cy

HNH,
making a fivesided nng wih nitro, €
e o o & gen 2 most stable

15 sha
ude ( } anrctly o de by somcotinic actd hydra

y Uts 150propyl demvative
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sn cases of umilateral renal diseases subjected to nephrec
tomy? The answer 15 obvious If hypertension once long
established, can cause Inlateral renal artenolar sclerosis
removal of the one pnimanly affected ladney will not re-
move all of the 1schemic renal tissue On the other hand,
nephrectomy done 1 time may result i temporary of
sem permanent  cure (166, 167) Expenmental counter
parts of this situation ire hnown in rabbits, which get
permanent hypertension after removal of an ischeme
hdney which has been 1n place for three months or more
(164), two of our unilateral renal wschemic dogs suffered
autonephrectomy, without nfluencing thewr longestab-
lished hypertension

Comment These three types of orgamc renal disease
can be considered as accessory factors i pathogeness
but not primary ones They probably do not cause hyper
tension mn themselves without the neurogenic factor being
present

DRUGS ACTING ON NEPHROGENIC
MECHANISMS

We can learn something about nephrogenic mechanisms
from the actions of specific drugs, although the effectne
agents are few and have several actions In expermental
hypertension however, there are broader leads Three types
of agents ate actnve metal hinding agents hydralanine and
some other hydrandes {also metal binding agents) and
pyrogens The latter apparently dilate the renal vascular
bed 1 some unknown manner allowing greater blood
flow and therefore counteracting renal sschernta

Metal Binding Agents All of the anuhypertensive drugs
used 1n man which do not apparently affect neurogenic
pathways, bave in common the abilaty to bind tfws
There are no known eXceptions to this statement As a
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(iprontand) whose pyrnidue bases themselves weakly
bind metals without the hydrazde group (Table \I)
Disunct speaficties for metals are exhibited however

Hydralaznine 15 also a carbonyl reagent as are some other
hydrandes phenyl hydrazne for example which forms
an ozozone with glucose It will bind pyruvate acetate
and acetaldehyde (168) Hydralamme has speafic reac
tons 10 that no ozazone 15 formed with glucose or lacuc
acd It does not combine with any of the sterauds tested

(168) Yc 15 1 hydrannophthal Apresoline)
Thus agent also complexes with the sulfhydryl groups on
qsteme gt 2 3-dwme

propropanol {BAYL) and
other sumple mercaprans The complex can be dissocated
Teadily by arsenic

TABLE XY A
TsoNuazr * HYDRALAZIVE avD METALS
Tsonand
Binding
Destruction 1, o o Fyleat
iad by Met* aznet Sumilarsties
Auto- &0 At
caping *
% % %
Mg+ ] 5 0
i:“ Q s ° 1
s
F;» lgg lgg g'; 4Greatest at pH 6 5-70
Ferer @ 95 100 +
Cot+ 40 35 0
l(\: Dad 10 15 48
utt 100
o e ll:g ﬂ)g iGr:alcs! atpH 95100

Lewn E and Hursh J G §
A;; :n, T;:m ¥ Puim Dis 71 ?;;ld& Son the stability of 1sontazd.
Bl L S B A St o e
cological
oo Uydramostitalinee Am 7 3¢ 8 gog s pesinall ervations
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TABLE XI
INEinTioN oF HISTAMINASE BY HYDRAZIDES

Contentrotion Antikyper
bs Producing 50% Jensive
Sibilanes Inkibition (molar) Effect
Guamdine HCL &0"‘ _;?_
Thisemwarbande 10 4
Semucarbazide HCl 5% 10"‘ :
Hydrazine SO4 X0~ !
Ammorvamdsne HCOs §x107¢
14 dihydrazinophthalazine 2 3x107 +
1 hydrazino-3 methylphthalazine 2 5% +
1 hydrannophthalazne. X100 +
Gross F Scholer W Tnpod ] and Meer R Inhubition of dia
4 by phihal Experentia 8 229
1952
Schuler W Inhibstion of dase (b L
2230 1982

1t binds strongly to arterial mash serum protewns gy
albumin and some polypeptides possibly through carbonyl
or sulfhydryl linkages It does not bind with casein nor
with mixed amimo acds
Enzymatic Reactions Hydralanine 1s also an ann-enzyme
for several known systems It and its derivatives ate
“Srong anlifasammnases 1hedrencally preventing histamme
formed Troi Bustidine from bemng desiroyed rapidly but
ot necessarily causing release of hustamine from histidine
(Table XIl) Histammne can come from the action of
lustidine decarboxylase believed to be a pyndoxal en
zyme 1f so inbinen by hydralazine might be suspected
Hydralazine 1s a potent inhibtor of DOPA decarboxylase
m small concentrations also a vitamun By enzyme (Table
X1H) There 1s some evidence that histamunase ytself may
bea pyndoxal enzyme (169)
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TABLE X1V B

EFEcs OF ADMINISTRATION OF HYDRALAZNE o Unmasy
EXCRETION OF 4-Pyminoxic Aco fee) (111)

155
e on ipinlodie wenn

O Hydralasioe for 1-3 s
Years

178 2040
sy
b1 no
© EDTAY {22 0-28 0)
ardnd 2 ur
m.:z““h [T
Normal
Atheconderons

Por 4 bours alter 0 mg. orally { pyridomal hydrochloride
4 Cylchum d 50 ur ethylensdiamine tetraacetate intravenously
The ranges for each group ¥hown in ltalica gre the mean extretion fates of each patient

chelate trace metals The antituberculous hydrandes are
not antthypertensiye however with the posuble exception
Bf}soma{;d The key to anthypertensive activity hesin
the speaficity of the hydralazines for a resction not ex
tabited by other hydrazides and stmilar agents

The known actions of hydralanne are listed 1n Table
XV The acuons of a large number of symilar substances
are shown 1n "Table X11J as regards the two enzyme sys-
terns considered here

Other Metal Pandung Agents Thiocyanate 1on 15 used

. andustry for making soluble S35 of 2 number of
metals In wan ding to Solt (173 1k 4
the ehimination of metals perhaps by sendenng the metal

Protelf compounds morg 0lible 12 Fable AVIwa patual
hist of the soluble metallic 5alts of thiocyanate Symptoms
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Whether or not hydralazne causes excretion or de
fictency of vitamun B, 15 nat known It does seem to inter
fere with the conversion of pyridoxal to its metabolite
4 pyndoxic aeid (Table X1V) A relatsve, 1somang (somic
atiauc acd hydrande), promotes the excretion of 3 pm
doxal 3sonsand complex 1n unne and can canse perspheral
neurits m patients tahing large amounts for tuberculosss
presumably the neunts 15 due to vitammn B, deficency
(170) Isonrand 1s a good :nhibitor of DOPA decarboxylase
and a poor one of monamine oxidase (Table XIII) Its
dernative iproniaznid (1sonicotmnic isopropyl hydrande)
does not affect DOPA decarboxylase but 15 a strong
hibttor of monamine oxidase Both inhubit histammnase
(171, 172) The latter cannot be used clinically because of
sts * benzedrine hke reactions of cuphoria and cerebral
stimulation, behieved to be due to cerebral and peripheral
whibition of this oxadase, thus allowing natural primary
anunes o airculate

We are discussing shese related hydrindes because of
therr similannes of structure their antienzymatic activt
pes thewr affimuies for vitammn B, and therr abihites to

TABLE XIV A

EFFECT OF REPEATFD ADMINISTRATION OF PYRIDOXAL HYDRO-
COLORIDE UPO 3 EXCRETION OF 4 Pyrivouic Acm (MG ) (111)

1;{;;’; Hean Amount Excreled

Subjects Ao Dose Days on Last Tes

Vitamn  Guen

By (mg) Mean  Range
Normal N 250 5 223 98278
Atherosclerosss 4 250 5 278 218324
Patients on EDTA} 3 1470 18 210 130-242
Patentson Hydrafazine {1 06 iz 1n3 262075
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TABLE AIV B

ErrEcT Usriary
o7 ADMINSTZATION OF HIYDRALATINE O%
ExcreTios of 4 Pyzmouc AOD (o) (111}

Dose o
No  Mas  pgag
Tate Dwit aqy
PED——

Begus on Hydralarine

155
wzan

OnHydralansefo 13
Yoy

LI
RN S:]
15 no
On EDTAL @ a0
n 12?
o l:zrl\ and bydrad winn
Normal
Ahesoecieros s
* Per ¢ bawrs alter 50 e orally of pyrdasal byd ochlarw:;l
ethrienediammne tetraacetate intravenously
tc:xdm:mmu nm» e et ot each patiens

chelate trace metals The antituberculons hydraudes are
not antihypertensive however with the posuible exception
of d The key to antihypertensive activity lies in
the specihasty of the hydralanines for a reaction not ex
Tubited by other hydrazides and similar agents

‘The known acuons of hydralazine are histed 1n Table
XV The actions of a large number of sipular substances
are shown 1n Table XUL as vegards the two enzyme sys
tems considered here

Other Metal Binding Agents Thiocvanate 1on 15 used
i industry for making soluble SalG of & number of
metals In man according to Solimann (173) 1t _hastened

the :hmxmuun of metals perhaps by rendermg the metal
proteit compounds move soluble I3 Tible XVI 153 partaal
List of the soluble metallic salts of thiocyanate Symptoms
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TABLE XV

SunsMARY oF ProrErTIES OF HYDRALAZINE OTHER

THAN CARDIOVASCULAR

Basic Chemical Reactions In Vitro

Reference

Metal binding
complete for Fe?, Cu?, Su¥, Vs
partial for Ma? Fe! V¥ Nit Ag Hy
none for Na K Be? Mg? Ca* Zn* Co* Crt Cat AP
Ast, Pb*
Carbony] reagent
with pyruvate acetaldehyde acetate
not with glucase, lactic aad
Complex #1th SH
with cysteine glutathone BAL and other simple
mercaptans

Protein binding
with serum artenal mash egg albumun poly peptides

not with casein, mixed amtho actds
Lnbkances
monamne oxidase {(107%)
Anti-enzyme
for lustamunase (10™%) stronger than guanidine thio«
semucarbazide  weaber than hydrazine amino-
dine equal to bazids
{or DOPA decarboxylase moderate (10~)
for sucanic dehydrogenase cholinesterase polv
phenol oxidase none
Cambimation with
no primary anunes or ssmple amino acids
tyophilized angiotonin
Blocksng Actions In Viso
Weak for epmephrine norepmephnne arterenone tyra

mmne jsoamylamime angiotonin
Strong for pherentasin pervanadyl cadmmum banum

pitressin
Vanable for serotomn according to species (weak 1n rat
and dog strong in cat)
Blacking Actians on Rablbit s Artersal Strip
Strong for pherentasia angotomn
Weak for norepmephune and other primary ammes

(168)

{168)

(168)
{436)

{Table X1
(172)

(Table X111)
(111

(168)

(168)
(168 438)
(168 63}

(120)
(120)
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TABLE XV—(contsnued)

Vascular Reactions tn Animals References

Dilates constncted vessels renat femoral coronary

acts for many hours “y
Does pot dilate dilated vessels further (as 1n spinal

ammal) t138)
Abolishes constnction caused by Ba pitresain ephed

nne ergotarune histamine Privine (438)

Reactions v Man

Lowenng of plasma cholestercl (180)
1 o lowenng of blood pyruvate or total carbonyl (168)
Apparent loss of Timn uring
Mild anema (168)
? Histamne release (172)
Increa.es cardiac output tachycardia (425)
Increases renal plasmoa fow {126 421

and side effects due to this 10n are vanable but resemble
in some Tespects those nduced by hydralazime because
of the dissumilanty of the chemucal structures of the two

TABLE XV1
SorvBLe COMPLEXES OF TRIOCYANATES IN WaATER
Soludls Partly Soluble Insoluble

l;_ln b Ty

e Hg Ti?
Co Ag

z S
Mo

G

Se

Ba

————
Hodgman € D ed Handbook of Chemsy

13
Cleveland. Cheruat Rubber Publushng o 100 - 77 39rd B4
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TABLE XV

SUMMARY OF PROPERTIES OF HYDRALAZINE OTHER

THAN CARDIOVASCULAR

Basic Chemcal Reactions In Vitro

Reference

Metal binding
complete for Fe! Cu? Sp?, V&
partial for Mn? Fet Vi, Nu¥ Ag Hg
none for Na k. Be?, Mg? Ca? Znt, Co? Cr* Cd? A,
As* PD?
Carbonyl reagent
with pyruvate acetaldehyde acetate
not with glucose lactic acd
Complex with SH
with cystetne glutathione BAL and other simple
mercaptans
Protein binding
with serum artenal mash egg albunua polypeptides
not with casein mixed armino acids
Enbances
monamne oxidase (10~}
Ant: enzyme
for histamnase (107¥) stronger than guanihne thio
sermicarbazide  wealer than hydrazine amino-
guamdine equal to semucarbazide
for DOPA decarboxylase moderate (1079
for succime dehydrogenase cholinesterase poly
phenol oxidase none
Combination with
no primary amines or simple amino acids
fyophilized angiotonmin
Blocksng Actions In Vivo
Weak for epiephrine norepinephrine asterenone tyra
mine 1scamyfamine aogiotomn
Strong for ph pervanadyl
pitressin
Variable for serotonin according to species (weak 1n rat
and dog strong in cat)
Blocking Actions on Rabbit 5 Arferial Strip
Strong for pherentasin angiotonin
Weak for norepinephrine and other primary amines

bariam

(168)

(168)

(168

{436)

(Table XIfD)

(172)

(Table X311

11
(168)

(168}
(168 438)
(158 63)

20
(120)
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Sodim ande winch has a strong affimty for metals 15
rather transient vasodrlator, 3s 18 1t Yelatne choline
ude producing sharp reductions 1n blood pressure It
s sad to show d 1 actions 1n nor ve and
ypertensive Tats not depresung blood pressure in the
former (175) We have been unable to confirm claims for
chronic effects tn man

British Ants Lewse (2 3-dunercaptopropanol BAL) 13
used eluncally to Temove trace metals from the body Much
15 Eriown of its actions {176 177, 178) which do not 1n
clude affinities for all metals It 13 2 disulfide chelating
agent In our hands 1t has proven effectve i cauning
lowenng of blood pressure 10 Amencan hypertensive pa
tients Tor periods of aTéw hours On the other hand Brush
pauents have tesponded with a mse It a5 prolongedly
Pressor n normotensie subjects (177) but was depressor
m one American hypertensive panent in the hands of
athers (176) BAL has little clinical use at present in
hypertension In cad porsomng 1t will mobilize the
metal but binding 15 weaker than 15 that of hadney for
the metal 15 deposited and cadmium nephnus results (179)

Many other heavy metals are mobilized and removed 1n
the unne

Ethylenediamine tetra acetate 15 2 muld antihypertensice
agent i man Given intravenously as the disodium calcium
complex 1t either lowers elevated blood pressure or e
duces the panents requirement for ganghionic blocking
agents (184} Not a strong chelating agent for many metals
1t bas htde chmcal use at present Prolonged oral use has
Ted to no foxicaty intravenous use has produced signs of

nn: Qeficiency (181) which resembles that of vitarmin B,
i C

other anymals a bex of - dahl o
number of compounds having the capaat
for binding or chelatng trace ¥ s

metals lower hypertensie
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agents, a2 common denominator must be present mn the
actions of bath {Table AVII) Little interest 1n 1ts mode of
action has been aroused ¥t can mhibit 2 number of en
zymes, such as znc-contamning carbonic anhydrase and
amino acid ondase (173b) It s antsithyrod, alt antithyrod
agents except those which act by competiive snhibition
bind metals

Sodium nutroprusside s an antihypertensne agent of
considerable potency when given intravenously, aiterations
wm the course of the disease have been described (174 A
£inc reagent, 1t 1s a strong metal binder Its chrome toxicity
15 not known but should become apparent with continued
use

TABLE XVI{

Sipe Errects of Two METAL BINDING ANTIRVPERTENSIVE
Drucs (84 108)

NaSCN Hydrala 1ne

Action
in normotension
1n renal hy pertension
enhanced by sympathectomy

Arthralga
Lupus Like syndrome
Cholesterolysis

Rhmtts
Conjunctivitis

4 ottt dw

@

Aat: thyrod

Penpheral neuntis
Paraesthesias
Skan lesions

Ot 4+++ + 4+ + + 4to

ET

Headache
Flushing
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both types of anmals D Lowenng of blood pressure in
both types of rats and depression of the pressor action of
norepmephrme E Lowering of the blood pressure of both
normotensive and hypertensive rats without greater effect
on the latter and without altering the pressor action of
norepmephnine {Fig 11}

Mercaptan compounds which showed specific anuhy

P e but not sympatholytic effects (Type A) in the
Tat were
SHCH,COOH SHCH,CH.OH
Thioglycolic acd 2 Mercaptoethanol
HSCHCHNY, HSCHCH,CO0CH,
£ mereaptoethyfamine Ethyl 8 mercaptopropionate
Procaine Salt of # mercapto-
propiomc atd
HI~CH~COON
CHNHCH,CHSH), €1 4
Methyl tns {8 mercaptorthyl) Thiomalic and
ammomiym chionide

{Mercaptosuecinic acid)
(,::Hn

N

o

1ethyl 2 mercaptoimdazole

Compounds showing both antthypertensive and n
mephrine blockade (Type C) wer e

3
HSCHLR,Co0H CHSH
8-meseaptopropion ¢ acrd H;NCHCH;CH:COVH:(‘_'H
Q0N

Reduced glutathione OHCH CO0H
and toaless extent

HSCH,COCOONH,

tmercaptopyruvic agg

{ammonwum salt)
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blood pressure but do not affect or raise normal blood
pressure

Theoretcally there are five types of sustained depressor
responses of the blood pressure of hypertensive and normo-
tensive rats to the intravenous mnjection of various actie
compounds A Lattle or no effect on normotensive rats
with specific lowering of the blood pressure of renal hyper
tenswve rats, while the pressor action of norepmephnne 15
unalered or htte affected (Fig 10) B Lattle effect on
blood pressure with depression of the pressor action of
norepinephrine i hoth types of rats C Effect of type A
with depression of the pressor action of norepinephnine m

DISODIUM DIHYDROGEN VERSENATE

s 8 s s w0
1ttt
180 %
1604
o Rat 3624
£ taod * Rot 285
8
% 204
2
g 100
801
604
,
o % Y 20 %o o 180
Minutes

Fic 10 Fffect of intravenous EDTA on duastolic blood pressure of
anaesthetrzed rats Note that the normotensive pressure vares little
whale the renal hypertensive fails with smaller doses Typreal type A

response
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phrog

Certin mercaptans were depressor 1m both types of
ammals {Type E) although the last two showed sigmficant
differential activaties

SH
COOH CHOHCHOHCHSH
wmef%{r;téo}gmggmc aad Monothioglycerol
st
H é
c—sHt HSCHCHCHON
Gaminoa it 234, 1 (BALY

(Fiz 12)
Only four mercaptans were sympatholyuc (Type B)
without depressor effects the last to a lesser degree

CH,CHCH,SH
CHCACHSH -
Acetony) mercaptan 1 thio-2 hydroxy propare
S\
C—sH
0, 7 CHy(CHACHSH

n-decyl mercaptan
Sodum 2 mtm?:!&ys benzothiazole
sulfonate

Frve were wactive or pressor the last having a short
hved differential action

COOCH,LLHSH
NH: Hy
SHCHx):HCOOR H OOCCHy—S—)IH
Cysteine 2 mercay toedg?l}fydr n
(arbvxym-tl‘:’ylmempm) :Eemnate
LLoon CH,
Mercaptosalieylic and

]
p
e
Tapazole
HOCH C(CH ) CHOH CON IO CH 0N 1t e cve
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A group of sulfur-contamng compounds were ssmalarly
dinded Type Aacuvity was demonstrated by

S

HWNNH € HOOCCH,—5—3—5~5C1,CO0N
H,
Thowmmrbmde‘ Tanthedacetc aad

2 1Y Nd
H,C—-&—-S—-C/ HC
i

3
2 1 buryl 2 thiopsendaures byt drochlonde

Ni
CHCH—0—~CO~C—5—C it
N\,
Ny
Ethyl (g acetare bydrochiond
O=C—NH g s
1, E-xi o )
N
Peendothuchydanton

Hus

Ox‘«%q&m.

Tis 12 A. Tranmen: effect of 23 dunercaptopropanol (BAL) on
systolic pressure of renal hypertennve rat. Blood pressure was meas
ured by the foor cuff method using 2 photoelectric cell The open
airtles are measurements made 2 3 and 4 hours alter the njection
the clowed ardes 24 hours later Note sncreanng tolerance

B Effect of BAL on blood pressure

of a 53.yearold panent re
cevng by {5968) and & ! chlonde (G 10 too
low doses to produce normotension Doses are 1ndicated at the top
BAL, 50 mg every four howrs intramuscularly was gven for four
doses. At the bottom unnary excrétion of hexamethontum 10n and
Rydralanine are shown The solid black arcas represent free unnary
hydralazine the open areas thay bound to sulthydryl Al excreted
hydralanne was bound after BAL was grven (From P

HM o
ler H A. and Motrow J D Am J M Sc 2;‘;?105 l‘hi!)
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There was no activty exhibited by oadized glutathione
nor by

CHSCHCHCHNHCO0H
S—CH,CHNH,CO0H P
H,CHNH,.COOH
Cystine

One compound of terest contamed three ethyl mer
captans on 3 g ¥ gen 1t was made
on the possbility that ganghome blockade as well as
ercapuan effect mught result However 1t acutely rased
the mean diastolic pressures of normal and hyperiensie
rats 36 and 15 mm Hg respectively produeing the tsual
drfferential mercaptan effect of a depression of 6 and 32
mm Tespectively at the end of 2 hours Another of special
mterest had the basic structure of hexamethomum ion
with an ethyl thiopseudourea group on each quaternary
sitrogen  Although listed as Type E 1t depressed the
mean diastolic pressure ot 5 normal rats 36 mm Hg and
that of § hypertensive rats 86 mm mdosesof 1 0101 5mg
Passibly ganglonic blockade was combined with another
action. on the renal pressor mechanusm

Examination of the structures revesls that anuhyper
tensive or depressor acuvity was confined to those aliphatic
compounds having 3 terminal sulthydry) group or SC\NH
1 the molecule unencumbered by 2 heavy salt aromatic
compounds containimg SCN were hlewse active Such
tompounds usually bind metals sulfur mitrogen binding
beng strongest with Cu N1 Ag Cd and contiguous heavier
elements i the penode 1able These results suggest that
possibly some copper enzyme was a'tered ot macuvated

@uang the pharmacological actnaues of the
e 4 s e compounds

¥ dhns surmise be true the mevt ste
D was obvicusly to
test known chelating agents 1 the same system prt(erzh}y
thote not mewabolred It i

were acuve o
mealloenzyrat was slsered, ey e obviously a
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Type Cactivity was shown by only one
]
CH,OO& (12=S
N
CH
Trthione
SKF 1717
Part1n] sympatholytic with good antshypertensive activity
was extubited by
HN———N1 N—-~N
S= N—NH; HS—&\ S‘N}ll

b’« Hy
lﬁl—-N
HSC (!-NH,

sy
Type L activity occurred after the following the last
two showing differential effects
NH s s
C.Hn—-S—C/ HOQCCH,CH, H.N(«,NHNHgNH.

NH:
2 Pentyl 2 thiopseudourea
propionate

NH

OCH,SC/ HCl
N

NHy
2 Benzyl 2 thiop eudourea hydrochlonde
NH CH, CH, NH
[N e s
HC] C—~S5—CH;CH:N*(CHa)N+CH:CH,SC 2HCL
L NH,/ Ha H,y H:h .
hyl 2 ( il ) ethyl} dimethyl
; chionde dihydrochi A
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ous pyn
In order further to control the stadies vary
doxyhidene metal ammno complexes were subjected to the
same test. Selectinve Type A effects were obserL\ ed » zth the
copper tyrosine mchel aTg) pheny
an}:IPpossxbly the cobalt phenylalanine compleves No ef

OVALENT METAL DxSOOUM ETHTLERE DIAMRE TETRA NETATE

"gﬁvmahnan

G B FNeDTA
Fic 13 The effects of a senes of mncreasingly tightly bound metal
ethylenediamune terra acetates on the diastolic pressures of groups
of hypertensive {upper bars) and normotensive {lower bats) anesthe
t26d 7a1s, The first bax for ¢ach metal complex represents the change
20 to 30 minutes after ode iniTavenous injection of 5 mg  the
second and thard changes a like wateval alter subsequent injections

Mean chang s are shown each group fepresenting at least 3 and
usually 4 or more rats All complexes were difiydrogen metal except
{or fermic as shown on the nighs. Note the comparable differences in
hypertensive (mean dustolic pressure 119 mm. Hg) and normoten

ane anmals {mean duastolic presture 77 mm Hg) as well as the
small effects with sodmum 2nd magresium complexes which ean alter
alaum Jevels in blood, and the decreased effects with nickel copper

nne and tnivalent wwon Metals are listed in order of
“The ferrous was probably panly fermic, o b

(From Sehroed:
Perry H M Jr § Lab & Cln Med 46 416 1055) er H A and
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Activittes of Type A were shown by the strong chelating
compounds

OH N HOOCCH; CH,COOK
II\T NCH,CH:N,
HNH, HOOCCH, CH,COOH
Hydralazine 8 hydrovy ! Ethylened aad
(EDTA)

and Perma Kleer a polyamtmocarboxylic acid resin with
chelating qualities Pressor activity was exhibited by the
weaker chelaung agent, 1 § tolylbiguanide Therefore one
or more metals must have been removed presumably from
metalloenzymes, since EDTA, at least 1s not metabohzed

In order to ascertamn which metal or groups of metals
might be chelated advantage was taken of the different
stability constants of EDTA and various metals of the first
transitional sertes Figure 13 shows the results and Table
XVIHI the stability constants Any metal removed from
tissues must have displaced one with a lower stabihity con
stant Aside from the ferrous chelate which readily 0%t
duzes to ferric 1n solution 1t 15 evident that those with
Iugher constants than 16 1 (for cobalt) are not active, these
included the mickel zinc and copper chelates Since nickel
has no known function 1t 1s reasonable to assume that
ferric ron zinc or copper was displaced from tissues by
the chelating compound

In order to determme whether or not the metal
themselves showed activity small amounts of the chlorides
were injected (Fig 14) Only ferrous cobaltous, cuprc
and zinc were active Cobalt 15 a Lnown _vasodilator and
znc salts cause flocculation of plasma protemns which
may have accounted for the obscured effects Suspicton
therefore Tests upon_copper or zinc as bemng mvolved 18
the maintenance of renal hypertension it therat

ons
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pressure of 4 hypertensive patients monothiogly c:r;:lly\;:
17) given oral

tly imacuve 2 tnthione (SKF 17
al:s:;umln BAL, however exinbited depressor actity
ll)n 6 hypertenive patients when given every 4 hours xln
doses up to 50 mgy per hg the effects were relanvely
shortlived (2 to 4 hours) We did not observe a pressor

3)

flect after this materal was given (18:

) zc;mmmt This common denominator of the antthyper

80

W, o owon

FI6 14 The effects of a series of metal 1ons on the dias
f groups of hypertensive {mean duastolie Ppressure 121
hormotensive (mean dastalre Pressure 81 mm Hg) ang
stnilarly weated. Doses were p 2 mg For obvious reasons sodwm and
calaum salts were not 8ven The pressor action of pervanadate »5
mdicated as well ay aze he effects of cadmaum and chromue chlondes.
Note the differences Detween the 10ns and theyr complexes a3 shown
m Figure 13 especaally y US manganous ferrgus
fickelous nlr;c, :d Ic;nc 0 which was ynert 15 large doses (From
ler and Pe M
Py M HM I J Lab & gl Med

G N o7 g a5

tolic pressures
mm, Hg) ang
esthetized raty
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TABLE \Vill
SIGNIFICANT EFFECTS ON DiastoLic BLoap PREsSure of METAL
Crrrates (15 M6 ) anp Tov (06 MG ) 1v
HyPLRIENSIVE RATS

Atomic HiMeEDTA  MeChy
et No Lo Ky T Hpy  (em HY)
Nas 11 1 66 - -
Mg 12 8 69 - -~
Ca 20 10 5% ~63 -
Cr 24 13 00 51 -
Ma 25 13 47 -3 -
Fe 26 14 22 — 10
Co 27 16 10 -3 (-2
Zn 30 16 58 — -
N 28 18 45 (-22) -
Cu 29 18 38 - -8
Fet**Na 25 00 +33 -

Log kvt 15 an index of the stability of the chelste the higher values betrg
more stable The figures were taken from Sequestrene a publication of the
Alrose Chemical Co  Provid quoting Sch bach ¢t ! That for
chromous 1s not exactly hnown

EDTA~e¢thylenediamine tetraacetate

fects were observed wath three glutamic acid and two
phenylethylamine complexes Copper agam comes under
suspicion

These same effects were observed 1n renal hypertenstsé
dogs, by the use of BAL and hydralazine (Fig 15) in
renal hypertensive dogs BAI (5 mg per hg) mjected
mtramusculrly produced definte but transient 2 w
6 hour) depression of blood pressure as did sodium thio
glycolate 1ntravenousl; When BAL was myected with
1 hydrazinophthalazine a moderately active depressor sub-
stance, the effects were enhanced Only four of these com
pounds were sufficiently studied to give to human bemngs
Cystemne caused no demonstrible alteration 1n the blood
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tensive compounds ROt acting op NETves thatis the ability
to bind trace metals 13 not confined to dhs class of drugs
Infact most modem drugs have ! thus ablity_Their differ
ences 1tein their relative affimnes for the metals 1o ques-
ton ther dupersing pawers and their transport to other
sstes The strking comadence bowever of metal binding
properties and effect lead to only one condlusion that ofte
or more metals are bound and altered from metallo-entyme
sites and that abnarmal trace metals may mdeed beacung
upon enzymatc mechamseus to produce hypertension A
Consideration of how they may act will be discussed mn fol
lowing chapters

THE EFFECT OF ANTIHYPERTENSIVE AGENTS OV
NEFHROGENIC EFFECTOR SUBSTANCES

A method for screeming anuhypertensive agents involves
the 1solated Tabbit aortic strip a spirally cut piece of
smooth muscle which contracts when pressor substances
are applied (120) Substances acting manly on norepmeph
Tne and other pnimary amipeés acung en more complex
pressor substances and showing general inhibition of al}
types can be evaluated While many agents tested cannot
be appled 1o man their activities can be evaluated readily
on solated muscle and 1 the hypertensive ammal A
substance which 15 mhibus pt and
lowers the blood pressure of hypestensive rats while not
affecting normotension 1s obviously of therapeutic interest

FPherentasin Using the wsolated vabit 2orta suspended
n oxygenated Ringer s solution a number of these sub.
stances have been tested for therr activies aganst phe
rentaun The relatve degrees of imhibiuon are ndicated
n Table VII All of the metal bhinding agents are 1n
Hbttory On the possibility that pherentasin may be an
adrenergic agent a number of sympatholytic substances
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(AIRTRTRIE

o}
5 L] 1 EEl
e $ ® 5

H
o

oot 30 Nov Doe

F16 15 Effect of vanous substances on the mean blood pressure of 4
renal fispertensive dog 085 The left venal artery was constricted 1
August 1949 causing moderate bypertension Upper 1 Hvdrannoph
thalazine (5968) myected intravenously Note the effect when guen
at less frequent mtervals than daily blood pressure filfing for 24
hours and then Tising 1n 48 Only small doses were required Dunng
the subsequent year mean blood pressure fase Lower Cystene 1
travenausly caused only snsigmbicant vanations sodim tnoglycolate
more pronounced but transient ones BAY intramuscularly alone
and combined with mtravenous csteme simlar depressions but BAL
combined with 5968 produced marked responses Both the immedate
(2 o Ghour) and late (24 hour) responses to these substanges are
shown Only BAL and 5968 together produced significant depression
for 2¢ hours The dogs mean blood pressure consistently remamed
above 200 mm Hg for 5 months 1iter this study when 1t was gnen
10 gm thiosermicarbande by mouth and died of convulsions
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15 not lowered or yaused 2) venal plasma ﬂamv") ‘x;‘c;erm‘:z:
yelatively more than penphent bleod flow §) od flow
through other aress does not change 4) blood visconity nd
volume are not attered and 5) there are no towe many

tations Hydralanne does not fulfill alt of these cmu:
and also causes late xoxncny‘ m‘-.;‘i “;m; L\mp\czs:ml sude

awever {t1s probably the closest 2pp
:f\f:ll:bll: a: the }JTCSC!:'. ume the others enher beng n

APRESOLINE. ELOCKADE OF PHERENTASH

130
18-
o
g wo
. %
& 8
1
£ [3
8 g
I ik
1 s 2 gg%
& £ S 8
v 11
i e I e e e e e
g 5§ 10 15 20 2 30 3% 40 45
Hinufey

Fig 16 Av0 musures after a control penod of 20 munutes 10 unit
of pherentasin previously found acuve was injected intravenousty
1o 2 rat with the sesponse of sysiolic and duastalic pressure shown
At 10 minutes 10 mg of bydralazne @apresaline 5968) was mpected
satravenoudy yesolung n an mmediate f21 of blood prewure A
subsequent injection of 20 vmits of phexentann cavsed ktde re
fponse however 10 unit of angiotonin was pressor At 35 munutes
50 mvs of 5568 was mjected the response to another unit of ango-
tomn § manutes Jater was not inhibited (From P H T
Schroeder H A dm § M Sc 228 5%“‘1‘354)’”" M Jr ana
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TABLE XIx

ADRENERGIC BLOCRADE OF VASOACTIVE PEPTIDES
(RADBIT AORTIC STRIT)

D1 7. <, Dorepinepk
Blocking Agent I n Hyp e

Regitine 0 +

Dihy droergotamine 1] 0 + 4
Ipromazd s1 st

Cocaine 0 0

Dibenam:ne [1] 0 + +
Pynibenzamine 1)

Atropine 0

Amtne ovidase + ES + +
Ty rosinase 0 + 1} +

* Probably mainly hypertensia I

were also tested None showed the charactenstic 2ltera
tions of pherentasin activity exhibited by primary amines
(T1ble XI\) Pherentasin was actrvely mhibited by by
dralazine in the mtact rat (Fig 16)

Remn and Angiotonin On the 1solated smooth muscle
system, hydralazine 1n faurly Iugh doses 15 antagomustic to
angiotomn In the intact ammal this antagomsm 1s MOt
demonstrated by doses suffictent to inactivate pherentasin
A number of antthypertensive metal binding agents how
ever 1nactivate angiotonm in the isolated system sug
gesting that a metal 1s essential for 1ts activity

Others Hydralazine mactivates sustained pressor princt
ple as does f mercaptopropionate It also mnactivaies pi
tressin

CLINICAL IMPLICATIONS

A true antihypertensive drug 1s one which lowers ele
vated blood pressure to normal without affectng normal
blood pressure, 1n the process of which 1) cardiac output
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15 not lowered or raised 2) renal plasma flow ncreases
relattvely more than penipheral blood flow, 3) blood flow
through other areas does not change 4) blood viscosity and
volume are not altered and o) there are no toxic mamfes
tations Hydralazine does not fulfill all of these entena
and also causes late towcty and some unpleasant side
effects However 1t 15 probably the closest approximation
avatlable at the present tiume, the others exther being in

APRESOLINE BLOCKADE OF PHERENTASIN

130
o
110+
gm
£ 904
(3 804
Toq
€0
204
K3
b3
{1 f i
0

Fic 16 Av0 minutes after a o
of PO oo mtrol period of 20 Tunutes 10 unie
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experimental stages, or showing excessive toxiities or
only transient effects

Towc effects appeanng late are those of the develop-
ment of a syndrome indistinguishable from dissermnated
lupus erythematosus, reversible when the agent 1s omitted
(93, 184 187) This syndrome has been charactenzed by
I normotension, 2) arthraigia or arthnitis, and 3) appear
ance of elevated cephahincholesterol flocculation and
thymol turbidity of serum Continuation of the drug causes
later manifestations which include anemm, leukopenia,
splenomegaly, hepatomegaly, low plasma cholesterol, al
buminuria  microscopic hematuna, azotemia, pleurtis
pulmonary lesions and the appearance of a posiive LE
test on pertpheral blood These dire events appear only
when the drug 1s continued at full doses The many bizarre
findings of collagen diseases can occur The syndrome
has a seasonal inadence appearing mamly i wann
weather Coming on only after 5 months or more of ad
minstration of drug 1t 15 similar to late towaty from
several other metal binding agents

Since hydralazine 1s the only known drug which will
produce disseminated lupus erythematosus in man and the
dog (188) speculation as to s mode of action may help
understanding of collagen diseases For some time we were
attracted to the hypothes:s that this syndrome and perhaps
disseminated lupus atself represented a state of depletion
from the body of some matenial smportant n the health of
ground substance Loss of 2 trace metal or imbalance be
tween essential and abnormal trace metals was considered,
1n view of hydralazine s known reactions Feeding of several
trace metals failed to mfluence the disease The universal
appearance of normotension or hypotension befere symp
toms appeared was 1n line with this hypothesis On the
other hand, definite hypersensitivity has been observed,
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fever acute arthntis and prostration have occurred within
a few hours of gwing the drug or 1ts analogues (185 189)'3
‘both to patients recovering from hydralanine disease  am
to others never tecenving the drug before We have seen
showers of L-E cells appear 1 one 1ecos ered person who
had taken no drug for 2 years and was given small doses
In several other indviduals reduction of doses has re
sulted 1n xeversal of symptoms but not of all laboratory
abnormaliues 1§ the L.E phenomenon 1s one of hyper
sensiuvity which 15 not known this explanation for the
disease 15 tenable The question 1s open but we suspect
that 3ts answer will be fruntful of information on hyper
senutivity collagen disease and hypertension

We do not know which substance 1 Temoved from the
body by hydralazine or which enzyme system or group of
systems 15 nactuvated The ability to produce this syn
drome 1 man by a drug however suggests that Jupus
eryth atself as an ne disturbance which
mught be affected by replacement therapy A suggestion of
what has been removed 1n the way of metals may be ob
wamed from trace metal analysss of human unne when
hydralazine was given and from cases of known hydralazine
disease and known lupus erythematosus (Table XX} The
abnormal unines are somewhat low 1 manganese some
what hagh 1n tin and zinc While these findings may not be
pertinent ta pathogenests they deserve study Blood copper
levels were not reduced 1n this syndrome

Of the other Lnown functions of hydralazine carbonyl
l;x;dmg 15 the most logical to explain the toxaty It s
’ ;1 :cl:lt however to concerve of carbonyl binding as lead

z to depletion Thete was no diminution in - total

catbonyl ot pyruvate w blood of patient
ts treated with
hydralazine Tts other function removal of sulfhydryl 1e
2lo 2 possible but not probable cause of hydral
}
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disease  Jts huown anntustaminase acovaty and the rela
tion of histamine to hypersensitnty 15 another possible
explananon as 15 s affimty for pyndoxal

Lest the reader refrain from using this potent agent
when 1t 15 needed for the prolongation of hife we can say
that hydralazsne disease occurs in less than 10 per cent of
pauents and then only when relatnely large doses are
guen that it 15 readily detectable easily reversible and
does no permanent harm 1f the drug 15 discontinued 1
time There has been no mortality except 1n unnatched
patients and the drug on the whole 15 hardly more toxic
than many 1 continuous use for the control of chronic
duseases The method of use 1 discussed 1 Chapter VIII



Chapter V.

FACTORS INFLUENCING THE CONVER-
SION OF NEUROGENIC TO NEPHRO
GENIC HYPERTENSION

THE TRANSITION FROM INTERMITTENT TO
PERMANENT VASOSPASM

F THE VASOSPASM resulting from emotional reacttons to
I stress were confined to the reverstble phenomena seen
m hyperreactors to pan the net effects upon the cardio-
vascular system would be less important than those result
1ng from exeraise {Unfortunately at some stage permanent
vasospasm, at first of shght degree then more and more
pronounced gradually deselops engrafted upon which
are the repetittve reversible episodes of neurogenic vaso-
spasm) The key to the understandng of the pathogenests
lies 1n this change of reversible to irreversible vasospasm
therefore we may be allowed to theorize for purposes of
orientation The curve of mcidence of chronic hyper
tension m the general population plotted agamnst age
(showing a rapid increase mn the fifth decade) 1s consistent
with several theortes Smnce all biologic phenomena can
eventually be resolved mn terms of physics and chemustry
we should exarmmne possible basic disturbances 1n that
hght The physical explanation—organically induced 11t
crease m vascular resistance from sclerosts of all vessels—
does not fit the facts although the effects of tncreased
1ntra artersal tension which both cause cardiac overwork
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and which ncrease the rate of development of athero-
sclerosis are begmmng to be apprected Of chemical
explanations we Jooh for some disturbance of some enzyme
system concerned a) 1 the Telavation of smooth muscle
b) the destrucuon of potential Pressor substances, ¢) the

reactswaty of blood vessels or d) the metabolism of the
hdney

THEORY OF HABITUAL REPETITIVE STIMULL

One 1dea 15 that the tngger smechansm for emotional
duscharge to vasospastn becomes more sensilive as the years
ass lesser and lesser stimuli settng off the response In
‘ather words an habitual pattern of reaction 1s set up which
becomes more and more active and eventually Jeads to
orgamic remal vascular dwsease thereby cansing organi
renal schemia This explanation begs the question and 15
inconsistent wath the fact that demonstrable renal vascular
dusease may be absent m sustained hypertension

THEORY OF DEPLETION OF VASCULAR
SUBSTANCES

Another theory 1s concerned with the depletion of sub-
stances or the weaning out ot the mechanisms whick cause
reversal of vasospasm 1 ¢ the relaxation of smooth muscle
In other words repetive stresses accelerate the aging
process 1 smooth muscle making it more reactive There
18 o ewdence for tus theory although ar Szene Gyorgy
has pomnted out (190) contraction of muscle 1y olves Toss
of potential energv relaxation 2 bunid up af encrgy (phos
phate} i the contractile elements Therefore shghtlo.of
some substance promotng the restoration of the ener
for relaxation may oceur with fume ar possibly mh\hng\
of the mechamsms of Energy Rarage by accumulation of
amother swbstance In that event, Ppermanent vasospa.:n
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would result from normally arculating vasoactive sub
stances This 1dea has no present basis of fact, although the
tons calcrum, magnesium sodmum and potassium are ity
mately concerned 1n muscular contraction and relaxation
and 1t 1s not imposstble to belteve that 1mbalances occur
with age

The wrritability of muscle and presumably smooth mus
cle depends upon the ratio 1 extracellular fluids

Nat* + R+ + OH"
Ca** 4 Mg* + H*

When the concentration 1n the numerator 1s mncreased
irrrtability mcreases when that in the denominator 1s 1n
creased 1rrtability decreases The extracellular concen
trations under most conditions can affect tntraceliular
ones Therefore vascular smooth muscle may become
more writable and therefore contract more either with
higher sodium and potisstum levels, by interference or
displacement of calcium or magnestum by another mactive
element or by therr depletion (192)

INTRARENAL LNZYMATIC MECHANISMS

If all nephrogenic hypertension (except azotemuc) 1§
dependent upon the same renal enzymatic alterations it
1s well to consider and search for reasons as to how ths
can come about Hypertension has been pmduced expert
mentally in anmmals and resulted 1n man from a varzety of
methods of damaging the kidney most of them can be con
sidered 1s producing 1scherma Hypertension has also been
produced in dogs with no kidneys kept alne by hemo-
dialysis, whether the mechamism 1s the same or not 1s
unknown Yet in man with permanent hypertenston there
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mav be 1o vascular lesions no organic tenal disease no
orgamic renal aschemia but funcnonal changes are found
which 2re pbviously dependent upon circulating vasocon
stncior substances provohing spasm In the dog spasm 18
even present distal to renal artental constraction {10) What
15 the reason?

To find the anwwer we must delve deeper into those
mechamsms affected by schemua wn order to think of
sumifar ones altered in the funcuonal state Something has
appened 1o the kidneys of patients with sussained fune
tional  hypertension which may be sumiarly affected 1n
organic venal 1schemua We look to altered enzymatic
mechamsms to supply us with a common denominator
Because tschemua ts related 10 oxygen tenision and ovygen

sumption oxidatsve meck are the first to be con
sidered Ts 1w possible therefore that some renal oxadatne
enzymT in man 15 reduced m funcuon by both orgame
schemia and an exogenous accumulating substance? If
this were so a population might be exposed umformly to
this substance but only certain members predisposed 10
hypertension 1¢ those who Teact 1o stress by vasospasm
might develop permaanent disease

Pickenng put forth this same 1dea that a whole popu
lanan was contaminiated  but only tertamn persons de
seloped the disease (Chapter 11) This theory is the only
ane consustent with the known faces and which explans
the wartual absence of the diseate sn many areas of the
world For 1t 1s likely that a proportion of all human beings
react £o stress by nevrogenic discharges through the sympa
thetic nervous ystem

There are two posubilities snumateh
¢ are ¢ y related which
shonld be “explored n order to discover this hasic du-

l(\)“\)ancc Both could explun this most mmportant factor
e 1y u\\ci yyamin B, one trace metals.
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Theory of Local Vitamin B, Deficiency Vitamn By 1
a most prevalent coenzyme, causing reactions described
before which are essential for hife and health Deficency
disease 1n man has been produced by desoxypyndoxine, a
metabolic antagomst which may not compete with all the
Anown functions of the vitanun, the principal lesions were
of the skan and included chetlosis chemosss, papular erup-
tions and dandruff (191) ssimlar to definiency of other B
witamins or to zinc deficiency (181) Penpheral neuntis
has also been produced by isomand which causes excre
uon of this vitamin In monkeys loss of hatr, weakness
weaght loss muscular wasting, microcytic anema and san
lesions occur Obviously we cannot look to generatized
vitamun B, deficiency for explamning human hypertension,
nor any other disease since most patients lack symptoms
,and appear in the best of health In young rats however
hypertension h1s been produced by desovypyndoxine (133
195) Since tins coenzyme takes part i all amino acd
metabolism, 3t 1s possible that a relative or margmal de-
fictency occurs i the ussues (or hidneys) of populatons
subject to hypertension being a local deficiency general
1zed lestons would not occur ¢
Is there a definency of vitamin B, in the Amencan
diet? Authorities differ in thewr opwnions The need for
vitamin B, in man has been established but the day
requirement has not, being estsmated as more than 10
and less than 50 mg (19]1) The vitamin 15 heat labile
(196) and destroyed by hght (197) It 1s destroyed or re
moved dunng the processing of foods, which ncludes
canning and cooking (198 199) Smmple methods for its
estimation, depending upon the growth of certain bactena
or yeasts, are considered as mving values too low (200)
or too hgh (201) compared to rat growth curves The
answer 15 difficult to find
“The American diet composed as 1t 15 of many canned
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socessed_foods, 103y _be_marginal with yespect.to
i?imjg&éwwa@m Obgf-s;“:;m‘gr‘:&;%
figures avatlable (201 202) TFurthermo

g::g::::z women agpﬂzar w( be somewhat deficient &c
growsng fetus apparently removing the sitamun from the
mother without causing skin Jesions (203 205) Army
combat rations were found defiaient for monkeys and rats
(206 207) and a brand of wnfant f0od was found deficsent
causing convulsions (208 209)
7 As we have sud there 15 obviously no generalized de
ficiency state which can be recogmuzed sn the Amencan
adult pop Marginal intakes b are possible
especiatly duning seasons of the year when the diet 13 com
posed largely of processed foods Converung the values 1n
foods described 1n the Wterature to 1nciude a daly dret
we have found that the ntake 1s barely adequate (202)
About ¢ 2 mg per 100 Gm of food 1s necessary to promose
the growth of rats Not many foods contam thus much
when cooked and 1t was difficult to calculate 2 20 mg
ntake 10 a sample hospual dret (202) ~

tWny do not p d defi Yy symp appear?
Apparently this coenzyme has an affimity for systems where
1t 15 most needed for Mife and Jess for health Its distnbu
tion 1n organs shows wide varapons (201) Perhaps senal
deficiepsy ean st without, deficiencies elsewhere] per
haps overloading of one vitamin B, enzyme system by
metalolic producs can produce 2 state of local deficiency
“without 1t Deing manifest it other systems The need for
a coenfyme varies as the load placed upon the enzyme
nystem - as 15 so well known n the case of yitamim B, or

thumin A third posubiliry 15 that speaific antagonusts ac
cumulate with age

Trace Metal Imbalance The second th

€0Ty Concerns
mewlioenzymes There are many 1n che ladney It de
ficrency of 2 metal were produced that enzyme would he
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come inactise untd the metal were replaced There 1s N0
evidence at the present tume that specific metal defictencies
exast sn man with the possible exception of zinc sn under
mutninon On the contrary there are many trace metals
1n American tissues which perhaps are not only unneces
saty but undesirable The \adney 15 notable 1n ths respect
(Chapter VI)

Becawse an undesirable metal can replace an essenual
one it an enzyme system and mactinate 1t i vitro, 113
probshle that such a consequence can occur in Uivo, In
order to determine where to look we must examine the
essential and the presumably abnormal trace metals 1
Amencan human adult tissues and unne (Table XXI)
compare them with metals found 1 inlants to discover
which accumuiate with age and also tompare the hissue
content of people {rom areas not exposed to hypertension
This subject will be discussed 1n Chapter VI but examples
can be constdered here

Cadmium was found i large quanuties m adult Amen
can kudneys but not 1 anfancy This metal 1s nephrotoxic
An examination of the mhibitory effects of 2 number of
trace metals upon DOPA decarboxylase and monamine
oxidase revealed the following Some mubimon was ex
libited by all i high concentrations but at low ©1
mithmolar) only cadmiym and mercury significantly
hibited enzymatic activity of DOPA decarboxylase both
whibited monamine oadase to less extent (Table XXII)
Both are nephrotovc and will displace zine (p 146)

(Aﬂy dnease which 15 a function of agng may be mfla
enced by the gradual accumwlation in ussues of those
trace metals which appear 10 show Org;?eieaxvxty and
gggr_ggmon Any diseases appeanng {rcqumﬁy?g a
i bt . ol 3

man may be infuenced by accumula
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¢ion of those abnormat trace metals to which anlized man
1 exposed Card ular diseases d with aging
therefore may be mfluenced by accumulation of trace
metals m fadney lnes Bbloed vessels adrenal or bram
Ia Table XXII are shown evidences of accumulauon of
sanous trace metals or Jack of 1t 1n Arnerscan hadneys with
age Although the numbers m each decade a7e swall the
trends are definite for mckel ttanium and cadmium, not
30 for un Zinc 15 accumulated 1 proporuon to cadmium
One of these metals could be the culprt although we
suspect cadmsum because of its prevalence (see p 146)
Other oxidatve metalloenzymes i hidney (or elsewhere)
mght be affected by abnormal exogenous trace metals
Two pertaming to the problem of hypertension ave histed
m Table XXI1I (Anv enzyme contamnng free sulfhydryl
groups can be iactivated by metal binding thereon thus
metalloenzymes ave nhot essenttal for inacuvaten by
wetals} Direct ewdence for thewr pastiapation 1s ladang
but they are shown 1o call attention to their role i nitrogen
metabolism direct or indirect and to their metalloenzyme
natures Vanadium and czdmium have striking actions
Theory of Electrolyte Imbalance Small elevanons in
the serum sodum of hypertensive patients fave béen te
ported TaMm fime to time (210 211} Ther sighficance 15
unclear The hypertensive kiduey 1s a salt Josing kidney
no funcuonal or morphological alierstiotis in adienal
covtex have been demonsisated i the usual case There 5
evidence _however, that the sodim_conteny of at—t_;;al
walls may be tncreased  €ausing enough suelling to_in
crease penpheral restance (212) There 15 also evidence
that dhe sodiom n the body affecs vaseutar armtabihity
— _sensitive

sodium_tepl
uon and the ad; 10n of desoxycortic -Teple

ace
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tate What change affecung sodwm intake Joss or stuft
occurs m hypertenston 35 not knawn There 18 no cor
relation wath salt antake 1n man although moderately hy
pertensive rats choose to €at more The_alteration nust
be_an_esateric one_and may wnglve potasstum and mag
nesium or possibly caleiurm as well
“Theory of Mechamcal Renal Artessal Obstruction In
siew of the above discussion i 15 highly possible that
enrymatic alterations secondary to orgame ischemia and
those caused by one or more of the aforementionel fac
tors may be sumiar If so wal obstruction of a renal
antery by atherosclerotic plaquies €ould Brovide the neces
sary mecharust for permanent hypertension Just as well
a5 could intrarenal enzymauc changes from trace metals
or coenzyme deficiency Such obstructive lesions €xist and
raay be more commmon than tealized (145) One can smagime
2 hypothencal case 2 man wih the ability o react to
stress by vasogpasta passes through s first five decades
only with tachycardia or transient hypertenston under the
sumulus of an examination In tus fifth decade m our
aniization he begins o develop overt atherosclerosss
plagutes of which are deposited by chance or by dynamie
design at the mouths of his renal artenes He then de
velops Iyperiennion caused by some orgamic renal
ischemia and some nensogenc vasaspasm  As the hyper
fenston increases the rate of development of atherosclero-
sts these plaques may become larger leading 1o fuzther
rcml1 xschcmx‘a arI\d hypertension but without much sntra
Tenal artenal scl
decade wsnally ocfr:?afhi:r:sl:lstg: iy Sxxl‘h or seventh
tequence of evemts m: o commpcon This
ay e very common and does not
Tecessnae trace metal smbalance or ather ensymatie dis
eroscleross (Chapter VI8) Further
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guish between these conditions and functional neurogemc
vasospasm  they can be presumed to veact 1n the sume way
“Therefote 1n late stages artemolar nephroscleross caunsed
by the hypestension pmduccs organic renal 1schemia
which sustamns the hypertension As discussed previously
we probably cannot use this mechamism to account for
middle stages of sustaned hypertension because orgamc
1esions are often not present.

Symlarly the rubular part of the nephron may be un
able to distingush the difference between orgamc artensal
and artenolat Marrowing from these canses oF from ntsa
renal artenal obstrucuon by scars (pyelonephnius) and
glomerular obstruction {nephritis and glomerulosclerosts)
The locus of the mechamsm reacting 1o venal ischemia
may be postglomerular (tubular) or it may be in the juxta
glomerular apparatus which lies arcund the afferent
attenole In the Jatter case chrome glomerslonephnus
mught not be expected to cause hypertension untl fairly
widespread renal degeneration had occurred This may be
the usual siewation

Comment One can only guess at which factor operates
1 a gien hypertensive patient. There may be severa)
others not menuoned The theory of vicwus cycles or
Gybemnetics 15 quite prominent 1o much of what has been
sad as 3t 15 1n many pathologic states and normal met
abolic pathways (which ate far from Vicsous unni drs

2 PAsm 1nto permanent nephragenic and
neusogemc hypertension, 1 the " Xiller’ 'Thesek
becornes of foremost ymportance to wh core 1t

e to understand 1t for

U we could t this ofte h
m and
break the cjcle perhaps hypertension would be a2 mild
Telatn ely but h by
m\m; g POy FC abnor
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more, cholesterol embolt m the Lidneys have occurred
from plaques (213), associated with hypertension

The renal hemodynamic picture of hypertension
older persons 1s that of the major resistance bemng on the
artenial side of the glomerulus (214) contrary to that seen
in younger people where 1t 1s predominantly n the ef
ferent arterioles If the disease begins in the 50 s and 60s
such sequential events are likely pathogenetic features, al
though 1t 1s now 1mpossible more than to guess which
comes first A vicious cycle of this sort mvolves the mitia
tion of nephrogenic hypertension by local atherosclerosts
and the progression of atherosclerosis by hypertension
with the predisposing factor (neurogenic vasospasm) pres
ent, however, for the previous hfetime of the individual

Sustamed chronic hypertension causes arteriolar nephro-
sclerosts characterized 1 order of appearance by 1)
thickening of the glomerular capsule 2) thickening of the
glomerular ntercapillary substance 3) thickeming and
hypertrophy of the walls of the arterioles 4) antimal
thickening and 5) fibrosis and hyalin degeneration of the
walls of arterioles and small 1rteries In neurogenic hyper
tensive dogs these alterations take 2 to 4 years to develop
(7) 1 man with chronic hypertension little or no changes
are apparent m half of biopstes (159) whale almost all show
1t at necropsy (2) When pheochromocytomata act as the
neurogenic factor for long enough, arteriolar nephro-
sclerosts 15 the frequent result and nephrogemic hyper
tenston may remain after removal of the tumor

TWhen artertes and arteriofes are narrowed by perma
nent sclerotic changes blood flow to nephrons 1s obviously
reduced at normal blood pressure levels It matters httle
to a nephron whether 1ts flow 15 cut down by a single aortic
and renal arteral plaque or by organic narrowing of 1ts
afferent blood vessel Perhaps 1ts tubules cannot distint
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Can we bring some of these 1deas together mto one
theory? In the case of enzymatic mechanisms, we can For
pyridonal phosphate 1s believed to contain a metal neces
sary for actrvty chelated to the pyndoxal amino acd
complex n the following manner (215)

0==C-—C—R!
N Amtno aad

\;I\tle/ \CH:
o
Senor

i
HC I’I\l’*‘ Pyridoxal

We have demonstrated that cadmum and mercury can
selectively nhibit at least one pynidoxal enzyme, prob
ably by competing with the essential metal just as a num
ber of strong metal binding agents also mhibit this same
enzyme (Chapter 1V) probably by removing the essential
metal Therefore, certain trace metals can be biochemt
cally interrelated with certain pyridoxal enzymes It 1
posstble that not only the decarboxylases which produce
the vasoactive and cerebroactive primary amines serotonin
tryptamme  tyramine, 1s0amylamme dihydroxyphenyl
ethylamne from ammo acids but also transaminases may
be mhibited by abnormal trace metals (Table XX1V)

CLINICAL IMPLICATIONS

The exastence of organic narrowing of renal artenes and
arterioles must be 1n mind durning every attempt to 1€
verse or control hypertension whether by drugs or sur
gery No available therapeutic measure known will dilate
renal arteries and arterioles more than they can dilate
through smooth muscular relaxation scar tissue wilf not
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mechansms ate unknown but the chincal and laboratory
evidence that adrenal steroids cause hypertension m cer
tain cases 18 clear The reader should remember, howeer,
that there 1s no evidence that the adrenal cortex 13 over
actve 1n most cases of neurogenic or hephrogentc hyper
tension but that wolated 1nstances m which 1t plays a
definite and perhaps primary Tole are known

Exp 1 Sterord Hyp For many years 1t
has been recognuzed that desoxycorncosterone (DOCA)
a salt retainmg hormone will cause hypertension in raw
when added salt 15 gen (216 217) Lakewise a syndrome
sunilar to toxenua of pregnancy can also be produced
relieved or prevented by hydralazne (218) Feeding of salt
alone 1n excesstve quantities can produce rat hypertension
{219} vascular lesions resuft The amount of steroid and
the amount of salt necessary to produce this disorder are
far beyond phynclogic himits DOCA 15 pressor 1 yenal
hypertensive dogs (220) and hypertensne patients (221)
Salt restnction apparently wnduces adrenal cortical hyper
actwvity (222)

Effect of Experimental Nephrogeme Hypertension on
Adrenals Adrenal hyp h

phy accomp expenimental
nephrogemic hypertension (223) Furthermore rats with
moderate hypertension voluntanly drink more saline than
do normals or thesr paired severely hypertensive mates
{224y This mcreased requirement for sale may be a re
flection. of the salt lowing tendenoes of wscherme kidneys
already discussed 1n Chapter IV

Relation of Adrenal Cortex to Medulla It may nat be
a comcidence that the adrenal medulla concemed with
the 1elease of epimephnine and the cortex concerned with
sugar saltand sex, ate enclosed 1n the same gland. There s
an mtmate relationshup betheen the two hormones act
g on vascular smooth muscle There may be a further
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become more elastic This statement may not hold true
however, for cholestero! filled atheromata, which probably
can be partly absorbed under the proper conditions

Fortunately, the cases of severe hypertension which be
come azotemuc when the blood pressure 15 lowered are
rare When present azotemia may be worsened The exsst
ence of renal arteral constriction can make therapy difi
cult, however, intrarenal constriction beyond the obstruc
tion probably can be quite readily opposed

The eustence of organic narrowing of other major
arteries to myocardium and brain must be 1 mind during
every attempt to reverse or control hypertenston, for 2
lowered penipheral pressure may cause tschema beyond
the obstruction These circumstances are fortunately un
common

Because hydralazine and similar compounds appear 10
attach the factor converting intermuttent mto permanent
vasospasm 1n tume, thus drug 1s mndicated m all patients
with sustatned hypertension who are able to tolerate it
without symptoms of sensitrvity Whether or not 1t helps
to restore a disturbed enzyme system to normal function,
or merely mikes abnormality more abnormal, 15 not
known at this time Its reactions on DOPA decarbosylase
suggest that amino acd decasbokylation would be sup
pressed by the kudney thus preventing the formation of
amines its acttons on monamune oxidase suggest that 1t
can promote the destruction of amunes Its mhibition of
pherentasin suggests that 1t specifically mactivates the one
pressor substance found n the hypertensive state

ADRENOCORTICAL MECHANISMS

One possible factor which may wfluence the conversion
of wntermuttent to sustamned vasospasm hes m the adrenal
cortex and m 1ts mfluence on electrolyte balance The
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seadily when deprived of sodwm conductance s rcsto;cd
by 2 number of quaternary ammonium compounds (229)
Whether or not mereased conductance occurs when there
15 an excess of intraneuronal sodium 15 not known The
decteased sensittvity and the sometimes fowered blood
pressure seen when dietary salt 15 severely restricted may
perhaps be explained on thiy basis

These interactions between merve transmission  salt
sasoconstrictor substances and steyords can explan sorme
of the ehncal findings which appear on the surface 10 be
wmetphicable Normal wne normal discharges
of sympatheuc fibres normal amonnts of norepmephnine
tan produee generahzed vasospasm when the vascwlar
smooth muscle becomes hypersensitive through salt and
sterords Rermoral of salt or sterowds may restore senunvaty
to normal Excessive vasomotor tone excessive discharges
of sympathenc fibres excessive amounts of norepinephrine
formed at nerve endings can produce a much greater
degree of generalized vasospasm when the vascular smooth
muscle becomes hypersensitive Removal of salt or sterords
Testores sensitn ity to noymal but does no more than panly
*educe thie vasospasm to a lesser level to achieve strict
normahity additional of sy path
acuvity 1o normal When the 1as0spasm 18 11 part caused
by arcnlating bumoral ‘pressor substances Testoration 1o a

normal state s smpossible unless these substances are 1nac
tvated

Clmieat Findings Many hut not gl patients with
adrenal corical adenomata or hyperplagia have hyperten
s1on Other steroud produang tumors may also be asgson
ated with hypertension Hypertension 1s uncommaon but
not unknown m virhzing tumors we have seen 3t vegress
on surgical removal of the tumor Cushing s syndrome 15
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more basic, relationship between salt retaiming hormone
and the transmussion of nerve impulses along sympathetic
fibres affected by sodium or potasstum

1 The adminmstration of DOCA ncreases the sensitity
of vascular smooth muscle to epmephrine and norepine
phrine (38)

2 The vessels of the patient with Addisons disease
show a relatively low reactnaty to mjected epinephrne
and norepinephrine (225, 226)

3 Salt restriction decreases these sensiwvities, salt re
pletion increases them

4 The hypertensive, but not the normotensive, 1mdt
vidual responds to intravenous DOCA by a mise in blood
pressure (221)

There_are_two posstbilities to_explamn these findngs
The first 1s concerned with the smooth muscle fibre the
second with unmyelinated sympathetic nerve fibres Cer
tam adrenal cortical sterords apparently act at the cellular
level regulaung the amount of sodmm, potassium and
possibly magnesium within the cell (227 228) At least
there are rather profound alterations 1n cellular content
of catons when salt retaining hormones are given or are
formed 1 excess n extracellular fld there 1s apt to be
hypernatremia hypolalenia and alkalosis of vartable de
grees If smooth muscle cells were so affected, the result
might be hypenirntabiity of the fibres with excessive
responses to vasoconstricing unpulses either neurogenic
or mediated through cirenlting pressor substances Per
haps the intracellular edema found 1n the artenes of
some hypertensive wndividuals (212) 1s on this basts

Another theory mvolves the effect of sodium or potas
s on nerve transmusston through unmyelnated fibres
‘The fibres of primitive ammals do not transmit smpulses
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Fic 1, Central obesity menstrual rregulanities Jow 83 eat salt (<20
mEq /L) and hypertension Rapid « er it gun mild hirsutism easy
brussability and moderate drabetes were also prescnt: Tiis complex
hus been named the endocrine Iypertensine syndrome  lor want

of a more defimtive vord The blood pressure was highly responsise
to salt restricuon (3 3¢}

They may be recognized by the presence of central obesity
and hypertenston 11 women menstrual irregulanities are
common {Fig 17, The condition has been seen 1n famy
lies (3) Presumably ther hypertenston 1s influenced by
an overproduction of aldosterone or other salt retaining
hormones wiuch decreases the sodmum 1n sweat to low
Tevels We must hypothecate the cham of esents i the
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not imvaniably assoctated with hypertension prmary
aldosteronmsm, m which there 1s overproducnion of salt
retamning hormone, appears to be
The admmstration of corusone and adrenocortico-

tropic_hormone (ACTH) 55 _somettmes_followed by hy
pertension In such cases, ‘Eﬁqs?n‘s—s'g:mert}pt _sensiivity
‘of Viscular smooth muscle creased because of the mild
salt retaimng side effects of these agents which are not of
themselves primarily concerned with salt In the presence
of a normal or decreased sympathetic tone cortisone should
be mactive n this respect Hormones with lesser salt
retarming qualites hydrocortisone, metacortandren €ic
are less active DOCA, on the other hand, produces hyper
tension 1 a far number of Addisoman patients treated
with large amounts of salt

* Therefore, the pressure raisng actnvites of stexoids and
salt, according to this theory are not primary qualities
residing n the substances themselves but depend prin
apally upon the state of the neurogenic control of vaso-
activity If sympathetic tone 1s elevated, they elevate pres
sure If sympathetic tone 1s low, they do not unless extes
sive  hyperphysiologic amounts are guen Abnormal
amounts of any hormone can cause profound derange
ments which would not occur with phystological replace
ment
There 15 a group of patients now being better described
which appears clinically to show excessive adrenocortical
actruty of two or three types of the hormones concerned
with salt, sugar and sex There ate many chmical vam
tions from the normal, extending from mnor degrees
to the borderline of full blown Cushings syndrome So
far, all have had eiher adrenal cortical adenomata often
small, or pitwitary basophilism with adrenal hyperplasia
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Fi6 17 Central obessty men tryal rrregularities low sweat sals (<20
mEq L) and hvpertension Rapid 1 eight gain mild hirsutism easy
bruisability and moderate diabetes  ere also present This complex
has been named the «ndocnine hypertensne syndrime  for want

of a more defimune word The blood pressure was hi ity stsponsive
10 salt Testriction (3 3¢)

They may be recogmized by the presence of central obesity
and hypertenston 1h women menstrual nregularsties are
common (Fig 17) The condinon has been scen 1n fam
Yies (3) Presumably their hypertension 15 influenced by
an overproduction of aldosterone or other salt retarming
hormones which decreases the sodwm 1 sweat to Jow
Yevels We must hypothecate the cham of events i the
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absence of exact hormonal metsurements A small adenoma
forming only aldostcrone will produce hypertension by
pohlanit and alktlosis One forming both aldosterone
and hydrocortisone or cortisone like hormones will pro
duce hypartension md central obesity with the resultant
musculir wetkness i shin and possibly menstrual ab-
normilities One formng both hormones plus androgens
will mduce 1 1ddinon irsutism an onfarged clitonss
menstrual mrreguitrsties muscular hypertrophy maleness
and the hhe Therc can thercfore be seven chimerl types
only four of which e 1ssocrated with 1ldosterone wd
hypertension four with central obesiey nd four with
mdrogeme overproduction Winle the disunctions berween
crses are not s simple 15 outhned her¢ since 1 smgle
hormone may hise the mmor side effects of mother this
e 15 worth constderng from chincal grounds and can
explun the presence or absetice of these different chmaert
mantfestattons In aldostcromsm the tumor 1s probably
dernved from cells of the 7omy glomearulost The severity
of thie mamlcstatsons nacuridly depends upon the ynounts
of hormones produced 1 excess

Hypertenston and Hyperildostetomsm  Recent studses
have shown thae there 1s 1 nmuild  hyperaldosteronism 11
severe wnd malignant hypertensive pitients s cirdenced
by the salt retuming propertis ob urmary extricts n
rdrentlectomuzed rats (230) If this 15 so 1¢ 1s possible that
vascul i hypertectistty 1s dependne upon 1 shght exeess
of this hormone However tiking into considerition all
ot the datr concernmg the wdrenal cartex m hypereension
this theory 15 hardly tenable

The hypertensiie hidney loses salt under 1 load and
the more severe the hypertension in terms of nephroscle
rosis the greater 1s the tendency to lose salt Smce salt de
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plesson ot some electrolyte abnormality may be the sumu
lus to the formanion of aldosterone 1t 15 possible that the
rmid aldosteronism measured may be merely a eflection
of tius salt losing tendency which probably has its seat
m the kidney Shghtly excessive production of aldosterone
could be predicted from Lnowledge of chrome 1enal salt
{oss Obtously this form of adrenal cortical hyperfunction
would cause if a primary mmusating factor salt relention

by the kidney a phenomenon opposite t0 what 13 actually
encountered

CLINICAL IMPLICATIONS

Obviously patents with hypertension influenced by
adrenal cortical overactivity should respond to restriction
af salt by & lawered blood pressure They do The fact
that severe salt restriction will not nfluence severe hyper
tension secendary to orgamic yenaj disease argues against
the role of the adrenal in thus state Severe salt restriction
can occastonally influence neurogenic hypertension prob-
ably Because vascular reactivity to sympathetic discharges
1s decreased But these results do not mean that all humag
hypertension 15 dependant upon steroids and salt on the
contrary these casts ave m a minerty The reader must
remember the sumple fact that dietary salt restriction of
severe degree causes overactivity of the adrenal cortes
and that the wsual hypertensise Sadney 15 2 salt losing

lidney to an extent dependant upon the degree of venal
damage ot renal sscherma

The chimean does well to recogmze cases of aldosterone
hypertension for treatment of them may differ radical);
from that of the usual case of Aeurogenic of nephro; em};
hypertension  Although eventually a .

Tteralar nephrosc
vos1s develops a lesion dependany only on dtasml‘:c h\,pe:
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tension from any cause, 1t seems slow to occur n these
cases and s apt to be Jess severe than 1n other types (3, 4)
Salt restriction ntiadrenal hormones and adrenalectomy
are logical methods to use if diagnosis can be accurate
None of these measures 1s necessary nor justifiable 1n other
types Therefore their recognition becomes of practical
sigmficance The measurements of sodium 1n sweat (3) o
saliva and of specific steroids 1n urime or blood are specal
1zed diagnostic procedures for such cases



Chapter VI

TRACE METALS AND CARDIOVASCULAR
DISEASE

INTRODUCTION

£CAUSE of the strong suggesuon that trace metzl 1m
B balances may be msolved 1 some of the chronic
diseases to which the people of Western Civilization are
exposed a chapter on this subject 13 1n order To be con
sidered are the selations of metalloenzymes to the prob-
lem the concentrations of essential trace metals 1 human
tissues the presence and amount of abnormal metals and
from whence they may come and the possibility of their
mterference with metalloenzymes to such an extent that
they cause chromc diseases Because this subject repre
sents a new frontier 1n Medicine vast gaps 1n knowledge
exist but the patterniscleaning
By trace metals we will consider only those present in
small or refatnvely minute amounts and not discuss the
bulk metals sodwm potassum magnesium and cal
cm nor iron which has an intermediary position between
ubiquitous elements and trace metals All bulk metals
probably take part 1n enzymatic teactions or 1n exchange
mechanisms  trace metals are often confined to more
specialized systems If interference with one of the bulk
metals occurred m the body profound toxiaity would re
sult For example should all magnestum enzymes be
hubited intermediary metabolism would cease 1f calcium
were displaced muscular relaxanion would cease Partial

141
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tnhibition of some of these systems undoubtedly occurs 1n
disease, but many can be recognized

There are many metalloenzymes 1 mammalan tissues
but only five essential trace metals have been rdentified
manganese cobalt, copper, zinc and molybdenum Defi
ciency of one of these trace metals 1n a metalloenzyme
erther by depletion or displacement by another more or
less active metal can be expected to lead to a profound
metabolic disturbance mnduced 1n a very basic and dis
crete level There 1s growing esidence that arterial hyper
tension and posstbly atherosclerosts may be ifluenced
by trace metal imbalances wduced by exposure to and
accumulation of abnormal trace metals resulung from
products confined to Western Crvilization

METALS CONCERNED IN METALLOENZYMES

For a metal to be reactive tn ovidation reduction mecha
nisms 1t must contain at least two valence states which are
faurly readily transposed The essentral metals 1ron matt
ganese cobalt and copper fit the requirement as do ttd
nium anadium, chromwm and nickel of the first
transitional group For a metal to chelate* readily 3
requirement for enzymatic activity (232), 1t should usually

* The definition of chelation and complex formation can best be ginen
by quoting from Martell and Calvin (238) When a metal 1on combines
with an electron donor the resulung substance 15 said to be 2 comple o

d If the sub which combines with the metal
contains two or more donor groups so that one or more rngs are formed
the resulting structure 1s said to be a chelate compound or metal chelate
and the donor 1s said te be a chelaung agent The electron pait boads
formed between the elcctron accepting metal and the electron-donatung
complexing or chelaung agent may be essenually tonic or essentiatly
covalent depending on the metals and donor atoms invohed Without
tucther considenng the nature of bonds simple examples of complex for
mation and chel. are reg d 1y as follows
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hase 2 coordination number of 4 or 6 an mdex of the
number of donors of the chelate with which the metal will
combine Thus mag: Y d chro-
mic 1on manganous and mangame ferrous and femne, co-
baltous and cobaltic mickelous and mchelic un and lead
have coordination numbers of 6 while zinc cupric cad
mium mercury sibver gold hase one of 4 and molybdenum
of 8 Those of titamum and scandium have not been de
termined (233) Some functional groupings which bind
metals are carboxyl hydroxyl carbonyl amno (primary
secondary tertiary cyclic tertiary) sulihydryl thioether
sulfanate and phosphonate {232)

Prnoples of Chelation The general tules regulaung

the sability of metal chelates according to Bailar (284)
are as follows

1 Ring structures mvolving metals and organic con
figurations have increased stability
2 Five membered nings in the absence of double bond
g and six membered 1ings m its presence are the most
stable
3 Fused nings that 15 configurations 1o which two or
tmote tngs hase 2 common side have 2 greatly increased
—_—
i
M+ h(-\«—\’l—l\ 1 Metal complex
a
A

N
M+ ‘IA—r\—ﬁ;\(\“A I Metal chelate

whete M. ttpresents 2 metat son & resents 2 complexin nt and
e
€prewents 2 complexing agent any
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stability, e g, ethylenediamune tetraacetate (CDTA) 15 50
times more stable than predictions would imdicate

4 Mrumum stability 15 achieved 1n the presence of a
mimmum charge Thus mnner salts are maximally stable

5 Spaual factors are 1mportant Thus primary amues
re better than secondary 1munes which 1n turn are better
than tertiary amnes, probably because the methy] groups
are cumbersome Stmularly water ss better than alcohol
which 1n turn 1s better than ether, methanol 1s better than
ethanol, and n propanol 1s better than 1sopropanol In
addition each internal angle of a five membered ring
should 1pproximate 108° If the ring myolves an aromatc
nucleus and 1ts resultant obtuse external angle no chelate
1s formed

G The active groups mvolved 1n chelation are (1) fluor
me and osygen (2) mitrogen (8) sulfur carbon (CN
carbonyl) phosphorus (as phosphene) and the halogens
The first group has maxumum binding capacity for beryl
hum with a secondary one for vanadium The second
group has a maximum binding for cobalt and the thrd
for palladium and copper In addition both sulfur and
ovygen bind metals centering round tin and anumony
1n the Periodic Table (Table XXV)

7 Transition metals are the most strongly bound be
cause their 1nner shells are unfilled and allow a shifting of
electrons to meet the optimum chelaung requirements
whereas other metals are much more rigid n the way they
can accept or donate clectrons

The spatal type of chelate 15 also of interest (Table
XXVID) Beryllum and boron zine, crdmium and mercury
form tetrahedral compleves Presumably the first two could
resemble magnesium chelates, the Jast three each other
Copper stlver, gold and nickel form square complexes
while all of the other essential metals save molybdenum
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TABLE \\WVI
NORMAL AND ABNORMAL METALS IV CRELATES (233)
Coord ns
ton Tetrahedrol Souare Octohed ot ':fj,';,‘
4 2ptt Cut*
4 Cartigtt | At auttt
N
6 Mgt
¢ Bett BH+
s Mttt Rt Catt Cott
[ Cetrt
s ATPH P st
M Mot
N W

See footnote p 193

form actahedral ones, as do chromium alummum, un and
lead Thus posstble interfering metals may be roughly
grouped according to therr chelate forms Those of the
first trausitional group have the requistie outer shell un
filled a measure of reactrvity

Trace Metals and Metalloenzymes In Table M\VH
15 a partial hst of some of the enzyme systerns belteved
to contamn a trice metal as a prostheuc group The list 15
by no means complete and undoubtedly will be expanded
n the fature as enzymes are purified According to wil
Iams (235) and Najjar (236) there are two types In one
a spectfic element and no other 1s firmly combimned of
chelated with the protemn apoenzyme for enzymatic ¢
tuaty, other metals may mnMubit actnaty The second 18
relatively less specific an that two or more metal tons ust
ally 1n the first transitional senies can be interchanged and
the metal 15 more or less dissoctable from the protem
Some of the pepudases were thought to have only partial
speaficty until the work of Emil Smith (140) strongly
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suggested that metal 10ns considered snteschangeable such
25 magnesium  Imanganese and cobalt ate speatfic for en
2yme actty and cannot be interchanged n the strict
sense of the term

Certamn merallpenzyme systems need orgamc coenzymes
{or vitamuns) for acunity One posuble example 1 pym
doxal phosphate which according to Snell thmrcsamcml
for the coenzyme to become acuvated (215) While the
metal 15 nat known model systems constructed without
the apoenzyme suggest that either copper 1ron or alumt
num could be the essential one (237) It 15 apparently so
firmly bound that most metal brnding agents will not 1e
move 1t Other weli hnown examples are nboflavin where
flavin adenine nuclectide 1s anumatély bound with the
onidation and reduchion of 1ron and the copper Savinord
1 acyl Coenzyme Adelyd Qther bers of
the vitarmn B group 1n some cases may requure metals
for actvuy with th and molybd
with flavin ademne nucleotide are examples

In general the actne essential metals are divalent and
m the first transitional group of the peniodic table Copper
35 essential for phenolic and catechohie oxidation and for
fat metabolism M 1s vequired for peptide sphiting
and for carbovylation In view of the hugh concentrations
of zinc 1 tissues and the very few anc enzymes found
carbomc anhydrase being the most pretalent 1t1y possible
that others exist The netallo-porphynins are good ex
amples of chelates heme the prosthenc graup of hemo-
globw has won chelared 1o four methyl pyrale nngs
the wron porphyrns of the cytochromes and myoglobin

‘iamin B* has cobalt chelated m a porphynn structure
:_A;_l}:i the porphynin of chl phyll chelates

;re are several \lop known cer ‘c_‘
and hemocupremn contamn copper mercaptalbumuns ap-
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150 Mechamisms of Hypertension

parently transport zinc and copper by 1midazole binding
and gamma globulins contain various metals some posstbly
bound to sulfhydryl groups The discovery of hexavalent
molybdenum as essential not only drew attention to heavier
metals but was tlso the first example of a high valency
metal 1n an enzyme Therefore, lugher valency metals m
the first transttional group are not excluded from essential
functrons (T1 V, Cr) nor are heasier ones

The practice of suspecting the presence of a trace metal
In an enzyme system by attempting to mactivate 1t with
metal binding ~gents (cyamde, sulfide azide, mercaptans
thiocyanate, ethylenediamine tetraacetate) may lead to
false assumpuions 1f the metal 1s more tightly bound to the
enzyme than 1t c1n be to the binding agent In the cas
of carbonic anhydrase 1 known zinc metalloprotem many
strong chelating agents apparently fail to nhibit activity
although some bindmng agents do (238) Inlubitton by sul
fantlamide may be the result of zinc binding Strange t0
say, zinc uself 1s a potent mhibitor as are siver gold
copper mercury and vanadium The hnetics of such reac
tions have not been described sufficiently to allow predic
tions as to different metals myolied pursficanon of an
enzyme now 1s the only real proof

POSSIBLE COMPETITIONS BETWEEN ABNORMAL
AND ISSENTIAL TRACE METALS

The validity of the Periodic Table appears established
for physics geology, chemistry and metallurgy but unul
recently there has been little apphcation of these disct
plines to the biochemistry of disease Substitution of one
element of a periodic group for another, however has
been often demonstrated mn specific mammalian tissues

Substitutton of One Element for Another In group u
B radium barum strontrum calctum and beryllium all
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have an afinity for bone both strontim and berythum
can canse nckets and berylhum displaces magnesium on
phosphatases nacuvaung them Therefore all but mag
yesum are roncersrated by one tssue Swmlarly two
amonic and all catiome elements m group VII have been
shown to be concentrated by the thyroid 1odine astatine

manganese technetium and rhentum those of the halide
subgroup quute spectfically (239 242) Likewise mn group
V A bsmuth antinony and arseme are believed to dis
place phosphorus 1n phosphates Gold sihver and copper
of group 1 B hase strong affimues for each other as does
cadmmm for mme W growp 11 B complete separation of
the two from ores 15 difficult and often too expenswve for
« 1l purposes Cad displaces 7inc on human
mercaptafbumin while lead does not presumably be
cause the former two tons bind the same molecular
group (the 16 ymdazole groups) while the latter binds
at a different site Cadraum therefore has a hagher alhnty
than zine for 1s protemn Sumlarly cuprnic son is displaced
from the sulfhydryl groups of bovine serum albwmm by
metals m the following order of afimty Hg» > Pb- >
Cd* > Zn (243) Among the amons fluotine chlorine

bromine and rodine are biologically interrelated while
selemum and tellunum of group VIL A will displace sul

ur 1t hate and nails possibly mn sulthydeyt groups In
group 1 A radiorubrdium 1s used to measure potassium
space (244)

Metalloenzyroe Inhabians In spite of these obvieus
relationshups m brological material metalloenryme com
petition by an extraneous metal has riot been systematically
i::(::eeda In Table XXVIH are shown examples of cises
plete MPkm i‘:ﬁ group The bist may be far from com

o types of enzyme inbibition ean occur
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One 15 when 2 heavy metal combines with suifhydoyt
groups to wacusate the enzyme Mercury copper and
siiver will 1nactnate many enzymes which do not contain
2 menl (245) Presumably the tovic effects of many beavy
metals are due to this type of reachon The second 18
when the estential metal 18 displaced by another ofttn
of the same perodic group Lemner has offeted good
examples of both types of reactions 10 Tespect to tyrounase
essential Sor formation of melanin (246)  Metals which
compete with copper 1 d mel my 18
frequently observed when heavy metals such as amsemic
bismuth won gold siver and mercury are deposited
the skin Pauents with hemochromatosts have relatively
{asge ammounts of won and copper depostted In the skin
‘The most plavsible explanation for these findings 1s that
metals bind epidermal sulfhydryl groups and thexeby re
lease wbibiton of tyrosinase The increased tyrosinase
actwity results m ncreased melanim formanon However
1f sufficient quannties of the metals mercury silver or
gold are present they can replace the copper of tyTosinase
10 produce an macuve enzyme with Tesultant depigmenta
tion ft 15 possible that the shight decrease 1n shin colos
produced by ammoniated mercury freckle creams 1
achieved 1 this manmer  $ix copper inding agents has:

caused depigmentation n vivo (247) most of them ant
thyrowd drugs

Essenuial metals such as copper manganese cobalt an
URe n MMteract 1o mhibit the metalloenzymes of eac!
Excess enzy actmaty bya p bly ab Taey
an alio occur Yer exauple chromium causes increase
synthesiy of cholesterol and fatty acids by rat ner {248
cadmiumn and cobalt enhance bactenal oxalacene carbax
lase 3 manganons enyme vanadyl wont enhances mon
mine ovidase (Table XXM Thus both stimulation a
depression by abnormal metal are possible
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The effects of a series of metals on two enzymes pos
sibly concerned n arterial hypertenston are shown 1
Table XXIH At the highest concentrations 1t 1s probable
that wnactnron of dibiydroxyphenylalanime (DOPA) de
carbovylase by metals was nonspecific or caused by sulfhy
dryl bindimg at low concentrations the specific shubition
by cadmium and mercury may be the result of displace
ment of nother essential metal Since the coenzyme 15
pyridoral probably with a metal displacement of the che
Inted essential metnl 15 the most plausible explanation of
the mechanism of mhibition If so zinc may be the es
sential one Obviously high concentrations of cadmium
mn the hidney might cause serious metabolic alterations
in the decarboxylation of several ammno acids

1f interference of 1 single metalloenzyme system can be
caused by mother competing and macuvating metal cer
tamn chronic diseases could ensue As a theoretical example
1f the molybdenum 1 xanthine oxtdase were replaced by
another 1 the same periodic group for example, tungsten
or chrommum, 1nd the enzyme so nhibited gout might
be produced There 1s no evidence whatsoever that gout
15 due to tungsten or chrommum but this 1s a theorettcal
possibility  Interference by an extraneous metal such as
chromum, with manganous 1on 1 the krebs cycle would
interfere with carbohydrate metabolism Any one of these
rexctions could have profound and lasting results if a
sizeable part of the total actiity of the enzyme in the
body were mnhibited

Sumple Chelating Compounds A great many organic
compounds possess the ability to bind metals 1n more or
less dissoctable complexes Many others form chelates 1
shich two or more electron donors combine with the metal
to produce one or more rings (233) The importance of
chelation has long been appreciated m wdustry but only
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lately 1n biology although the calcium ctrate chelate 15
comZuonly us:? to prevent clotting of blood Al megalle.
enzyme reactions are_heliesed 1o depend upon.chelation

Lach chelating compound differs widely 1n 1ts affimty
for difierent metals in Table XXIX are shown the sta
lity constants of 2 number of cormmon oxygen and nutro-
gen chelators with dualent metals of the first transitional
proup and with cadmwm Ten of these compounds are
present n biological fluds In general an incTease
ughtness of structure 15 proportional to atomic tumber
veaching a peak at copper (ot mckel) and decreasing there
after This fundamental property of most chelating agents
must be 1n mind wheneser they are used, in effect this
property means that a free 10n having a hugher stability
constant with the chelator will displace a chelated metal
with 2 fower constant When the acine groups are sulfur
and other chelators the pattern of metallic affimty 1s dsf
ferent (Table XXV}

Metadd Binding Sinple metal binding 1s dependent
cuther upon the tightness of the band the lack of dissooa
tion of the dissolved salt or upon the msolubilsty of the
complex Thus complexes may be formed between metal
2nd ammoma metal and sulfhydryl metal and cyamde
or metal and hydroxide The stability constants for transy
tional metal complexes 1n solunon are usually Jower than
for chelates although mercury has a fanly ugh affimty
for CN NH, OH and pyndine The common law relating
the sabilities of chelates of the first transional group
and atomic numbers appears to Gperate 1 the case of
sumple complexes of OH CN NH, and pyndine

Most potent drugs may act thror h ther abilines 10
1l
ug! e

Is on metalloenzymes Schubert states
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(232) The action of mny drugs probably can be ex
plained, partly or wholly, by their possession of groupings
capable of bimding metals The drug whether deletenous
or helpful to the orgymsm nhibns or activates a physio-
logical function m which 1 metal 15 required Inhibition
or actihation may come about in several ways
‘1 The drug mny chelate a metal 10n needed for the
actzvation or inhibition of an enzyme system and hence,
indirectly necessary for survnal
2 The drag by ns chelaung action may faclitate
the transport of a metal 1on to 1ts site of action, 1 some
cases by the formation of a fat soluble metal chelate
3 The chelating drugs may render vvailable for met1
bolic purposes a metal 10n which otherwise mght remain
n an nactise, insoluble form
4 The metal chelate may be readily excreted, thus
providing 2 means of detoxufication
‘ Examples of drugs wiich may +1ct tlhrough chelation
by some of these actions are ginen below Of further
mterest are the fictors determuning whether or not a
metal chelating drug will be effecuve, since these same
factors are responsible for chemical specificity m bio-
logical systems hnowledge that meta] chelationas thebasts
of 1 drug s action facthitates considerbly the development
of new drugs because 1t becomes posstble to anticipate
how the drug molecule can be modified to enharce IS
metal binding properties
In the case of silicylic aad 1t 1s hughly probable
that metal cheltion 1s mmportant Tlus 1s shown by the
fact that the m and p hydroxybenzoic acids which do not
chefate e mactive 1s anlgesic agents or agamst the fever
and pan ssociated with theumatic fever It 1s not hnown
which metal or metals are affected by sahicyhc acid, but it
15 known that the metals affected must belong to the
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transion groups Numesous denvatives of sahylie acd
contaiing the o-carboxyl hydroxyl group are abour as
effective as saheyhic and although they differ 1 dosage
tequired and side effects Tt rught be anticipated that
physiologically cortsone would have some resemblance
0 salicylates as has been demonstrated expenimentally
Terramycin and aureomycin revesse the Be inhibinon of
altaline phosphatase through the formation of a complex
jonwith e Helts as examples sahicylicacd adrenabin
terramyain aureomycin 2 thiosemicarbazone and corth
sone Pentaatlin Torms msoluble safts with heavy metals

Many thelaung agents are fungicidal antiseptic or bac
terigedal (233) Tiurteen of nmetegn comm mic
chelators of one br more transtional metals ate hsted by
Martell and Calvin as effective against grawth of B subtihs
with seven against growih of B Coh Likewise &hydroxy
quinoling of seven quinolines and 26 substituted quino-
fmes of 3% are effecuse agamnst the growth of clostndinm
welchu mogt of which imhaibut streptococeus hemolynens
staphylococcus anrens and B Coli less so proteus and
pseudomonas pyocyaneus Zinc and anganess appear
to be bound although the other essentsal metals 1von and
cobalt may be wunalsed Appatently copper 15 not for
copper veagents 10 general are mert Few are effective
agamst py an org © most anty
biotics The fungicidal properties of the ox:

nes so widely
vsed 0 tndustry s believed to be the rewa't of thewr

chefation with zmne an essential metal for growth There
fore bactenicadal and fungiardal actinity of many antiseptics
and antibiones may be functions of metal binding ot
chelaton

“The most popular and versatide of thy

g PP ¢ recognized chelat
* cinlenedumng sormacetate (EDTA, Seques
trene Lersene) stabulity constants for which are shown 1

LoOWn 1N
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“Table X\IX In addition to the transiuonal metals many
others have strong affimties lead (182) lanthanum (15 4)
chromic {24 0) ferne (25 0)2sw ellas berylwm vanadium
qtamum silver and many rare earths * Because EDTA 1
not metabohized (249) and apparently enters cells (200) 3t
provides a means fOr reraoving soluble tons from the body
10 the order of their stabiliy constants If an abnormal
trace metal 15 to be removed normal ones will accompany
1t according to the relative amounts and stability constants
of each Thus EDTA 15 not specific for lead for example
a current popular use but will remote other 1ons with a
tugher constant such as copper and mickel and especially
fernc won EDTA will be mactive however 1f the metals
n the bodv are more ughtly bound or chelated to protein
than to the drug This relative chelating capaaity of a
sequestering agent and a metal n the bedy follows certain
definste laws and explaimns the meffectiseness of EDTA for
Temoving most metals

An example of the effects of EDTA given intravenously
0 two patents 15 shown 10 Table XXX Zine was removed
m syeable quantities other metals less sa or not at all
The tigh excreuon of zin¢ 1n the patient with the neph
sotic syndrome found before the drug was given 15 prob-
ably explained by the excessive proteinura which carnes
combined unc Thete was no mobilization of lead while

EDTA mikes 2 good chelaung agent for chniea) use for the following

¥easons 1 The stability conttants (Log K,) for commeon but wmportant
loosely bound metaly 13 dow (B2 Sr Ca M

2=77610%6) 2 Tr
stants lor more ughtly bound metals 1 moderate Me Fe“) Co Cuczza-‘-‘-
MO1188) 3 The constans lor severl abuormal merals 14 bugh (11 218
A 259 Fes 1y Uslortunately several abnorma) metaly f2ll fn the
:ng;:f:z exsential ones (Pb 1804 A11613 N 1867 Y1800 €d 16 48)
L these cannot be removed with essen
Baency notably ninc, et dangee of at met de
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erght metals almost certanly present 1n a strongly bound
form 1n their ussues did not change

BAL (2 $-dimercaptoptopanol) a straight chamn dithiol
binds the following heavy metals 1n a chelate 2ng_chro:
mm cadmm ncht\,dememcnjmmmbwmum
copper, mercuty, gold {201} Substtution complexes on
the sulthydryls are formed In the case of cadmnm at
feast, these are dissoctated n the kidney and may result
1n cadmium nephrius a reflection of the greater binding
capacity of renal tissue for cadmnm than BAL. Citrate
a chelating agent used for lead posomng 15 metabohzed
by the body and 1s therefore relatively ineffective A hst
of some representatiie binding and chelatng agents s
shown mn Table NXXI Therr use 1 medicine 1s only
beginning For example all anuthyroid drugs have this
common property suggesting their probable action

These considerations open up a wide field of thought
on the mechamsms of disease and of drug actions Simlar
conclusions can be drawn when late toxic reactions of
drugs are compared with structure The common denomy
nator of the offending drugs appeared to be in chelation

Drug Reactions Late systemic feactions to drugs affect
several organs and systems of which blood dyscraqas
hepants and polyartenus are the most serions {252) Most

of the drugs causing fatal agranulocytoss as hsted by
Alexander (252} are metal binding agents (233 253) such
as pynne phenyit one h dimtro-
phenal ;’rmdcn procane amde and Tapazole contan
g pyndimey amines amudes Mitroso or sulfh

(253) Thesr solubibitres and specificittes for hi:?;vl E‘f;‘;i!
howeser are not known ta our Lnowledge Nonfatal feu
coperua has occurred with arsemcal compounds gold salts
thiouracils hyd Dicylates sulf des strepto-
myan and thiosemicarbazone which can displace or bind
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TABLE XAXI

SoME EXAMPLES oF CHELATING AND METAL-BINDING DRUGS (232 233 253)

(O1aCR THAN ANTIBYPERTENSD E AGENTS)

Drups Used To Remore Metals
EDTA
BAL
Citere Acd
Antithyroid Agentst
Thiourez
Thiouracil
2 Mercaptormidazole®
(Tapazole)
2 Aminothiazole*
P Aminobenzoic acid®
Sulfonamides
1-5 vinyl 2 thig-oxazolidone
Antibrotecst
Sulfonamtdes
Pen:aithn (and pensaillamine)
Chloramphenicol*
Streptomycin®
Isontazid
‘Thiosemicarbazone®
P Aminosalicylic acid
Anaigesics and Antspyreticst
Amnopyrene
Antipyrine
Phenylbutazone*
Phenacetylurea®
Saficyle acd
Mascellaneoust

Bis(dsethylthiocarbamy!) disulfide

{antabuse)

2 Acetylamno 1 3 4 thiadiazole 5 sulfonamide (Diamox)
Drugs Contasning Spectfic Groupst

Pyndine

Thiol or Mercaptan
Carbazide

Drazine

Thiazol

4 Contains metal binding groups affinities not known
1 Drugs causing Iate tovic reactions

Refesence
233
251
235
291
247
247
253

253
253
233
29

233
253
253
253
296
253
233

233
253
253
253
233

297

233
232 233 234
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TABLE XXXI—({contenued)

Natnte

Thiocyanate

Pyrocatechol

Quinaldine

Hydantotn

Hydrazine

Chelating Chemscals *

Phytic Acd

2 ketoghsconic and

Glycerophosphates

Potassium gluconate

Gallates

Rubeamic acid and denvatives

Guanidine carbonate

Potasstum ethyl xanthate

Dimethyl glyoxine

Unaals

Oximes

Dipheny! carbazide

Dipheny! thiccarbazone

Potassiumn thiocarbonate

Cupferron

Adipoin

Some Reagents for Analysss of Metals 256

Zn Fernc cyamde
&hydroxyquinoline
Quinaldinate

Sn Dinutro-diphenylamine sulfoxde
Toluene dithiol

Ag P-dimethylamino-benzalrhodamine

Ny benznl-dioxsme
Dithiooxalate
Dithict

Mo Thiocyanate

Cu Quinosot
Pyridine thiocyanate

Cd g-napthoquinoline
“Thiourea,
Benzow-oxame

163

From chemical catalogues
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trace metals The properties of the few other drugs caus
ing this disorder are not known Even the more unusual
cases of lencopensa 1re due 1o such metal binding 1gents
as barbuturates, chloramphenscol, 1sonsanid, demerol phe
nothiazines novalgm, pamaquune, peniailiin and phenu
rone, which 1ppear to possess the requinite metal binding
graups or to form msoluble metallic salts

Alexanders hist of drugs reported to cause aplastic
anema contawns eight of the above agents, with the addy
tion of such possible metal binding agents as quinacrine
hydrilazine, mercurial druretics (both mercury and amsde
are present m mercohydnn) novarone and para aming
salicylic acsd The drugs cansing thrombocytopenic put
purt mclude eleven of the above with the addison of
sedormd  procaine  quimne and qumdine containing
either ssmilar groups or quinohne In the case of quimne
and quumdmne the qunehne structure 15 not such as to
have chelating properues the requisite group being on
the 4 position while & hydrovyquinoline 1s 1 strong chelat
g agent Unless the ring structure 1s broken i the body
to form quinolimic acid the mechamsm of action 15 prob
ably not dependent upon chelation Hepatiis has been
caused by 17 of the above drugs and by acnflavine, cortt
sone and carbazone all of which contam metal complex
Mg Or sequestering groups

Aside from protens and undefined extracts of plant and
amimal tissues manv of the same drugs appear 11 the list
of causes of what Alesander calls the serum sichnes
pattern  (252) Twenty one of the above drugs are listed,
with the addition of thiocywnate ACTH (which may
mobihize zinc and contun sulfhydryl) bismuth, two new
antibiotics structurally umidentsfied and chlorpromazine,
which obviously has metal binding properties when hy
drolyzed When a comparison 15 made with the substances
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shock 13 new omes appear which do not have thus
ooy an te represented Bronchial
property and 13 of the abowe are rep ot ot
asthma caused by 36 agents of which 19 are of p Y
anumal ongin and unidentified structurally 13 canse m\:l
14 contaunng possible meral complexing groups ot me a
A similar situauion appears among the agents causing
severe late toxic shin reactions such as eczema wILCANA
evanthemata exfoliatne dermatiis bullous erupuons and
the Lke Metals and tinding agents appear Irequently
whten the chermcal structure 13 known
Cunously enough serious local and systerme seactions
are tare or absent among the drugs not contumng metal
reactive groups or producing them only on extensive hy

drolyus Sulfohromphthalein decholin paredrne ether
boric acid Banthine menthol g d chioral
hydrate morplune opiwm codemne digutalis are examples

On the other hand barbiturie aad the banic consutuent
of many sedatines and a pyndine compound forms salts
with metals Metal binding by sulfamlic acid 1s well known
{233) The mstabiiity of hydantom hydrolyzing to metal
binding hydamtorc actd the metal binding properties of
pyriduntes nutroso groups (dinitrophenol 13 2 good example)
cyanudes amine and sulthydeyl groups semcarkazides ds

crbotylic acrds thials aud sulfur-contamng structures
appear to be related o many forms of drug sensivity

Therefore 1t 15 possible that trace metals muay be :molved
i many reactions of sensitization and perhaps eset i some
forms of allergy BAL (2 S-dimercaptopropanol) for ex
ample 152 potent contactant Although drug reactions vary
widely 1n Frequency such agents as dsmtrophenol bewng
very actise and amnes relatisely snacine metatlocnzyme
disturbances cannat be excluded as czuses It wall be noted
that the more metal bindimyg £r0ups o the sofuble sulfona

mdes {pyndine thiazole sucemare et} the more Wrely
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the agent 15 to produce Jate generalized reactions The 1
terested reader can find many examples of this apparently
general phenomenon by companng structure (258), metal
binding power (238) and abibty to produce Jate reactions
(252)

The author by no means wishes to 1mply that the phe
nomena of hypersensitivity, allergic and xmmune reactions,
and anaphylactic shock are the result of trace metaf chelz
tion The mechamisms of these reactions imvolving alered
protemns have been studied extensively enough to X
clude trace metals as bemg pnimanly responsible Late
toxic reactions to drugs, however may well be cavsed
esther by metal imbalances or sensitavaty Thrombocyto-
perua mduced by quamne 15 an example of the fatter
Obviously the problem should be stuched further from
this viewpoint

ESSENTIAL TRACE METALS IN MAN

To be essental for mammalian metabohsm  the trace
metals under consideration should be able to form chelates
and to be reactive They should be demonstrable 1n ht
man ussues both of wnfants and of adults They should
be found 1n sea water, for life began m the sea and 1
plants They should demonstrate activity on enzyme
mechanisms  especially to accelerate reactions We can
apply these critersa to the metals actually found, examn
g the most logrcal ones (Table XXXII)

In Table XXXIII are shown the metals of nterest
found in sea water In general those of highest concentra
tion are more prevalent in plants and animal tissues The
relative composiion of sea water however has probablv
changed since hife began mn the primune ocean only
those elements present when amphibans left the oceat



Trace Metals and Discase 167

TABLE XXX
Trace MeTaLs FoUun 18 Mad a48 Toeix ProsasLe ROLES
Pousd
NoRwows  yronctior o
Possbly etabol Tt dnie
et Ex entiat e panasde g
Cobalt AMumo m Baoum Bum th Antlmony
Capsrs Stogtim  Boren Catm m Arsealc
Iron Vasadum  Cen m Chom ®  Beryllom
Masganese Galh m 2:,": Thallive
Lasthavem
3 1ybdenum Lat
Sler
i Tw T w

Thont 1 ealicn iy be Srplieated s chsonle dueases expreally cardirascnlar becauee
of thews prevalence o centrations or known functions on ensyme rystems.
and sausfying certain eritema for reactivity 1n enzyme
rmechanisms can be expected to have become essential for
metabolism We cannot say that living cells have learned
1o use new and less Teactnve elements in enzyme systems
by a process of adaptation the basic structures of atoms
have not changed and life began by using the most smta
ble ones
Because all food comes eventually from plants an ex
ammatton of the metailic content of plants 33 necessary
local pastural vartations can be neglected No metal can
be expected to he essential for amumals which does not
oceur 1n plants or m water In Table XXXII ate the
metals of nterest 1n plants Lattle aluminum nickel and
no cdmipm un silver gold titamum lead or mercury
15 10 be expected 1n animal tissues while vanadium and
W doms v o s s gy oy
w appreciable quantities

of those which do not appear in plants they must have
come from unnatural sources

To be classed as abnormal for our thesis 2 mewl
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a) should be found human ussues from some areas of
{he wor}d and niox from others b) should not be found i
planty or wild anmals €) should affect some metallo-
enzywaes ) preferably should not be n the tissues of young
wfants ¢} should be ntroduced by the habits of Western
Cnilzation snto foods or beverages as a result of proces
ang transportation or manufacture and f) should be
pootly excreted cumulative and prefcrably showing organ
speafiaty

Contentiations of the Essental Trace Metals 1n Man
Although many analyses have been done by various meth
ods for single or several elements in blood tisues and
urme (254257} the fitst extensive systematic ynvestiga
tion an the content of both essential and  abnormal
trace metals 1n humap tissues was made by Tipton and
her ¢o workers Using spath spectrographic methods with
mdium 23 an wnternal standard and densstometne photo-
etectric tecording of plates Tipton analyzed 208 tussues
from 24 persons dying suddenly m various areas of the
Unuted States for 18 metals (almost 4500 analyses) (231)
A preliminary analysis of 42 autopsies from vanious places
i this country showed similar but less quantitause re
salts (258) wimie 1 a fater semes the indings were essen
tially the same (250

In Table XXXV are the mean concentrations 1 vary
ous tissues of the essential elements manganese cobalt
copper zinc and molybdenum  caleulated roughly for
total bodily amounts Zine 13 the most presalent of the

normal group 1 several times the concentrat

of the others Fstenual cobalt was found 1!':‘0321;]; ?::Z
bodses sparsely scattered 1n smal] concentrations probably
because of methodologieal knues and yis presence . vy
minute quantities These regles Appear comparable g
%hose of Snfinh 22 a? tor €Opper zin¢ and manganese on
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the basis of dry tissue 1n a much larger series (260)

Some organs concentrate certain metals others do not
Zinc was found 1m every Organ in concentrations of 44 to
300 mg /Kg bewng far haghest mn prostate then muscle
Iner Jadney and heart and lowest m adrenal bladder
bram tesus Jung and mtesune Copper was concentrated
i bram Iuer and spleen being lowest n muscle adrenal
a0mta intestine 2nd tests Manganese in much smaller
amounts was concentrated espectally 1n Iner with pan
creas lung spleen and thyroud following quite far belund
lowest organs were heart muscle testis and aorta Three
of these four metals were found n all 258 specimens
examined Molybdenum was absent 1n only half of the
samples of muscle and testis a third of those of pancreas
thyroid and lung most prostates and all but one brain
but was found 1n concentrations of more than 0 13 mg /hg
sn all heart Yadney and liver samples being by far the
fughest 1n liver In the concentrations detectable, molyb-
denum ypparently 15 not essental for metabolism in all
organs but three of the others may be

Sources and Turnover of Essenual Metals All of the
essential trace metals are found to a greater or less extent
m plant and ammal tssues (Table KXXIV) dermed
from the soil Cobalt 15 probably the least concentrated
Soils vary widely i ther contents of trace clements and
disorders due to deficiencies or excesses have been recog
mzed i both plants and anmmals Semi-quantitative trace
rmieral analysts 13 a recognized practice 1n the evalyation
of soils for farmung The following was summanzed from
Mt‘J‘rrn:r Williams (256) and Marston (261)

anganese The Targest sources are n
foods with above 30 mg /kg catmeal whnlll:emfgluf‘l::g
bran soy bean fueal cocoa claves chestnuts pepper ma 12
SUEAT tea colitains 150 to 900 mg JRhg With lesser osm
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ay also b rportant sn hemoglobtn formation A copper
:.nﬂl‘{;xucemmglasmm 1s found m concemrano‘m of z?u&
34 mg per 100 ml of serum Seseral phenolic oxy nics
depend upon copper Pigruentation may e related to the
content 1p shn and harr follicles Copper 13 quite wefl 1t
xaned by the body with some dependency upon intake

bemng slowly ehmmated by way of the feces Gallstones
contawn large 2mounts No chronic copper pasoning has
heen described 10 human beings Human milk 1 extremely
fow 1n content 004 mg /hg As a rule Amencan foods
contain adeqiate amounts somelimes an excess since
many msecucdes and fungiades contan copper The
targest amounts 10 mg /hg or more are found 1n tea
coffec cocoa chocolates muts Inver shell fish espraatly
oysters tomatoes and yeast The least 1s found in mlk
butter cheese tehmed sugar honey wmarganne lard and
suet

Zite This most prevalent of the trace metals 1n the hu

man body 15 present in large quantities 1n most organs

as seen m Table XXXIV It 15 found 1 foods and 1s a
tequirement of plants bactena and fung Most modem
fungicides are zme chelating agents Deficiency 1n soils
causes diseases of hoth plants and ammals although ats
prevalence makes amimal diseases more uncommon Foods
sith over 50 mg [hg are wheat germ bran oysters beef
Iners gelaun and dried eggs those which contam the
Ieast amount are fruus chestnnts green vegetables and
fish Chronic porsoning 1n man 1 not knownr These have
Been several outbreaks of supposedly acute pessoning from
Toods stored . zinc lined teceptacles but the contaming

tion of une by cadmium makes 1t questionable that zing
wself was the cause symptoms of ninc and cadmuum potson

g are wentical 3¢ violent gastroenterstie and e
Powsoning 15 most duifficuls to produce 1n amumals



172 Mechamsms of Hypertension

centrations are green vegetables, nuts, Tice and barley
of considerably less content are meats, legumes and many
organ tissues Dairy products and fish are low in manganese
and coffee contams extremely hitle It has been estumated
that about half the mtake of adults in Brtan during the
winter came from tea The mimmum daly requirement
for man has been variously set at 4 6 to 10 mg, about 001
mg per day being escreted i the unine In vew of the
small body pool approximately 11 mg according to the
method of analysis (Table XAXIV), tus fugh requie
ment may Teflect the poor absorption of manganese from
the gastromtestinal tract Large amounts may be guen
duly, up 1o 10 Gm per day of the aityate or glycerophos
phate, without signs of tovicity and apparently without
excessive absorption Wihile deficrency 1 man has not
been described a reasonable assumption that st might
occur can be postulated especially 1f condiusoned by com
peting wetals or affected by drugs Toway from mgested
manganese has not been described although nhaled dust
can cause Parhinsonian symptoms and occasionally ar
rhosis of the liver

Gobalt Present mn vitamm By, as a porphynn chelate,
this element 1s essential for maturation of ved blood cells
but has no other known function m man It s raprdly €¢
creted both i unne and feces and apparently does ot
accumulate It may not be readily absorbed in man An
excesstve amount produces polycythema m the rat dog
frog mouse gwnca pig and sheep While the amounts
1n food wze not well known traces occur i vegetables
fruits and cereals 05 mg /hg 1n legumes and as Little as
0003 mg /hg n white flour In view of the small body
pool deficiency 3n man 15 possible but unproven Cobalt
15 2 vasodilator 1 man (262) and 1 the rat {183)

Copper An essential element 1n cell respiration copper
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high content of sron 1n therr Invers App:m:ndy the bac
tena su the rumen synthesize vitamin By, when cobalt 1s
present hugh requirements aré indicated by the large
doses of the yitamin necessary to cure ths disease Horses
and pigs rased 10 the same deficient areas are not affected
as their requsrernents are lower Bactensal synthesis 1n the
colon, 2 occuts 10 man apparently does not lead to ab-
sorption of thus vitamun, therefore 1t must be ngested as
such Copper deficiency has been implicated 1n certam
anemtas 1n 1nfancy but no known diseases 1n adults have
been described Anemia has been produced mn laboratory
ammals along with a slow rate of growth 1mpaired absorp-
tion of ngested sron ympaired mobilization of ron from
tissues and mpaired uuhzauon of 1ron for hemoglobin
synthesis have been found, as well as low cytochrome
oxidase acuvity of the bone marrow Cattle grazng on
copper-deficient pastures show depigmented, abnormal
hair develop cachevia anorexsa and anemma their bones
hecome fragile uon and mulk prod 15
decreased and they frequently die of cardiac failure young
animats may become ataxic Sheep show defectnve kerati
2ation and hypochromic anemna Tambs born of copper
deficient ewes develop swayback and ataxicand panalyue
diseases charactenized by diffuse demyelmzation of the
central nervous system Depigmentatson has been pro-
duced 1n many species Excesses or deficiencies of other
trace elements may nfluence the disorders m cattle and
sheep especially of cobalt and molybdenum AMolybdenum
deficiency prevents fonation of mtrogen by soil bacteria
but diseases 1n higher animals have not been discovered

Zinc deficiency auses hyperkeratosis 1in

pigs (264) ke
heratons and keratumzation of the esophagus En n?ts (YZ;(;?)
stenhity (256) and signs suggesive of anboflavinosts watky
vaseularizatton of the cornea and lesions at che mucocutane




174 Mechamisms of Hypertension

Molybdenum ‘The newest of the essential elements to
be found necessary in human and animal metabolism
molybdenum plus a flavin are necessary for the metabolism
of xanthine to uric acid by xanthine oxidase and the ou
datron of aldehydes by hver It 1s essential for the fivation
of nitrogen 1n the soil by mtrogen fixing bactena Molyb-
denum 15 present almost umversally in fertile soils and
m plant and ammal tissues Its toxiaty resembles that
of selemum poisoning excesses 1n soils affect Tumimants
rather than horses and pigs, producing a disease character
1zed by chromc diarthea called teart Copper fed to
amimals prevents molybdenum poisoning An examination
of the periodic table indicates that molybdenum 1s unque
m that 1t 1s next to the heaviest element essential for
mammahan metabolism and occurs 1n the hexavalent form
Whether or not deficiencres occur 1n man 1s not known,
the body pool 1s small

Speafic Metal Defiences (256, 261) * Actual def
ciences of some metals m man are not inconcewvable, al
though no true deficiency (other than 1ron) has been de
scribed Lack of manganese kills rabbats  deficiency i 1ats
causes failure of male reproduction and a high mortality
rate 1 the young Hen s eggs do not hatch well, perosis 0F
‘shpped tendon with enlargement and malformation of
the tibio metatarsal jownt and arrested growth of long
bones, possibly due to low bone phosphatase, 1s caused by
deficiency of this element i growmng chicks Pigs and
rabbits also show bone affections suggestng that 1 may
be related to the growth or health of bone and joints

Cobalt deficiency 1n soils causes enzootic marasmus o7
Bush Sickness in ruminants charactenzed by imparred
growth anorexia, weakness emacation and anemia with

«The reader 18 referred to Moore s recent entical and inclusve discus:
s10n of this subject (263)
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ous junctions These signs are more hike those of pyridoxine
deficiency It 1s doubtful that zinc deficiency ordinarily can
be produced mn man except on very low ntakes or dunng
excessnve protemnuria, during which loss of protem bound
zine can occur Some of the symptoms of ben ber have
been thought to be mantfestations of zmc deficiency caused
by low mtikes The patient shown i Table X3X ex
hibited acute pyridowine defictency twice when EDTA was
gwven intravenously (181) probably his excesstie nnnary
Ioss of protein bound zmne added to the zincuretic effect of
EDTA resulted m deficiency of the zinc chelated to some
pyridonal enzymes (Fig 20 p 281)

“ABNORMAL TRACL METALS IN MAN

In Table X\\V are the concentrations and contents of
the five presumably abnormal’ trace metals showing
some organ specificity We observe the following Alumt
num was not found 1 three hearts but was 1n every other
organ examned almost always i concentrations of over
1 mg /hg and m all but sic 1 over 3 mg [hg Tt was
selectively concentrated in Jung (perhaps by nhalation)
with a third as much mn aorta and a sixth or less 1 pros
state stomach thyrord and adrenal lowest values were 1o
Lidney Amounts were higher than those of any essential
metal save zinc Cadmusm appeared 1n Ladneys m very high
concentrations, with Iner, pancreas thyroid contaimnAg
a tenth as much Titanwum appeared 1n lung (perhaps by
mhalation) with prostate a poor second and 2 relatnely
even distrbution m the other organs Lead appeared
hughest 1 liver, pancreas, spleen Adney, adrenal and
aorta lowest m stomach bram and bladder The Jess fre
quently found boron appeared to be concentrated i some
spleens On the other hand httle evidence of concentr
won mn any one organ was found 1n the cases of the
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ubigmions elements un nickel, chromwm and silver
(Table XXXVI)

The obvious conclusions are that relatsely large
amounts of cadmiumn are 1n Amencan kidneys and alumt
num and titamum 1n lungs while other metals are more
or less evenly dustributed Furthermore there 13 weight
for weight more of several abnormal metals 1n most organs
than normal ones of hugh biological acuwity such as man
ganese copper and molybdenum On the basis of mass
alone these three tables show the following when the
metals are arranged according to the periodic table Stlver
15 present 1 amounts equal to 22 per cent of copper
cadmum equal to 12 per cent of zinc (50 per cent an the
kidney) chromum equal to 61 per cent of molybdenum
(and 13 more prevalent) nickel equal to 140 per cent of
cobalt while there 1s more titamum tin and lead than
manganese molybdenum and cobalt and there »s more
aluminum than copper Thus the order in decreasing
amountsis Zn Al Cu Cd Pb T1 Sn Mo, Ny Co,Cr Mn
Ag B according to the present estimate {essential ones in
salies) Traces of gallum were found 1n most Jungs of
bismuth 1n 21 samples of gold 1n 72 samples and of thal
hum 1n § samples

In Thpton s second series of 24 autopsies from apother
{western) patt of the Umted States {259) the Bngings were
quite sumtlar for the essential metals although there were
somewhat less copper and znc 1 most organs and
molybdenum was largely confined to ler and kidney
Dt o conered sbnorna i ppoted

Y 10 the same concentrations as in her first
series but a large majonnty of other organs were lacking in
this element There was much less aluminum 1n alf or
i;allu but lung (23 mg /Kg ) and utanium was found 1n
only a few bodues except for lung where 1ts concentration
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{266) ‘Theze were 4 hadneys and Iners 3 lungs 2 spleens
and 1 aorta heart sntestne and muscle In contradisunc
won to adult tssues hidneys and Iivers and lungs con
tamed po tuanum cadmium or tin Alumunum was ot
concentrated 1 lung although 1t occurred 10 amounts ot
0310 mg [hg m most tissues less than that of adults
Tyanum was found 1n only one body m ntesune had
ney and muscle Nackel occurred 1n one other ladney and
Iser un was 1n both spleens and the sample of muscle
and aorta On the other hand boron was 1n all issues but
ane ldney and hiver chromium and silserwere ubiquitous
1n adult concentrations aswas lead but in smaller amounts
than sn adults Organ speafiaity as determined by coneen
tration was not found consistently ¢

In the bodies of 3 older infants and chuldren (7 weeks
10 months and 2 years) there was no titamum Nickel 1m
traces was 1n 1 ladney tin was found 1n all tissues as was
lead while silver occutred in 7 of 12 specanens Cadmium
was pretent 1n the 10 month-old kidney (065 mg /hg)
and 1n the 2 year-old (2 75 mg /hg ) but not in the 7 week
old ane The essential metals were found n dstnibutions
and concentrations sumilar to those of adults Manganese
was if anything more concentrated 2inc less so while
copper was comparable showing an affimity for Iner
Molybdenum was n 2l tivers while cobalt was present in
only two
w}t: :tﬁu‘\m tix‘c;xm;\u ;):nl:\csc o‘;senauum, and 1n yew of
drawn 1 Tx::im:m: md\\\l'mgdurther conclusions csn be

¢l and cadmium are not essentsal

w mfant e but accumulate with age 2 Al
chitomitum wilver and lead exther quahy 23 essential trace
metals or pass through the placental memprane Obviousk
wamom nmckel cadmmum and un do not so pa Y

£
Analyies of 20 sultborn intants fave esentially sumlar resaye
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was lower (28 mg /hg) Likensse lead was somewhat less
frequent, being n all Iners, Kidneys, Jungs pancreases
bones, aortas 1nd adrenals but nussing 1n a few to mary
samples of other tissues Chromium and sihver nere abke
absent 1n one or more samples of each tissue and were
found 1 lower concentrations, while mchel was quite
uncommon Twmn on the other hand, was widespread
through most samples There was less gallium, the same
amount of bismuth and much less gold

New elements added to the analysis were barum found
1n all samples of lung bone adrenal aorta, gistromntestinal
tract and thyroid nd 1n most samples of the other organs
cesitum n half the lungs (8 1 mg /hg) ron m all tissues
mn lugh concentrations especially spleen (280 mg /bg )
lung (210 mg /hg ) and hver (170 mg /hg ) lanthanum m
2 third of spleens strontwm 1n every tissue (004020
mg kg ) wath much (20 mg /hg ) mn bene and vanadium
n two thirds of the lungs (027 mg /kg) No anumony
arsensc berylium mobrum, ruthemum, thalltum or ¥
conmum were found

One can draw some tentative conclusions on Tiptons
two sertes the first obtained on autopstes from New York
Memphis and Chicago, the second from a Western aty
1 Munor regional dufferences 1n exposure or accumulation
of some abnormal trace metals appear, especially as 1¢
gards alumium ttanium chrommm silver, nickel and
possibly lead 2 Molybdenum s essential only for hver
and lidney 8 Chromuum and nickel are probably not
essenttal elements These conclustons apply only to the
concentrations detectable by the method

Trace Metals 1n Infant Tissues We can gawn some 1de2
as to which metals are essential for hife and which are not
by examiming the tissues of babies Analyses of 2 5t Louss
stsllbirths and 2 babies Ining 12 hours were revealing
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Some of these metals accumulate with age 1n Amencans
others do not In Table XXII Chapter V are shown ex
amples Obviously cadmium titanium nickel and tin
all tissues and alumunum i lung wncrease from lnttle or
none 1n infants to Telatrely higher concentrations at
older ages The stnling examples are n cadmium and
titanium

Trace Metals 1n Tissues from Unavilized People In
order to ascertam more definitely what trace metals are
essential and what are not a small number of tissues from
Afnican natnes 1n little contact with Western Crvilization
were obtained by Dr Perry from Uganda and analyzed
by Dr Tipton (266) The ages ranged from 18 months to
over 50 years there were three under 10 and four over
40 None showed any evidence of atherosclerous 1n the
aorta or elsewhere even fatty streals were notseen The
causes of death were several 6 patients died of acute in
fections No age trends m essential metals were apparent
as 15 the case with Amencans The interesting findings lay
1 the absence of those which mught be guessed to be pro-
ducts of Western Civilization cadmum (in only one kid
ney) muckel and un and the much smaller amounts of

siher lead chromwm and possibly titanium (Table
XXXVII)

Conclusions Therefore 1t becomes apparent that mickel
chromium cadmm lead silver and tn are not essential
elements but results of avilization a conclusion which
could be drawn from the analyses of children s tissues only
for cadmuurs. mickel and wanivm "The possibility of these
s1x elements found 10 American tissues being toxic must
therefore be considered Common sense excludes siher
beeause of 1ts low concentrations In addiuon we cannof
rule out the possble essential nature of :alumlmumt
banum strontm  and for lung of vanadium and n
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tantum We can add to out hist of possibly toxic metals
bismurh and testum

Ate these extraneous elements biologieally actne or
snert? Could one or more of these abnormal elements dis
place an essennial metal and thus 1ead to metalloenzyme
mhibiion ot combine with sulfhydryl enzymes and son
acivate them (Table N\VIIIR If so the possubihity of in
ubition causing dysfunction leading to disease 15 con
siderable

METALS OF POSSIRLE BIOLOGICAL SIGNIFICANCE
IN THE FIRST TRANSITIONAL GROUF

1t 15 interesting that the transitional and nearby metals
1 the periodic rable are those with most bilogcal ac
uyity an expression perhaps of thew structures (267)
Qther than the Lnown  essential trace metals of the first
ceansittonal group four might serse sn meralloenzymes
but have at present no known funcuion 1e  tamum
di ct and mckel Vapadium ys found 1n

all of the amwmal phyla 13 concentrated from sea yarer by
tunicates 4s an essential oXygen carmier (268) 15 vequired
by aspergiilus mger (269) 15 concentrated i certan mush
rooms (270) was prabably an oxygen carner m petroleum
fovmng ammals and appears 10 concentrations of about
10 mg (kg w all plants dry weight 271y The case for 3¢
having a function 1 mammals 15 good Whije chromwra
sumulates plant growth s present m all vegetables m
concentrations of 10 10 1000 v/hg dry weight and 35 1n
wany human tssues ewsdence fo~ 1ts essential nature 1
daubttul Nuckel 15 probably not required by mammals
although plants contasn traces The role of trtamium 14 not.
known although 1t 15 found m almost all human adult
lungs Those concentrated p» et organs way be of
more significance 1 metabalism or m causing duca;,
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turated fatty acds were oadized very shghtly Further
more they showed that vanadinm exinbited two ;sﬁectsd
dehydrogenation to produce unsaturated fatty acids an

oudation of the double bond (Table WXWVIII) The
reaction »as nhibited by the metal binding agents cyanide
pyrophosphate fluonde p phenol and pymine
Brain contamed none of the enzyme kidney little When
other metals were tested manganese and to 2 less extent
cobalt were found to intubet the system while nickel 1ron
titanum and chromium had no effect (270) Manganese
cobalt and hibited the oxd of cystene
10 1ts sulfomc aad Titamum in the form of sodium per
titanate also mnhibited hepatic oxadation of thioglycolic
acid and ethyl mercaptan but glutathione was not ox1
dized by thus system (272)

Euwdence for ¥ anadium Being an Essential Trace Metal
‘What evidence there 1s for vanadium being essential to
mammahian metabolism 15 indirect but good Aside from
1ts use by asadia which use 1t for oxidasion reduction
Teactions at a time when they are bunied tn mud petroleum

varymng of in 2 porphynn
form which has led to the hypotheus that ammal organ
isms and not plants ongimated the formation of petro-
leum It 15 found 1n mammahan tissues at 2 farly good
concentration sad to be 013 per cent dry weight 19
mg /kg for invertebrates and 0 1 mg [hg dry tissue for
vertebrates {268) While 1ts occurrence may be a chance
contamination unmersal presence and three valence state:
(Vs Yoo Yoo vinth an ability to release energy sumila
to phosphorus make 1t hilely that vanadium may be esser
tial Tipton found 1t only in the lung
ﬂ'::)?:l‘i\‘{x;‘l ;; a\o p:!\\ :rl:l‘sumulam to monamine oxidas
this o y cobalt of the others tested exhibite
Propenty to much less degree This phenomeno
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than those widespread n smaller concentrations {chrom:
um, tin, mchel) We can supply our six rules of thumb
to each

Titantum  There 1s no evidence that titanm 15 neces
sary for normal function It can, however, act as an ants
metabolite Trtantum mhibits the oxidation of cysteme to
1ts sulfomc 161d (15 well as thioglycohe acid) (272) but
does not affect cholesterol and lipid synthests in the rat
(248) The antimetabolic action of this substance could
but does not necessartly mplicate 1t 1 chrone disease 1€
mvolsed, 1ts only known effect 1s upon suifur metabolism

‘When a patient with moderate hypertenston was treated
with hydralazine 1n increasing doses at four hour intervals
up to 600 mg per day the only change in the urnary ex
cretron of 11 trace metals was m titamum Talang the
hughest value of 4 control days this value was exceeded on
7 of 9 days of treatment on 5 1t was twice as much or
more on 2 6 tmes and on 1, 50 tumes greater No other
trace metal so moved the contral value for vanadum and
chromium were exceeded three tunes, of lead twice and
of manganese once of nine days Late results of hydrala
zne therapy on parrs of urine specimens before and after
contral of hypertension showed no essential changes 1t
mew titanium excreuon The values doubled twice and
fell markedly once There were no sigmficint changes 10
the urines of 5 patients with dissemmated lupus (273)

Vanadwm Bernheim and Bernheim have studed the
oadation of certain rat and guinea pig tissues as nfluenced
by vanadium acetate or sodium metavanadate (274) They
found that phospholipids were ovidized by the msoluble
portion of liver protemns in the presence of vanadium
brun and liver phospholipids and soy bean Jecithin were
good substrates for the sanadinm enzyme system The
oxidation of many other substances were unaffected 53
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Fic 18 The effect of certam transion metaf salis on the corpora
tion of Cit.catboxyl labeled acetate 1nto cholesterol and fatty atids

by wraving Tat bwer (From Corman G L. J Bl Chem 210 765
194)

adults and bemng ubiquitous m plants and ammals (256)
no role for chromam 13 known It markedly simulates
the hepatic synthesis of cholesterol and fatty acid 1n rats
No other trannition element save manganese had this prop-
erty (Fig 18) (248) It did not affect decarboxvlase and
monamine oxidase

Normal unne contained less than 00> to 103 y/L.
(mean <G48) hypertensive urine less than 005 to 44
7/L- (mean 0 88) Treatment did not change the means
stgmficantly (067 10 071 /L) nor did hydmlazne or
EDTA cause a consistent loss

Chromum 1 hiver could stimulate cholesterol and
fatty acid synthesis in man  There 1s as much however 1n
mfants 33 10 adults Only by analyzng many more tissues
from pimitve areas can one determine whether or not

chromum can qualify as an essental metal or »f not play
2 part 1n chronic disease
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strongly suggests, but does not prove, that vanadium 1s an
essential metallic component of monomine ovidase Not
untif the enzyme 15 obtamed pure and the metal 1denufied
€ we say for certam that 1t 1s essential for amine
oudation

The unnary output of sanwdwm 1 human bemgs 1
faily constant, less than 0 63y/L (range less than 05 to
215) In hypertension, however 1t was ncreased to three
times normal values, 195 y/L (range 04 to 14 5) Treat
ment 1ppears to bring back the values toward normal
(286G to 093 t/L.) However, only five of our salues were
tnttially greater than the ughest normal

The pharmacological effects of vanadium have been ex
tenstvely studied by Jackson (276) It 1s an unique element
in that 1t causes vasoconstriction mn rabbuts The older
Iiterature contamns equivocal reports of 1ts effects in syphi
bs tuberculosts and shin diseases oral doses are well
tolerated In hypertensise statcs, grving sodiam metavana
date by mouth sometimes caused transient reduction of
blood pressure but also produced chulls ind fever In rats
1t markedly depressed fatty acid and cholesterol synthesis
by Iiver (248) (T1g 18)

It 1s possible therefore that vanadum deficiency
either through lowered 1ntake or evogenous abnormal
metallic competitions 1s one of the causes of the conter
sion of wntcrmittent vasaspasm nto sustained vasospasm
Consistent with this theory 1re 1 Stmulation of renal
monamne oxidase only by V+ and V+#* an enzyme
which destroys norepinephrine and most other circulating
vasoactive primary amunes 2 Reduction of peranadate
by hydralazine which also enhances monamune onidase
actrvity (277) Unfortunately vanadium was acutely pressor
for hypertensive rits but may be depressor 1n dogs

Chrommum Although found n all lungs of nfants and
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yier while sts absence i many adults suggests that 1t 18
not necessary after full growth

Alumsnum 1¢ almost absent from plant tissues although
3t Tepresents seven to eight per cent of the earths crust
(256) Ammal tissues suth the exceptions of lungs and
lner are sud to contan less than plants (07 to 15
mg /hg n the dog and 05 to 33 mg /kg 1n the rat)
(278 279) aithough a former study showed considerable
2motnts 10 human bewngs (bran 25 heart 21 lwver 08
Yidney 10 and spleen 07 mg /hg) but less than were
found by Tipton et al Salts have been put nto baking
ponders can be absorbed from coolng vessels and canming
processes A conssderable amount of investigation 25 to 50
years ago indicated the lack of toxicity of alummnum which
15 fed 1 antacid preparations to patients The lavge amount
found 1n lungs probably comes from snhaled alumnum
silicate from dust Having only one valence state 1n spite
of 1ty prevalence 1n the earth 1t has not been shown te
have any essental Tole 1n human metabolism although by
our criteria 1t cannot be excluded as an essential trace
metal

Scandium and galllum are found 1n soils. The traces of
gallum 1n human lungs probably have been inhaled since
gallum 15 present wm all aluminum minerals Both are
rz:auvcly unreactive compounds with only one valence
state
mCalmmzm 1€ one were forced to choose a single trace

ctal to undo the harmful effects of degenerative cardio-

vascular diseases vanadium would be that choice for the
follow1ng reasons
1 Vamd A

oxidase thereb
pn:ibablybmcreasmg the destrucuon of pressor \asoacmz
and cerebroacuve amines and affecting
by (Table ST g hypertension there
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Nickel While found m all plants and ammals tissues
1n traces, 1t has no known function (256) It 1s almost cer
tamn that this element 15 not essential for mammalian
growth and development There 15 frequent exposure m
processed and manufactured foods especially hardened
vegetable ouls (Chapter VII) where 1t 1s used as a catalyst
(contaning 0012 mg /Kg), and from corrosion of
mickel vessels No ncrease was noticed i human tissues
after the second decade until the seventh Therefore, al
though present 1n small amounts we cannot state whether
or not 1t 1s doing harm, although 1t probably has httle
direct action It did not affect the enzyme systems of
terest to thus discussion and 1s ustally wnert n others

Normal concentratons i urine averaged 2 78 Y/L with
1 range of less thn 005 to 12 v/L Hypertensive unne
contained twice as much, 553 y/L with a range of less
than 0 1 to 40 only a third however, contamed more than
the normal mean amount Hydralazine caused no essential
changes, treatment did not alter the mean values signift
cantly (399 10 578 /L) EDTA caused no apparent
changes Nickel cannot at the present ume be impheated
1n cardiovascular diseases Excesstie exposure causes def
matitis Or eczema

Llements of the Thud Group There 1s no evidence
that any of the elements 1n the third periodic group are
essental for mammalian life Boron, however, appears 10
be essential for plant Iife occurring in most forms and
15 necessary for reproduction (256) Only traces are found
i dawy praducts and flesh foods, smce hus element 15
farrly rapidly excreted Inman however n large amounts
1t causes weight loss albuminuria and gastromtestmnl dis
curbances Its presence m most tissues of stiltborn mfants
means erther that 1t 1s essential or that 1t 1s 2 contamnant
in the mother easily transported across the placental bar
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185) After treatment the mean value dimnished from
547 to 264 ¥JL. five of eight values dechming Hydrala
2ime decreased the output to about a fourth asdid EDTA
‘The possble tole of tin 18 undetermined although 1ts
source hies m the products of Western Cwilization 3¢

un plate traces dissobving in some tinned foods

Silver Like tin silver 1s widespread occurnng in every
adult ladney and brain and m almost every other sample
examined (225 of 258 specimens) (231) There was no
tendency for accumulation with age and almost every
young ussue contained 1t sn adult concentrations (266)
1t was m all unne (08 1/L. range 02314) hypertensive
urine contained Uittle more than did normal (14 /L.
range 0 34 6) Exposure to siver 1s constant in our so-
ety there 1s Iittle or none 1n plants Because of the small

found 1t 15 doubtful that enzymatic inhut (on
copper entymes) 1f present 1s extenisive enough to cause
metabolic disorders *

Lead There 1s lead 1n all human tissues at birth and
duning lfe This toxic metal accumulates especially 1n
bone and liver As far 23 15 known 1t 1s not an essential
< of any hving getung nto food mainly
from the use of 1ts compounds on plants and from vessels
n which food 13 manufactured transpotted or stored
Shell fish may absorb lead from sea water contaminated

with drainage from factories and amimals from sprayed
plants African tissues had hittle

A knowledge of the coordination number of 2 metal the shape of its
chelate and fts periodic group allows a reasonably aceurate Jf indivect
method of ptedicung displacemaent of 2 known essenual metal and in
acuvaton of s enzyme Conversely by inactiva.aon studies unknown
mews on metalloenrymes may be predicted (Table %XVI) cadmipm and
m‘:lmry dnsrlmng nne gold alver mekel displacing COPPET tungwen di
r q:;i :: ybdenum  Mote basnc chemscal knowledge will lead to more
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2 Vanadm unsaturates fatty acids on phospholipids
and oxidizes the double bond (274)

3 Vanadium depresses the synthesis of cholesterol and
fatty acids (248)

4 Vanadium lessens the formation of atheromata m
experimental animals (280)

If one were to choose a single abnormal trace metal as
a contributing cause of hypertension, cadmum would be
the chorce for reasons discussed n Chapter IV

If one were to choose three abnormal trace metals a3
contributing causes of atheroscleross, chromum cad
mum and lead would be the choices Tin could not be
excluded

METALS WITH POSSIBLE HARMFUL EFFECTS

With some certainty one can list the metals present 12
American human tissues which are contamunants and
which may be potentially harmful, 1e siver cadmum
un, anumony arsemic gold and lead Of these, knowh
toxicities are found 1n the cases of cadmum arseme and
lead large amounts of the others are less harmful but will
produce diseases or disorders Just as m the cases of tran
sitional metals those which are evenly distributed through
out all ussues (un silver) are under less suspicion for
causing disease than are those concentrated mn specxﬁc
organs with high metabolic actnaties (cadmium lead)

Tt There 1s no evidence that the metal 15 essential
for life (256) It 1s not essentsal for plants Little 1s knownt
of sts action as an antt enzyme It was present almost
all human adult American nissues and an the spleens of
wfants, older children showed quantities comparable ©
those of adults The mean normal urinary concentration
was 322 y/L (range less than 05 to 100) the mead
hypertensive concentration was 893 y/L (range 09 to
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cause pulmonary fibrosis (from 1nhalation) (282 282) renal
damage (286) this toxic metal 15 under considerable sus
picion as a cause of chronic disease Of all the exogenous
2bnormal metals found 1n 2dult Amencan tissues cadmium
appears the most toxic It 15 obviously cumulatine  Sup-
posedly 40 mg by inhalation can cause death 1n man
which 15 strange swce the total content of adult bodtes
1 about 120 mg and the lethal dose in Tabbats by injection
1s 3 mg kg (LDsx) (8%) Hepatic and renal lestons are
prommnent features of acute posonmng 1n yabbits and rats
cardiac hypertrophy 15 umwversal (286) Proteinuria and
enal lestons occur in exposed workers (287) There must
be obvious differences between acute and chronic effects
1n man espeaially when this metal accumulates for a e
time The protein n the urine 1s not albumin since at
appears on the heat test but 1s not precipitated by Esbach s
teagent (287) Cadmium causes ammoaciduria in man
(28%) *

The source of the cadmium may lie 1n zinc foratisa
constant contamnant of zinc ores There 15 probably one
Per cent or more 1 the galvamung grade (Prime Western)
as indicated by the following specificauons adopted 1n
1911 by the American Society for testing matenals last

Cadmium causes naeased excretion of the following amino aads 1
man exposed industrially glyane alamne glutamine tyrosne Inine
hisidine methyl histidine Al of these except possibly lysine cam act as
donors of ammon12_ Furthermore senme excretion was increased 9.5 and

threomne 33 umes The amount of cadmium in the unne was 1n the same
range 1233 yg (L. (averay

5¢ 20 pg /L) a3 we have found for hypertensive

indwiduals (308) Cadmwwm was umque among four heavy yn!::xh Lt

b €2 Hg) studied by Clarkson and Kench (288) who believed that {t

speafically ainhubited the renal tubular reabsorption of these amino aads,

:n ﬂl:l:lﬂvc and to us preferable explanation hes 1n the speafic intutn
on of decarboxylases by cadmis

o of deca mxlzbdu :y um thus preventing the first s1ep of yenal
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There 15 no toxic meta! which has recemved such con
certed attention as Jead (84) It has been proposed, and
discounted, 1s a cause of many chronsc diseases, mcluding
hypertension and atherosclerosis The predilectuon of
Amencan lead for adrenal, aorta, bone kidney, liser, lung
pancreas, prostate and spleen, but not for brain dladder,
muscle and intestine, suggests that 1t might exert an antt
metabohic function ‘The much smaller amounts i 10
fantile and African tissues with a tendency ta accumulate
with 1ge places 1t under suspscion There are however, no
good 1deas as to 1ts effects on enzyme systems 10 ordnary
concentrations, although lexd possoning affects the nerous
system and blood It 15 well known that exposure to lead
m industry produces defimte slow accumulauon Teira
ethyl lead 1n gasoline 15 a faur source (81)

Winle we cannot smplicate this tow, accumulanng
metal in any chironic disease w our sactety we ¢1not
discount 1t as a possible etrological factor Workers 1
lead industries, however etther develop clinical mamt
festation or suffer fram no noteworthy disorder The
earltest symptoms of subclinical lead intowucation are
those referable to emotional stability bemg irntability
moodiness, restlessness, excitability, common complants
1n tlus period of history Lead salts are vasoconstrictor (o
perfused dogs legs and cause vascular smooth muscle to
contract (281)

Cadmuum  The hugh renal concentrations of cadmmuim
in American adults 1ts absence n infants and mn Afncd
native tissues focuses suspicion on this metal as an euo
logical agent 1n chronic disease Since cadmium can dis
place ztnc on merciptalbumm (243) 15 a Inghly potent
imhuibitor of sulthydryl enzymes (of which Coenzyme Axs
an example) and at least one witamin B, enzyme, 20
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are no good examples) we could expect on the bass of
mass alone the following enzymatic inhibiions Renal
55 per cent hepatic 6 per cent pancreas 5 per cent
thyrowd 5 per cent adrenal 8 per cent aotta 5 per cent
mtestine 5 per cent brain 0 per cent Obwviously a 5 per
cent teduction of metabohc activty would probably be
unmeasurable while a 50 per cent would mamfest stself in
disorder which could lead to disease

Renal decarboxylase 15 inhubited tn tafro at a fower con
centration of cadmium than that present in adult kidney
Other enzymes knoun to be inhibited 15 vitro are leucine
sucainic dehydrog cho-

P ar

line o{xdase (Table XXXVIII) possibly through sulfhydryl
binding 1f other metalloenzymes are speaifically inhibited
such as vtamin By enzymes 1t 1s obvious that effects of
low concentrations could be profound and in the case of
vitamn By result in a conditioned local defictency

As m the case of zinc and lead cadmium can be dis
solved n shghtly acidic media "L herefore foods and waters
comung 1n contact with cadmum could become contam:
nated by traces There are three possible sources 1) Water
1s usually piped 1n American houses through galvamzed
unc coated 1ron pipes 1f soft aerated 1n muncipal water
statons to contan carbon dioude and chlonnated ap-
preaiable quantiuies of zine lead and presumably cadmium
could be dissolved from the galvanized coat £ hard how
ever tnsoluble carbonates are laid down on the coating
protecting 1t from solution and cotrosion Water softeners
probably would not soften water enough to corrode zine
Chlornated water even when hard takes wpunc.® 2) Car
bonated beverages are acidic and will take up zine lead
and presumably cadmium from galvanized or zing hined

*4A probable source of abnormal trace m

tals 1 some
aler areas b m the corrosion of hot water heaters it and 2ca
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revised mn 1949 The maxunum impunties allowable
are (per cent)

Total
Lead Iron  Cadmum NotQuer

Speaal High Grade® 0006 0002 0001 0010
High Grade® 007 002 007 qte
Intermediate 020 003 030 050
Brass Special® 060 003 050 1e0
Selected® 080 004 07 12
Prnme Western 160 008 - -

* It shall be [rec from aluminum

Since Prime Western zinc 1s the grade used largely
galvamzing and no hmuts for cadmum are provided, 1t 15
therefore probable that zinc coating so widely used 1
pipes and food processing and brss are hkely sources of
the cadmum found to accumulate 1 human tissues

Cadmium porsomng has been reported m human beings
drinking acid beverages made m cadmm plated (yellow
tinged) 1ce trays (289)

The high concentrations 1n 1dult human idneys (331
mg /kg or about 10 mg of the metal) with secondary
affinitzes for hiver pancreas and chyrord and lesser amounts
(=1 mg (Kg) in adrenal aorta stomach and mtesunes
suggests that antimetabolic acuvaty could be exerted espe
cnlly 1 those organs of greatest import to essential func
tions Its absence 1n most hearts muscle tissue spleens
and all brawns 1s nteresting indicating that protems of
enzymes 1n those areas do not chelate or bind this metal
readily for cadmium 1s readily chelated by suifur and
nitrogen higands (its affinty for EDTA, for esample €%
ceeds that of zinc cobalt ferrous iron and manganese)
Its affinity for zinc suggests that 1t mught nterfere with
2inc enzymes displacing the essential metal as 1t does o
serum albumin (by displacement from 1ndole groups) It
nnc enzymes were mnlubited by cadmium (although there
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that zinc pousomng which does not occur 1n ammals fed
small amounts may be actually caused by contaminating
cadmium

“The source of cadmmm which does not occur 1n plants
15 obwously 1n the products of Western Cviluation ®

Other Metals Analyses for other commonly occurning
possibly toxic metals such as arsenic antimany and bis-
muth of group V A have Tevealed no atnking accumula
ony 10 human tssues There may be 2s much 23 0 3 parts
per mullion of arsenuc 1n man much of 1t 1n hair and nails
derved from fish and sea foods or from contaminants of
food Arsenic displaces phosphorus 1n essential phosphate
mechamisms but the amounts are probably too small to
canse fi \ disorders and } or tolerance
develops Antimony can gan access to foods from enamels
solders unfoil rubber and ibsecucides The normal
amounts 1 human tissues are not known but presumably
1t also dusplaces phosphorus. Bismuth was found by Tipton
1 only a few bodies 1 small amounts 1n liver and kadneys
(12 of 18 cases) and 1s probably not to be considered of
unnersal mmport Mercury appeared i a surpnisingly
large number of kidneys analyzed by Gnffith et al from

pauerits with congesuive heart fature who had spposedly
never recerved diuretics contarning this metal {260)
Card, tar Imbl Al

b and strontwum
were present in all samples of Amencan heart muscle
These metals plus lead and un were found an all zorras
Inkidney there was the addwional metal cadmuure 1 Jiver
these five and silver In adrenals were the same six and

Preliminary single analyses of five bottled drinks.
Teveal;
water «f a populat carbonated drink oy o
yuice
considerably lugher than those

t norm
taned vatively much nickel un:nd lf:d_al frne The e e con
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contawners 1 whch they are piped, prepared or bottled
Lemonade made 1n galvantzed pails has produced acute
gastroenterttts The widespread use of carbonated acidic
drinks (“"pop ) . this country 1s a possible source which
has not been explored 5) Acidic foods prepared in zinc
Iined contamers, especially vegetables, can absorb cadmum
and lead

According to Monier Williams (256) znc 15 taken up by
the following mgested praducts presumably cadmmm ¥
also dissolved Chlondes mn water, chlornated nater, &7
bonated water, oxygenated water (from brass) soft acd
water (from brass), milk (during pasteurization) mitk
(from bottle caps), alcoholic, acid or sabne liquids, espe
cually wine, vincgar soup orangeade lemonade, beer mo-
lasses (from zinc coated vessels 1n sugar refinenes), maple
sugar, honey, chocolate and candy (wrapped i zinc foi)
gelaun (from zinc coated vessels and wire netting on which
1t 15 dued) dried fruat (from drying trays), Jam (from
pans) Poisoning resembling that from cadmiumn has beett
reported from soda water, rmn water {collected from gal
vamzed roofs or stored m tanks) stewed apples (from
galvanized 1ron vessels) root beer, axder Coffee 15 Hoated
and drsed on gajvamzed trays All galvanized 1on vessels
are suspects since electrolytic action between the srof and
the zinc may be mitiated by most foods

Cadmium 1s widely used for washing machmes electnc
cooker parts and refrigerator trays It 1s absorbed by weahly
actdic foods, sugars (jam) wmne tomatoes, fruit frut
juice 1ce cubes (from acidic water?) coffee cooked food
gelatin and attacked by lactic succmic citne and tartanc
acids Posstble sources of contammation besides gt
vamized zinc and cadmuum plated vessels, are solders, st
msectiades The stmlanity of known sources of acute
posonsng and those of zinc are remarkable and suggest
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presence 1 large quantities and 1ts lower affimty 'If‘m' ser:;
protems than other metals with 2 lugher EDTA mef ,
stahility constant. Of course excesstve quantities of mcmds
obey the law of mass action and can be partly remove
mmnor quantsties cannot until better chelators are de
veloped for fairly specific purposes

“;):at good \3'111}’11 dopour patients 1f thee abnormal
metals are Temoted from their bodies® We do not know
The subject of metals and chromc diseases 1s barely begin
nng to be appreciated Forbes et al say for example It

concervable that the conunuous ingestion of infimtest
mal of these e el present 1t nataral
foods leading to their very gradual accumulation 1n the
Gssues may contnbute to the processes of senescence m
proportion to the degree with which they are combined
with tissue proteins (apoenzymes) and the extent to which
they inhabit or distort enzyme action 1n such combinations
(250) While this may be true 1t 15 more likely that many
of the diseases common only to our Civilization may be
caused by the 1l metals g our
foads, as a result of our industrial habits We may be
plewsantly surprised at the therapeutic results of thesr
temoval Scleroderma has already been completely relieved
mat least one nstance by EDTA 291)

A logreal therapeutsc regamen withan the hmuts of pres

ent-day vision 15 a concerted effort at removal by 1elatvely
nonsp chelators followed by tepl

P of \
metals so removed Generalized defictency states of the

essenual metals 1ron cobalt copper and molybdenum 15
Probably unbikely under such a Tegimen manganese and
e may require feplacerent Too much of an essential

':lnetal\ l‘m‘\c\.er Pprobably ean cause as much disorder as
00 Iittle When defiiencies ar
N tes are recognized they can be

Local deficrency states cawsed by abnormal metal com
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boron chrommum gold mnd nickel Barium was found
all rortas Cardiovasculir organs, except the heart, appear
to hnve the ability of accumulating at least four abnormal
metals Several are known antimetabelites for man or
Iiving organtsms (Table XX XII)

Many of these metals are found mn normal and hyperten
stve unmne (308 810), cadmwum and manganese bemng m
creased m the latter Specific enzyme inhibition has been
demonstrated for several which may play a part in cardio-
vascular (311) and other chronic diseases (312)

CLINICAL IMPLICATIONS

At the present time, there re no known methods for
removing from the human body one or more of these
abnormal metals and leaving the essential ones Turther
more, the rules of chelttion make such a procedure mcon
cenvable Each metal probably has a different stability con
stant for dufferent protems and removal therefrom would
require toxic amounts of very strong chelators which would
complex or bind such essential metals as 1ron and mag
nesium The situation may be roughly analogous to that
n argyria where silver 1s permanently deposited m the
skin and cannot be removed by any known method

On the other hand certain metals might be ehimmated
from the body by the judicious use of chelatols with
spectalized groups Thus aunmntricarboylic acid Farly
selectively binds beryllium 1 a soluble lake reversing
some of the 1ctions of berylium poisoning (232) A sulfur
contarning chelator mght sequester cadmium although
the affimty of this metal for renal tissue Is migh BAL
gving up cadmium to hidney which 1t has displaced from
other areas While such oxygen nitrogen contaimng che-
lators as FDTA and 1ts relatives prefer copper and mchel
to other elements 1n the first transitional group, 1 actnal
practice zIng 1s largely removed, probably because of its



Chapter VII

SOME MECHANISMS IN
ATHEROSCLEROSIS

INTRODUCTION

LToueH atherosclerosis 1s usually a disease of Western
A Cwilizauon 1t has been observed 1n nomads To
begin to understand us pathogenesis one must connder
the mfluences which civilization may contmibute and those
which can lead to the disease tn uncivilized  people A
brief discussion 10 a monograph on hypertension 1s justt
fable for hypertensive patients ate prone to develop the
disease treated hypertensive patients die marmly of its
effects (319) hypertension accelerates s progress and there
may be some basic factor common to both

Atherosclerosis can occur without diastolic hypertension
Severe degrees of the disease 1 the aorta causing loss of
elastiaity produce systolic hypertension because the pipes
are hard  but do not of themselves cause elevated diastolic

pressure Contranwise  hypertension can persist without
heroscl

pecially 1n Chuna (8 313 440)

In 1941 Snapper made some pertinent comments which
are fately being appreciated (8)  Another posnt which
must be i

p y d 15 the wfrequency of arterio-
sclerosis 1 North Cluna The ranty of artenoscleross 15

proved by the scores of middie aged patients dying from
all sons of duseases showing hardly any selerons at autopsy
Extensive artenosclerosis certainly does occur 1n North
Clvra bt the thackened medastic aorta with the widely

208
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petition sath metalloenzymes pose a more difficult prob-
lem of replacement, espectally when the abnormal metal 15
more firmly complexed to enzyme than 1s the essentsal one
IF 1 vitamn coenzyme 1s myohed m the metalloproten
complex, 1t need be also replaced Local enzymauc de-
ficiencies hnve been postulated, for example, 1n the case
of witamn By deficiency i the shin causing seborther
dermatitis (292)

We may speculate on the results of such a therpentic
trial aumed at restoration of normal metallic balances If
the copper miolied n the formation of melanin wese
partly displaced by n exogenous abnormal metal deposited
1 the shin, or were removed therefrom, the resultant grey
hair and deficient tanning could be reverted to normal by
remozval of the offending metal and replacement of the cop
per If the evcesstve cadmium mickel lead or titanum
could be removed from human tissues the part that one of
more of these metils nught play m hypertension athero*
sclerosis mahignant tumors wthritis collagen diseases OF
allergic responses might be mitigated, none of these condt
tions can be excluded s not bemg wfluenced by abnormal
trace metals The field 1s wide and the frontier untrod

Perhaps some day when these hypotheses are more frmly
proven and specific metals strongly implicated 1 the cau
sation of diseases ndustry will prevent contact of foods
uith those metals shown to accumulate 1n American U
sues such as mickel cadmium un and lead The subject
would then enter the field of preventtve medicine, rather
than that of therapeuttcs where 1t now lies
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PATHOGENETIC FACTORS

According to Friedman et ol (314) the following schema
\nvokes the muluple etiologieal factors and 1lustrates the
pathogenesis of atheroscierons

Intnnsc () Quanutauve and
Time % Intimal % Qualitatne Alter X Blood = Atherosclerons
Derangement  ation of Plasm3 Pressure
Lipids Including
Cholesterol

We will consider each of these factors separately

1 Blood Pressure Rarely does long standing diastohic
hypestension 1n Caucasians exist beyond the age of 40
without atherosclerotic lesions being found 1n aorta major
arteries or coronartes Expenimental hypertension 1s neces
saty to induce atherosclerosis 1n the rat a resistant ammal
and 15 desirable 1n the dog Fat mn serum can be made to

Vinfilirate the walls of arteries under hagh pressure espe

caally 3f the intima 15 injured (315) Esen 1n normotensive
persons lesions develop at the sites of changes of pressure
such as the mouths of the renal arteries 1n the Circle of
Willis and at the Wifurcation of the aorta (316 317)
Atherosclerotic gangrene seldom occurs 1n the arm but 1s
frequent 1n the leg where the hydrostatic pressure of the
blood 1n the upright position 13 added to the blood pres
sure (318) These lestons are believed to be the result of

pressure causing dep of luble chol

or 1ts
esters subintimally exther by forang them 1nto the vessel

walls or preventing their diffusion out after entrance via
the vaso vasorum

2 Intimal Tnjury Mechanical injury te the inuma of
dogs results 1n the formation of atheromata (320322) 1t
15 difficult to understand how NJury can occur at a normal
pressure although acute hypertension 1 amimals (323)
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ulcerated mtim so frequently found 1n autopsies 1n the
Western part of the world, 1s decidely rare here This ex
plams why the genuine angma pectonss syndrome, and
also the picture of coronary thrombosis with myocardul
nfarction are only rarely encountered Duning the past
two years we saw three possible cases of this disease m the
combined matenal of the common and private wards the
outpatrent department, and the very busy emergency chnic
of the hospial, although mn every doubtful case repeated
electrocardiograms with four leads are taken and scrutt
mzed with utmost care However in December 1940 one
classical example of coromary thromboss with typical
findings at the autopsy was observed The ranty of covonary
thrombosis 1n North Chuna 1s the more stnking because
the increase of the frequency of this affection 1 Americs
and Turope 1s appilling Even tn diabetes mellitus exten
swve artersosclerosis must be infrequent m North China
because diabetic gangrene 1s as rare here as senile gangrene

‘It 15 dufficult to give an explanaton of thus charactenstic
feature of geographic pathology One can, of course, fall
back on the equanimity of the Chunese, but the differences
1 nutnton of Chinese and Westerners may give 2 better
explanation  Arteniosclerosis begins as a fatty wnfiltration
of the mtima of the vessel walls Quantitative and qualita
uve differences exist between the lipowd content of the
Chinese and the foreign diets as has been mentioned before
The Chinese diet contains only small amounts of chole
sterol but considerable quantittes of unsaturated aids
especnnlly of linolesc and hinolemicacid It ss certain that the
average chalesterol content of the blood of the Chinese ©
lower than that of Westerners and tlus gives perhaps aft
indication why the tendency to hpoid infiltration of the
vessel wail 15 so much smater among the Chinese
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metal interference (with decarbexylases for examplé) that
sn Iner by marginal concentration of vitamin B, excessive
saturated fatty aad load and possibly metals There 1s no
evidence for a generalized deficiency state except for the
Iigh madence of dandruff 1 the population beheved by
some to be dependent upon vitamin By and fatty acad
imbalance

$ Trace Metals The synthens of cholesterol and fatty
auds by surviving Tat liver can be influenced by metals
of the firgt transitional group (Fig 18) Chromium and
manganese have a pronounced enhancang action 3 anadium
a dep one (248) Vanadum also p unsatura
tion of phospholipd fatty acid and oudauon of the
double hond opposed by manganese (Table XXXVI)
There 11 no enidente however that chrormum 1s waph
cated 1 the hypertensive process In Amencan tisuey
hepatic chromium 15 much less concentrated than man
ganese a known hipotropic agent (231 259) (Chapm-
Many metals directly affect oxidation of unsaturated fatty
acids sn wtro Hydrogenation to harden or saturate them
1saccomplished commercially mainly by copper and nickel
sizeable quanuues enter the far during processing (256)
Cadmium  however nbubits at ieast one vitamin De
enzyme DOPA decarbovylase (Chapter V) although st
does not affect hepatic synthesis of cholesterol 1n the tat
(331) Obwiously we need to know much more about the

effects of abnormal metals on the enzymes concerned 1n
Gatty and and sterord synthests

A sigmificant senies of expeniments were done by Curran
and Costello 1n rabbats (280) Hyperchalesterolerma was
tnduced by feeding cholesterol at the § Per cent Jevel for
4 weels On resumpnion of a normal diet cholesterol
Ievels usually fall slowly Half the rabbus were fed va
nadwim 23 VOSO, {0 05 per cent) for 6 weeks There were
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and chronic hypertension 1n man will result 1n deposition
of lipid 1n the lugh pressure areas Thus process 15 hastened
1f Tiprd 10 blood 15 elevated (824)

Subimntimal * mjury’ from biochemical alterations in the
mucopolysacchanides of collagenous tissue sesults from
pyndoune defictency in the monkey (325, 326) The
changes found resemble the earitest lesions of athero-
sclerosts (827 330) * It 1s possible, therefore, that a cond:
tioned vitamun B, deficiency not only affects the enzymes
concerned 1n protein metabolism resuiting n hypertensian
(Chapter V) but also mtiates the artersal lestons 1 whiclt
cholesterol 1s deposited

It should be emphasized that the vitamun B, deficiency
postulated in this discussion 1s a local, conditioned de
ficiency state and not a generahized one, and that 1t imolves
enzyme systems in hidney and liver but not necessarly i
bram blood forming organs or skin The complex Schuft
base of pynidoxal and ammo acids 1s a strong chelaung
agent, for example, and could form a stable chelate with
several abnormal metals Generalized deficiency of vitamint
B, 15 accompanited by low blood pressure and shin mast
festations sumilar to seborrheic dermatitis and arniboflavino
sis A local deficiency in hidney could be mduced by mat
gin1l concentrations of vitamin Be and especially trace

* Rinehart and Greenberg state A lesions develop 1egY

Iarly 1n the thesus monkey subjected to prolonged pynidoxine d:ﬁam:v’
The 1l lesion 15 by the of a muanot
substance 1n the itma and to a less extent n the medsa of the artenes
involved This material exhubits the metachromatic stamning property hat
actenstic of J ted with the accumul: of thy
substance cellular proliferation occurs and collagenous and elastic tssue
fibers are formed Studies of human arteniosclerous dicate that bm?;z
sumlar sequences are seen mn the evolution of the human disease ot
morphologic features of the experimental vascular lesions and

occurnng sn man are ssmilar The possible role of pyndoxine deﬁut;t'r
10 the etiology of human artertosclerosis remains to be determined (¥ )
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examme the possibilities we can ook, at factors of sus
picious 1Mpott Nt hypertension which could concenvably
influence the de of chol 1 g ath
erosclerotic plaques 1n arteries

There 15 no good evidence that the blood cholesterol
1s hugher 1 Amencan hypertensne than 1n normotensive
people Therefore the ancrease 1n the rate of progresnion
of atherosclerosis 1n hy pertension 1s probably largely dueto
sntravasculas flreation pressure causing deposition of lipuds
thraugh the muma (319)

Hypertension and atherosclerosts however may be m
terrelated n a more fundamental fashion than by mechan
1cal excessive filtration of cholesterol through ntima by
the high pressure when there are adequate cholesterol
ievels 1 blood 1) A condationed sutamun By deficiency
may maolve bath disorders 2) abnormal trace metals may
not only affect the hypertensive process but increase cho-
lestrol synthesis At this point the reader may wonder
whether ot not the author has an obsession with vitarmin
B, and 1ts functions Upon careful thunlang in terms of
enzy this e yme continually obrrudes
uself wmto posuble schemata de

rived from experimental

and climical data both 1n hypertension and 1n fatty acd
metabolism

‘We must turmn to epidermalogic data for evidence that
there 15 no common denominator of these two diseases
Some atherosclerons but no hypertension has been found
m Alaskan Csquimany (332) the incidence may be smaller
than m whites Hypertension 15 extremely comman n
Hawanan sugar plantation workers as 1 atherosclerosis
but severe coronary sclerosis 1s less frequent than 1n Cau
Casans (333) Atherosclerosss 15 said to be prevalent 1n
hirghiz nomads as 15 contracted Ladney (from hyperten
son?) (334) Snapper observed hypertension bur hde
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no stgruficant differences m hepatic cholesterol at the end
of thuis time, but aoruic wnd serum cholesterol values were
about half the controls n the animals recenng 1anadm
Likewse the livers of these rabbits incorporated Gt labeled
acette into cholesterol 1t a markedly reduced rate Thus,
both endogenous synthesis and aortic deposition of cho-
lesterol were depressed considerably by vanadium

Thercfore, vanadium as a possible essenual metal
manganese as a known one and chromum as an abnormal
one can be implicated in cholesterol metabalism As Wil
be considered below any metal mnterfering with renal
enzymitic mechanisms also cannot be excluded as an m
direct participant 1n vascular damage, mtiating deposition
of lipid 1 arteries

SOME. COMMON DENOMINATORS OF HYPER
TENSION AND ATHEROSCLLROSIS

One anatormical common denominator between the twe
diseases lies 1n the Jocation of the lesions When molving
the renal arterses or their mouths reduced renal blood
flow may result 1n diastohc hypertension of sufficient de
gree to Testore flow to normai (Chapter IV) These lesions
have been demonstrated frequently in hypertensive p2
tients and confirmed by physiologic measurements It 15
also possible that chronic hypertension may nfluence dep
osition of lesions m the smaller renal vascular areas which
of themselves cause further hypertension on a renal
1schemic basis Thus will one vascular disease worsen an
other in 2 vicious circle

There may be chemical common denominators which
predispose human beings to both hypertension and athero-
sclerosts This 15 no new idea, for many people have
wondered about the relationship The geographic and
racial distributions of the two are often quite similar To
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15 probable that local deficency of vitamn B, due 10 the
interference of 1ts trace metal by an extraneous one could
probably have the same result The mumal njury @
itamn By defictent monkeys 35 wactly hie the eathest
Jesions of atheroscierosis

Comment Some derangement comruon to hath diseases
may be present but atheroscleross with which the Amen
can public 15 niddled 13 more frequentn the population
than 18 hypertensian Therefore while atherostlerous can
and does occur without hypertension the contrary 15 un
usual 1 our cvilizavon but frequent n others Both
abnormal trace metals and local pyndoxal defictency may
be implicated ~

THE ROLE OF FAT AND OTHER LIPIDS

Let us review modem 1deas on the pathogenesis of the
Tesions other than the faciors already discussed Most of the
Tecent nterest 10 the subject has centered on fats Quite a
case can be made for the role of cholesterol which sslargely
carned by hpoprotemns as a srong hmk an 1he cham of
reacuions leading to the formavon of plaques the subject
has bhad sts ups and downs since 1914 bt probably s
here to say As Axchoff so aptly putst  From plasma of

low chol 1 content no dep of lipouds will ocenr
even though the mechanical condinons are fasorable
{327)

Normal Cholesterol Levels in Blood What 1s the nor
mal level of blood cholesterol? That 1s a difficult question
to answer The levels found 1n Eurgpeans and especially
Americans may not represent  normal talues but rather
average values 1 a population subject to the disease 1f
s we should look elsewhere at healthy adults to determmne
our mzfmzl standards and thus our therapentic amms n
- g and g the atherogenc tendencies o
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atherosclerosis m poorer Chinese (8) sometimes the con
dition was malignant Therefore, while the two diseases
usually are found together mn the same population, excep-
tions 1n both directions may exist Coronary sclerosis
however, 1s much more commeon 1n hypertensive than 1
normotensive people (335) Coronary sclerosis may be 2
different disease than aortic atherosclerosis or may be 2
different manifestation mfluenced by local cardiac factors
Likewise cerebral atherosclerosis may differ Undoubtedly
however, the underlymg biochemical alterations are a
common denominator The epidemiological data does
not prote the lack of association of the atherosclerosis seen
in hypertensive states i1 Western countries but merely
mdicates that each condition can n some areas of the
world, exist separately

Expermmental evidence, however, which pomts to a close
assoctation between the kidney and atherosclerosis 1s ac
cumulating  Holman was the first to show that artents
appetred 1n dogs fed butter only when the kidneys were
damaged by uranium or mercury (336) Methods for pro-
ducing experimental atherosclerosis have been developed
which fit into Friedman s schema 1f kidney ts substituted
for blood pressure Renal damage will produce athero
sclerosis 1n rats and rabbits fed cholesterol (331, 332)
Nephrectomy causes an increase in plasma cholesterol and
low density Lipoprotemns especially when protemn 15 fed
(385) Unfortunately we have been unable to cause the
disease by feeding rats and chicks stearate and any one of
eleven metals

One further factor which may be common to the two
isorders 1s 1 pyndoxal deficiency Olsen and Marundale
were able to produce chronic hypertension 1n young Tats
by desoxypyridoxine, an antimetabolite for vitamn Bs
(194) While theirs was a generalized deficiency state, 1t
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he populautons with high values Just because 2 dusease
s common does not make 1t or any one of its measurable
parameters normal

Considerable information comes from studies 1 other
than Western countries (Table A3AIN) 1f these values
for blood cholesterol be cotrect as there 1s little Teason to
doubt the normal Tange 15 120 to 160 mg per cent
Iigher values may be ascribed to dietary nfluences or
their cone That and an mncreasing
standard of lving  may affect blood Lipids was well shown
by Toor ¢t al m therr study of recent immigrants to Israel
compared to immigrants living 20 years or more n that
country (338) (Table XL)

In Table XLI are shown some wide variations in total
cholesterol and other lipids 1n blood done by amalyuc
methods which are considered quute accurate from varous
Western countries The vamations are unexplained Page
et al tned to cheek the difierences between their analyses
done 1n New York (339) and Boyd s done in Ontano (340)
they state  our results for cholesterol determned 1n the
presence of the other lipids are likely to be low rather than
high For the fact that our normal cholesterol values range
50 much higher than those of Boyd (in Ontario) and of
Gardner and Gamnshorough (in England) we therefore
lack an explanation We can find no source of error for
our results and none 1s obvious for theirs” Since Royds
normal subjects were taking the standard high far diet
customary m this country (340) 1t 13 possible that an en
vironmental factor not present in England and Ontanio
but mfuenang levels 1 New York was operating

Effect of Blood Levels of Total Cholesterol Most i
testigators believe that coronary atherosclerosis does not
occur 1o any appreciable extent when blood cholesterol
' low Furthermore some reyersal of atheromata 15 1y
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Mechanisms 1n Atherosclerons 217

acid esters of cholesterol Tegardiess of the length of the
carbon chamn melt at Tugher than body temperatutes the
lowest 1s for oleate (44 5°C) and hinoleate (42°C) com
pare stearate (32 5°C) and palmstate (80°C ) (348) There
fore vartations 1n solubility and meltng point may de
termine deposition of these esters m the lestons Solu
bilities of the ct 1 esters of §-lrpop believed
to be of atherogemc mmportance (350) are not known

Since pynidoxal 15 concerned with hepatic desaturation
of di and tn unsaturated fatty acids to tetra and hexa
forms (349) this coenzyme coudd mfluence the type of
ester Es 1ab 1es haweser have

§ m our
failed to show that vitamin Be raises the 10dine number of
plasma ipids when given for a week or 10 days the tend
ency was for it 1o fall (Table XL11) Surpnmingly enough
the sodine numbers of blood lipids was found to be much
tugher 1n Chinese (8) than i Amencan pauents (Table
XKLL probably a reflection of their gh unsaturated

fatey acud diets
Other Lipid Substances We have not considered the
phospholipids of plasma nor the chylomicrons contuming
neutral fat nor the lipoaprotein fractions which carry cho-
Testerol These are complicating parameters whose sig
mficance 15 unclear Their relations are shown 1n Table
XLIV heys has snd At the present time {19aly 1t 1s
enurely unjustified to atmbute to G measyrements any
special virtues beyond that for sumple cholesterol measure
ments for the prediction of atherosclerosts ar the estima
tion of the activity of the atherosclerouc process  (351)
The type of lipoproten a1s solubility and sts physical
charctenstics however may have atherogenic properties
"I);hozs; (\;rf)e ’;'nhulcc;ﬂts transport lipids and steronds
o Somt:l:m crelare an increase in hpoprotesns may
3 10 the process directly or mdurectly but at
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ferred an pauents dying of debihtatng discases (341) with
depressed blood lipids In the monkey, both sitamin B
deficiency and elevated biood cholesterol are necessary to
induce atheromata, levels are gher m deficent than m
normil monkeys fed cholesterol ($24) Swnce not only
cholesterol, but other suspended particles wilt fileer
through ntact intima (342, 343), the blood level 1s the
obvious factor n determining whether or nat this sterol
1s deposited 1n the lesions There 15 no evidence at present,
however, to imphcate vitamin B, in the synthesis of
cholesterol

The deposits m the aortic plaques are mamly esterfied
cholesterol (316, 344 347) Schoenhesmer found that there
was a steady wncrease wath age of both free and cholesteral
ester extractible from the aorta as atheroscleross de
veloped The proportion of free cholesterol to bound
cholesterol, however was relattvely constant (225 to 319
per centy showing no age trend, while cholesterol ester
cafculnted As oleate tripled at older ages with adsanced
lesions In other words although the aortas contaned more
extractable fat, the cholesterol esters n atheromatous
aortas were relatively greatly mncreased Most of the esters
were oleate palmutate and stearate, with small amounts of
umdentified unsaturated fatty aad esters There was also
a marked mncrease 1n aorve phosphorus and lecithin with
atheromata and a decrease 1n free hexosamine (433)

The Nature of Cholesterol Esters Cholesterol 15 a very
ncoluble substance how all of 1t 15 transported 1 blood
15 not known but most 1s carned by hipoprotens Esters
of stearate palmitate 1nd oleate are found 1n human blood
and tissues (348) Cholesterol linoleate 1s constderably
more soluble and hnolenate much more soluble than 15
the stearate ester Solubility n tissues and nssue fluds
may be of considerable mmportance Although all fatty
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acud esters of cholesterol segardiess of the length of the
catbon chain melt at higher than body temperatures the
lowest 1s for oleate (44 5°G) and linoleate (12°C) com
pare stearate (82 5°C ) and palmutate (30°C) (348) There
fore vamations 1n solubiity and meinng pownt may de
termune deposition of these esters in the lestons Sola
Biistzes of the cholesterol esters of §-lipop believed
to be of atherogenic ymportance (350) are not known

Since pyndoxal 15 concerned with hepauc desaturation
of di and tn unsaturated fatty acids to tetra and hexa
forms (349) this coenzyme could nfluence the type of
ester Expepments 1 our laboratories however have
fatled to show that vitamin B, raises the 10dine number of
plasma hipids when gnen for a week or 10 days the tend
ency was for 1t to fall (Table XLII) Surprungly enough
the 1odine numbers of blood liptds was found to be much
hugher i Chinese (8) than in Amencan patients (Table
\LIIf) probably a reflection of therr ugh unsaturated
fatty 2a1d diets

Other Lipid Substances We have not considered the
phospholipids of plasma nor the chylomicrons contaiming
neutral fat nor the hipoprotem fractions which carry cho-
lesteral These are complicaung parameters whose sig
mficance 13 uncleas Their relattans are shown 1 Table
\LIV heys has sud At the present time (1901} 1¢ 1s
entirely umjustified to attnbute to G measurements any
specual virtues beyond that for symple cholesterol measure
ments far the predicuon of atherosclerosis or the esyma
uon of the acusity of the atherosclerotic process  {351)
The type of lipoproten s solubihty and 1ts physical

charactenstics however may have atherogemic properues
These large molecules transport lipids and sterouds in
blood (322) Therefore an mncrease 1n f-lipoproteins may
80 somethung to the process diectly or andurectly but ap
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220 Mechamsms of Hypertension

TABLE XLIV

CoMPARISON OF DLSIGNATIONS OF LiparroTEINS SEPARATED
BY Various TECHNICS®

Cohn
Ultracentrifuge Electro ethod ng;m
phorests Fraction 10 Jer
Solrent Denssty
1063 121
{Gofman | (Lewis Green &
etal} Page)
Symbol
Sy -Sin
20-100+ >70
10-20 40-70
b
3-8 2540 Beta Globulin | ¥ 111 c
1-3 20-25 Alpha—2
2-8 Alpha—1 VvVl A

Note that the use of a solvent density of 1063 does not permit alpha !
Jipoprotein to undergo flotation It 1s not certain which Cohg fraction €ott
tains the hipoprotetn 1dentified ultracentnfugally as alpha 2

* From Furman (352)

best, these molecules are secondary mvaders or carriers
and probably are not as directly concerned with patho-
genesis as 1s cholesterol and 1ts synthesis 1f the totaf
amount of cholesterol to be carned were low there would
be little or none to be deposited The nature of the fatty
acds 1n phosphohplds 1lso may be more mmportant m
atherogeness than the total quantity We must go deeper
1nto first causes than a consideration of carrier components
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10 the blood What they are and what they are made of 18
£ greatest 1mportance
OE';};m g;1p09rotcx:s carry steroid hormones cholesterol
and #ts esters, carotene O wvitatmn A a tocopherol and
acetal lipid (contaming hydroxyl groups) (352 303 387)
Most (75 per cent) of the free cholesterol 1n serum 1s 1
the plipoproten fracuon as 15 the extenfied fraction (13
per cent) while less (55 per cent) of the phosphorus 18 1n
this fraction Barr found somewhat lower values mn §-
lipoproteins (354 355) Thus ncrease 1 the cholesterol
phospholipid Tatio suspected to be of atherogenic sig
mificance means n terms of hipoproteins that with rela
tuvely less phospholiprd than chol 1 the -hipop
fraction will be increased 1 the proportion of 1135
Gofman finds that particles of the S¢ 1020 classes have
weight ratios of cholesterol to phospholipid as high as
115 (396)
Exogenous Cholesterol There 15 no evidence ¢hat a
diet & bl of chol 1 (up to
10 Gm per day or the equivalent of four eggs) influences
the level of blood cholesterol (357) Feeding healthy vol
unteers (338) or patients (859) up ta ten times that amount
causes osignsficant changes i plasma levels # Actually at
200 mg per 100 o} blood there 1s about 8 Gm mm ar
culation with an additional 3 10 4 Gm 1n kver and a con
siderable amount i other nissues While exogenous cho-
lesterol probably tle aflects plasma levels 1n man the
revene 1e Testncung the dietary ke to very low
values does decrease plasma levels since al] dietary cho-
Sesterol 15 contained 1 fatty foods which therefore need

1t is possibile to block some of the intesinal absarpt
tion of
¢holesterol by plant sterols such as stosterol The ettt on

! in Large doces The effect
Nasta ch on
oner dq:::‘m‘ Bowever 1 enber Insignifcant, or nigmficant 1o a very
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TABLE XL1V

COMPARISON OF DESIGNATIONS OF LIPOPROTEINS SEPARATED
By Vartous Tecnnics®

Cokn
Ultracentrifuge Electro etbod Barr Russ
phoresis Fraction 10 & Eder
Soltent Density
1063 121
(Gofman | (Lew:s Green &
etal) Page)
Symbob
St —Siu
20~-100+ >70
10-20 40-70
3-8 25-40 Beta Globulin | T UI c
1-3 20-25 Alpha—2
o
2-8 Alpha—1 wvyvl A

Note that the use of a solvent density of 1 063 does not permit alpha 1
Iipoprotein to undergo flotation It 1s not certan which Cohn fraction €on
tains the Lipop! dentified ult: fugallv as alpha 2

* From Furman (352)

best these molecules are secondary invaders oOf Carriers
and probably are not as directly concetned with patho-
genesis as 1s cholesterol and its synthests IE the total
amount of cholesterol to be carried were low there would
be little or none to be deposited The nature of the fatty
acids 1n phospholipids also may be more important n
atherogenests than the total quantity We must go deeper
1nto first causes than a consideration of carrier components
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usually contain unsaturated fatty acds This 15 not true of
fish osls Bhich must be largely unsaturated or short chain
because of the low meltmg point essential for mobility of
the ammal at low temperatures Actually fish fat contains
several very long thain unsaturated fatty aads

"There are three habits largely common to the USA
and some European countmes which tend to raue the
detary muake of sawurated fats (202 348 360) 1) Since
1920 animals fattened for slaughter have been fed igh
carbohydrate diets 1n order to lay down a hard fat Meat
from animals eatng unsaturated vegetable fats 35 oily and
housewives do not like to buy 1t the melting pownt 15 low
2) For many years segetable fats (unsaturated) have been
commeraially hardened often by a copper or mickel cata
Iyst 1 order to provide shortemngs or marganine which
are solid at Toom ures 3) The pion of
milk butter and cheese has increased mik fats contamn
shorter chain saturated fatty acids and are beheved to be
atherogenic (356)

Relanon of Dietary Fais to Cholesterol Why does an
excessive 1ntake of hard or saturated fats cause athero-
sclerosis? The following mformation 15 known

1 Anumals lay down 1n their tissues part of the fat in
gested This has been demonstrated mn a1l mammals but
man Pigs fed very Jong chain hngh meltng pomnt fatty
aads may crack in the cold Unnatural Fats (odd numbered
carbon atoms or aptical 1somers of natural th) can be
trecovered from the bodies of animals to which they are
fed 1 amounts from 10 10 25 per cent {348)
oo s an b omelof e e of
et of oo o bcu’(e :‘:ycer;e:n‘n;mm! fany aad
wied (318) vhen a specific fat

3 The esters of cholesterol 1 blood usually contamn
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be severely restricted In ammals however, especially rats
rabbuts, monkeys and chickens very high intakes (2 to 4
per cent of the dret) rase plasma levels markedly (356)

Type of Fat Ingested The weight of evidence 1t present
15 10 favor of the idea that a diet fugh mn fats of ammal
origmn 1s atherogenic, while diets contatning adequate but
relattvely smaller amounts of vegetable fat are not Al
though there are many types of fat 1 both anymal and
vegetable sources, the number 1s somewhat himited by the
digestibility of the fats with higher melting pomts Natural
fats contamn an even number of carbon atoms and are
usually found as triglycendes, the lengths of the chamns
vary from 4 to 24 Some are saturated, some contain one,
two three or four unsaturated ethylene linkages Ob
viously an enormous number of possible combinations
can occur fortumately, m nature they do not (Table
ALY

The melting pomts of the saturated fatty acids are
directly proportional to the length of the carbon chain
short cham acids bemng hqud (348) Equal length un
saturated acids have lower melting pomtes Solubilities
are directly related the saturated acids bewng less soluble
i water and alcohol Furthermore, the specific graviues
of saturated fatty acids are lower than therr unsturated
refatives

Insofar as 1s Rnown there 1s no difference between
glyceryl tristearate obtamned from ammal sources and that
derived from vegetable the fatty acids are dentical Fully
hydrogenated hnolenic acid becomes stearic acid ‘What
then are the differences? Unless vegetable oils contan
some esoteric product which counteracts the atherogenic
influence of ammal fats we must look to the composiion
of the fats themselves In general ammmal fats have more
saturated fatty acids than vegetable fats while the latter
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uswally comtasm unsaturated fasty acids This 1s not true of
fih orls which must be Targely unsaturated or short chatn
because of the low meltng point essential for mobihty of
the ammal at Jow temperatures Actually fish fat contans
several very long chamn unsaturated fatty acids

“There are three habits largely common to the US A
and some European tountnes which tend 1o tasse the
dretary mtake of saturated fats (202 848 360) 1) Swce
1920 ammals fattened for slaughter have been fed high
carbahydrate diets 1n order o lay down a hard fag Meat
from anumals eating unsaturated vegetable fats 15 oily and
hausewrses do not hike to buy 1t the melung point 15 low
2) Yor many years vegetable fats (unsaturated) have been
commercially hardened often by a copper or mickel cata
Iyst 1n order to provide shortemings or margarne which
atre solid at Toom ) ures 3) The ¢ ption of
mik butter and cheese has wncreased mull. fats contam
shorter chain saturated fatty acids and are believed to be
atherogeme (306)

Relaton of Dietary Fats to Cholesterol Why does an
excessne mtale of hard or saturated fats cause athero-
sclerosis® The following information 1s \nown

1 Ammals lay down 1m their ussues past of the fat n
gested This has heen demonstrated 1 all mammals but
man Pigs fed very long chain hugh melting point fatty
i;lxd;c’:a;{"c)\?'tkux:\ ;h‘e‘ col\d Ummm{z\ fats {odd numbered
Tecorvered from lhf b:iu:lsso :fl e ]mmml faxg) can be
fed 1n amounts from 10 to 2 et o o guch they are

o per cent {348)

2 Cholesterol esters can be formed of the type of fat
:x the diet Thus steanc or even unnatural fatty aad
- ;:; (?;4 sc)holuteml cn be recovered when a speafic fat

¥ The esters of cholesterol 1n bloed usually contan
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more unsaturated fatty acids than do neutral fats or
phospholipids (360)

4 The metabohsm of cholesterol and that of the es
senual fatty acids 1s closely interrelated Fssential fatty
acid deficiency 1n rats 1s accompanied by storage of che
lesterol in liver and adrenal Diets low m fats may lower
blood cholesterol but mcrease that m hver Linoleate or
lnolenate either may be required to mobilize depots of
cholesterol or be necessary for 1ts catabolism (360, 361)

5 Blood and Iiver levels of cholesterol n rats are ele
vated n essenuial fatty acid defictency when cholesterol
15 fed Methyl linoleate lowers both values (360)

Cholesterol 1s synthesized in the liver adrenal and pre
sumably other tissues from acetate The possible pathways
are shown 1 Figure 19 Obviously 1t 1s impossible to 2v01d
acetate which 1s a metabolic product of fat carbohydrate
and amino acid metabolism The 1mmediate precursor of

2CH,CO0H  CH,COCH.COOH CH,
-
Aretic - Acetoacetic HOC CH:COOH
Aad /

Aad
RN
COOH
3 Hydroxy 3 Methyl
élu taric Acd
© UNKNOWN
- \CSC-—-C — INTERMEDIATES — SQUALENE
C/ [Terpenes?}
UNKNOWN , ESTENOL
~ INTERMEDIATES —  pe Y BROCHOLESTEROL
— CHOLESTEROL
Fic 19 Possible path of chol 1 syntt Entirely hypoth

Y
cal intermedhates are enclosed in brackets (From Langdon In Fat

Metabolsm, V A Nagjar ed. Baltumore Johns Hopkins Press 194}
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TABLE XLV
.
Coupostttons oF Cory COTTONSEED Ourve Ons Avp BUTTER

Corn Cottonseed  Olire Butler

- e ——
Todine number 103-129  90-110  79-50 ZCv-.SSS
Saturated acds (%) 12-18 21-32 9-19 304,
Oleate 21-49 19-36 6486 2841
Lincleate 3461 34-56 415

Lunclenate 029 L] a 0
Arachidonate o ° o e
Squalene (mg %) 28 8 I 0
Frrgostero! + + [} +
Sutosterol + + [}

Stigmasterol +

Rate of enzymic hydrolysis 1 3

Tocopherol (mg %) §7-250 83110 3-30

* After Deuel (348) and Eckey ($47) Contents vary with climate soil
and seed

cholesterol has been shown to be squalene a hydrocarbon
with six double bonds having the empuical formula
CyHie (362) Squalene 1s found in the unsaporifiable
fraction of several but not all fish o1ls and only one plant
ol olne o1l (041054 per cent) Other vegetable ols
contain only very smal] amounts (peanut o1l 0 07 per cent)
Animals fed labelled squal ynth chol 1 50
umes as efficiently as when given labelled acetate (362)
Squalene 1s not converted to fatty acids as 1s acetate An
other precursor of cholesterol 15 provitamin D, or 7-dehy
drochalesterol widespread m foods but mn ymall quantities
Effect of Vanous Fats on Blood Cholesterol Levels 1n
Man One can gatn some tnformation on the relationstup
of the type of fat ingested to the level of cholesterol 1n
plasma by human expenments 1 which dretary fat was
markedly imcreased (Table XLVI) If these tesults are
valid an examination of the table points at once to specific
dietary factors or the Jack of them whuch alter cholesterol
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TABLE XLVI
DIETARY FACTORS ALTLRING PLASMA CHOLESTEROL IV MaNn*

Factors Cousing Increcsed Levels Factors Causing Decreased Levels
High fat intake Low fat intake (366)
Starvation Seurvy
Low carhohy drate mntake Vegetable fat (Diabetics)
Vitamin B deficiency Soy bean oil (446)
Vitamin By d (monkey) Sunflower seed oil (448)
Olve ol Nuts (363 365)
Cottonseed o1l Corn ol (367 368)
Burter {368) Bran extract {366)

N0 change caused by
Obesity
Chalesterol intake (357)
(moderate}

* After Deuel (360) and others

levels m man Vitarmin B defictency starvation low car
bohydrate mtake Iugh fat ntake olie and cottonsced
o1ls and butter move cholesterol values in the same direc
tion, up while specitfic factors appear among those e
ducing 1t Because corn and olive oils act opposttely we
must look to differences m content of specarfic factors in
these two fats

The outstanding difference appears i the hnolemic
content which 1s absent n olise and cottonseed oils* and
1s present to the amount of 0 6 per cent of corn il This
essental fatty acid 1s not found m butter unless 1t 1 fed
to the cow 1t was present m one sample of Amerncan
human fat and serum (348) (posstbly mfluenced by diet)
but was not found i one German (348) 1s m some lect
thins and cannot be synthesized by the ammal (Table

* Oyls moay vary in their atherogenic properties possibly because of vat
ations 1 essentsal fatty aad (Linolenate?) content (410) Ohive il consumed
mn Spain 13 ustally adulterated with soy o1l
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LV Arachudonic acd 2 normal component of ammal

ussaes deathans cephakin phosphatides and fats 1s an

other essential fatry acd formed (;um noleic probably
min B, enzyme system (349)

b";h‘e‘t!:[mc th.e fa?wr m certain yvegetable fats (and not

others) which lowers blood cholesterol may not lie n the

presence or absence of unsaturated fatty acids themselues

TABLE \LVIL
Essexia, FATTY Aco Content of Sowe Evrewe. Ous (70)

Food Lsnoleic Linolenic Productiont
Linserw. 1543 40-53 12
Peanut Al-12 o 30
Sunflower 478 o1 20
Sesame 4048 ] ts
Soy bean 510 23 ag
Coronut 1~2 ¢ 46
Anmgl faty + 0 178
Rateseed 12-16 7-10 33
Palm 611 0 33

* After Eckey (14T)  {Fstimated World 1951 bitlions of Ibs

but mn the linolemic or other specific fatty acid content
The cholesterol lowening drets of hansell et al contam
nuts in large amounts (363) The fat from some nuts
espeaally walnues contans hinoleic and hinolemic acids
(348) In thus respect Ransells diets (364 365) contained
soyheans soy leathins soy sauce corn oul and walnuts all
contatnung linaleme acd whale ths fatty and has not
been found 1 peanuts 2lmonds and cashew nuts {348)
The hydrogenated oils 1n marganne Crisco and peanut
butter as well as cottonseed peanut and olive o1l which
apparently do not contain linolenate sete also yen m
sprte of these fats at least two of which wsually raise blood
cholesterol st fell Bram extract probably cephalin which
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contans arachidonic acid also has been reported to lower
cholesterol (366) The common denominator of the effects
of these various conflicting dat1 appears to be mn the trt
or tetriethenoid acids similar to Iinolenic and arachidonic
(367 369) (Table ALVIIT)

TABLE XLVIH
Foops CoNTAINING LinoLric LINOLENIC AND ARACHIDONIC ACIDs®

Lanolere Lnolene Arachidonsc
(Cu, 2 double (Ca 3 double (Cro 4 double
Sonds) bonds) donds)
Egg yolk keathin + 04 +
Brain lectthin 0 0 +
Braia cephaha 0 +
Liver leaithin 0 0 +
Pig fat + 0 21%
Butter fat 364 5% B +
Fowl fat 213% 0 +
Fish 40+% + +
Soy bean lecithin + + 0
Phosphatidic acids -+ + o
Walnut ol 3% 8% 0
Beechnut o1l 389% 0 4-2 9% 0
Soy bean 5209 23% 0
Allalla 67 5% 20 8% o

* After Deuel (348)
 Only when fed to hens
** Only when fed to cons

It 1s mnteresting that atherosclerosis 1s unusual 1n coun
tries where soy beans are a staple artcle of diet M these
deductions are correct substances contaning lnolenic
acid, either in fats or in phosphatides, should lower blood
cholesterol * The relationship between pyndoxal and
the formation of Imnolenate will be discussed below

«The practice of fasting by some religrous groups duning one day a
werk and the Lenten season may have Jogic in terms of essential fatty 2ad
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Pyndoxal and Trace Metals The amount of sitamin By
1 the dies has a definute influence on essential fatty acd
metabolssn m ammals Vitamuin Be deficency and essen
tral fatty 2c1d deficiency i rats yesemble each other grossly
and each factor will pardly alleviate the other There ate
however fundamental differences 1 enzymes in the two

TABLE XLIX

Couranisos of Essentist Fatre Acto a\p Priooxes
eICIENCIES TN RaTS (384)

Essentse}
Futtctyn Organ Fouty Pynidoxine
Aud
Respiration. Laver Increased
Cytochrome oxidase Laver Tneseased Increased
Sucaime pdase Laver No Change  No Change
Phusphate estenfication Laver Decreased Decreased
Glutamue dehydrogenase Liver Decreased Decreased
Batync dehydromenase Laver Decreased No Change
Sucainie dehydrogenase Liver Decreased No Change
Glutamie decarboxylase Bran - Decreased
Arachidomic synthesis Carcass Decreased Decreacd
Hexaenoe synthests Carcass Decreased Decreased
Ortancate sxdation Cascass - Decreased

conditsons (Table X1IX) Apparently svitamin B, 1s essen
ual for & g partly d fauy acds such as
hnoleic further to synthesize arachidomc and i metab-
ohnng hinotenic to hexaenoic acids Lanoleicisa precursor
of arachidonic and hinolenic of the } acds (349)

deficency or saturated fatty 2ad excess Thus the members of the Rus
wan Orthodox Church €at nothing of arumal ongin durnnog Lent Advent
and on Wednesdays and Fridays and use ods Zegh sn fmofense and Roman
Catholis by custom supply themselves wath adequate essential fatty ands
::E::T and dunng Lear but do not xestct other animal fats Moham
frtied :e‘d t’:\:: :mu\'y Yaws dvnng Ramadan In terms of deposition of

hahbuty probatily do
onne o ooy ha s probally do no ham i maintaining or re
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In deficiency of this coenzyme, liver fat becomes more
saturated (370)

Snell believes that vitamin B, as a coenzyme contans a
metl for actity (215) If so, the interrelattonships are
obvious although whether or not such a metalloenzyme
acts 1n the fatty acid cycle 15 not known The only one of
these enzymes containing a metal 15 acyl Co enzyme A de
hydrogenase which uses copper

Some further nformition may be obtamed by the use
of metal binding and chelating agents n lowering blood
cholesterol  Calctum disodium ethylenediamune tetraace
tate (EDTA) 15 a good cholesterolytic agent an man (Figs
20 21) sometimes lowermg values to the Indian  normal
(180, 371, 372) In rabbits (373) and rats (374) fed cho-
lesterol however, 1z raises blood levels above the controls
and 1n rabbits but not mn rats 1t prevents deposition of
this lipid 1n the Iiner Because EDTA 15 not metabolized
1n the body and diffuses reachly (250) 1ts sparing effect on
hver but not on blood levels must be related to removal
of one or more trace metals EDTA also raises Itpid syn
thesis by rat Iiver while another agent 8 hydroxquinolme
lessens 1t (375) EDTA causes marked loss of subcutaneons
and depot fat (376) suggesting that a metal 15 mvolved m
fat metabolism and synthesis Hydralazine another metal
binding agent also lowers cholesterol i man (180) (Fig
22

)Comment These mdirect but guite suggestsie data are
provocative of thought when viewed 1n pathogenetic and
therapeutic terms Obviously normal cholesterof levels
are lower in some countrres than 1n others usually m
those less touched by Western Crilization IE we could
teduce our own to these normal talues by mterfering
with the processes which raise them to abnormal levels
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Fio 20 Efects of oral hydralazine and mtravenous EDTA on plasma
cholesterol fevels L. I 44 years of age was seen m Ocrober 1954
‘because of mld exeruonal dyspoea and ankle edema for ux months
At 7 years of age he had Mane Strumpell arthntis and at 25 yeans
of age migratory polvarshnitis without urinary symptoms Nephrosus
was chowcally evident and amylodons way proved by remal punch
biopsy To lower hus plasma cholesterol hydralanne was begun with
out endent damical improversent. In 2 further efort 10 Jower hy
plasma cholesterol three courses of parenteral EDTA wuete given Oun
the sixth day of this first course of therapy sbight inflammanon of
the mucous membranes and a magenta tongue were obsersed and he
complained of soreness about his mouth and gums By the fnal day
cherlows chemasss saotal wfammaton and pustular lesans over
the face and wunk had appeared Within a week the lesions had
vatushed and a second course of FOTA was begun On the fourth
2y stomatiiis reappeared and within 7 days the same syndrome
Was present again pecessitating the discontinuation of therapy The
3day final cousse produced no such lesions however feser smred:
ately followed the dosage werease to 4 Gm. Cholesterol values for the
second course were not plotted because such a low plasma level way

3tained that a laboratory ervor was suspected (303 mg per 100 ml
ou a single determunation) The

nges 1n cholesterol !
¢hmaal wouaty (From P HM Jr and Sd\xocdc: }};ﬂ;t C]ﬂ
Chyome Dis 2520 1955 Metal excrenion m Table XXX p 160
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Fic 21 Effect of intravenous EDTA on plasma cholesterol The ma
terial was given as the calcum disodium chelate L S The patients
diabetes controlled on 45 umts of msulin a day worsened to the
pomt that 1t needed 55 units possibly a result of pancreatic loss of
unc (From Perty H M Jr and Schroeder H A J Chrontc Dis

2520 1955) A M Hydralazine given n small doses appeared to
marntain the lower values achieved with EDTA M B The rebound

1 a month 1s obvious
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we would expect hitle or no atherosclerosts espectally of
our Coronary arteries

“There appears to be something i certain but not all
\egetable fats which lowers blood cholesterol markedly in
man while ammal fats hydrogenated segetable fats and
other vegetable fats with a lower 1odine number raise
plasma cholesterol As a first guess this substance may be
linolenate an essential fatty acid IE that 15 so Europeans
and Americans may be suffering from a relative essential
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Fic 21 Effect of intravenous EDTA on plasma cholesterol The ma
teral was given as the calaum disodium chelate L § The patient s
diabetes controlled on 45 units of wnsulin a day worsened to the
pomnt that 1t needed 55 units possibly a result of pancreauc loss of
unc (From Pecty H M Jr and Schroeder, H A J Chromc Dis,
2520 1935} A M Hydralazine given 1n small doses appeared to
maintan the lower values achieved with EDTA M B The rebound

1 2 month 1s obvious
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Inumal Injury due to Increased Saturated
mey ) Vinmo B defoency aver Unsaturated

1) Extesye hypertension X Facty sad etent of x Dlood — Atherostterosts
) Normal pressere cholesteral Lipo- Pressure
differentials proteins and phospho-
Lipids Inereased
synthens ar decreased
destruction of tholesterol
due to metals or fatty
aad deficency

The nature of the vitamun B, deficiency and s possible
relation to trace metals has already been discussed The
phasma hipids under consderation mclude a) Cholesterol
esters which are said to be usually of unsaturated fatty
atids although esters of equal length saturated fatty acids
are highter and more msoluble Dietary excess of the latter
could mfuence their nawre by Lapoprotens or prorein
fatty acid complexes the nature of which are unknown
The saturated fatty acid esters should be hghter and more

luble than their d counterparts 1f so they
thould centnifuge more slowly (or fioat more rapidly)
A lipoprotein with a speaific flotation rate of 5,010 1f 1ts
fatty acid became saturated should theoreucally change to
the S, 1020 class unless rearrangement of the molecule
took place c) Phospholipids the fatty and components of
which depend pantly perhaps on dietary mtake but

usttally are formed of unsaturated fatty acids i function
ing tissue (bramn and hiver)

Effect of Sex For some unk

Teason p pausal

Wwomen are quite immune from coronary_atherosclerons
The disorder however becomes as Frequent i sromen
after the menopause as m men Coronary occlusion 1 a
hormotensive menstruating woman was formerly ex
temely rare although cases are now appeanng The de
&ree of aotuic atherosclerosts however shows little sex
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fatty 1ad deficiency There may be vesy httle hinoleme
1ad m the Amernican diet Pyridoxal 1s concerned with
the utilizatton of essential fatty acids and a deficiency of
one may enhance a deficiency of the other Furthermore,
trace metals can be mvolved since they affect fat synthests
and may be concerned m vitammn B, enzymes although
their role 1s possibly of only secondary 1mportance
The differential effects of metal chelating agents must
be e\phmed(Let’lesfa_ssume that n the Ivers of human
beings there 1s a metal (chromium, for example) which
stumulates the formation of cholesterol and faity acids
orametal (copper for example) which depresses catabolism
of ipids, 1n additron to the normal metal (manganese
for eximple) EDTA because of its higher ffimty for the
abnormal metal removes 1t allowing synthesis to revert
from an accelerated to 2 normal rite or catabolism to
fhse 1tself to normal In the ammal fed cholesterol how
ever there 1s no abnormal metal affecting synthesis there
fore the normal one 1s removed In that event the synthesis
of cholesterol 1n Irver might be lowered or catabohsm
rased preventing tccumulation of endogenous cholesterol
i Iiver but allowing exogenous cholesterol to remun in
the blood The latter would be the case sf storige and
synthesis were related The differentiil effects of LDTA
and 8 hydroxyquinoline m the rat can be explaned by
different affinites of the two substances for metals the
former bung the stronger chelating 1gent That two an
tagonistic metals may mfluence n enzyme system 1§ well
known for actomyosint (Mg and Ca) d has been proposed
by the Bernherms for lipid metabolism (Mn and V) 274)
These various factors can be substituted 1n Friedmans
schema to 1nclude a more definitine but much more hy

po:hetxcal one
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fuctations can occur (377) A persistently high level 13
atherogemic a momentary low level may not reflect the
true state of affairs 1 terms of wtimal exposure There
are conflicting opimions and data but the opposing views
can be resohed by that 2) chol L levels
fuctuate and unless consstently elevated values may be
meanmgless 2) when a patient 13 sich the levels fall
3) the full lesions of atherosclerosis deyelop only after
prolonged constant or intermttent hypercholesterolemia

In this chapter we bave spolen of trace metal imbal
ances conditioned vitamin B, deficiencies and essential
faity and deficencies We have emphasized that these
deficiencies are relative conditioned and local to one or
at most a few enzyme systems There 1s no practical way
however of reversing vitamun B, deficiencies at the present
time The administration of 50 mg of pynidexal hydro-
chlonde daily to many patients has not resulted 1n a detec
table fall n blood cholesterol The admimstration of at
least twa trace metals cobalt and manganese m large daily
doses have not caused clinical changes detectable by ordi
pary laboratory methods Only by chelatng agents have
we been able to affect blood levels favorably (180)

‘The several pathogenetic factors outlined by Friedman
et al should be affected stmultaneously 1f we are to expect
¢essation of the process or at the best reversal Whatever
13 making the mtima snjured so that plaques are formed
should be opposed as an approximation pyndoxine
adequate doses 15 tequired until more 15 known The ab-
normally gh cholesterol levels 1n blood should be
duced by dietary wfluences and chel .
sble Ef eclating agents 1f pos
o evated diastolic pressure should be controlled at

Tmotensine levels Under these condstions  some Te

absorption of
“pccl:ca of plaques which are not too scarred mught he
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difference (855) These differences cannot be explained by
gross dufferences 1n plasma lipids, cholesterol or phospho-
hipids but lower concentrations of beta lipoproteins higher
ones of alpha Iipoproteins and lower atherogenic ultra
centrifugal lipoprotemns are found in women The admin
istration of estrogens to men alters these values to those
of healthy young women, while methyl testosterone acts
in the oppostte direction Estrogen shifts an appreciable
amount of cholesterol carned by beta poproteins 1nto
alpha hipaproteins while  testosterone does the_opposite
The same sex immunity to coronary discase is found
chickens Although estrogen 1s carried mn blood by lipopo
temns this phenomenon 1s unexplamned on a mass action
basts by the small amounts admmstered

Clearing Factor Heparin will _clear lipemic_serum

both 11 viwo and _sn siiro [d44) Apparently this anticoagu
Iant alters the physicochemical structure of chylomicra so
that they become soluble These large fat filled particles
carry almost all dretary cholesterol The rates of clearing
are faster i1 young women thin 1n men and slower m the
aged Therr relations to atherosclerosis are not known

CLINICAL IMPLICATIONS

At present there are several available methods for lower
mg blood cholesterol 1 man Because the pathogenests
of atherosclerosis 15 a mult1 valent one the process must
be attacked at different levels Obtatng a permanently
lowered cholesterol level in blood might allow cessation
of the deposition of cholesterol in plaques with probably
some absorption 1n the presence of an altered gradient
between plaque and plasma Practical methods will be dis
cussed m Chapter IX

‘What the level 15 at any one instant of a hfetime of ex
posure to atherosclerosis 1s relatively ummportant Wide
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3§ Yschemia due to organic vascular disease which does
not appear until the pressure 18 lowered 15 a clear and
present hazard 1n actual practice it 1sTare

4 Duastolic normotension must be achieved and mamn
tamed whenever possible A compromuse 18 hazardous
merely modifies the disease promotes drug tolerance and
does not allow eventual Teduction of dosage

5 The use of any gangliomc blocking agent the action
of which does not last for 2% hours requires that blood
pressure be measured before each dose i order to present
a) hypertension b) hypotension and c) to provide as con
stant a blood level as possible throughout the day and
might Varymg requirements and absorption necessitate
varying dosages according to the prevailing levels of blood
pressure

& Artenal hypertension due to mncreased generalized
vasospasm 13 a disorder or a disease The patient esther
has 1t or has not If he has seventy vanes widely from
shght to marked Therapy should be applied when both
patient and physician want to control the disease If
therapy 18 not applied the responsibility rests on the

physician that the dusease 15 not doing or gong to do
harm

EVALUATION OF PATIENT FOR DRUG THERAPY
N The first question to be answered 15 Has the pauent
hyp on? A diastolic p of 90 mm K,

: by the dnpy g or over

e of horotkoff sounds) 1s
strongly suggestve 1n fact usually indicative of general

1zed vasospasm 1n the absence of tachycardia
Or coarctation of the aorta Whe, ; T

T persistent 1t suggests
chronic hypertension when relieved by relaxation ﬁgsu
geststhe prehypertensive state ¢

The second question 15 How severe or sustamned 1s the



Chapter VHI

PRACTICAL METHODS FOR MODERN
THERAPY OF HYPERTENSION

INTRODUCTION

ON THE BASIS of the various hypotheses and findings
outlined m previous chapters and using the potent
drugs discussed a practical method of controlling excessive
vasospasm m man can be outhned and the therapeutic
limuts of a long term regimen can be predicted While the
use of this regimen requures care and precautionary meas
ures, 1t 35 no more difficult n fact much less so than 15
the comrol of diabetes melhtus Some simple but basic
rules need be kept mn mund, which any practitioner of
medicine can follow The results are often hife saving m
severe cases

General Rules 1 Vasospasm alone 1s being treated In
no case are the results of atherosclerosis (coronary and
cerebral artersal narrowing the loss of aortic elastcity
renal arteriosclerosts) being reversed as far as we Anov,
although there may be slow changes with time Therefore
the most strihing results will be seen i cases where the
effects of vasospasm are the greatest (hypertenstve heart
farlure cerebra} edema), and the poorest m cases where
the effects of atherosclerosis are the most advanced

2 In all cases where two different factors are con
tributing to the generalized vasospasm two dsfferently
acting drugs must be used When only one factor 18 operat
1ng, only one drug 15 necessary In severe hypertension two
factors almost alnays are functioming

288
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primary oTganic tenal diseases adrenal dysfuncuson or
Em:;:(’:a‘:ht?ugh workup evaluation of the cardiac
status requires a study of the symptoms electrocardio-
graphic traang for Ieft ventricufar hypertrophy  stramn
patterns or old myocardial mfarcuon and yoentgen of
fuovoscopic examuation of the heart In actual practice
only signs of a previous coronary occlusion are ymportant
indications for cautious therapy but physicians are often
granfied to watch enlarged hearts slowly become smaller
and abnormal elecirocardiographic tracings vevert to nor
mal under continuous therapy

Renal status 1s evaluated most eantly by rounne un
nalysis and the mtravenous mjection of phenol red (PSP)
with unne s X d 15 30 and 60 after
myecuon The test 15 smple and rehable The bladder

need not be empued before the test although the first
may show a

smaller amount of PSP *
own reasons (Reabsorption of PSP by Bladder
wall has not been ruled out) Adeguate hydration 1s es.
sentral for accurate values The uninary concentration test
is mmpractical on an outpatient basis owing to difficulties
m sestricting the amount of dietary water If the 15

sunute PSP excretson 1s less than 10 10 15 per ceat azo-
temia may be suspected

P
for unkn

Retinoscopy 15 essential 1n all cases The appearance
ot exudative or hemorrhagic retanatus 15 often a Ppoor prog
BOsC sign making wreatment mandatory The best method
for grading fundal changes 15 that of heith and Wagener

“fn 2 senes of 39 medical students pawred for the test with bladder
P the 15munute excreuon was 325 per cent with Hadder full, 308
E«nt The l;m'm:) values with bladder initially empty were { munutes

PeT fent 30 munurer 202

ot 19 e Pt orut 69 munates 170 per cent wath 2
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hypertension now? This can be ansuered only by repeated
measurements of blood pressure sometimes complete bed
Test 1s necessary to rule out emottonally mnduced vasospasm
The examining physician must be aware of the mano
metric reflex, * a psychosomatc response by vasospasm to
the wrapping of the cuff about the arm (4) He also must
keep 1 mind the wide spontaneous vanations of blood
pressure sometimes seen 1n hypertensive mdividuals (388
87, 36)

The third question 1s How much harm, if any, 1s hy
pertension doing or has 1t done? This can be answered
mamnly by physical exammations and sumple Iaboratory
tests, bearing 1n mind the sharp division of what changes
are atherosclerotic and what are the results of overwork
and vasospasm Systolic hypertension 15 not caused by
vasospasm but by hard artertes or ynereased cardiac out
put, cerebral thrombosis and coronary occluston are not
directly hypertensive in ongm

The fourth question 1s How rapidly 15 1t progressing?
An accurate history and clmical judgment supplies the
answer, often only after many examinations

Office Practice While partin] answers to these questions
can be obtamned 1n office practice one can do better by
a hosprtal work up (400)

The date of onset of hypertenston should be determined
1f possible n order to get an 1dea of the rate of progres
sion The date of discovery may be less important The
effects of hypertension can be evaluated by mquiry mnto
the cardac status, dyspnea being the earlest symptom of
wsufficiency and renal status by polyuria and nocturia
The approach to the patient 1s divided mnto three parts
a) estimation of the rate of progression b) estimate of the
present status m terms of secondary organic damage and
¢} mquiry e possible definute etiologic factors such as
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5 External compression of the renal artery
a Tumors of the pedicle®
b Aneurysms®
6 Diminunon of the calibre of the renal artenies
a Congemtal malformations hypoplasia®
b Atherosclerosis, with atheroma of the mamn renal
artery (common)®
7 Disorders of the uninary tract
a. Obstructive dusorders
(1) Lithuasis®
(2) Hydronephrosts {usually infected)®
(3) Pyonephrosis
(4) Congenital malformations®
(5) Prostauic hypertrophy*
(6) Utenine prolapse
(7) Pelvic tumors (fibromyomata)®
b Pyelonephnus (common)®
8 Venous obstruction
2 External compression of renal vein
b Congestive heart failure*

The following 1ntrarenal diseases must be considered
1 Inflammatory vascular lesions
a D d lupus erytt
b Polyartenius nodosa®
¢. Syphhs
d Thromboanguus obliterans
2 Inflammatory renal lesions
a Glomerulonephnus®

The following endocnne diseases can wfuence hyper

tension

1 Hypophyseal tumors and hyperfunction®

2 Adrenal cortical and medullary tumors and hyper
plasia®
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(389), mn simplest terms 1t means Grade I, spasm, Grade
11, spasm and sclerosis Grade III, spasm and hemorrhage
and/or exudate, Grade IV, spasm, hemorrhage andjor
exudate plus papslledema Cases between grades are nat
urally encountered
The lability of the blood pressure can be tested by
gving  tetra ethylammonum chloride (Etamon) intra
venously, thus blocking sympathetic gangha This drug 1s
not to be given 1n states of renal insufficiency excreted by
the hidney, 1t may be retained and the patient may suffer
from postural hypotension for several hours
Intravenous pyelography and repeated cultures of the
urine are essential for revealing the presence of chronic
pyelonephritis 1f active low grade mfection 15 present Esti
mation of the numbers of bactena per ml of urine (colony
count) 1s of more value than merely finding organisms
The following renal condittons usually discovered by
pyelography or aorhic artersography, can influence hyper
tenston unfavorably by adding a renal factor to a neuro-
genic one The list was modified from that of Braun
Menendez et al (148, 393, 394)
1 Reduction of renal parenchyma
a Polycystic hidneys*
b Renal tumors (rare)
¢ Hydaud cyst of kidney (rare)
d Traumauc lesions*
e Hypoplasia*
2 Pennephritis, healed*
Complete obstruction of main artery or branch®
a Thrombosis and atheromata of the renal artery
b Emboh to the renal artery clot or cholesterol*
Intermittent occlusion of the renal artery
a Renal ptosis*

2]

S

® Personally observed
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EVALUATION OF GENERALIZED VASOSPASM
IN HYPERTENSIVE STATES
It 15 of ittle more than acadermic Intetest what the yn
derlymg pathogenetic factors n a state of severe hy PC“‘\‘)‘
ston may be extept when chromc pyelonephntiy can be
treated Wwith antibionies {often with hle success) or 7@
currences of glomerulonephntis prevented by anubioties
designed to abort upper Tespiratory tract infections Italso
matters hitdde what the type of renal discase contributing
to the vasospasm may be pyeloncphnus glomerulonephti
ts secondary artenolar nephrosclerosis or esen polycysuc
disease What do matter are the relative infiuences of new
rogemic nephrogenic or adrenocortical factors m causing
the vasospasm for the Telative amounts of different drugs
sequired will differ according to the amaunt of renal
sschemia present Therefore 1t 15 a good plan to group
cases according to several stages of the disease dependent
upon the amount of vasospasm one finds and 1its lability
The degree of lability of the vasospasm 1s the factor
which determines thete stages Complications such as
cerebral vascular accident and cotonary artenal occlusion
€an occur mn any stage mild Severe Or normotensive as
they are caused net divectly by vasospasm but by an asso-
Gated disease athevosclesosss The fart that this other
disease can be nfluenced by the severty of the hyperten
ston 1¢ the vasospast has little to do with therapeutse
auned at Theref,

classifications
based partly upon atherosclerotsc damage are vahd for

Purposes other than the choice of drugs or procedures
such as prognostic implicaions and for surgical sk One
Would not use the most potent drugs sn a patient with
femuplegia or congestne heart farlure who exhibited
severe atherosclerosis and mild hypertension  one would
use them however 1 a patient with sey ere but asympro.
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3 Ovaran tumors*

4 Toxemn of pregnancy*

5 Tesucular tumors with hyperfunction*
The followsng nervous lesions can contnbute to hyper
tenston

I Certain tumors of brain*

2 Anuety states*

3 Expanding mflammatory lesions*

4 Cerebral vascular lesions*

Hospital Patients For further evaluation, the patient
should be examined 1n hospital both for the purpose of
determiming the labilsty of blood pressure and for mitiat
ing treatment with ganghonic bloching agents Blood
pressure 15 measured every 4 hours by the nurses and 1
charted The sodum amytal release test 1s performed
(02 Gm sodimum amytal given each hour for 3 hours,
blood pressure being measured hourly during the mght)
The ability of the kidneys to concentrate urne also can
be measured by giving the patient a dry diet and no flunds
for 12 18 or 24 hours the last specimen shows the maximal
speaific gravity corrected for protemuna or glycosuna

The obvious disorders causing true or false hypertension
must be ruled out before starting therapy Pheochromo-
cytoma 1s a rare disease requiring a high index of suspt
ciom, 1t can be suspected by using phentolamme (Regitine)
ntravenously without prior sedation Regiune can cause
acute hypotension and renal shut down mn azotemuc states
Measurement of catechol ammunes i urtne either by bioas
say (390) or chemical determnation, 1s a specialized pro
cedure done only 1n a few medical centers Coarctation of
the aorta 15 unusual palpation of the femoral arteries or
abdominal aorta will usually show 1ts presence as will
roentgenograms of the nb cage
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ertous secondary atherosclerouic complications may ot
nay not be present 1if so about 30 to 40 per cent may be
lead 1n 3 years The ocular fund: are Grade I or II renal
anction 1s normal or nearly normal and the blood pres
sure 15 Toughly 180/100 to 220/120 mm Hg durnng Test
n bed Resgrpine_plus furly large doses of hydralazine
(300 ta 400 mg per day} will control about half of these
cases eventually the remainder require the addition of
ganghiome blockade Wath time indiniduals m this stage
uniformly exhubit reversal of the process and marked re
duction of dosage 1n 2 to 3 years a majonty can be main
tained on reserpine alone and a few will be 1 a complete

but probably temporary Temussion
Stoge H1I 1s made up of individnals with Grade 11 to 111
(heith Wagener) ocular fundi with or without occasional
hemorrhagic and exudative lesions with sesere generalized
vasospasm and hypertension not relieved by heavy seda
ton (sodium amytal) Renal function 15 adequate but
usually reduced Semous atherosclerotic complications may
or may not be present. The blood pressure 1s usually
200/120 to 2719/160 mm duning rest 1n bed In thus stage
which usually carries a poor prognosis (40 per cent dead
m 3 years) gangliomc blockade plus adequate doses of
hydralanne (500 mg or mote per day) ate essential for
control Reserpine may or may not be added manly for
1s sedative action 1n smoothing out vamations 1n blood
pressure caused apparently by emotional labality 1n the
presence of incomplete and rregular ganglonic blockade
msiderable eventual reduction 1n dosages 1n

most

Stage IV corresponds to Pereras accelerated phase
or what 15 more y called the % sta
For therapeutic purposes 1t can be divided 1::0 thr .

ee sub-.
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mauc dristohic hypertension and retsntis without sersous
cardrovascalar damage having yet occurred

We define normotension as levels below 140/90 mm
Hg It 15 at this diastolic level that vasospasm becomes
shightly excessive Defimtions based on higher diastolic
levels 1n older age groups pay lip service to the prevalence
of the disease, avoiding realities Actually 1 the absence
of vasospasm the duastolic pressure falls shghtly as athero-
sclerosis develops whle the systolic rises

Prehypertensive The blood pressure 1s shghtly above
140 mm systoltc or 90 mm Hg diastohc at times but falls
with relaxation There are no signs of secondary damage
Chromic pyelonephritts or hydronephrosis, however, may
be found 11 young imdviduals (391)

Stage I comprises patients with elevated levels of blood
pressure during a physician s examination but normal or
{ower levels part of the time corresponding to early stages
of Pereras uncomplicated asymptomatic phase (392)
Admission to hospital and frequent measurements by
nurses combined with diagnostic procedures lower them
to normal, often dramatically (400) Renal functron 1s
excellent and there are no findings suggestnie of secondary
damage ELmotional tension is present and continuous
Reserpine will effectively control about half of these cases
T the Temainder small doses of Nydralazine (750 2007 mg
per day) may be necessary We do not advocate the use of
protoveratrine or available blocking agents m these mdy
viduals, for thewr arregulanity and mtermuttency of action
may cause hypotensne symptoms A very longactng
ganghonie blocking agent however should be effective

Stage II comprises patients with elevated levels of blood
pressure at all times except under heavy sedation (sodwm
amytal) It corresponds partly to Pereras symptomatic un
complicated phase and partly to hus comphca'ted phase
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more theoretical benefity of dimiding the dose ot of using
dowly absotbed inerements such as are dispensed 10 roMme
modern capsules than there 1510 dading the dose of dign
talis It has been our practice to use 10 mg per day for
1 month reducng at then to 05 mg and Turther reducnyg
1 to02 or 01 mg stowly if excessnve sedavion appeared
Tt s such 2 mild ant: hypertensive drug 1n Most cases that
1t should not be depended upon 1f signs of cardiovascular
damage are present lts many side effects are histed
Chapter TII nasal congestion being the most prominent
2nd paranoid depresvon with swadal tendencies the
most dangerous Ths latter side effect places 1t among
the agents indirectly hazardous to hfe the self satsstaction
of a physician ystng, st 1n severe and malignant stages who
1 afrad to employ move patent measures also makes 1t
less directly hazardons At the first sign o} mcreasng

anxiety ) tension and
agitation 1t should be disconunued for aguated paranod
depression may develop (70 72) In our expenence reser
prne 15 not a very vajuable agent for hypertension exgept
izf‘ ; curious kind of sedative with many side effects (Fig

Reduction 1n dosage wll often allewiate the usual de
prestac effects or the agent and may reduce the number
of mightmares but nasal stuffiness can be most ahnoying
Epsstaxis induced by the drug usually necessitates discon
tinvation The tune tested sedatves are the only alterna
tves to replace reserpine if 1t cannat be used

We hawe seen four patients whose severe hypertension
was cured for seve-al months i that all drugs but rese
e were stowly dwiscontinued dunng 2 9 § years Ino ¢
an ulcer developed tn two ynactne vlocts became a u“e
one having 2 massive hemorrhage and petfaration m\; :‘nct
pancreay teqmnpg pareiat gastrectomy 1 the fourth
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stages (a) early, 1n which hemorrhagic and exudative ret
initss 35 present but not marked (Grade III to 1V) and
renal function 15 reduced but adequate, (b) severe, m
which retinitis 15 advanced (Grade IV) and renal funcuion
15 borderline, and {c) azotemic in which nitrogen reten
tion has occurred The diastolic pressure 1s usually 130
mm or more and fixed and albuminuna 1s usually pres
ent Each substage carmies a different prognoss, 3 year
survinals of treated patients bemng roughly 100 per cent
for {a), B0 per cent for (b) and 50 per cent for {c) without /
frank uremia Ganghionic blockade plus adequate doses
of hydralazine (500 to 1000 mg per day) arc essental for
reversal of the stage In general control of hypertension
15 easter to achieve and 1s more even than with patients
in Stage 111, reduction of dosage 1s the rule after 12 to
18 months except 1n azotemic wdividuals The systalic
pressure can usually be mamtaned at or near former
diastolic levels

SPECIFIC USE OF DRUGS

Use of Reserpine Reserpine 15 given 1n one dose a day
usually at mght (Fig 23) Since the effect of ths drug 15
cumulatve (although the drug self 1s not), there are no

g0
L
oo
000 £4,00C: 260 Q”‘:
v Soy otsy

YOHIMBINE RESERMNE

Fic 2% Chemucal structures of Yohunbme and Reserpine according
1o Schlsttler et al (442)
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more theorencal benefits of duading the dose or of usng
slowlv absorbed ts such as are dispensed tn some
modern capsules than there 1510 dimiding the dose of dig
talis It hat been our practice to wse 10 mg per day for
1 month reducing 1t then to 05 mg and further reducing
o 025 or 1 rag stowly if excessine sedauon appeared
1t 35 <uch 2 Tuld ant hypertensive drug 1n most cases that
1t should not he depended upon 1f signs of cardiovascular
damage are present Jts many sde effects are lited 1n
Chapter 11 nasal congestion being the most prommnent
and paranaid depression with smadal tendencies the
most dangerous This latter side effect places 1t among
the agents indirectly hazardous to hfe the self satisfaction
of a physician using 1t 1n severe and malignant stages who
15 afraid to employ more potent measures also makes 1t
Tess directly hazardous At the first sign of increasing
TeT\OUSNEss anxiety IMsommia  emottopal tension apd
aguitation 1t should be d d for aguated p q
depression may develop (7072) In our expenence reser
Pifie 1s not a very valuable agent for hypertension except
;; \a curious kind of sedative with many side effects (Fig

Reducuon m dosage will often alleviate the nsual de
pressive effects of the agent and may reduce the aumber
of mghtmares but nasal stuffiness can be most annoyng
Eputais induced by the drug usually necessitates discon
unuation The time tested sedatnies ate the only alterna
tites (0 replace yeserpine 1f 1t cannot be nsed

We have seen four panents whose sexere hyperiension
was cured for several months ar tha alf drugs but veger
Pine were slawly discontinued dunng 2 1o 3 years In oy
an wicer developed 1 tno nactve ulcers became act v:
©one having 2 masene hemorrhage and perforation mto ;d\
PanCen tequunng partial gastrectomy  1n the foun§
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stages (a) exrly, 1n which hemorthagic and exudatise ret
inttis 15 present but not marhed (Grade II to 1V) and
renal funchion 1s seduced but adequate, (b severe, n
whach retimtss 1s advanced (Grade IV) and renal function
1s borderhne, and (c) azotemic, in which netrogen reten
tion has occurred The diastolic pressure 18 usually 130
mm or more and fived and albuminuria 1s usually pres
ent Lach substage carries a different prognosss, 3 year
survivals of treated panents bemg roughly 100 per cent
for (a), 80 per cent for (b) and 50 per cent for (c) without
frank uremia Ganghionic blockade plus adequate doses
of hydralanine (500 to 1000 mg per day) are essential for
reversal of the stage In general, control of hypertension
15 easier to achieve and 15 more even than with patients
m Stage HI, reduction of dosage 1s the rule after 12 to
18 months except m azotemsc mndiiduals The systolic
pressure can usually be mamtamed at or near former
diastolic levels

SPECIFIC USE OF DRUGS

Use of Reserpine Reserpine 15 given n one dose a daj,
usually at mght (Fig 23) Since the effect of tlus drug 15
comulative (although the drug itself 1s not) there are no

RESERPINE

YOHIMBINE
Fic 23 Chemucal structures of Yohmbne and Reserpine according
to Schlitler e? al (442)
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with ulceration and
slc'no;.u mucous cghal:lsdand proczm; ﬂ;uw e pro-
g 2pp
ces relaive parasympathetic overactivity 1t may be con
(xl:m::d:;ted x: sud;y'?rl:dmduzls * and complications such
as these must be watched for
Use of Protoveratnne QOne can begn this agent
doses of 0 2 my three times a day increasing by 02 mg
per dose untl nausea or vomiting appears (395) The
dose causimg nausea 15 then reduced by 01 or 02 mg
and the others gradually increased to the poimnt of nausea
The emetic eflect appears within an hour after the dose
often sooner Wide swings of blood pressure occur wath
2 nse at ght This agent cannot be given effectively
every 4 hours as tolerance soon develops only to disap-
pear with a few hours rest Ta be completely effective

These

stimulate sp 1t p nBuences
are blocked in one tomatic Nevows pathway the sympathetic perhaps

excessive outflow through the other the parasympathetic, has led to gastro-
#ntestinal disorders The pauent 18

4 1o develop a p
disease when we do not allow lum (or usually her) to have one kind he
gets another Reserpine may thus be an aceessory etiologic agent

been on treaument for 2 years with a §a7 yespomse has prevreatment
tevels ranging between 200 and 250 systolic and 130 and 150 mm,
Hg dustolic Congesuve heart failure had diappeared withont drugs
or dietary restnctions Note the d d take of t
¢hloride tequired when reserpine was added the average level of
Blood pressure appeared to rise at end of the penod. G C. same 1
2 $4-yearold man with severe 20ttic atherosclerons who alter 3 ytar
2chucved onlv a farr yesponse from 1nitial levels of 205 to 240 systolic
20d 12040 140 mm, Hy diasiohic. He preferred to mamtam his blood
Pressure at levels hugher than normal and to vary his dose of hydral
2zne s duastolic pressure was only slightly ‘elevated Note the
reduction m average datly dosage of both agents without change 1n
t\)ﬁ :rcsmxe wh;n reserp’me; 10 mg a day was added, Control
N previowsly aincreased ont ¢wo ccasons by adequal
(From Schroeder H A. Am J Med 17540 IQSR e dose
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D8 A3 KYPERTENSON FOR LiX YEARS
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Fic 24 Effect of added reserpine DB mean weekly blood pressure
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(5968} and hexamethontum chionde (Cy) as a o
th severe bemgn hyper
{Serpasst}y 10 mg per day 1n & patient wi e e had
e

tension P! g trom cong
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to judge accurately the effective dose of a ganghonic block
ng agent without knowing the tevel of blood pressure
1t 1s most difficult to grve increasing doses to maximal
effect without overdosage unless the patient 1s under care
ful supervision of blood pressure and symptoms ‘There
fore 1t 15 our pracuce to begin ganghomc blockade by
drugs 1n the hospual not only for consentence sake but
also ta achieve greatest benefit We know of only one way
to gave oral ganglionic blocking agents effectively (Fig 26)

1 Blood p s d by ©
every 4 hours day and mght and charted

2 Intial dose 15 grven every 4 hours if the blood pres
sure 1s above a chosen level usually 140 mm systolic It
15 not grven if the blood pressure 1s below that level
Slightly higher omit levels are used in the cases of
atherosclerotic or azotemic patients 150 to 170 mm Hg
Initial doses which are usually safe to give to patients with
tevere hypertension are Hexamethonum chlonde 125
mg. Pentolinium tartrate 20 mg  ChIoTondamine 10
wg Mecamylamine 2 5 mg

P nurses

3 1If the deswred normotension 1s not achieved each
dose 15 raised by increments amountng to the 1nitial dose
daily unul 4 o § days have passed Thus each dose given
every 4 hours will be Hexamethomum chloride 500 to
750 mg  Pentolmum tartrate 150 to 200 mg Chlonison
damune 50 to 75 mg Mecamylamme 15 to 20 mg By
this ume ntermattent normotension should have been
achieved (In order to change intermuttency to more even
control hydralazine must be added at this pont (Fig 27))
fach dip m systohic pressure guves the physician confi

dence 1n the lowest levels tolerabl without card
acadent

tular

. :mbals:s are then given on a shding scale dependant
€ level of blood pressure 1f normotension 15 desired
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protoveratnine must usuaily be supplemented by hydrala

zme (Fig 25)
Use of Ganglionic Blocking Agents It 15 imposstble

AN GAT NALIGNANT MYPERTENSION WITH MITROGEN RETENTION
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Fi¢ 25 Example of poor mitial control of blood pressure by msuff
cient doses and excellent control later in a panent wsth malignant
hypertension and renal msuffaency who also suffered from partal
asymptomatic ducdenal obstrucuon Hypertenston of 10 years dura
uon had become severe and grade IV pcular funds had developed
She had suffered a minor apopl stroke He chlonde
mduced mtermittent subtotal obstrucnon and somiting and was
poorly tolerated after 2 months After the amtial excellent response
a grade of only a fair response was achiered on lasge doses of hydral
azne | year later blood pressure slowly returned to control levels
The addison of protoveratnne caused a sharp declme to lower
levels the later addition of reserpine (serpasil) produced normotent
sion Each point represents the average of 150 measurements Ele
vated nonprotein mitrogen in her biood of 40 mg per cent (Sormogyt
znc method) had fallen to 16 my per cent an abmormal elecurs-
cardiogram had become normal and her ocular fund: had cleared In
our expenience the effect of these two additional agents tn severe
stages 1s unusual This case ss iltustratnve of the pomt that control
of hyperiension 13 possible m almost all cases (From Schroeder
H A Am J Med, 17 540 195%)
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e accurately the effective dose of a ganghionic block
:gg]u::em wuhcuz lnowng the level of blood pressure
It 1s most difficult to give increasing doses to maxumal
effect without overdosage unless the patient 15 under care
ful supervision of blood pressure and symptoms There
fore 1t 3s our practice to begin ganghomc bloclade by
drugs m the hospital not only for convenience sake but
also to achieve greatest benefit We know of only one way
to give oral ganglionic blocking agents effectively (Fig 26)

1 Blood p 15 d by comp nurses
every 4 hours day and might and charted

2 Ininal dose s gwen every 4 hours 1f the blood pres
sure 1s above a chosen level usually 140 mm systolic It
1s not gven 1f the blood pressure 15 below that level
Shghtly hugher omat levels are wed in the cases of
atherosclerotic or azotemic patients 150 to 170 mm Hg
Imtial doses wiich are usually safe to give to patients with
severe hyp are H h chlonde 125
mg Pentolmum tartrate 20 mg_ Chlotisondamine 10
mg Mecamylamine 2 5 mg

3 If the desired normotension 1s not achieved each
dose 15 Taised by increments amounting to the initial dose
daily unul 4 or 5 days have passed Thus each dose grven
every 4 hours will be  Hexamethonum chlonde 500 to
750 mg  Pentolinum tartrate 150 to 200 mg  Chlonson
damme 50 to 75 mg  Mecamylamune 15 to 20 mg By
this time intermittent normotenston should hase been
achieved (In order to change intermittency to more even
control hydralazine must be added at this pomt (Fig 27))
Each dip m systohc pressure guves the physician confi
dence in the lowest levels tolerable without cardiovascular
acadent

4 Toses are then gren on a shding scale dependant
on the level of blood pressure If normotension 15 desired
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the full dose 15 guen 1f the systolic pressure 18 0veT 140
mm hat the dose 1f between 140 and 130 mm  one fourth
the dose 1 130 and 120 mm  and none 1f 120 or below
Higher omt levels 10 mm apart ase used wn athero-
sclerotic and azotepmc patients perhaps 150 140 and 130
or 160 150 and 140 depending upon where the diastolic
pressure has settled or whether the azotenma has lessened
orworsened Measurements are then made with the pattent
seated 1 order to take advantage of some postural hypo-

MB # 43 NEUROGENIC HYPERTENSION
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Fic 26 Examples of ade
quate control of blood pr
:S;qua;c doses of ganghionc blockimg agents (hzl{h:: T::aby fr'.‘:ig
mcmq[:;n}'u:ﬂ(é.) m:l hydralanine (solid black area 5968)p1n the
ospital control
fﬂ:‘kﬂ sufficiently xopadneve ot sion al}_jg‘z un:;ll S e
“: gn}: of six Diastolic ¢ was achieved.
umu;.n ‘:l; ncrease 1n blocking agent required to maintam nar:uo«
Yoy ugu:;! :({mx:::g::.ulx]n :;uund: (Cy) was used at first 1
cally decry
TUg was gien on a shding scale E’adl p::a:(ng g‘:‘:; :fh;; Hlockung
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Fioc 27 Examples of faslure of control of hypertension by ganghonic
blockade {pentolinium Cg) alone £ D Although normotension was
achueved sn hosprtal patient died of malignant hypertension 1z M2y
1955 Hydralannc should have been added to achieve contral T P
{5968) was i because of late touiaty Al

:haugh mahgnaut hypertensson was reheved and <kd not recur
ganghomc blockadc with hexamethonium chlonde (C,) failed 10
no; High systolte pressures were neces-

sary because of postural hypertension resultng from drug and sur
gical sympathectomy Each point 1s the mean of 150 measurements
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tension Standing pressures are avoded The might dose 1s
omied leaving exght hours of unintesrupted sleep
5 Parasympatholysis should be treated A mghtly Jasa
tine and magnesium citrate 1f the bow els have not move
by md morming will usuaily promote 2 daily evacuation
It 15 smportant 1o prevent distension of the mtestines (404
Precautionary measures against obstruction of a halla
viscus already partially obstructed should be taken Al
dominal scars prostatic hypestrophy, frequent rhimt
are warming signs of possble trouble from thiy sourc
They ate usually less severe than the disease being treate
When the drugs cannot be tolerated protoveratnne &
be subsuituted with good results Surgical sympathectom
of coutse does not carry this hazard Prostatic obstructic
may xequ\(e surgery
Use of Hydralanne This drug 1s given almost alwa
n conyunction with erther ganghor:cg‘—bfo?mmfg 2
or another milder agent acting_on nerves (423) Becm
of minal side reactions mamly attributable to its an
histamunase action which are lessened with nerve act
drugs 1t 18 begun at doses of 25 mg every 4 hours ratsi
the dose to 50 75 and 100 mg every 4 hours on 3 suc
sne days Tt 1s gven with the blocking agent Thus !
mg a day 1s the usual dose m severe hypertension
haie had to gve 2s much as 10 Gm for short interv
These large doses may cause hydralazine disease 1n
Per cent of pauents after 6 months In general lai
?ﬁ;ﬁ\ :;; given for greater nephrogemc components
pasm  smaller doses when the neurogenic ¢
ponent 15 large It 1s unrehiable when used alone (189 3
High fever aching and malaise appeanng d;
fiest § g durtng
i ew weeks of admimistration of hydralazine equ
discontunuation or marked reducton. of dossge B
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Fic 27 Examples of farlure of control of hypertension by ganglianic
blockade (pentohinium Cy) alone E D Although normotension was
achieved in hospital patsent died of malignant hypertension m May
1855 Hydralazine should have been added to achieve control T P
Hydralazine (5968} was disconunued because of fate toxicty Al
though malignant hypertension was reheved and did not reeur
ganghonme blockade with hexamethonm chonde (G, failed to
d: nor Hugh systolic pressures were neces
sary because of postural hypertension resulting from drug and sur
gical sympathectomy Each point is the mean of 150 measurements
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an be made worse (or relieved) by hydralazine A compro-
mise partial control of hypertension by neurogemeally
icting drugs plus perhaps restriction of dietary sodium
may provide some measure of vascular safety which while
not 1deal may lengthen hife In our experience pauents
with severe hypertension ave rarely 1ntolerant to this agent
when it 18 first guven

Hydralazine disease appeanng after 6 to 24 months of
mgestion of fawly large doses necessitates two courses
Stopping the offending agent entirely Tesults in return of
hypertension 1n these patients the mortality rate from
hypertensive causes 1s 10 per cent Large doses of ganght
omc and hypothalamic blocking agents with or wathout
protoveratrine usually faill to control the hypertension
adequately wide swings from high to low levels take place
daily This situation 1s about the most difficult to meet 1n
therapy and we have no solution Low salt diets or thio-
cyamate mght be used sodum ande has been valueless
(Fig 20) Closely related analogues of hydralazine have
caused recurrences of the disease and chemically less e
lated ones have been relatis ely worthless

Hazards of severe restriction of dietary salt are well
known The nephrosclerotic kidney 132 saltlosing kid
ney to some extent and hyponatremia with renal failure
(the Tow salt syndrome) can be induced by limiting the

intake toa point less than obligatory urinary losses Border
hine renal function preda

sposes to this usually fatal con
ditson (397 399) (Fig 30)

The second choice 1nvolves marked reduction of the
dose and the possible addition of cortisone untal symp-
toms subside The disease bles 1n part a pt

of depletion By small doses blood prcssurelmn be con
trolled although LE Ppreparations may remain positive
the disease remain 1n a subclimeal  lupad stage and
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Fic 28 Example of effect of pentapyrrolid b (hatched
area) as compared with that of hexamethomum chloride m malig
nant hypertension quite resistant to the latter Upper Curve The
patient suffered from Leriches syndrome proven by previous op-
eration which probably extended a year Iater to invelve the right
renal artery as shown by contrast aortograms Each point 1s the av
erage of six measurements made at four hour mtervals dunng his
hospital stay (Dec and Jan) and of five measurements as an out
patent (a Tepresentative month Feb to March 1s shown) Large
doses of hydral have been d While the result can be
considered only farr the patient worked full time on 2 railroad
section gang without symptoms and his grade IV ocular fund: cleared
He dred of urema 2 years later Lower Curve Poor contral of
blood pressure in 2 patient taking adeq; doses of I h

chlonde and fi doses of hyd: after two years of good
control Each point 1s the average of 85 measurements Pentapyrrolt

dimum bitartrate apparently altered a poor response into a good one
Such 15 not always the case -
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creased the patient and s vecord are evaluated 1f vela
tine normotenston 1s NOL convstent and the Bucuwations of
pressute muck less mathed the dose of one or the other
agent 15 adjusted vpward antst 1t 1s matntaned Maximal
(b, unusual) single doses of hydralazime can be a8 Tagh
25200 mg  of hexamethopotd dilende L8 G of penvo-
lnwm bitansate 300 mg or more of chlorsondamme
100 my and of mecamylamine 20 mg

Before discharge measurement of blood pressure with
the patient seated causes the amount of ganghone blodk

HD P 45 SEVERE BENIGN HYPERTENSION
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F1¢ 29 Examples of - - -
amples of bydralazine (collagen) disease with speca) yefe:
el:lm;::o?s “x:;:s; ;x‘xg;}ﬂigl%c of a}h\cvmg wn\i’;\ m\hu:l
2 ntrof of systahe nos
was smposible by garpheni. blackade when hﬁu‘unnergglﬁesx;s:;

stopped. Sodmm azd
Mo stts o !‘n;.,g\‘”:) had ne demonstrable effec, 3 WV

e hydral

: W ydralazine disease was

;hEi A .mlfu; contamng pyndazne (13050} dd not :ﬁn:c:. ::l‘:obti
Lhmn " u’nt:r hd sodnim azde W G represents the second choice
P : !;Su;né; hydrlanne m very much smaller doses, L, tells
o sappeared several tumes m blood while yhus was done

was Fach t
o6 35 or 150 measurements depending S;:; the time m‘xh: meen
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the pauent s situation be potentially precarious Discovery
of a substitute for hydralazine which will not cause this
phenomenon ss the only solution to the problem (Fig 29)

Combined Therpy with Ganglionic Blockade and Hy
dralzne  Hydralazine 1s given regardless of the level of
blood pressure when the two agents are used together It
disappears rapidly from the blood At the end of the four
day pertod during which the dose was progresstely 1n

WG ¢ 54 SEVERE BENIGN HYPER TENSION
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125 agent automatically to adjust wtself as postural elfects
oocur The usual Tesult of omussion of the night dose 18
2 Tise 1 the morming  resting or basal pressure The
patient 1s taught to take hus own blood pressure five times
2 day before each dose and record 1t on speaial charts He
1s mstructed on the actions of the drugs and their side
effects He leaves the hospital on the same schedule which
was designed to prevent both hypertension and hypoten
sion By keeping a daily record trends can be observed
which are 1nvaluable for effictent therapy In our chmc
we examine 2 patient one month after discharge from
hospital and then at 3 to 6-month 1ntervals 3f he 13 downg
well Pauents seldom complain of the incomerience
which takes about 15 minutes a day but they do object
to the cost of the drugy
Treatment of Cnises In hypertensive crises (pulmonary
edema cerebral edema toxemia of pregnancy) requinng
parenteral admnistration two lines 20 mm apart are
drawn across the graphuc chart at the level at which gystolic
pressure 15 to be mantamed After imnal lowenng of
blood pressure by a small dose of a blocking agent blood
pressure 15 measured every hour and a subcutaneous 1n
jection of the full efiectaive dose gven af 3t 15 above the
upper ine half the dose 1f between the lines and none 1f
below the bottom line Changes 1 total dosage must be
!‘Xnﬂdc lofv.cn ?;\: second day the two lines are drawn 20
m lower us a patient with encephalopas
brain) may have hus pressure reduced hcfm 30% lx‘r)xfn (‘g;
10 220 to 200 mm the fiyst day 200 to 180 mm the second
823 and 180 to 160 mm the thurd day Usually oral medt
cation becomes possible long before thus tume The pres
sure must be reduced more drastically when there up ul
monaty edema We prefer parenteral ganghonse bl :
Agents to parenteral hydralan B ngliomsc blocking
y ne because of their shorter
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F16 30 A woman aged 56 had rapidly progressive hypertensiye vascu
lar ducase without of gen but with of
renal function When she was given a diet contang 05 Gm of
salt (rice diet) obliguria developed 14 days later Tius development
was rapid and the patient complamed of nervousness apathy loss of
appetute and weakness Her mtake of fluids remamed high in spite
of the obvious oveshydration which was developing Plasma chlorides
were low as was sodm and an attemupt to severse the ohguria by
the use of ntravenous hypertomic saline solution was to no avail
She died of urema (Fram Schroeder H A L4.M.A 111 117 1949)
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¥ic 31 Medicauon and vital signy duning hospuahization of a 52
yearald white male with e h

P and pre

amotemia The upper bar graph indicates the daly dose of auto-
nomue Bocking agent. The open bars reptesent oral pentolinium
tartrate (po Cg) ‘The cross hatched bars represent parenteral pento-
liarum tartrate (tm Cq) and the sohid bars represent puemenl hexa
methomum chionde (im C,) The potency of oral pentolu
trate lar b h

num tar
that of

PP chlonde
however the scale for intrapuscular pentolinum tantrate has been

expanded to allow for ity greater efiect The lower bar graph indh
cates oral hydralazine wtake per day Daily blood pressure averages
are shown each value being the mean of at least 6 and often a3
many as 24 readings taken with the patent 1n a stng position
The suppled area to the left indicates the pre treatment yange of
blood pressure The line graph at the bottom of the figure 1s 3
schematic representation of the vital signs The solid lie shows the
temperature 1n degrees centigrade which was below 375 except for
three bouts of pyrexia The dotted Line shows the pulse m beats per
miaute which was always below 80 except for two epusodes of
tachycardsa, ‘The figures indicate tachypnea with any daily average
;ﬂnes above 30 breaths per minute bewng noted, The word farlure
htn;:lss the three periods of cardiac decompensation Note the very
P‘:g :;slu llxecessary once escape has accurred. Patient died (From
m"g“‘ \;‘57\]! ONeal R M and [homas W A, Am 1 Med
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actions with less tendency to produce prolonged hypoten
sion In cerebral edema 1t may be necessaty to avord
cerebral yschemya, as imdicated by increasmg coma by
reducing cerebrospinal flurd pressure

Tolerance to the Action of Drugs No tolerance seems
to develop when both types of drugs are used correctly and
contmuously On the other hand, tolerance 1s common
when therapy 1s internuttent, an unexplained phenome
non In the larger sense 1t resembles bacterial resistance to
anubioties given 1n less than therapentic amounts

One of the most difficult situations to meet 15 1n the pa
tient whose blood pressure has been lowered successfully,
only to have the drugs discontinued because of undue
alarm at side effects or the consequences of normotension
(mental depression malase, Jassitude weakness) The
hypertension which recurs immediately s much more
resistant to therapy and requires much larger doses of
drugs after a few days than 1t did imtially, sometimes 1t
seems mmpossible to treat (Fig 31) We have encountered
no ressstance . fresh  untreated cases the secrel of suc
cessful therapy 1s continuous therapeutic pressure While
we cannot account for this phenomenon 1t 1s commonly
observed and hazardous to the patient Many lives have
been lost by nervous and eratic therapy (Fig 32)

Changes Occurring with Time If the dose of the gwglt
onuc blacking agent automatically falls to negligible quan
tities (in 6 to 18 months) by reason of sustamned normo
tenston the dose of hydralazine 1s then reduced to four
tmes a day, three umes a day twice 2 day and fnalty
halved at 2 to 6month intervals Reduction m dosage
1s made very slowly (Fig 33) The amount of reserpiné
1s halved sn a month or two tf drowsiess appears and

then halved agamn unnl symptoms disappear (406)
What to Do If a Pauent Is Not Domg Well The p2
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Fic 31 Mediation and vita) signs dunng hospitabuzation of a 52
yearold white male with hyp and pre

aotemy The upper bar graph indicates the dauly dose of auto-
nomic blocking agent, The open bars represent oral pentolinium
tartrate (po C;) The hatched bars zeg F pento-
Lnnm tartrate (im C,) and the solid bars represent parenteral hexa
methonuum chlonde (im C,) The potency of oral pentols
trate h

num tar
t o chlonde
bowever the scale for intramuscular pentolimum tartrate has been
expanded 1o allow for ats greater effect. The lower bar graph indy
tes oral hydralazne intake per day Daily blood pressure averages
re shown each value being the mean of at least 6 and often as
many a3 24 readingy taken with the Patent in a sitting posihion
':;ho;dxuyyled atea to the left indicates the pre treatment range of
- pressure The line graph at the bottom of the figure 18 a

4macic representation of the yial signs The solid line shows the
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JIM 39 MALIGNANT HYPERTENSION.
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Fic 32 Example of logic of using both ganglionic blockade and
hydralanne (5968) Nether drugy was effective alone 1n Jarge doses
Hi } {C,) pentol (C,) or hydralaune fasled to alter
course of mabignant hypertension unul combined therapy was begun
when relative normotension was achieved These records were made
10 hospital and all readings are shown Obviowsly in this azotemc
patent (NPN 76) with heart farlure deach would have been the
outcome had only one drug been used or had both been guen i
wnadequate doses

tients who do least well on combined therapy are usually
men 1 the sixth decade with atherosclerosis, and not, as
mught be expected those 1n mahignant stages Certan mnd1
viduals, however because of a too early reduction n dosage
or becanse of a dosage schedule sufficient for the hospital
but wmsufficrent for the stresses of active Living continually
show hypertensive Jevels reaching as hugh as 180 or even
200 mm Hg systohe during one of the five measurements
a day Several choices are open a) I'he dose of one agent
1s mncreased for a month If not successful, the dose of the
other agent 1s sncreased b) Protoveratrine i amounts 1o

sufficient to cause nausea 1s begun c) Dietary salt 15 1€
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stricted moderately d) The pauent 1s readmitted to the
hospital and sestabilized ¢} Pheochromocytoma 1s sus
pected m patients whase blood pressures fluctuate widely
and cannot be controlled Reduction 1n dosage 15 not pos
sible for those who keep themselves moderately hyper
tensive even 2fter 3 years Those wha do best are those
who attan and mamtain normotension (Fig 33) (406)
Jo P34

R
" P s

Fic 33 Rlood pressure
wale with mzhp rand cral medica

thonum {C,
Note ::zt the scale 13 d’xﬁeﬂ{n
surce the second 15 approyumay )

P A P ]y fve tumes more potent than th
o g 1956)my T Jr and Schroeder H A c:rcual:lwn:
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RESULTS EXPECTED

Since this monograph 1s not primarily concerned with
a report on the results of therapy, only a brief resume of
what can be expected with adequate therapy can be gen
The long term effects have been published (401403 93
168 405419) In general, those which could be predicted
from an understanding of the disease occur, several un
expected and unpredicted effects appeared as well

1 a) Heart Eatlure due to left ventricular stran which
accounts for over 50 per cent of the death rate 1s virtually

LB § 47 MALIGNANT HYPERTENSION WITH KEART FALURE FOR TWO YEARS
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Fic 34 One of the first four panents to recewve ganghonic blockade
(he h 's) and hyd: (5968) Severe left and moder
ate nght sided heart farlure disappeared 10 three days grade IV fundt
regressed digitalis was d 3 and salt was added to her dret
(1n Ne ber 1951) She subsequently became sloppy 1n her habits
omiutted her drugs from ume to time began to complain of dyspnes
and hemorrhages reappeared in the ocular fundi Hypertension was
later controlled on larger doses of drugs and she remamned symptom
free From being mnvalided, she has been able 10 work full tume 11t
her own restaurant for five years as long as she keeps her blood

pressure down
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abolished this withun a few days Salt can be added to the
duet m from 2 to 6 months ume Also 1n a few w ecks digr
{alis can be eliminated (Fig 34) Onlya rare individual con
tinues to require digitalts and dietary restriction of salt We
presume that these patients suffer from my ocardual fibrosis
due to atherosclerosts. Heart failure with only a moderate
hypertension and much coronaty artenal disease however
13 only moderately affected

1 b) Abnormal electrocardiographic patterns ndica
tive of left ventricular stram revert to normal within
several months Patterns suggestive of left ventncular hy
pertraphy Tevert to normal 1n some but not 1 all cases
This may take 1 to 4 years Enlarged hearts often but not
always become smaller 1n roentgenograms Time 1t 5
years (406)

2 a) A few weeks after the start of therapy the progres-
sion of renal damage due to arterolar nephroscleross 1s
halted Unpredicted was a gradual return of depressed
renal function 1 many but not all cases Thus occurs 1n
from 1 to 4 years (405)

2 b) In from 1 to 6 weeks albuminuna diminishes or
disappears When caused by pre-existing organic renal dis-
€ase 1t remams at lessened quantities

2¢In dividuals mtrogen Te-
mams static or diminishes unless imtial values are over
about 60 mg per 100 ml of nonprotein nitrogen 1n the

blood (Somogy: zinc preciputate corresponding 0 75 to
90 mg per cent by the ph ph

2ad
method ) Time weeks or months Ian those wl;th i:lgh:r

values azotema usually but not always progresses to
uremia rarely however we have seen telatively acute
elevations to 130 to 160 mg per cent return to much lower
levels This may occur after 3 weeks ot wore (Fig 35 36)

2 d) Ocular fund; revert to normal Hemorrhages are
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RESULTS EAPECTED

Since thss monograph 15 not pnimanly concerned with
a report on the results of therapy only a brtef resume of
what can be expected with adequate therapy can be gnen
The long term effects have been published (401403 93,
168, 405 419) In general those which could be predicted
from an understanding of the disease occur, several un
expected and unpredicted effects appeared as well

1 a) Heart failure due to left ventricular strain, which
accounts for over 50 per cent of the death rate, 15 virtually

IM. $ 4T MALIGNANT HYPERTENSION WITH HEAAT FALURE FOR TWO YEARS
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Fic 84 One of the first four patients to seceive ganghome blockade
(hexamethonum Cg) and hydralazine (5968) Severe left and moder
ate right sided heare fuifure disappeared 1n three days grade IV fund
regressed digitalis was discontinued and salt was added to her dict
(n 1951) She subsequently became sloppy in her habus
omtted her drugs from tme to ume began to complain of dyspnea
and hemarrhages reappeared sn the ocular fund: Hypertension was
later controlled on larger doses of drugs and she remained symptom
free From being mnvalided she has been able to work full ume
her own restaurant for five years as long as she keeps her biood

pressure down
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Fic 36 ‘Medication blood prewsure and mitrogen srienuon duning
hosputatizauon The solid bars represent oral hydralazioe (5968) The
crosshatched bars represent parenteral and the open ban oral
hexamethonum chionde (G The parenteral dose hias been mults
plied by 10 1 order partmally to compensate for the much greater
effcacy of this route of adminustration Each of the points on the
Blood pressure curve 1y the average of at least wix and mmnally as
many as %4 determinavons All were made with the patient supine
Note that azotemia 15 shown m terms of blood urea mitrogen rather
than total nonproten MkTvEen
Except for lile long enuresis this 18-yearold white male was en
turely well unul 3 days before he entesed the hospial His mother
had died with polyeysie kudneys Pyrexia and malawe were the im
13l symptorms followed by lethargy emesis disonientauon and coma.
Physical exanunation revealed sn addition papilledema hemorrhagic
Tetimus muowmal cardwmegaly and a pre systolic gallop Roentgeno-
logic examnation suggested polyeystc kadneys and 3 plus albom
nuna was found After returning home the pauent did very well He
was working when fast seen in July 1925 2t which time s physical
including P was normal His
unoe contaned ne protemt His antihypertensive regimen called for

a maximum dose of 750 mg oral hexamechoruum chlonde and 2 con
stant dose of 100 mg of hydral

dazne every four hours, His situn,
blood presure a1 home averaged 16980 mm. Hg (From l’tn'yg
R M Jr and Schroeder H Circulation 14 105 10%6%




DB #45 MALIGNANT HYPERTENSION WITH UREMIA

10004
Hydrolazing
3004
«ogsda
0=
60+
Mecomylamine
mg /40
mm. Hg
1204
90
NPN mg %
€0
30 v T v ——
et 25 i H [ 5
Nov 85 Dec.
Fic 35 Medication blood p and duning

hospitahizanion The solid bars represent oral h;dr:dazmc The open
bars represent oral mecamylamine (Inversine Sharp & Dohme) Each
of the points on blood pressure curie 1s the average of at least s1¢
and mstially as many as 24 determmations Al were made with the
pauent supine In addition to the medication shown 513 mg of
lar he h hloride were ad d on No-

vember 22 without any effect on the blood pressure
Except for probable pyelonephritis 10 years prevously followed
by the discovery of lugh blood pressure thus 45 year-old Negro police
man was essentially asymptomauc unul 6 months before he entered
Barnes Hospital His imitzal complaints were progressive asthenia and
increasingly frequent periods of syncope associated with vertige and
blyopra Urinary frequency and dyspnea appeared bat Jater
finally nausez and vomiting became frequent There was hemor
rhagic renmts with I papilied: an Ty Al
though cardiomegaly was present the lung fields were clear to percus
sion and auscultation and there was no edema There was &im
drurra and 8 plus albuminuria only 100 ml of blood comamned 18

of h globin Both elec diog ani g of
the chest ndicated left ventncular enlargement The decrease
and blood p: 1 e of oral mec

gl and hyds therapy 15 1ndicated 1n the graph Thus
man was discharged from the hospital with a regular diet without
digutals and with no symp except Iyop ferable to his
work 3 weeks later

I tenston or to hus therapy returmng to
(l;'x?:x:t Perry H M Jr and Schroeder H A. Circulation 11 105

1956)
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absorbed 1 2 to 6 weeks soft cotton wool exudates disap-
pear in 1 to 4 weeks papilledema slowly regressesn 4 to
12 weeks and hard waxy exudates and scars shnnl. to
nothingin 1 to 3 years

3 a) Atherosclerouc complications are less frequent In
from 1 to 6 weeks angina pectons usually disappears al
though rarely 1t becomes imtially worse

3 b) The madence of covonary occlusion appears some-
what lower (after 3 to 5 years) although this dusease a¢
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FI6 37 ‘Two direcuons of
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2 48 year-old man ym
proved at first
found avautopsy the hdneyf mgeg m;d“ig:;‘:‘dslgiﬂnephnm was
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absorbed 1n 2 to 6 weeks soft cottont wool exudates disap-
pear m 1 10 & weeks papilledema slowly regresses in 4to
12 weeks and hard waxy evudates and scars shnnk to
n 1 to 3 years

nolshx:)g:“hcmsc]yemm complications are less frequent In
from 1 to 6 weeks angina pectons usually dusappears al
though rarely 1t becomes wmtally worse

§ b) The inaadence of coronary occlusion appears some-
what lower {after 3 to 5 years) although this disease ac
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Fic 37 Two directions of progress in azotemsa and malignant hy
penension. Upper  The condivon of G B, 2 54 yearold man has
been static or improvsng slowly and he has been able to return to
full occupanon: Contral of blood pressure has been deliberately only
farr 10 order 10 avod further azotemia whach has vaned from 48 to
72 mg per cent NPN (mean 59) ‘uddle That of M C. has

remained faly static or improved slightl,
oned fautly siatic or & ![: ighldy weight and health haye

T 2 48yearold man improved at firee
l::z amtemua later rapidly progressed to death. Pyelopntphnul was
und atautopsy the Jadneys together weihed 100 Gmu
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counts for a major part of the mortality in treated patents

3 c) In 3 to 5 years the mncidence of cerebral hemor
rhage 1s markedly lessened 1 those patsents who have suf
fered one tttack

3 d)Alsom3tob years the incidence of cerebral throm
bosis 1s considerably lowered, but by no means abolished

4 a) In pauents for whom treatment 1s constdered
mandatory, continuation causes increased life expectancy
while discontmuation results n early death (Fig 37)

4 b) When a patient has survnved 6 months of therapy,
his chances of surviving 5 years are excellent

Surgery This monograph 1s not the place to duscuss the
pros and cons of surgical sympathectomy an operatfont
which has definitely altered the outcome and prolonged
the life of many pauents (420, 421) In our experience
drugs faithfully taken and properly admimstered have
been of constderably greater value than surgical sympathec
tomy for the following reasons 1 Cases too far advanced
for surgery and unoperable cases with azoterua can often
be salvaged 2 All pattents can be treated regardless of
the stage or degree of vascular damage 3 Failures after
surgical sympathectomy can be salvaged when hyperten
sion has recurred and become severe 4 The mortalty
rates of the most severe cases 1s considerably less than
those following operation

In actual practice no patent should be demed the
choice of drugs or surgical operation when hypertension
1s domg harm When a patient 1s unwilling or unable to
take drugs regularly surgery should be urged in suitable
cases We must remember however that surgical sympa
thectomy even the subtotal variety can never block as
many nerves as does adequate ganglionic blockade There
fore, 1n cases resistant to ginghontc blockade surgical wnter
vention can be expected to fall contrariwise cases fe
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sponding well to ganghomic blockade alone can be ex
pected to Tespond to surgery even though the usual
Jumbodorsal sympathectomy only removes 50 to 60 per
cent of the nerves Operation therefore does not become
the method of choice when medical measures fail for the
opposite holds true 1e drugs will work when surgery
has failed The one advantage of surgical over chemical
sympathectomy 15 the Jack of bother to the patient when
the Tesult 1s successful

According to the data of White (421) when cardiovascu
lar complications occur 1n hypertensine patients the mor
tality 1s hagh  Left ventnicular weakness and farlure cere
brovascular acodents angina pectorts and myocardial 1
farchions cause a § year mortahty rate of 82 per cent and a
10 year mortality rate of 96 per cent with a mean survival
time of 4 1 years Surgical sympathectomy alters the 3 year
rate to 24 per cent and the 10 year rate to 50 per cent
with a mean survival time of 6 | years for the deceased

TARLE L
MortaLrTY Rates AT Foun YEARS OF PATIENTS SUBJECTED 10 SrRotcaL
SvaratHECTOMY Ususl MupicaL MEASURES AND CaEMO-
TRERAPY (PER CENT)

St Smathunck s e 5 Author £ Serres

i Serues (420) Sertes (471) Ages 34-76
Graap Ao Ages 3847 Ages 3060 Chemotherapy

Medwal Surpeal  Medscol Surpeal  Stopped ,s,":,d
1 10 3
1 B g PO
1

‘ll“' 58 19 B }1Y 38 ;
A L) 100 20
oteria  (100) t (100) 1 100 "

" ll{iou Patients were 40-60
ot sutable for operation because of high operative martaly
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pauents Chemotherapy properly mamntamed definstely
decreases the mortahty Tate 1 4 years to a point well
below these figures (Table L)

Nephrectomy also can alter the course of hypertension
when 1) unilateral renal disease 1s present 2) hypertenston
15 early and not far advanced, and 3) the function of the
opposite hidney 1s excellent When the hypertenston has
produced artertolar nephrosclerosis mn the good Lidney
removal of the offending one will naturally not result 1n
‘cure  Cases favorable for nephrectomy are rare *

Bilateral adrenalectomy 1s mndicated only 1n cases ex
Iibiting evidences of adrenal cortical hyperfunction Begter
diagnostic methods for overproduction of specific steraids
may allow better selection for surgical therapy

* When any surgical operations are indicated panents long treated by
drugs will usually respond by strict normotension witbout drugs for one
to two weeks after which hypertension will recur This phenomenon has
2lso been séen after severe 1nfections gastro-enteritis and (rauma Appar
ently the ability of the penipheral vessels to respond to trauma fs altered
by these drugs for some days



Chapter IX

A PRELIMINARY APPROACH TO THE
TREATMENT OF ATHEROSCLEROSIS

sviousLy, control of a patients hypertenston will
do no more than reheve cardiac strain prevent
further nephrosclerosts prevent cerebral hemorrhage and
reheve angma pectons Theoteucally it will slow that
part of the rate of progression of atherosclerosis which
18 dependant upon an elevated blood pressure Since
atherosclerasis 1s probably Teversible (443) at least'in so
far as cholesterol-contaiming plaques are concerned {and
possibly calaification (422)) treatment of the whole patient
and his diseases b 1 for prolongation of a
e potentially shortened by cardiovascular damage There
fore an outhine of the method we have used 1s given here
the method 1y olves practical measures based on theoret
cal approaches of most promise Since 1t 18 most difficule
to measure alterations wn this disorder for the better ar
worse unul massive acadents occur only time will tell
if the results are favorable
‘The senal measurement of Lipoprotemn fractions n
blood 15 a procedure confined to the larger specalized
centers Total plasma cholesterol however 15 readily
measured 1n most hospital laboratories Based upon the
assumption that lowered plasma cholesterol will 1n part
prevent deposition of esters in plaqucs one can attempt

to lower these values by using some of the nfiuences dis
cussed i Chapter VII

217
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\/I‘ he method 15 based upon three mfluences 1) remaval
of some trace-metals, 2) a diet low 1 anumal fats but con
tatning adequate vegetable fats, particularly hnolenate,
and 3) the proviston of an adequate amount of pyridoxine
For 1t 15 the posstble effect of these biochemically and
metabolically interrelated substances which can contribute
to the disease (446)

METHOD
I Diet As discussed in Chapter VII, the most important
factor 1nt the development of atherosclecrosts probably hes

TABLE LI

List or Foops 10 Be Avomnen as HavinG & HIGH SATURATED
Low UNSATURATED FATTy ACID CONTENT (348)

Food Reason for Avordance

Fats

Coconut Short chasn saturated

Margarmne Hydrogenated s egetable ols

Palm Short chatn saturated

Cocoa Shaort chain saturated

Hydrogenated vegetable oils and frymg Long cham saturated

fats

Lard tallow Long chain saturated

Butter cream cheese whole milk Short charn saturated

Hydrogenated peanut butter Long chan saturated
Protesns

Pork and pork products Manly saturated

Fat meats® Maunly saturated

Sueethreads Not ravestigated

Domestic goose and duck Fattened not investigated

Processed meats of all kinds Contamn much fat

Hamburgers Contain much fat

Note The Pure Food and Drug Admumsteation requures that all proc

essed foods be labeled carrectly The Isbels should be read and those foods
* hyd d sh hyds d vegetable shorten

Y g Y
wgs ot pure meat products should be avoided
» The fat meats are beef 1ih roast corned beel and tongue lamb lomn and

shoulder and mutton
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10 the kind of fat 1n the Amencan and Eutopean diet
From 30 to 40 per cent of the caloric intake comes from
fat mamly of ammal ongin The purpose of the diet
therefore 18 to restrict anumal fat and hydrogenated vege
table orls and to provide an adequate mtake of unsatu
Tated vegetable fats containing linolemic acid The basic
Tulesare
A No obwvious fat of animal ongim should be eaten
Modern methods of fattening cattle for slaughter
make a saturated body fat
B No hydrogenated vegetable oils should be used since
hydrogenation saturates an unsaturated fatty aad
{Table LI)
Natural fat of vegetable ongin containing the higher
unsaturated fatty acids can be eaten m amounts as
farge as practicable since these contaimn the essential
d farty acids hinol and linoleic
D In general reduce the fat content of the diet to
about 20 per cent of the caloric mtake
The most avatlable sources of essential fatty acids are

n soy bean and com o1l with the following 1odine num
bers

Todine No

Remarks
Soy bean ol 130 Contans 319, lmolenate
Com oit s Contains 05% Lnolenate
Cattonseed oit 103 Contams no Limolenate
Serame od 103 Contamng no hinolenate
Peanut o

8 Atherogenic 1 anunals

In arder to obtain enough protein withonr ammal fats
the following ate recommended
Al hinds of fish and shellfish Fish ouls havea hugh 1odine
number
Poultry ang game avoiding the far (except domestic
800se and duck) Chicken fat 1s htgh n hnoleate
Lean beef lamb and veal Most anumal fat 1s low 1r
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Iimoleate and hnolenate There 1s fat 1n muscle fibres
of cattle force fed on corn before slaughtermg

Legumes, such as peas, beans, Itma beans soy beans

and sts products Their fats are largely unsaturated

&/ 1m oulk and fat free buttermull, Rutter cheese, cream

and whole milk contamn principally short-cham satw
rated fatty acads, butter raises plasma cholesterol

Cereals

Some breads use hydrogenated vegetable otls for shorten

mg

Eggs Yolks are fatty Fry or scramble 1n soy bean o1l

Meat soups only if all fat 1s skimmed off at scebox

temperatuse

Most canned soups contamn butter, cream or fat

Salad dressings made of soy bean o1l

All nuts, cspecrally walnuts Seed oils contasn unsatut

rated fatty acids

Curd cottage cheese and other fat free cheeses

The two vegetable o1ls should be used for shortemng
Deep frying should be done only m corn or preferably soy
bean o1}

I Vitamuns The second point of attack hes in the daily
use of pyridosne or pynidoxal, deficiency of which has
caused the early lesions of atheroscleross 1n ammals and
which 1s low m many processed foods About § to 10 mg
per day 1s more than adequate

III Trace Metals Excessive amounts of certamn trace
metals m American human tissues may be concerned n
cholesterol formatton or the metabolism of fats Qnetabler,
05 Gm, of Calcium Versenate (EDTA) twice a day, of
another similar compound, may chelate and remove these
metals In some people, this substance alone will lower
the cholesterol level mn blood (Table LII)

Calcum I calcium deposits are demonstrable in blood
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TABLE LUI
CranGE 1% Prasua CHOLESTEROL WITR Orat EDTA (1 0 Gu /DaY)

Contrl  Chs t¢ Intoral

s

Panents Sz AB (o) (mg @) (wek) Mejor Diaguosi:

8 293 -3 30 Antimapecond
?x}:;n : s s 180 35 Periphenad vascalar disease
18 v o700 s -4 4 Aneidbppeewes o
EB. @ 6 3 -5 16 Conary occlutlon, onvalescen
cH @ 45 a2 =36 15 Angina petor
Gs. ¢ 4 27 =31 3 Arerhalhypertenson
ES ¢ . ons -1 3 Arterial hypertension
.S @ 4 38 418 4t Asgoapectads
HD ¢ & i -8 B A rinapectoriy
RS, ¢ ST -3 12 Anglna pecroris
1B 9 m 418 4 Aneria hypertension

Me M -8

vessels and symptoms or signs arc present the method
of Clarke Clarke and Mosher for remowving metastatic
alawm may be used (422) Trsodwm EDTA, 50 Gm
1 500 ml 5 per cent plucose solution 15 slowly infused sn
taveniously over % to 6 hours The patient 15 taught to
slow the mfusion at the app e of unusual symy
Strangely enough hypocalcemic tetany does not appear
under these precautions Iomized ealcium saits and calaum
chelated to protewns and peptides at 2 weaker stability
constant than 10 6 {Log k., EDTA) are probably removed
the strongly chelated calcium 1 bone 13 probably not

At injection 1 grven danly for 5 days 2 days ave allowed
for rest and the 5-day course repeated After a month or

more for evaluation of symptoms a second 50 Gm 1 ad
munistered

RESULTS EXPECTED

In Table LYY are shown changes 1n blood cholesterol
levels usng calowm disodium ethylenediamine tetra ace
tate (Calcium Versenate) in doses of 10 Gm per day In
Table LYII are shown the changes produced by thus agent
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with dret and satarun By added Ingeneral the cholesterol
changes ate downward although 1n some cases they are
esistant to all three forms of therapy Some depressed
+alues did not nise when EDTA was disconunued an ex
pected result 3f trace metals were being removed

All patents with angina pectors were relieved of at
tacks of pam either completely or partly in that they oc
curred less than once a month No electrocardiograptiuc

| changes m the direction of normal were observed No

signs of hepatocellular damage developed

Comment While untnied for peniods long enough to
evaluate these results on the disease there 1s hittle doubt
that_cholesterol values can become quite low by this form
of treatment Changes n the degree of atheroscleross are
difficult to measure but rough esumates of 1mprovement
m_the disease can be esumated especially when_ it has
advaniced far enough to give local 1schemic symptoms In
the coronary arteries telief of angina pectoris 1f 1t 15 real
and not tmaginary suggests resorption of plaques In the
2otta lessening of the widened pulse pressure suggests a
return of aortic elasticaty In the legs relief of claudication
indscates improvement m blood flow In the cerebral area

bol of mmnor f b and paralyuc episodes

ndicates reabsorption of plaques Some changes may be

expected 1 tume except for a return of aoruc elasucity
Therefore 1f degenerative cardiovascular disease 1sto be
treated as many predisposing parameters as possible must
be altered favorably Today these hie m blood pressure the
health of vascular mtima and the lipid esters of cholesterol




Chapter X

SUMMARY AND INTERPRETATIONS

than those for reproduction Metabolic processes
may have one or two alternate routes but Nature does
not provide dozens of methods by which defenses of a
single function are maintamed, by winch digestion and
combustion of a single substance proceeds, or by which
homeostasts 15 mamtamed When an alternate pathway
such as an anaerobic one, 1s substituted for an oxidation,
malignant growth may result It 1s proper, therefore to
look at the many and complex mechamsms which Man m
s erratic searchings has partly uncovered and try to
unify them toward simplicity m an imitation of Nature
To do this we must depend upon evidence, m part factual
and m part theoretical, delving tnto chemical causes
Psychosomatie Whale the psyche may affect the som?,
the reverse 1s also true Realization that some areas of
cerebral function may depend upon the valence of mtrogen
1n certain configurations, that one primary amine mediates
one area of the bramn and another can affect another and
that the anatomic chemistry of phospholipids may mfluence
bealthy function, has opened up 2 wide field of mvestiga
pon wmto the causes of mental derangements
The psychic mantifestations of arterial hypertenston,
when not due to organic cerebral vascular disease, are
\ best explaned by the effects of primary munes produced
\(by ntermuttently or permanently ischerme kidneys These

284

Nnmu: 1s not prodigal with biologtc functions other
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anclude e 1 tenston anviety, ex
cesswve drve merousness and the diencephalic blush The
blush 1s 1nduced by histammne and resembles that seen
with excessne quantities of arculaung serotonin  ten
510N Deryousness anxiety result 1 some mndividuals from
epinephnine 1soamylamine tyramine and those synthetic
or nawral methylated analogues which inhibit cerebral
monamne oxidase (ephedrme amphetamune etc) thus
preventing oxidatne deamination of naturally occurning
substances

From the huge amounts of tranquillizers sold the
Amencan public one might believe that chemically meds
ated penvous dusorders were almost a national disorder
That many individuals might be so affected could be 1n
ferred from the abnormal trace metal content of Amencan
tissues 1f one interfered with vanadium or monamine
oudase or there was deficiency of vanadium pnmary
amines could be implicated as causes of a widespread cere
bral disorder

Hereditary The ability to react to stress by vasospasm
1s an hereditary trait apparently transmitted as 3 Men
delian dominant

Neurogenic The sympathetic nervous system s over
active most hikely because of increased cortico-hypo-
thalamic 2cuity The posenor hypothalamus for which
serotomn has a predilection 13 apparently simulated more
than 1 the antenor the chemical mediator of whach 1s not

y formed primary amines Neurogemic

Vasospasm causes neurogenic renal 1schema

Renal Renal disturbances dependent upon 1schemia
produce humoral vasoconstrictor substances Trace metals
both normal and abnormal ar

e miclhved Two m
pathways may be considered etabolic
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ﬁ‘ Anatomic causes of 1schenua usually depend upon
ntrarenal parenchymal disease, atherosclerotic narrowing
of renal artertes, or arterial and arteriolar nephrosclerosts
secandary to hypertension When the ability to react to
stress by vasospasm 1s combined m one mdistdual with
orgamc renal ischemia, hypertension becomes permanent
The first two renal disorders are anatomic accidents the
last 15 cansed by hypertension
Anatomic or mternuttent functional ischema produces
enzymatic disturbances mn the hidney The espected bio
chemical alteratsons resulting are
vA Reduction of axidative deamination of ammno acids
capable of anaerobic decarboxylation The results i
the Lidney
a) Less urinary ammoma formed per mol of bicar
bonate (theoretical) Ammoma from glutamne
however would continue to be formed anaerobi
cally
b) A change of pH 1n the cortex to the acid direction
(found)
¢) Substitntion of sodium for ammonia m order to
mamtain 1cid base balance 1w tubule {theoretical
but logically inferred)
The urmary results
a) Unmary NH,/acd ratio reduced (found)
b) Acid urime (usually found)
¢} Sodium loss (found)
The expected remote results
a) More primary armusnes n blood (found)
b) Release of remin (found 1 acute states)
¢) Sumulation of the adrenal cortex to production
of aldosterone 1n an attempt to prevent excessive
sodium loss (found) Ammals (and human bemgs)
might therefore eat a hittle more salt 1n order to
compensate (found 1n rats)
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o

Remn 1 seleased possibly because of the sadity
se;mdrm] to the lessened formauon of ammonta
(renm 15 extracted from hadney only at acd p;{)
This postylate 15 unproven and not too sound but
we have no better one Remn comes from the super
fictal areas of the cortex of the kidney which becomes
markedly 213 when the renal artery 1 constricted
Adjustments take place with time—several weeks
Result
) Hyp (angrotonun) 1s formed 1n blood at first
through the physical release of remn (found)
b) With tme renmn uself 15 no longer released into
blood but continues to act tn situ {not proven but
renin disappears from blood) Perhaps yemin 1s
slouly modified into a hat daff proteolync
enzyme
Hypertensin 1 or 1ts analogue formed m kidney 1n
active on blood vessels becomes actnvated erther
1) through decarboxylanon leaving an active ter
mnal NH, the decarboxylase bemng n blood and
kidney ot 2) through acuon of a speaific peptidase
splting off one ot two amino acids and leaving a
termimal ~NH; In thus Iatter event the peptidase
would necessamly be 2 mauganous emyme The
second pathivay 15 the more logical one as peptidases
are known and pepude decarboxylases are not
Ordmanly i the absence of renal ischema the
small amounts of remin released into the renal venous
blood form hypertensin which 15 snactvated both 1n
¥idney and 1 blood In renal sschema the shaft of
Tocus of catabolism of hypertensin 1 from kidney to
pertpheral vasculature {theoretical buy monamne
oadase acts on both hypertensin and pherentasin

both peptides and 1t probably occurs 1 smooth
Tuscle of blood vessels)

&
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d) Pherentasin 15 _actually human hypertensin II, the
amino acid content of which could be cxp?Eicd to
differ from that obtained from bovine, horse, or hog

V/, globuln (unproven but very hikely)

\5‘ Enyymatic_disturbances somewhat different from
those resultng from organic renal ischemia may be caused
by_the.acqumulation.of abnormal.tracegtals, notahly
cadmuum Cadmium 15 2 nephrotovic substance Mercury
and cadmum are the only metals which can readily dis
place zinc on a specific chelate bemng n the same periodic
group, having the same coordination number and making
the same shaped complex The expected results on renal
actd base equiltbrium

A Inhibition of carbonic anhydrase by displacement of
zing (probable but not pro;en)

1 More acid in urine
2 More base necded to neutralize acd 1€ am
monia or sodium

B Inhibition of decarboxylases by displacement of zinc
on pynidoxal enzymes causing a Jocal vitammn B
defictency {one decarboxylase known to be mhibited
Zinc displacement logical but unproven)

1 Less decarboxylation of ammo acids other than
glutamine

2 Less primary amines formed

3 Less ammonia available for urine

4 Sedmum wastage

C Inhibition of transamunase a pyridoxal enzyme which
probably contains a metal (unproven but possible)
1 Less transamunanion from glycine, asparee, g

tamic and other amino acids as a source of urnary
ammonia (transamination not proven to be @
source of urinary ammonia)

Sodium wastage

na
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D Ammoacduna (found) esther because of process B
or interference with tubular reabsorption by whitn
tion of a carner metalloenzyme prebably contning
zinc

The net results would be cortical aadsty Jess urnary
ammonya and sodium wastage the same as those found i
organic renal ischemia but appearmg by somewhat dif
erentToutes Primaty amines i blood, however would not
be elevated (Fig 38)

I cortical acsduty 15 the sumulus for the action of remin
hypertensin I would be formed in situ and released 1o
renal venous blood where 1t would be converted to hyper

} tenyn {1 (pherentasin) by action of a specific manganous
\ pepuidase "Thus both organic renal ischemia and cadmuum
' an cause the same end results Naturally repal aschemsa
\m panyning 2 ar ?\\ vasi
would call 1nto action pathway I

Therefore trace metals can be mvolved 1n the hypo-
thettcal pepudase  probably i which converts
hyp 1 to hyp I m oxidase
which inactivates it 10 the decatboxylases and amine
oudases which are concerned 1t the hypenensive state
and even n tyrosmnase (copper) which can mactt
vate nofepmephmne epinephnine hydroxytyramine and
tyramme }

Therapeutic Note Drugs or procedures whick block
pathetic nerve ympulses wl

uen

t only the neuro-
'c portwon of hypertetsion Prugs or procedures which

a) act to dilate vascular smooth mysgle B} 1ncrease xenal

plasma fow or ) nactivate hypertensin 1T or pherentaun

Xl\\\\ :oumexztx the rephirogetic portion of hypertension
nown nactivators are meta

e etal binding or chelaung

Theactions ot fydralazine are fourfold

¥
gen

o
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d) Pherentasin 15 actually human hypertensin 11, the
amino acid content of which could be expecied so
differ from that obtamned from bovine horse, or hog

\/‘. globulin (unprosen but very likely)

JI Enzymanuc_disturbances somewhat different from
those yesulting from orgamc renal ischemia may be caused
by._the_accumulanon.af-ahnormal trace metals notably
exdmum Cadmium 15 a nephrotoxic substance Mercury
and cadmmum are the only metals which can readily dis
place zinc on a specific chelate being 1n the same pertodic
group, having the same coordination number and making
the same shaped complex The expected results on renal
acid basc equiltbrrum

A Inhbition of carbomc anhydrase by displacement of
zinc (probable but not proven)

1 More acid in urme
2 More base needed to neutralize acid, 1e, am
moma or sodium

B Inhibitton of decarboxylases by displacement of zinc
on pyridonal enzymes causmng a local vitammn Be
deficiency (one decirboxylase known to be inhibrted
Zinc displacement logical but unproven)

1 Less decarbonylation of amino acds other than
glutamine

2 Less primary amnes formed

3 Less ammonia available for unne

4 Sodium wastage
C Inhibition of transamnase a pyridoxal enzyme which
probably contuns a metal (unproven but possible)
1 Less transamunation from glycne asparuc, giu
tamic and other armino acids as a source of urnary
ammonia (transamnation not proen to be 2
source of urinary ammonia)

2 Sodium wastage
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1 Decarboxylase mhuibon with the result that renal
amino acd metabolism 1s further supprnscd and therefore
less pnmary amune 1s formed

9 Monamine oxidase sumulation with the result that
those primary amimes Which are formed ate owidszed mote
readily These include pherentasin or hypertensin 11

3 Hvpertensin and pherentasin are both directly 1n
activated exther through carbonyl inkage or what s wiore
probable temoval of a chelated trace metal necessary for
the integnity of the peptides

4 Constricted vascular smooth muscle 15 dilated no
matter what causes the constricion by some unknown
process which could be dependent esther upon carbonyl
or sulfhydryl binding or upon metal chelation

In add
o many hydrandes

Adrenocortical  Renal sodinm wastage {or need as in
heart faifure) probably causes adrenal cortical production
of aldosterone (theoretical but logical) This steroid prob-
ably sennitizes blood vessels to circulating vasoactsve amines
and sympathetic discharges through sntracellular sodium
poussium alterations (proven only for DOCA) Most casey

of hypertension exhibit secondary aldosteronism because
of renal sodium wastage

1snhibited a reaction

Primary aldosterorusm by sensinnng vascalar smooth
muscle to normally arculating vasoactne amines and
normal sympathetic tone can produce a moderate degree
of hypertension with normal renal plasma flow Cases of
tns nature are not unusual This type of hypertension
while bemgn can slowly develop 1nto 2 more sersou:
variety with congestive heart favlure the usual end xesu\xs
m(’;’[‘}i:r:ﬁcuh}:‘ Note While deetary salt restnetion may
b ough sodium 1055 to negate the sensining effecy

oothcal sterords and salt on blood vessels 1t stumulates



Rsupry papeo] wnuupes PUE WIS Ut wstogedw Ateipowtyyu pasodozy 9§ oig

WING J0U Sy spaae ounme Jaglo 155045

Ayonduns jo svyes Ay 10} uwoyy

H e 0y

peo{g)

4IS] feuay 1uoayry nﬂ

31

B U3 Shey SEl 8L suoniaval B4y,
gy ey a1y
IEXOplhguig
femitosg,

pry-aey

Nutb.wc ETY éw::.v.

HIN Lroulin ssap

pavgryut
wsepLguyy
dnogreny
pangiyus 3soplxoquozag
2] vum
‘0oH SpRY outiy B

PRIy %310
PAILI DY

!

e
SHN Aaeunigy 507

!

0+ (asss A) ISTPIKQ BuURLEROLY

Poofq 14 T/l/ M

Q- sy Saemnag

«

(31 Sseg Sxogqmag

!

SPIIY oUtY 130

PIAINSUOD ¥

[

REDY-HN Aruug

!

04 {erss ) 50P120 SHUGDUGH,  PILIBUOY eN

“ !

Ossutmy Lwmwtg YN Cwazb
GBI} aolaoqivorg  ssourmompn

!

spray oumry mo%O suruTN




Summary and Interpretations 253

@Cholcst;_ml,has,a,pr:dxlccxnon_for,mnkmg.unmu
rated, E;tgy a6 esters When insufficient undaturaed 2wy
acide ave available for estertfication saturated fatty aads
are used These esters are quite nsoluble and probably
have lower speaific gravities Fosubly breakdown metab-
olum or excretion of cholesterol 15 more eanly accom
phished when esters are unsaturated than when made of
saturated long chain fatty acids

These two 1deas are highly speculative The mechanism
of lowering plasma cholesterol by essenual fatty acuds 15
not understood

Factors which may nfiuence the deposttion of cholesterol
esters 1 sub-antymal spaces are

C Phyncal-Inmtraantenal pressure  and changes of
pressure (frbulence) at bifurcatsons of major vessels
(Found)

D Metabolic~Pynidoxal definency cautes subanumal
Iesions 1dentical microscopically to  pre athesosclerouc
lestons observed m ammals and man (Found)

2} Pynidoxal 15 necessary for the mteguty of the muco-
polysacchandes of sub-intimal ground substance (Inferred)

b) Pyndoxal affects fatty acid metabokistn by promoting

the synthess of essenual fatty 2cids from less unsaturated
ones {Found)

© Exp

) pyndoxal defi y and essential acid
deficzency are quite simlar n signs differng only 1 a few
basc enzymatic disturbances (Found) Vitamun B, will
partly yelieve essennal fatty 2ad deficsency essentuat farty
acds wall partly reheve vitamin B, defictency

"The biochemuieal mterrelationships of three of these 1
fluencesare

1 Pyndoxal usually requires a m,
etal fo
vy One abnormal metal s i

{cadmn;
4o meralloenayme m) can whibit 2 pyn
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the adrenal zona glomerulosa to overactivity The result
secondary hypesaldosteromism with salt depletion

Atherosclerosis Treated hypertensi e patients no longer
die of hewrs fadure or senal farlure when treated soon
enough They die of the effects of 1therosclerosis In order
to prolong life, both blaod pressure and blood Ipids must
be reduced

Factors which may affect cholesterol synthesis or de
gradation and therefore atherosclerosis are -

A Trace Metals I Chromium mcreases hepatic syn
thesis (m rats) Vanadwm depresses hepatic synthesis
Manganese may be the normal metallic mediator of
synthesis
\‘2(\ EDTA lowers cholesterol levels 11 man moderately
or markedly, almost surely by chelation and removal of a
metal from an hepatic enzyme concerned i synthesis or
catabolism

B Essential Fatty Acids Fats contaimng hnolenic acid
{and possibly arachidonic acid) lower plasma cholesterol
m man even when gren In excesstve quantities Fats not
contaumng hnalenic acid raise plasma cholesterol The
mechamsms are not hnown but tno can be hypothecated

I Squalene 15 a probable precursor of cholesterol
Squalene (G,,Hso) can be considered as a lughly unsatu
rated C,, hydrocarbon chamn wuth 6 extra methy} side
groups and double bonds at the 2, § 10, 14 18 and 22
posttrons or 4 carbon atoms apart Luolenic aad (Cus) has
double bonds at 9, 12 15 posttions and arachidonic acid
at 5 8 11, 14 posictons or § carbon atoms apart It would
be 1mpossible to use any combination of ethylene groups
from these two acids 1 the structure of squalene Degrada
tion to acetate and subsequent synthess would be required
No one kniows much about this matter, except that squalene
markedly accelerates synthesis of cholesterol
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apphication of therapy present and to come Rapid 1m
provements are expected

Reduce blood pressure of hypertensive pauents 1o 3
mean level of 140/90 am g (or as low as tolerable) and
keep 1t there mndefinstely Tno drugs are usually necessary
mven frequently Tegularly and carefully one should act
on_nenves and the other on vascular smooth muscle

0(9!.0\\ er plasma cholesterol ta 120 ta 160 mg per
100ml (or about the same Jevels in myg per cent as systolic
pressure 151 mm Hg!) This can be accomplished slowly
m some individuals and soon will be snmost by

a2} Metal chelation probably removing from lier an
abnormal trace metal affecting synthesis Chelation and re
moval of metastatic calcium mn blood vessels can probably
be accomphished when desirable

Y 1 based on Less total fat 1o about 20 per cem of

de Less anymal fat especially saturated fatry

€} Enough pyndoxine or pyridoxal Probably 5 mg per
day 15 more than adequate This coenzyme 13 given for
logical bur untested reasons

1t 15 2 Jong step from a lowered cholesteral to absorp-
tion of plagues but the asumption 15 Teasonable

There are enough ideas now under expenmental ob-
servation to strengthen the belief that atherosclerons 15 a
Tesersible dusease at least tn so far as the fatty and calarfic

depostts ate concerned A
rtertal hypertension n man can
be controlled indefinste}

y and sometimes rerersed A

‘p;lll:a:on of xha:;xpy 10 both drseates 1n the same mdwxduI:l
Y be expected to Teverse in 221

ooy part the lethal and disabling
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2 Pyndoxal affects unsaturated acid synthesis by pro-
moting further desaturation to essential fatty acids (lmoletc
to aracludonic linolensc to hexaenoic)

3 Pyndoval lowers plasma cholesterol 1n monkeys de
fictent of this coenzyme and fed cholesterol v

4 Metals affect synthesis of cholesterol and fatty acids

5 Removal of unknown metals lowers plasma chol
esterol in man

6 Feeding essential fatty acids lowers plasma cholesterol
n man

An hypothetical schema to mclude these mfluences 1s
seen 1 Figure 39

h{‘r\ Integrity of subinoma
ot Abnormal
\cetate Frave Cholesterol sunthests Punidoxal +Me*ta—e**
.
Ve Desaturayion

aturated Fatty acid # Chelesterol transport — Esseatial Fatty acid esters
esters

1o arterles Cholesterol excrétion
or catabolism

he stalicized winfluences are inhibitery

{e**=Trace metal

Iic 39 Hypothetieal interactions of metals essenual
fatty acids and pyridoxil

Therapeutic Note Thus 1t would appear that thera
peutc tools are now available to control or treat cardio
vascular renal diseases quute specifically Whle these tools
represent first approximations, they are powerful enough
and practical enough to be effective 1n any individual who
wants to be treated and 15 willing to give the nme and
energy to doso Since cardiovascular renal diseases account
for over half the American death rate, considerable 1
crease 1 our national longevity can be expected from wide
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application of therapy fresent and to come Rapd wm
provements ate expected
Reduce blood pressure of hypertensive pauents to a
mean level of 140/90 mm Hg (or as low ay tolerable) and
¥eep 1t there ndefimtely Two drugs are usually necessary
given frequently yegularly and carefully one sheuld act
on nenves and the other on vascular smooth muscle
g)lm\:r plastaa chalesterol to 120 to 160 mg per
180l (or about the same lesels 1 mg per cent as systohic
pressure 1s in mm Hg!) This can be accomphished slowly
1 some individuals and soon will be 1n most by
a) Metal chelauon probably removing from hiser an
abnormal trace metal affectung synthess Chiclation and se
moval of metastatic calawum 1n Hlood vessels can probably
be accomplished when desirable
b! t based on  Less total fat to about 20 per cent of
ake Less ammal fat especally saturated fatry
eral dairy products and pork are avoided

<} Enough pyndowune ar pyndoval Probably 5 mg per
day 15 more than adequate This coenzyme 13 given for
logical but untested yeasons

It 15 a long step from a lowered cholesterol to absorp-
uon of plaques but the assumpnon 13 yeasonahle

‘There are enough 1deas now under expenmmental ob-.
servation to strengthen the belief that atheroscleross 1s a
rerersible disease at least 1 so far as \i\cm and calasfic

deposits ase concerned Artersal bypertension m man can
be controlled indefinitel,

y and sometimes reversed A
::;::n of therapv to both diseases tn the same mdmdu‘;
expected 1o revers
s e £ 1 part the lethal and disabling
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This book has attempted to give an orientation from
biochemical abnormalities to chinical findings and spectfic
therapy as the only satisfactory way to explam a disease
and 1ts control As usual i scientific medicine, much more
needs to be known than 1s known but the directions for
research are clear
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