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PREFACE

HE PURPOSE of this monograph 15 to outhine the
known and suspected mechanisms which interact 10
produce a disease and to show how alterauons of those
mechamsms can lead to speofic therapy When patho-
genesss of a dusorder is Little or well understood not much
need be wintten when partly understood many words
cover much 1 e hnowledge of the basic meck
1n artenal hypertension 15 beginning A volume of this
sze offers an outlne of the known facts and of the hy
potheses of best fit past present and future
We cannot apologize for puting forward working hy
potheses which fit the evidence Far better 1t 18 to have
them disproven than to attempt no elucidauon of mecha
nisms of disease and thus remaim free from controversy~
for out of controversy settled comes progress
In any disorder ivolving a single mechamsm there are
many secondary disturbances dysfuncrion of specific
organs general metabolic changes mamifest 1n byzzare and
predictable signs and symp Teactions of the whole
and patt of the organism to these changes attempts to
reverse them by natural processes Often these disturbances
tuslead from rational deductions Not untl the basic
pathophysiologic mechamsm 15 understood and treated do
the secandary and tertiary mamitestanions fal} snto their
proper places and carts begin @ falow horses Because
artenal hypertension can be successfully controfled some
©of s dependant mamfestations are bester understood
furthermare. the fact of sreatment has Jed to a strengthen
ing of hypotheses and has ponted out the way to more
i
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more 1mportant of them Therefore a wide lall}lllud:v ‘:7:
chosce and petsonal preference was left to the authar,
has tred 1 refer to the pestinent and sgmificant observa
toms with which he 18 famsliar

The physical vascular fattors operatig in chrohe hypex
tension are not thoroughly scussed By and layze they
are und dable natural consequences and not directly
pertnent to the basic problest and s treatment, although
theg cause woost of s death and dusability Statsucal cor
selations Of the disease and s effects have also beeh
avorded Desenptive clinical data does not belong 1n 2
ook, on Mechamisms unless they are perunent to undel
standing Nor 1s the extensive demographic hteratyre Yistedd
more than mndrectly

Hypertension 3 used 1n thus book 15 2 state of gent
erafized vasaspasm associated with an adequate cardigvasctt
lar apparatus An atbitrary diviston of what 1s hypertension
ana what 15 not has been made a diastolic blood pressufe
of 90 ram Hg or more 33 employed a8 an 1ndex of vaso-
spasm e do not subsnbe to ope currently popular
theory that the diastolic pressure increases norfally with
age and that fevels at age 70 which would be Jugh 2¢ 20
are notmsa) They may be average mean or usual, but
they are by o medns normal even sf they can be shown
to do lutle harm Just becatise 3 dusease or a disorder 1
prevalent m a populttion does not make 1t normal Athero-
sclerotic plaques 1 the 2grts #re NoO normal akhough
they are almost unnersal .2 Western Cisafization As long
23 healthy human bewgr c2z de found on this earth who
: Rot show a progressive degenerative disease imted to

ge s wide prevalénce 1 otfier areas makes 1t be clawified
s 2 dusease and treated as such

3 derper and deeper mto base mechanisms
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Chapter 1

THE COMPLEX OF FACTORS IN
THE HUMAN DISEASE

INTRODUCTION

rTERIAL hypertension 13 only 2 sign of disturbed heme-
A dynamics At the bass of this distuthance 13 gen
eralized sasospasm Without vasospasm the diastolic blood
pressure would not rise sgnuficantly (1)

Generalized vasospasm 1 2 condition common to 3
number of hemodynamic disturbances Whenever effective
blood flow through vial organs 1y reduced a seres of
reactions 1s set 11 motion aimed at vestoning flow through
those oTgans at the expense of other less essential ones
Thus vasospasm follows hemorrthage precedes and ac
companies shoch severe totonary occlusion heart faure
and other states of grenlatory embarmassment It even ac
comparies the upnight position to 3 small degree In these
conditions blood pressure 13 normal of ow znd effective
arculating blood volume and cardiac output low the vasa-
$pasm accompanying the reduction n circulasion Oty
late imreversible stages of shock 13 vasospasm replaced by
vasodilataton of its capllary counterparts 1€ the periph
eral arculatory state of 12505pasm remained cofstant
and effective erreulating blood volume or cardiac output
were returned to normal hypertension would ensue
Therefore when generalized vasospaem nees v —
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‘blushed rather widely over her face neck and shoulders
(there were blotches) when he examined her heart. She
appeated a bit timorous and tense but under good self
control Her axillae were wet (or would hase been had
¢he not used antisweating preparations) and her hands
and feet were cold and monst. She admited blushing
canly 1 the past on the least provorauion. She was ex
cessively neat, regular 1n her habits almost compulsive
but quute unassertive, Laboratory exarinations were un
revealing Being cunous he unmersed her hand in 1ee
water for 1 minute a pamful expenence she showed no
emotion but her blood pressure sose to 168/99 mm Hg
falling 10 5 minutes to lower levels after 1t was removed.

This young woman s vascular response 10 the swress of
an examunason and ¢o the pam of 1ce water was almost
certainly mediated through the sympathenc nenous sys
tem She was one of those individuals very common in
the population who react to stress by vasospasm Her
blushing was ct stic of a d phalic discharge

‘The physiaan did pothing but suggest an annual phys
1cal examunation for which she regularly returned. She
had two uneventiu) pregnanaes At the age of 32 her

previously labile blood pressure was found to be 1607300

mm Hg or thereabouts not retuming to 2 normal &

astolic with rest As each year passed, a shightly upward

trend was obsersed At 46 1t varied around 180/110 mm

Hg Her mother dued of 2 stroke of apoplexy at the age

of 62 whuch upset her emotionally She went 1o another

phynaan who found her blood pressuze 200116 and
told her that she had high blood pressure This was the
first she knew of 1t and she became very agitated saw her
ongwal physioan 1 an exoited state and he measured her
blood pressure at 230140 wm Her fundi ocul: showed
spasm but no other changes He put her 1o hospital
upon which her pressure fell ta 160/100 mm measured
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2 56 At antopsy were found cerebral hemorthage mas
sve arteriosderosis moderate of aotta tepal antenies
coronary artenes arked of acle of Willis with rup-
vare 1 phroscl derate cardiac hyper
trophy (460 Gm) Her adrenal glands were normal

This sequence of events leading to early death can be
Teconstructed 1n the light of what s known For many
years this woman teacted ta stressful situations by neuro-
genic vasospasm Slowly the reversibility of thus alteration
became fess and Iess some gradually wncreasing factor
being added which maintaned a basal blood pressure at
higher and higher levels upon which was engrafted a
widely fuctnatng neurogenic component This added
factor was what kalled her Perhaps she would not have
died 50 early were st not for another disease atheroscle
tosts which began probably atier 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 to have 2 shghtly elevated
blood pressure and tachycardia when exaruned for the
draft. His mother was hypertensine and hus father had died
of a coronary occlusion at the age of 51 Enuresss unul the
age of 8 had ocewted 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 1 his unine
with about 10 white blood cells per high power fidd m
the centrifuged sediment tepeated cultures showed nan
hemalytic streptococauss of the colon group 1n large num
bers He was given phenobarbital and was accepted for
duty wn the Army He had a credstable earcer and won
several decotations fox bravery s discharge physieal
exatunation showed 2 blaod pressure of 160100 mm
Not unul the age of 33 did he consult a phyniaan for
severe headaches and bluring of vison which had ap-
peared a wonth earlier His hlood pressure was 236/160
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d dilata
dney and cardiac hypestrophy (520 Gm) an
tx‘o: eZm 1:ma.vn was edematous hus adrenals normal

“Fhus man suffered from the aceelerated phase tor
what 15 Tore exacdly and descriptiely called mahgmm:
hypertension  and died young He had the consututiona
make up of the hypertensive person 10 winch was added

¥ chronte_Jan-grade_smouldenng pyclonephntis with an
organism which does not produce pus but causes scar
wssue These two factors operating together shortened his
hfe By the tme he died there was little evidence left af
the primary renal disease 1n the Jadney distoried by neph
Tosclerosis
3 An older mag had a shghtly elevated blood pressmre
a¢ tunes of stress which had been normal on regular ex
aminatops ¥t of bus hfe At49 however he was refused
hafe msurance becanse of a blood pressure of 170110 om
Hg He bad no symptoms except pervouspess but he was

a tense dynamuc individual with excessive drive and amb:
tion seme= B F = F ¥

reveale
ventric

showea shgnt reductian with the calculated nareased
tenal vascular resistance on the afferent uide of the glo-
meruluy Bis blood pressare varied moderatefy bu did nog
fall to normal levels during steep or the mnjection of tetra
ethyl ammonmim chlonde Renal “function was normal
He was well workinghard and taking few vacations unti
he was suddenly seized at age 54 with a severe retyosternal
pam and was admtted to hosprtal with an acute coronary
occlunion Other than mummal rardizc enfargement a tor
ous aorta and the usual signs uf nfarction there were no
abnormalities He recovered slowly but hys blood presure
notmal or low duping % s laese pecame elevated agan to
180/110 wm durimng vest and ay tugh as 2201120 dunng
acuvity In 3pute of rearranging Iny Wfe he remained
hypertensne unil hus second miarction 2157 from which
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tious thing abaut her obesty was 1ts distribution
ov'clrhtehcc“uunk \lpgpﬂ arms and thighs Her laver legs
and args were not obese at all There was a *buffale
hump” and her face resembled those seen after overdoses
of cornsone Measurements of the sodium and chionde in
her sweat showed values of 10 mEq L. or fes levels
found 1 Custung s syndrome, She bruwsed easly and her
ankles hiad a tendency to swell 1n the evenings Shehad a
distnct mustache Serum sodium was 145 chlonde 101
(0, 324 and porsyum 28 mwEqg L.

She did well but remained hypertensive at home as it
was impossible for her to yestrict her salt mntake and her
appette Mot unul she was 45 did her fist episode of
congestive heart fasture brmg her back anio hospital She
died 2 years later a cardiac anpple 1 the mtenm At
autopsy were found artenolar nephrosdlerosis shght to
none moderate generaliced artersosclerosrs marked car
dac hyperrophy and dilatanen {840 Gm.) There was 2
{212 cn adenoma s the lefr 2drena) coztex.

In her case a funcuoming adenoma in her adrenal
cortex was affecting bath her salt and fat metabolism the
former mfluencing her hypertension Better diagnostc
methods would hase allowed surgical remoyal

These four cases are fMlustrause of distinct types of

arteriat hyp ent d ol

ty In actual
practive one sees wide vanations 1n thetr courses and some

umes buzatre mxtures Xf the first patient had contracted
glomerulonephritzs 1n childhood or pyel phrtis during
bes pregnancy or bad by chance had 2 ik 1 her uretero.
pelvic junction due ta an abeyrant 7enal artery with stasis
and nf she probably wonld have exhubsted more
severe hypertension at an earlier age M the second had
Tot contracted pyelonephritis m childhood he might
bave ned o become bypertensive sn hus 50s and died
of heart farlure or apoplexy 1 his 605 1€ the venal artersal
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found m Cushing’s syndrome She bruised easnly and her
ankles had a tendency to swell . the evenngs Shehad a
distinct mustache Serum sodwm was 145 chlonde 10}
€O, 324 and potassium 28 mEq fl.

She did well but temained bypertenuive at home as 1t
was impossible for her to restrict her salt intake and her
appente Not unti} she was 45 did her first epusode of
congestise heart fature bring her back mto hospital She
died 2 years later a cardsac cripple mn the ntenm At
autopsy were found artenolar nephrosderosis shght to
none mod £ i artenosclerosss marked car
dac hypertrophy and dilatauon (640 Gm) There wes 2
1x 12 am adenoman

In ber case a funcuoning adenoma 1 her adrenal
cortex was affecting both her salt and fat metabolism the
former snfluencing her hypertension Better diagnostic
methods would have aVlowed surgical removal

These four cases are Mustratsse of distinet tvpes of
artenal. hypertension encountered chmcally In actual
Practice one sees wide vanations in thesr coutses and some
tunes bszarre muxtures I the first patent had contracted
glomerulonephnts 1 chuldhood or pyelonept duting
her pregnancy or had by chance had a kink 1 her uretero-
pelvic unction due to an aberrant renal artery with stasis
and fecuon she Probably would have exhrbited more
sesere hypertension at an earlier age If the second had
"ol contracted pyelancphnns m childhood he might
have Inved 10 beagme hypertensive 1n hus 50s and died
of eart fadure or apoplexy mhis 60 s If the renal artenal
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uryversal although we have rarely seent normal sized heatts
after sustained hypertension Thns change 1 probably a
work hypertrophy resultng from the increased cardiac
work necesuitated by the hypertension. It @n be modi
fied by associated atheroscleroas of the coronary artenes.
3 Generalized atherosclerosis 1s almost usnversal m
this country although cases without it are common 1n
China (8) .
Sequence of Deselop of A lar Nept
Ths basic Jesion whach by sts very nature can cause renal
1schemua and hypertension, 1s a result of hypertension
In other words the altered hemodynamics of hypertension
cn lead to 2 pathologic change which further alters renal
and therefore penpheral hemodynamics. The evidence 15
clear ont thys point, m tats Tabbus dogs and man (Chapter
V} Therefore at some pownt 1 two of our cases renal
vascular dusease appeared after hypertension had become
well established. Whether or not this secondary disease
1 yesponsible for the loss of reversibihity of vasospasm 1s
not known, but presumably 1t 18 not whally accountable.
C ¢ All brological ph an Iy be
undenstood 1n terms of physics and chemustry The re-
masnder of this monograph 1s concerned largely with an
cxamination of the brochemical alterations possibly operat
IRg to cause this dusease which 1t s0 eventually fatal 2s 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 3o 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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seconds after occlusion from 30 to 122 mm Hg (average
654 normotension being 15 10 40 average 287 mmZa a
finding surprsing on the surface but expected when due
consideration 15 given to hypertensne hemodynamics
The smooth muscle of all artenes and arteriples must
therefore be 1n a state of chronc spasm otherwse hyper
emia would occur in those which are not

Pathogenesis of Hemorrhagic and Exudatnne Retemtis
The lesions found sn the fundi oculs when the dwastolic
pressure 15 agh are those of edema hemorrhage deposits
of protemnaceous of Lipid matenal and searming Many
ophthalmologists consider that hemorthagic and exudattve
retmttss 1s due to localuzed 15chema of the retina second
ary o excessive vasospasm From a hemodynamic ana
tome and physiologic viewpomnt this concept ts hardly
tenable since a) ischemia of a part does not usually cause
edema without mfarcuon by 1schema does not lead to
hemorthage ¢) the retinal artenies and arteroles hase
mather thin muscular coats and d) the lesions appear
when the diastolic pressure 15 high regress when 1t s
lowered {somenmes to the pount of producng retmnal
1schemia) and occur as a manifestation of a sudden worseft
0g of the hypertension A more logical explananion 15 that
of plethora or excessive hyperemma If the artery supplying
an area of the rehna were dsseased so that it could not
contract and healthy vessels mn the semander of the
bedy were made to constriet, hyperemia through that
hseased vessel would result, Frcessive flow and pressure
would be transmitted to the capillary bed supplhied by

that artery When venous outflow became msufficient to
amny off the increased load water then plasma and
finally 1ed blood cells would be forceq through the capil
tary wall This concept explams what we find edema
cotton wool exudates and hemorthages The hard
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Comment The secondary effects of hypertension are
relatnely ummportant to this discusston but they are of
the utmost 1mportance to the patient and to hus 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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"This form of reacting to stress may be common to some
human bemgs 1n many enviranments and of many races
although adequate studies have not been made The old
1dea that 2 part of the popnlauon 1s_sympathorome and
part _parasympathotonic O vag may have some
basrs of fact Different species of amimaly show different
types of Teaction tostress TAS CAIS guaned pigs and rabluts
not only exhibit opposite types but respond m aberrant
wags to known pressor and depressor agents There are 3¢
least two hinds of dog? merous overachiwe breeds which
are hypertensive on the first and many subseguent ¢xamt
nations and more or less phlegmatc breeds or cross
breeds which exhibit noymal blood pressures and brady
cardia (21) There 1s hittle reason to beheve that the hy
man org; differs radacally 1 ats fund
from those of ngher anvmals

Sympathotonie people are supposed to be subject 10
vasomotor phenomena tachycardia and cardiovascnlar d.s
eases especnally hypertension Parasympathotonic people
are supposed to be subject to bradycardiz 2 low blood
pressure and gastromntestinal disorders especially pepuc
ulcer Another type of dwdual develops allergsc rese-
wotts In any population, all vaneties and degrees of rear
ts ability can be expected depending probably on the
amount of smbalance between svmpast s 2= parasym
pathetic nervous funcuon and the amount of exeervial stress
1o which mdwiduals are expased There may be several
iferent consttutional 1ypes e kave mot observed true
extnnsic asthma 1n a hvpertersie person and such allergic
sates as hay fever and urucana are much less common
than m the genera} population duodenal ulcer 1 unusual
10 hypertension although v £y sos 1) Theumatoid arthri
S and most malignant tumoss are se'dom encountered
2 hypertensive population (22)

) reactions
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a ‘wwwm and the atotude of the
\ndividual toward 1t can be C"““M‘“
tors 1n the reaction These wnfluences vary widely from
Gmé person to another 1mvolving the many faceted aspects
of existence and adjustment 10 a prevuiling social order
It 15 probable that the more complex society becomes the
greater are the 1 stresses consequent to ad
justment to that socety and thesefore the stmult to so-
mauc reacion ncrease

TPickenng lately summed up his concepts on the relanon
of hereduty co and 1n hyp
(28) o get these conclusions sn perspectine 1t way be
sud that 1n yts mode of mherntance blood pressure re
sembles height but that the size of the geneuc factor 18
greater 1 the case of height. However the tegression coef
ficent certanly underestumates the size of the genetsc fac
tor 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 vakd
when 1t 1s apphied to large numbers but not so accurate
for individuals By contrast, height shows quute inngmf
cant vanations from day to day and for a considerable span
of adult exustence 1s uninfluenced by age The difference
between the size of the geneuc factor 1n blood pressure
and height 15 probably less chan regression coelficients
suggest. Even so 1t would seem justifiable to conclude
that environmental factory are more ymportant than he
redutary factors in the pathogenests of hypertension

"These considerations lead to one further idea which

2 50 revolutionary that X merely %2y 1¢ before you knosw
g that your minds must instnctively reject 1t namely
et the current concept of essential hypertension ay a
spenific dusease enuty 15 Jargely n areefact. 1 venture to
Sugyent that a testatement of the facts would define essen




Basic or Constitutional Factors 21

a ‘wgwm and the atutude of the
\ndividual toward 1t can be C"““M‘“
tors 1n the reaction These infiuences vary Widely from
Gme person to another volving the many faceted aspects
of existence and adjustment 10 a prevailing social order
It 15 probable that the more complex society becomes the
greater are the 1 sisesses consequent to ad
justment to that socety and thesefore the stmult to so-
matic reaction NCrease
TPickenng lately summed up his concepts on the relanon
of hereduty co n and 1n hyp
(28) o get these conclusions sn perspectine 1t way be
sud that 1 1ts mode of mhenitance blood pressure 1e
sembles height but that the size of the geneuc factor 18
greater 1 the case of height. However the tegression coef
ficient certanly underestumates the size of the genetsc fac
tor 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 1s applied to large numbers but not so accurate
for individuals By contrast, height shows quute inngmf
cant vanations from day to day and for a considerable span
of adult exustence 1s uninfluenced by age The difference
between the size of the geneuc factor 1n blood pressure
and height 15 probably dess than r coelhi
suggest. Even so 1t would seem justifiable to conclude
that environmental factors are more ymportant than he
redutary factors in the pathogenests of hypertension
“These considerauons lead to one further idea which
23 30 Tevolutionary that merely 'ay t¢ before you know
ng that your minds must instnctively reject 1t namely
:\m ;!:t&tnnmt concept of essential hypertension ay a
SE;:Q“ ‘h:mt entity s Jargely an artefact. I venture o
t a Testatement of the facts would define essen




Basic or Constitutional Factors 23

pylone obstruction with scarning secondaty o rcpm!eg
attacks These defects of personality however are p[x'nlh
ably so deepseated and tundamental to the growth of the
didual that compl building becomes most diffi
cult except m young people In our expenence psycho-
therapy has failed to modify the course of severe hyperten
sion sufficiently to allow us even to suspect some beneficial
somatic effect and we have often watched patients deten
orate to eventual death 1n spite of the most vigorous forms
lable (an analyst reanalyzed by an analyst)

An environment considered unfavorable by the wdi
vidual mmay be aliered by moving to a new one temporary
efiects upon the course of moderate and mild stages have
feen observed The famibiax fall 1n blood pressure when
pauents enter the hospital 15 an example How permanent
this change can be 15 not known Minor adjustments
adverse environments especially those caused by other
ndividuals with whom the patient 15 1n close contact may
for 2 time alter emotionally nduced stresses {Figure 2)

Drugs espectally sedaties have been emplojed for
many years for the purpose of suppressing the emotional
tension and lowenng the tbreshold of reacuons to srress
As 2 general rule the more severe the hypertension the
Tess effectrve are sedative drugs and other such influences
upon the disease Contratimise the milder the hyperteny

sion the more effective are measures aimed at the psyche
and the emotional disturbance

The effects upon the course of hypertension of any one
or combinations of the above approaches 18 drectly propor
uonal to the reative influence of these factoss 1n the total
picture Psychosomane diseases may start as functional de

drated through

2 nerves and end
as orgamc conditions causing death Thevefore while the
begiming may ke m the psyche as exemplified by the
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disturbed emotional 3ad mervous fumctions cannot be
expected to dissolve scar tissue

.?;\Lhough Bays and Scrysushaw disagree (37) from ol
the evidence available we can be faurly certain that hyper
tension not secondary to renal disease 18 2 dssorder $mrly
well confined to persons exposed to the mfluences of
Western Crvilization (4) For example 1t 18 unusyal jn
parts of Africa (33) and China () very prevalent sn Amert
can Negroes but rate in American Indians m the South
west ($3%1) In Uganda only 26 per cent of autopuied cases
of heart failure were due to essential hypertension the
same percentage to atheromatosis and none to Coronary
thromboss renal hypertension howeser, accounted for
16 per cent (3a) Surely one 1s led to conclude that ep
vironmental influences are of the greatest importance for
m thi country probably half the cases of heart failure
are hypertensive 1 ongan When viewed from this ont
Jook many 4 mn the geographic incidence of
Aypertension fall inta line

Comment There are three apparent facts upon which
onte can speculate

1 The predisposion to hyperteusion 1s wnhented

2 Theve 15 an emational averlay i the diseate which
may be esther pnmary or secondary

3 fhe disease 13 confined more or dets 29 avilted o
partly ailized people wathaut any particulat ethnic
cdltaya s sacead paceern suggesung that environmental
factors such as food habus or £orrace with industnalized.
society plays an itrating role
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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
mverproductron must be gret enouah to satutate ovidatise
and conjugatine enzymes in order 1o allow enough 1o spill
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Fie 4 Spontuneous \amatons m bliod pressure measred hnto-
kymooriphically by diect artenyl puncture W G normal and
normatensne vatitton 8 6 mo Hg F T normatensive comales
tent {rim severe acute poliomyelitis with probable sh bt imvohe
ment of the hvpothalamus or medulla g, nise 1 neuroenic
\avomoator snstbality varnuon 41,20 mm Hg W D urly severe
neghraenic hnpertension samation 13)1a mm Hg 1 H severe
neuro,enic hypertension varauon 35 2> mm Hg W D frepent
aftr several days Testy vanation 7 3 mm Hg G O mild neurogenic
Byperienuon vanation 419 mm Hg By andirect measurement
€ O s swache preware when taken by 2 white coated physician
raried from 180 to 210 mm. and her dustolic (rom 150 10 100 mm

nursts alwavs obtuned readings 20 to 30 mm Joser The wide
Tarrly regular tracings are those of vespiration the smaller ones of a

plethvsm) raph on the finger Cmera speeds 125 5 and 25 mm per
sceond
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raried from 186 to 210 mm and her dustolic (rom 150 10 100 mm

nurses alwavs obtuned readimgs 20 to 30 wm o er The wide
Tarrly regular tracings are those of vespiration the smaller ones of a
plethvsm raph on the finger Cmera speeds 125 5 and 25 mm per
sceond
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Several infiuences ansng tn the bramn can cause expert
mental hypertension such 2s notse (54) wternal hydro-
cephalus {46) puncture of the third ventrcle (55) tying
off the arteral supply (19) all of which may interfere with
blood flow or nervous function 1n a regulatory atea Simi
Jarly 1 man mcreased intracranial presspre certan bran
Yesions of vira) vascular of traumauc ongin (fractures of
the base of the skull encephalitis poliomyelitis) cettun
tumors and hypothalamic inyury can lead to chronuic neuro-
genic hypertension or 1ts acute equivalent (56)

There are four possibilittes to explain the cerebral role
in human hypertension 1 The nenous temperament of
the hypertensive person with the frequent finding of
anviety and frustranon may mitiate Tepeutne discharges
through the sympatheuc Rervous system Subnormal as-
sertiveness  obsessiecompulsng traits and anxiety are
said to be common to the hypertensive personahity (26
27) This hypothesis has always been an attractive one
but 15 unproven and most difficult 10 investigate with the
tools at hand

2 The penpheral metabolic abnormaliues assocated
with hyp ™ay cause i of cerebral
metabolism It 35 known that many primary abunes cause
central excitatory effects Amphetamme (Bcng‘dgng‘u
a good example In fact Mann and Quaste] (57) sugpested
that the central stmulant action of dlphenyluopmpy]a
mine {Amphetamne) 15 related to uts inhibition of tyra
mine owdanon by amine oxidase 1 bram On this basts
Fellows and Bernheim (58) exammed a fatge mumber
of structurally related salts 1 raty and found 1n many
instances good correlations between central stimulaton
and cerebral amine oxidase mhibition Chascally the
etatatary acuons of epinephnine and a number of denva
Ures are well known we bave ohiserved profound and
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T center may mitiate somatic
- hyp(:tha\m\x: o “;2:‘: cr \:l'hnlc such lesions
hae been found 1n some cases (64) and may account Jor
the hypestension of some older persans there 18 no uniform
correlation with ail cases and this 1dea Temainy merely an
attractiye hypothests

SPECIFIC DRUGS

Whatever the cause of the increased nervous excitability
of hypertensie pauents mang agents have been used 1o
counteract 1t and thus produce vanable effects upon blood
pressure depending upon a) the relatnve part played by
the brain §) the effectiveness of the drug and ¢) the abilty
of the patient to tolerate side effects Sedatnes have been
used for mapy years m an aitempt to allay tension and

anwety They will not be discussed smee their employ
Taent 13 wide

Serotoan Antagomsts Reserpine causes depletion of
cerebral serofonin 1n the experimental amymal (65 66}
platelet serotonun 1s also reduced to a low level The net
efect of thus agent a chemneal analogue of yohimbine 1s
to produce on affect the equivalent of a prefrontal lobat
omy (67) Its locus of action appears to be pre hypothalame
and wubeortital the postertor hypothalamus wherein e
the sympathetic centers 15 partially blocked (68) The ef
fect of the dsug 15 cumulagve tequimng a week ot 1o for
oral doses t a0t maxumally although rapydly excreted
the drug atselt leaves serotomn 2cceprors  the bramn
biocked for long penods Astde from yts trangwliang’
e
‘ll:euc 4
acudity’ 1§ pee u L Lids appeared de \
become actvated 1n one of our tmespchmmc ul:t::l:u::
colitis has developed {69) Vartous cerebral symptoms are

€
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colitis has developed (§9) Vartous cerebral symptoms are
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TABLE l—{continued)

Reserpane Chlorproma 1ne
(123 subgeets) (137 subjects)

Q

Epistaxis 7“- 4 13
Blursed Vision ° 13
Dry Mouth e .
Heart Burn 23 51
o CE
Dermatts o 3 i
Jaundice o b4
Hepatomegaly 0

also 1nduced among them vivid dreams and mightmares
One of the most interesting of 1ts actions 1s to cause, i a
stzeable percentage of people nervousness nsormnia agy
tated depressions and swicadal tendencies (70) used to
treat these symp 1n psychouie 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 liness

well and hypothalamic action has been postulated (74)
Winle 1t can cause some depression of the sympathetic
fervous system st can also produce symptoms of stmula
tion 1n some individuals (Table 1) with hypertension and
tachyeardia  Likenise its antiemeuc acton may be re
versed m other subjects

Other antimetabolites to sexotomn are not used 1 hy
pertension yohumbine because of 1ts nephrotoxiaity and
d lysergic acid diethylamide which produces schizophremc
ke states (63 66} The most nteresung are the ntre-
wdoles which are true competine antagansts bloching
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nervous system 1t can also produce symptoms of sumula
tion m some sndividuals (Table I) with hypertension and
tachyeardia  Likewtse its antiemeuc acton may be re
versed m other subjects

Other antimetabolites to serotomn are not used hy
pertension yohumbine because of 1ts nephrotoxicaty and
dlysergic aad diethylamide which produces schizophreme
ke states (63 66) The most nteresung are the nitro-
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NH;

CV,CH}:HCOOH Tryplophane

1 Hydroxylase + OH ot usolated

NH,
HO : cﬂ,éucooﬂ 5 hydrazytrytophane

Decarl doxal metalloenzyme
l borylase Dot Zas
NH,

HO\ : CH,}:H, +COs 5 kydroxytryptamsne (Serotonia)

\ Non-specific enzyme seantive to
HMonamine onidase 4Gy e prarebly ot
HO,

vanadium as coenzyrse
CH.COOH +NH:  § h)dm:)vmdale acetic and (n
{ i unne]

Fic 5 Metabolism of serotonin, modified from Sjoerdsma ez al {61)

phane and ats decarboxylauon (Fig 5) The hydroxylase
has not been discovered but the renal decarboxylase (71)
contamns a pyndoxal metal complex as a coenzyme (72)
Uike many other amuno acid decarboxylases. Serotorn 1s'
metabolized by monamine owdase (Chapter IV) an en
Tyme TequInng oxygen and sensitive to_oxygen_tension
Therefore renal jschemia could allow the formation of
serotomn. by _awnzcrobu: decarboxylation lgqux
deamination 11 situ dile 10 oxygen lack Serotonin would
then escape mto the blood and be deamumated erther 1n

the tungs or on artenal smooth muscle Whale 1t 15 doubt
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A and B are the most punfied alkalowds uswally found m
2 mixtare and most ifficult 1o separate They Quge depres
sion of blood pressure and firadycardia ':3“5“ and vomit
g may Tesalt om vagal samulation (79) The pathuay
1s through the glossopharyngeal nere to the vasomotar
center (78) When doses are adjusted properly, imevmittent
normotension At result from the careful use O protovera
trne and 1s smpure dernatnes (80) Apparenmly tolerance
15 quick to appear ahd disappear 50 tha suspined novmo-
tension il wor Tesult unless sdjancts operating on other
mechansms ave used Whether or ot this drug 18 2 trve
anuhypertensine ageut affecting the banc process 1s
uncfear although the hemody 3t 15 quite
favorable (Table I

Baroceptor Changes McCubbin Green and Page (81)
nave recently shown that the carotid sintus and aortie de
pressov mechanisms are set 2t a hugher level of pressyre
n temaf fypertensive dogs than in pormotensive dogs
They praposegl\c mgenious theory that thy hagher  set
ung wamtans the h)pcmnslon) esen when the smprateng
mecaamsm (renal sscherma  pheéochromocytoma toverma
of preguancy) 1s remoyed ‘Thus{Tenal hypertension slow Iy
becoes neuropeme,) buffer nerve hypertension as Ogden
ag suspected 1 rats (82) 1f this were «an myn gre gauld
expeat that ate chromic hypcrlensmnm respond to
W& Ree of drugs of surgesy Beiing on nenves bettes than
would carly hypertension Chncally the opposite bolds
true therefore s attracine Py pathess Tecessanify can
be discarded a5 applying to most human rases

SYMPATHETIC NERVOUS MECHANISMS
THROUGGH GANGLIA
AL autanowe sieryes after emer
gence from the spipal
?“l s intough ganglz In genesaf sympathetic nznes
U S hapses 10 paravertebral gangha wiyle paTasympa
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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 acion  Longer action 1s achieved by length
emng the catbon chan and doubling the nitrogen group
0

i 1

hexamethonium) or by
Tes {pentolimum chlors
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

has the advantage of virtally Complete absorption from
the gastrointestinal tract

{83) Comparative dq
mTable 111 (15 6) parative doses ave shown

f p
adding cumbersome ring structw

Since acetyl choline also mediates DETve transmission to
stnated muscle 1t may appear strange thas curarform



Neurogenic Effector Mechanisms 41

o cholint esters can act 3s transmutters 15 not known 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

hexamethonium) or by
Tes (pentolnium 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
has the advantage of virtally Complete absorption from
the gastrointestinal tract (83) Comparative doses are shown
m Table 111 (Fig 6)

f p
adding cumbersome ring structw

Since acetyl choline also mediates DETve transmission to
stnated muscle 1t may appear strange thas curanform
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“picture 13 Gaused by norepinephnine secreting Ph“’d"m;
mocytomata Therefore the neurogenic component d:)
hypertension can be considered to be mediated by this
substanre '

Notepinephwne 18 derued either from dihydroxyphenyl
senne by decarboxylauon or from tyramne by hydroxy
laton of the benzene ring and the fcatbon The first
appeans the most facile method for the nerve ending to
make this substance Tapidly §t1s amactivated exther through
conpuzation through owidation of the amine mtrogen by
monamune oudase or by rearrangement of nts molecule
to form an wmdole nucleus through ovidation by poly
phenol oxidase a copper enzyme

The wJeal agent for counteracung norepinephune has
not heen found There are a number of sympatholyuc
drugs which inhibit 1t action on nerve endings and which
are effective for short or longer periods i expersmental
ammals We st them only as directions for research
These may be grouped ronghly as dervatives of benzyla
mune of phenethylamine of ergot of henzodioxane and
of immidazole (Table IV see page 48) All contan tertiary
substituted nitrogen

Denvauves of Benrylamine Dhibenamine a complex
suuctute remotely Telated 10 norepinephtine forms ught
bonds ay sympathetic nerve endings preventing the action
of this ronstrictor substance probably by competitiye 1
lubition The action s prolonged lor many hours 1t g
moderately effectve by wouth much more so intra
w:no;s?;; There are many side effects 1n man espeaially
on the bramn
effectine ::mpaﬁglty:?:;:nzngn’;:v:zuMs aré the mos

present but their
value 1 hypersension remains to he praven

Denrvatives of Phenethy

Tamine We had
of testung a group of pr 30 an oppatunity

Mary amines 1y tats for sympath
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“picture 13 Gaused by norepiuephnine secreting Ph“’d'm;
mocytomata Therefore the neurogenic coMponent d:)
hypertension can be considered to be mediated by this
substanre '

Notepwephane 1 dered etther from dihydroxyphenyl
senne by decarboxylauon or from tyramine by hydroxy
lation of the benzene nng and the f<carbon The first
appeats the most faaile methed for the nerve ending to
make this substance Tapidly §t1s imactivated esther through
conjuzation through owidation of the amine mtrogen by
monaming owidase or by rearrangement of 1ts molecule
to form an ndole nucleus through owdanen by poly
phenol oxidase a copper enzyme

The 1deal agent for counterachng norepmephune has
not been found There are a number of sympatholyuc
drugs which bt 1ts action on henve endings and which
are effective for short or longer periods m expersmental
ammals We lst them only as directions for research
These may be grouped roaghly as dernatives of benzyla
mune of phenethylamine of ergot of henzodioxane and
of imdazole (Table IV see page 48) All contain tertiary
substituted nitrogen

Densauves of Benzylamine Dibenamine a complex
sumciute remotely Telated w norepimephrine jorms ughe
tonds at sympathetic netve endings preventing the action
of this ronstrictor substance probably by competstiye 1n
hibition. The action 15 prolonged lor many hours Tt 1e
moderately effective by mouth much more so intra
w:no;s?y There are many side effects 1 man espeaially
e bram Dibenamsne and a1y relauves are the most

ective sympatholytic agents known at present but thewr
value 1 hypersension remains to he proven
g s g enethylamine We had an opporany
g 2 group of primary amines 1q Tats for sympath
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Renal hypertensive dogs responded by a lower dnastohic
pressure only when ShF 1298-A was gven* SKF 690 A
was a powerful epnephrine hike substance 10 man causing
vasodilatation and an ncreased cardiac output with fall
m dustolic pressure SKF 1298-A caused symptoms sug
gestine of cholinergic sumulation two others were with
out effect

The expeniments of Furchgott are of interest Using
the sprrally cut rabbat s 201ta ag 2 source of smooth muscle
he was able 1o 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 1t1s Llely that sery speafic agents can be found which

will pick out one primary amne and not others for in
hubition

Notie of these ubstances specifically depressed elevated blood pressure
1 the anaesthetized renal hypertenuve Tat without affecting normotensive
Tats.
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Renal hypertensive dogs responded by a lower diastohic
pressure only when SKF 1208-A was gwen ¢ ShF 690 A
was a powerful epmephrine lile substance i man causing
vasodifatation and an mcreased cardiac output with fall
n diastohic pressure SKF 1298-A caused symptoms sug
gestine of cholinergic sumulation two others were with
out effect

The expenments of Furchgott are of interest Using
the spirally cut rabbat s aotta 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 1t1s Llely that sery spearfic agents can be found which

will piek out one primary amine and not others for in
hubition

Mot of these substances specfically depressed elevated blood pressure
1 the anaesthetized renal hypertenuve rat without affecting normotensive
Tat.
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Dersvatves of Esgot "The diydrogenated ergot alka
jouds have the ability af hlocking adrenergic ympulses but
their action 1s greater on epinephrine than on norepineph
mme Toxic effects himt the tolerable dose so that wse
ful blockade 15 Tarely produced They must be given sub-
tingually or parenterally therr effects in hypertension
vary but are usually inconsistent,

D es of dazole Tolazoline {Priscolme) and
Phentolammne (Regitine) are two short acung moderately
efiectine adrenergic blocking agents contamning both
benzene and wmdazole Tings Phentolamine while oppos
ing the actions of both epinephrine and norepinephrine 15
usebul for the most part only as a test substance for ar
culanng catechol amines It usually causes a transient fall
of hlood pressure 1 hypertensiye patients suggestsng that
somte sympathetic tone 15 present 3n azotemma the effect
may be profonged and profound Cardiac stimulation 18

ged an
the rule Tolazoline 15 yeadily absorbed and excreted un
chariged i the unine phentolamine 15 apparently metabo-

lzed up to 90 per cent of the dose The short durauons
of action imut thess use
The Renzod P

P (B

) and pro-
sympal frst synthesized by Fourneau act transiently usu

ally by vasoconstrcuon They do oppate however the
2ction of epinephrine probably by competinve yphibition

TNotepinephrine 15 blocked only by fowe dases Side effects
are many especially smooth muscle sumulavon and limat

thart we exttpt 1n epmephmne producing pheochromo-
cytomas
Comment Al of the known adrenergic blocking a
ents
fail o block cardiac accelerator nechanisms url%u‘gvﬂ »
and 1cres & - 1
climical u
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may be profonged and profound Cardiac stimulation 18
the rule Tolazolne 15 readily absorbed and excreted un
chariged i the unine phentolamne 15 apparently metabo-
Ized up to 90 per cent of the dose The short durauons
of action jimut ther use

The Benzod Pip Benodame) and pro-
sympal frst synthesized by Fourneau act transiently usu
ally by vasoconstnction They do oppose however the
2ccion of epinephrine probably by competinve inhibition
TNorepinephrine 15 blocked only by foue doses Side effects
are many especially smooth muscle sumulaon and Limst

ther @ ¢ exttpt 0 epmephmne producing pheochromo-
cytomag

Comment AWl of the known adrenerge blocking agents

i)l to hlock cardiac accelerator mechanigms tachsrard »
and 1cres & - 1

climical u



Neurogenie Effector Mechanims 51

pousse café combinanons are to be avoided all d;’ugs

e reacuons and side effects and 1t would be difficult to
assess the vominng nduced by dibenamine and that by
protoveratnine 1n such a mixture

The towic or side reacuons of reserpine and chlor
promanne have heen ginen m Table I The most senous
late towic reactions of Teserpine are those of agitated de-
pressise psychosts which ave often accompamied by swadal
tendencies and toay Tead therefore to death Of chlorpro-
manne there are hepanc dusease and granulocytopenia
some 17 deaths have resulted (92) Chronic administration
of any drug given to control not cure a chromc disease
may back fire  Futthermore 1n severe hypertension the
use of mid drugs 1s potentially dangerons giving the phys:
can a sense of secunty winle the disease continues re-
Tentlessly on s Tavaging course

There are no known late toxic tearnions 10 prowonvera
tnne Immediate side effects are those attnbutable ta vagal
sumufation 1€ nausea and vomiting The rapid develop-
ment of partial tolerance 1n a few hours with restoration
of sensiuvity after a few houts Test 15 unexplamed

Ganghonic blocking agents show many side effects most
of them the result of parasympatholysis or sympatholysis
(Table V) Only two serous ones of this nature hase been
encountered The Brst occurs when partial often asympto-
matic obstruction to 2 hollow organ has been preseny
Complete obstruction wmay yesult The secand 1s concerned
\;lh the mode of excretion Absorbed blocking agents are

creted n the utine If severe renal disease 15 present
ganghiomuc blockade may cause hypotension and anura as
the drug 15 then va ~ ~21 1

Toset¢
eologc of § v ueaddvie 1n medern chemotherapy
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sumulation 1€ nausea and vomting The rapid develop-
ment of partial tolerance 1n a few hours with restoration
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Gangfionic blocking agents show many side effects most
of them the result of parasympatholysis or sympatholysis
(Table V) Only two serous ones of this nature hase been
encountered The hrst occurs when partial often asympto-
matic obstrucnion to 2 hollew organ has been Ppresent
Complete obstruction may result The secand 1s concerned
with the mode of excretion Absorbed blocking agents are
exereted n the unine If severe renal disease 15 Ppresent
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the drug 15 then va ~ ~21 1
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pertefiena 1 found The tremor usually ch;lm far many
days after duscontrnuation of the offending drug even as
Jong as tno weeks Severe hyperpyrexia without nfection
leading to death was observed once Dilanun may pastly
amehorate the condition It 15 probable that ths secondary
amine of a camphor nature affects the central nersous
svitem  camphor 1tself 1 convulsant and fugh doses of
mecamylamne cause gross tEMoTs 1n dogs We have ob-
setved fine tremors oc 1y when h
nasused Meprobamate can cause Jeucopema

Gangfltonie blockade disease  occurs i poorly treated
malignant hypertension (93 9% 5) 1t 18 chanacrenzed by
ewessve tachyphea worsened 10 the suting or sianding
posttion ciffuse or patchy raenegenologie changes 1n the
ungs with few physical signs and intersuipal pulmonary
fbrosts at autopsy Almost 2ll cases hase exhibited azo-
temia (5) the microscopse findings are indistingunshable
fom uremic pneumonitis  One patient secovered alter
theuseof coruisone the remainder died

All of the anuhypertensive agents wih powerfal ac
tons can induce cardiovaseular acaidents due to the na
wre of the arterat disease (atheroscleross) often en
countered and too sudden alteration of hemodynam £
Arteral tnrombosts 1s the most senous although 1t 15 rare
Such reactions ave not true side effects of che drugs them

selves but ave wnherens dangews » thesr overenthusiastyc
and careless use

Sum

o0

Because drugs acting specafically ant (e autp-
nomie nervous systern may affect the elevated b

ood pres.
sute i human hypertension we Way astume that 3::1:
N ot 2 prot !
TP Lo poTene I some cases

po! P 7 Via_symapatt
neRes Although the 1deal conn teracting agent 18 not avas)
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perrefieqa 1 found The tremor usually remams for many
days after discontrnuatont of the offending drug even as
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Chapter IV

NEPHROGENIC EFFECTOR MECHANISMS

EVIDENGE FOR EXISTENCE OF OTHER
EFFECTOR MECHANISMS

o Titrs pomnt we have inferred that mechanutas other
Tman nentogenic account for much of the generalized
vasospasta seen 1o severe hypertensive states Although
their natures are imperfectly understood there 15 sufficient
expenmental and chimcal data 10 warsant careful examma
uon of several hiypotheses which fit or do not fit the facts

Most of the evidence for the estence of effector mech
anisms other than neurogemc comes from expenmental
hypertension and from the wide vanations 1 the acute ot
prolonged effects of drugs acting on sympathetic penves
To 1ake up the pharmacologic evidence the following
climeal observations are pertinent

1 Early and mild hypertension responds well to ssmple

measures and mlder acting sympatholytic drugs severe
hypertension hittle or notatall

2 Extensive surgical symp
sal ot subtotal stll teaves 2 sizeable proportion of patients
as hypertensive as before relieves a fur number com
pletely with the rematnder impraved to vanable degrees

3 Full therapeunc doses of ganghome blocking agents
or protoveratnne cause mtermittent ot sustamned normo-
tension in a few cases a madsfied response m many and
no appreciable effects {other than postural ones) n the
more severe forms of hypertension

55
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NEPHROGENIC EFFECTOR MECHANISMS

EVIDENCE FOR EXISTENCE OF OTHER
EFFECTOR MECHANISMS

o Tits pomnt we hase nferred that mechanisms other
Tthan neurogenic account for much of the generalized
+2s0spasm seen 10 severe hypertensng states Although
their natures are imperfectly understood there 1s sufficient
expenimental 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 exstence of effector mech
anwsms other than neurogeme comes from expenmental
hypertenyion and from the wide variatons 1n the acute or
prolonged effects of drugs acung on sympathetic nerves
To take up the pharmacologic evidence the following
chinical observations are pertinent

1 Rarly and mild hypertension responds well to simple

eeasures and mulder acting sympatholytic drugs severe
hypertension little or not at all

« Extensive surgical sympath either lumbodor
sal or subtotal sull leaves a sizeable proportion of patients
as hypertensive as before relieves a fair number com
pletely with the remainder improved to vanable degrees

3 Full therapeutic doses of ganghome bloching agents
Ot pratoveratrine canse intermuttent ot sustained Normo-
tension 10 a few cases a modified response 1n many and

Mo appreciable effects (other than postural ones) mn the
Tmore severe forms of hypertension
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Chapter IV

NEPHROGENIC EFFECTOR MECHANISMS

EVIDENCE FOR EAISTENCE OF OTHER
EFFECTOR MECHANISMS

© Ts pownt we bave inferted that mechamsms other
Tlhan neurogeme account for much of the generalized
\asospasm seen 1n severe hypertensne states Although
ther matures are imperfectly understood there 1s sufficient
experimental and clinical data to warrant careful examina
tion of several hypotheses which it or do not fit the facts

Most of the evidence for the exstence of effector mech
anpms other than heurogemc comes from expenmental
hypertension and from the wide vananons m the acute or
prolonged effects of drugs acting on sympathetsc nerves
To take up the pharmacologic evidence the followng
clinical observations ave pertinent

1 Early and muld hypertension responds well to simple
measures and mlder acting sympatholyue drugs severe
hypertension little or not at all

2 Extensne surgical sympathectomy exther Jumbodor
sat ot subtotal stll leaves a sizeable proportion of patients
as hypertensive as befate teheves a fair number com
pletely with the remainder 1mproved to vaniable degrees
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tmore severe forms of hypertension
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NEPHROGENIC EFFECTOR MECHANISMS

EVIDENCE FOR EXISTENCE OF OTHER
EFFECTOR MECHANISMS

o Turs pomnt we have mferred that mechamyms other
Tlhan neurogeme account for much of the generalized
\asospasm seen 1n severe hypertensne states Although
their matures are imperfectly understood there 1s sufficient
experimental and clinical data to warrant careful examina
tion of several hypotheses which it or do not fit the facts

Most of the evidence for the exstence of effector mech
anyms other than neurogenic comes from expenmental
hypertension and from the wide vananions i the acute or
prolonged effects of drugs acting on sympathetsc nerves
To take up the pharmacologic evidence the following
clinical observations ave pertinent

1 Early and muld hypertension responds well to simple
measures and milder acting sympatholytic drugs severe
hypertension little or not at all

2 Extensie surgical sympathectomy exther Tumbodor
sat ot subtotal still leaves a sizeable proportion of patients
as hypertensive as befate teheves a fair number com
pletely with the remainder 1mproved to variable degrees

3 Full therapeutic doses of ganglionic blochang agents
OF protoveratrine €ause intermittent OF sustained normo-
teision 10 a few cases a modified response many and
Mo appreciable effects (other than postural ones) wn the
tore severe forms of hypertension
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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, so that they accumulate to
form a new bomeostauc level
¥ ¢} Some orgalt is sensitizing the blood v essels to normally
arculatng 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 upon the {kidney as a mediating mechanmsm for
that comp: of efevated artenal pressure whichiis not
neurogenic 1n ongin} The posterior pitwmtary howeser
{ forms a pressor substance and the adrenal cortex can
 Semsitize blood vessels to vasocomstriction therefore en
{ docnne mech must also be dered {Chapter V)

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

First the effects of sy

pathetic nervous discharges upon
the renal circulatton must be examined Bath emotional
tension and catechol amunes cause venal vasgconstrction
bolished 1 the case of the former by sympathectomy
Cunously enough norepmephrine constnicts 1n so far as
15 known only the renal arculation to a greater extent

than other vascular beds The hemod
siumlar ta that seen 1y hyp: ynamic profile 1s

ertension with efferent arterio-
lar constriction being d b &

pinep P
the sme renal profile Therefore wcreased_neurogene
sympathetic tone can cause relative tenal 1schemia but
\schemia of no otherknownorgan h
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\asoconsgrictors themselses or which inhbit the destnic
tion of normally circulating pressor substances

1) Some organ 15 not destroying ot excreung pressot
cubstances normally present, so that they accumulate to
form a new homeostatic level
¥ ¢} Some organ is seusitizing the blood vessels to normally
crculating pressor substances

d) For some teason the artenal and artenolar walls

become thereby z penpheral re-
sistance.,

Probably all of these mechanisms can operate under
different chinical arcumstances
The vast expenmental and large chmcal expenence
with hypertension mduced by tenal wchema focuses at
tention upon the [kudney as 2 mediating mechapim for
that comp of efevated artenal pressure whichus not
neurogenic 1 ongm) The posterior pituitary boweser
{ forms a pressor substance and the adrenal cortex can
 sensttize blood vessels to vasoconstricion  therefore en
{ docnne mechamsms must also be considered (Chapter V)
In thns section we are concerned however with nephro-
genic miechanssms
Finst the effects of sympathetic nervous disct upon
the renal circulation must be examined Both emotional
tension and catechol amines cause venal vaSGCoTstICLIOR
abolished 1 the case of the former by sympathectomy
Cunously enough norepmephrine constnicts 1n so far as
18 known only the renal arculation to a greater extent
than other sascular beds The hemodynamic profile 1s
sumlar ta that seen 1n hypertension with efferent arterso-
lar constricuon beng d P hrine
the same renal profile Therefore 1ncreas .
sympathetic tone can cause relative ten

-ased_neurogenic
al 1schemia but
\schemia of o other known organ h
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4 No renm or angiotomn can be found after several
weeks of hypertension although the enzyme 15 present at
frst VEM 1 blood howeser increases with nme o 2
plateau {103)

5 The oxygen consumption of the lidney may be
teduced (104}

In kidneys Temoved from hypertensive 1ats and dogs
the followng y 1 have been demott
strated

1 Amimo aad oxidauon 15 reduced (304 105) suggest
mga generalnfubinon of oxdative enzyres

2 Transamination 13 reduced in the presence of ade
quate pyndoxal phosphate (104) suggesung a depletion
from renal tissue of apotransaminase

3 Deamunation of amines 1s reduced (10%) suggesung
deplenion of monamine oadase

4 Suconic dehydrogenase and possbly cytochrome
oudase are reduced (105) All of these enzymatic altera
tions can be explained by loss of renal nssue consequent
to projonged 1schemia

In man the following changes have heen measured

I Renal oxygen consamption 13 useally seduced {106
107} refiecting the 1schem:a

2 The unne 1s usually aad (108) reflecting perhaps
the acidity of the cortex mschemia
th;or;fizc:o‘; a ‘t:.gd;ncy for renal loss of sodium and some

) cauted 1n the case of sodtum poy
sibly by the acidity produang loss of hase

4 The rauo of ammonn to utrable 20d 15 Jawer than
normal nfluencing possibly

of hypertensine kidneys (111)

5 Prunary amines 1n artenal blood are usually elevated

("0 91 112} a result perhaps of in;
from ety gon oy perhap: suffictent deaminatior

the sadium losing tendency

Removal of one 1schemic kuidney before hypertensios
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frst VEM 1 blood howeser increases with me to 2
lateau (103

F 5 'HS: a)\ygen consumption of the ladney may be
teduced (104}

In kidneys temoved from hypertensive rats and dogs
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the acidity of the cortex 1n 1schemia

2 There 15 a tendency for renal loss of sodium and some
thlonide (109 110 4) caused 1n the ease of sodium pos
sbly by the acidity produaing loss of base

4 The rauo of ammonn to utrable 20d 15 lawer than
normal nfluencing posstbly
of hypertensive kidneys (111)

5 Prunary amines 1n artenal blood are usually elevated

(%0 81 2} a yesult pethaps of msuffictent deamination
from oxygen lack

the sodium losing tendency

Removal of one 1schemic kidney before bypertension
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s 15 more than an academuc pamnt 1f hypcrx:nsm;\
ere the Tesult of chronse minbitont of a Tenal cnzymm
emoval of the enzyme of semoval of the fadneys v.o:
ccomplish the same resuft, The next queston 1 whether
2 precursor 1s altered by 1scherme Jadney 1nto a pressor
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Fig 7 Azotemic hypertention with reversal when azotemia regressed
Pajient was 2 49 jearcld woman with abdamunal fymphosascoma
which Bad imnvolved both ursters chuung bdateral hydronephsons 1t
%as tmpossible to pam a wretheal catheter through the left Radio-
therapy was institated, resuung n a shuokags of ke tumar z e
e of xemal funcuon toward normal and 2 £ of blood pressure
Seeanonally 10 hyporensne evels

substance or whether normat kidvey mactisates 2 pressor
substance found normally 1n blood This question cannot
be answercd evcept by reference to the hypertension
exsung W the presence of one ascheue and gne normal
lsdney The hypotheses of best fit include bathy processes

fetention  hypertension developing with afoterma and
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fum of yemal funcuion toward normal and 2 20 af blood pressure
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substance or whether normal kidoey sactivates a pressor
substance foynd narmally in blood This question cannot
be answered evcept by reference to the hypertensun
exsung W the presence of one ascheue and gne normal
Tudney The hypotheses of best fit tnclude botly processes

fetention hypertensian. developing wit sfotemia and
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TABLE V1
Q
Ao Actos Caraste or FORMING Vrevary ANONIN

{Dog and Ral)
Renat e
Amno Renal Renal Renal
Arune dod Acd  Degminase Decat Amine
Oxidase Present boyzlase Oxsdase
Present Present  Prasent
Glyane +
L-Alane + N ‘;
L-ieucine H ;
L Cystein» H
L Methiomne
Lhspartic Aad * ? 4
L Asparagine
L-Glutamune +
L-Histdine + +
Oxygen required for
enzyme

+ ° o +
o ammonsa [otmed by glutamic acid ysine or atpinine

Aftes Menster (132)

ot diamune oxsdase which also acts on other diamines such
25 cadavenne The are oxidized by
ouadase

Both of these enzymes are found widespread throughout
many nissues. The liver 15 2 5ich source Smooth muscle
and gut contain them Their ubiguitons nature 15 alf out
of proportion to their known metabohic Fanctians

The mowt nteresting aspect of monamine oxidase 1
reference to Tenal sschemia 1 28 sensitivaty 1o oxygen lack
(Fig 8) Small decrements of oxygen tensson nhubit
enzymauc acuvity considerably which 1s fiot alwiys the
case for Gther oxdases (89) If thus relationship holds in
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that passed would be distnbuted 10 211 sascular organs and
ussues ncluding bran splanchme bed and hner In so
domg they would be expected to show 1) vasoactnity
before being deamnated and 2) some stmulatory ot de
pressant actions on cevebral metabolissn  f
Bactera 1n the colon have the proper decarboxylating

enzymes for these amino acids and for several others The
resultant amnes should theoretically act on the vascular
systern and brain m 2 sumlar manner sf absorbed That
they do not usually so act can be expluned by their de-
strucuon by amine oxadase 1n intestnal wall and tn hiver
For 1t 15 well known that primary amines and even ept

hrine can be ingested 1 large g without sys-
temic effects adding one or more methyl groups to their
side chains as 1n amphetamine or ephedrine however pre
vents oxidation by hepatic and 1intestinal amine oxidase
allowing the drug to pass unchanged through liser and
act on bramn or blood vessels No orally active amune vaso-
constrzcung agent lacks this side chain It 1s possible how
ever that when bactenal flora are setectively inhibited by

biotics products of 1 putrefaction can be ab
sorbed 1nto the circulation from the lower colon and cause

prorus espectally when the liver 15 damaged
Z;‘hc fact that extracts of artenal hypertensive blood

ually contan more primary amunes than those of nor

motensive blood (90 91) and that certain new or abnormat

~ 3 ates suen as shock and congestive heare
fadure would be assocuated with she same metabohe
abnormality
Thus atractive theory first
propounded by Holiz (87
has recewed comudersble auvention from our grsau;)a
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amines (which 15 theoretscally possible) a minor vicious
arcle conld be indnced ‘The result would be manor dei
grees of fuctuating neurogenic hypertension and many of
the symptoms of the neurogenic hypertensive state
- Smce we are concerned primanly with the halling factor

w hypertension and not with mild neurogenic vasospasuc
states 1t 1s well to examne the properues of this enzyme
system further There are two which are of help in 1m
plicating 2 disturbance of amme oxadation First of all
amine oxidase acts on hypertensin or angiotonin (4 112)
This pressor amme 13 2 complex polypeptde (119)
Serond the enzyme acts on pherentasin This pressor
amune 18 probably a polypepude (120) If the enzyme can
act on terminal ammes of peptides 1t 1s possible that the
formation of such peptidic ammes orcurs through decar

bovylation and destraction by termimal amine ovwidanon

Therefore we cannot exclude monamine oxidase 1 any
theory of pathogenes:s

Thu enzyme probably needs vanadim 2y a cofactor
Vanadum accurs 1 three valence states and 1s thevelore
3 good metal for oxidation reduction reactions bemng used
as such by certan asaidra which concentrate 1t from sea
water While not shown to be an essential trace element
for man vanadm 1s found 1n wssues of mammals and
occupies 2 place m the penodic table where essentiality
tught be inferred This subject wall be discussed further
m Chapter Vi
Possible Role of the Lungs In order to cover other con

cervable mechanisms of vasospasm 1nduced by humoral
Pressor substances we cannopr neglect the pulmonary ar

culanon Any yasoactive matenial formed 1n an oTgan and
discharged 1nto the venous areulation must pass through
the lungs before entering the area of action the penpheral
arterial bed The langs destroy at least one vasoactive



phrogeme Effector Mech 67

amines {which 15 theoretrcally possible) a minor Vicious
arde could be 1ndnced ‘The result wowld be manor de
grees of fluctuatng neurogenic hypetiension 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 vasospasuce
states 1t 15 well to exatne the properues of this enzyme
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Water While not shown to be an essential trace element
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the lungs before entering the area of action the penpheral
artenal bed The langs destroy at least one vasoacuye
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ably 1s associated with renat abnormalities (90 91 120 124)
‘As far 25 15 known 1t 15 the only prestor substance 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 solation and idenufication has been most difficult.
Much of what 1s known of 1ts nature comes from nactiva
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.

Remn Now largely duscarded the mechansm 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
fusta-glomerular apparatus (125) Thus proteclytic enzyme
acts on an arglobuhn made s hiver partially hydrolyzing
1t to hypertensin or angiotonin * a vasoactive polypeptide
As with most other more sumple substances this pressor
amine does not produce the perspheral airculatory profile
of the hypertensive state as does norepinephnine (126 127y
Unfortunately for the theotry remmn 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

1
and are used i exy
t W]
Teference 1s made to 2. 1peafic prepataton One lnmalbou{ld ﬂmp;:
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TABLE VIl

CoxpaR.s0N 07 PROPERTIES OF ANIMAL HYPFRTEMSIY AND
Huaax PHERENTASIN

Hyper  Pheren
Inactwation by fensin fasin Method and Remarks
[o} @

Dryog. 0 4+ (1) can be fyophilized
Heatat pti 8§ +
HeatarpH 29 o
Mirous and +?
Nithydna +?
Semicarbanide ?
Hydroxylarune ?
Amine Oudase
Tyvosinase
Papasn+eystene

(2) alters toa rapid reactant
(2) altens toa rapid reactant

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

Both enbanced
Zaw

Hydralanpe {1} more sensitive

NaSCN

S-Hydsoxyquinohne {1) stow (2) more rapd

EDTA NayH, (1} 569 m 22 hours

{2) 50-100%% 10 3-6 hours

Rapid for both

Nav,
NaFe{CNINO

henzyl 7 methel
§ methoxy tryptamne +

44+ colohoto cocototbihttot
PR

L+ ott+ Selot~+o FhttEEt

+  Serotomn antagonust

No White dutner differences Betwesn these two substances are
obviouy the hypertensin used was trobabity prinspally hypertensin I
{angiotomny ohtained from hog remin and serum Pherentaun may be hy
ertenun 13 of Fyman ongu wih g thghtly Giffereny ftructare since
::::; :|no Teaseq to believe that the = globuls of psg and man are
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ammals to normal levels (182) It 1s not remn As a pro-
tan 1t probably acts enrymatically Posubly sustamed
pressor pnnciple 1s a precursor of pherentaun or repre
sents another renal pressor mechamsm

Vasoexator Matenial ‘This unidentified substance has
the property of senstuzng blood vessels to epinephnne
when the latter 15 topically applzed It comes from uchemnc
Yadney and 18 active 1n Tnute amounts Larger quantities
appear 1 chromc hypertension and congestive heart
failure (100) Other substances such as renin pherentasin
sustained pressor principle and some primary amines also
have this property which may be nonspeafic

Others A great many vasoacuve substances have been
found 1n urine and blood most of them eventually show
I0g Up 3 pnimary amnes oy MOTe Complex structures
They may tepresent metabolic by products of the basic
renal abniormality No good case for any has been proven
s directly concemned n chrome generalized vasospasm
(138135 112 4)

Commen{ When many different substances are dis
covered or suspected to cause a single recogmzed abnor
mahty ume usuaily leads to the abandonment of all but
one as causatwve factors Let us attempt to gather all of
these different substances together and it them 1mto one
unified scheme Todoso we must speculate

1 Remn may be mvolved i experimental renal hyper
tension The evidence for thas statement 55 indurect 1n that
:nu remn{ yrcp:ir;d by mmumzation reduces the hyper

ension of rena ertens
neutralizes hog an)dP dognr::mdzisd U::znfzu og xenn
ypertension

2nu monkey ren:
mh monkey renn neutralizes monkey and human renin

¥ =se ant: renins are there

« ¢ anumonkey remn 1s found ta affect human hyper
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ammals to normal levels (152) It 1s not remn As a pro-
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l:::::;:i rsml hypertensive dogs (136) Antr hog renin
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contam 2 terminal amine group mecessary for Acuuty
Toth can act as a VEM Rentn 15 1nactivated i1 vivo by
crude monamine oxidase (112)

6 Alrerauons may occur by two mechamsms decar
boxylation of a terminal carboxyl leaving a pepude amine
or preferably peptide spluung leaving 2 termnal amine

7 The subsirates as well a5 the venuns from different
species are ly duff n P Human
and prmate remn will veact with the substrates from all
mammals tested while animal renin will not react with
arglobulins from primates The exhibition of prestor
actuaty OF alt hypertensins G0es not 1n any way ™ean that
théy"a7 1dentical 10 chemucal composition but enly that
they have 1n common an acuve group probably a terminal
prunary anune Pepsit acting on casein. praduces 2 pressor
pepude pepsitensin 1denuical in acton to bypertensin
‘Thete are thus many vanables 1n species the source of
2 remn the source of serum s lobuhing which almest
certawnly daffer 1n composition from. one specaes of ammal
to another and perhaps the nature of the plasma enzyme
comverting the 1nactive peptide 1nto sts vasoactine form
The different amino acids found by vanous workers can
be perhaps explaned by the different sources from wluck
tne remn znd s substrate were obtuned (Table 1X)
Since human renin 1s unique to primates and sirce human
Rlobulins are unique to man human hypertensin can be
axpected o be umque 1n s COMpOsILIon of amino acids
Therefore human hypertensin may have only a moderate
Tesemblance to that obtamed from horses dogs pigs and
cous and could well be pherentann

8 There 15 no good es:dence that renmn or pepsin break.
down therr protem substrates mto substances having 2
vermunal pmary amine Activation most Jikely occurs
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pepude pepsitensin 1denuical i acton to hypertensin
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to another and perhaps the nature of the plasma enzyme
comverting the 1nactive peptide 1nto sts vasoactine form
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through a manganous peptidase (295) Thus, we can postt
fate several theorencal alternate Teactions based on all
the endence (F1g 9 the actine maternals are 1m wahcs)

Reaction A would thus occux in acute 1asospastic states
while seactions B G or D might take place m chronic
states Pherentasin needs no serum for actvaty thatathasat
feast stx amnto acids 15 based upon the findings of the acove
mateyal howing si¥ spots m chromatograms A mote unt
tary hypathests 16 that pherentasin 15 actually hypeniensin
11, a matter on which we hae no endence as yer

Comment ‘The pieces of the piciure puzle are falling
mto place but there 1s need for much work to be done
before the outlmes are. clear

Loy of Action of Pressor Substances Winle not &1
rectly established 1t 15 reasonable to assume that 1) vas
adar smooth mustle 15 constricted by the pressor sub-

A Reompaystobl Troteolysis "
CLILE ahn e
o !:; :’ um A oot ypertensia I {peptide 10 amuing atids

Decal
Hypertensin {+Plasma enzvme e laton?

o Hypediensin 11
Peptida.e )
{active form w1tk termmal um\::) +CO£M"l ?
Hyperiensen H4-Monatne gndase~mnactne aldehyde +-NH;
Peptidase?
Hyp:r‘t:::;: H+Hypertenanase (plasms) memams mactive  sub.
B Herect '

v Pty
Prote
D Rentn+different globutin ﬂ:

Pherentasiat Renal or Therentann (64 amino acds)
el amme)y&nm Peptidase (MpH) v Pherentasis (ter

e 9
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10 do more than detect the grosser lesions A disease caus
mg renal 1schernia which then nfluences hypertenston 1s
often unsuspected hecause the cardiorascular manilesta
cons of the elevated blood pressute may mask the under
iying Tenal abnovmaliy
Orgame Parenchymal Renal Disease “The most common
diseases of the ladney produang ischemia are_pyelone
¢ o e

whet and Alamas lam ole

.

(148) Che latter may be masked nsofar as the unnary
sediment 15 concerned by the supenimposed hypestension
To fist the other more unusual renal diseases congental
or acquired 1s hardly within the province of this diseus-
sion most are often but not always awouated wih
hypertension (144 4)

Orgamc Extrarenal Artenal Disease Atherosclerons
of the mouths of the yenal artenes 15 commion ¥n general
1zed and i aortic atherosc) The } for
the deposiuon of hipid in plaques abowt the onfices of
bifurcaung artertes 1s not known Undoubtedly prescure
changes play a part possibly the presence of increased
numbers of vasa vasorum at such bifurcations mfluence
the lessons Therefore when atherosclerons imvolves the
festal astemes parual yenal sscherma may result with sub-

sequent elevation of the blood pressure 1 predisposed
imdwiduals With aortography becoming more common
such Jesions are more 1y d ated

o Blackman they are the usu:)ﬂ finding .
gs 1 hypertensive
patrenes (145} I 15 posuible that they repre J PCL' -

A q
bi

N SRRt 771
ccamse the exstente of these lestons has not been
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1n the two groups Yuile (158) recently reviened the litera
ture on the relation of obstructnve lesions of the man
Tenal attery and hypertension and concluded that such a
relattonshup does exist n certan cases "This author ponted
out the desirability of closer anatomical and physiologic
correlation

Orgame Intra renal Artenal and Artenolax Disease The
almost universal fesion found 1n the kidneys of patients
with hypertension at fecropsy 1s renal arterial and arteno-
lar scletosis TTus lesion 15 not the cause of the hypesten
Sion Hiowever butis the result And a late result at that.

About 50 per cent of patients having renal biopsies done
dunng the op of Jumbodorsal

1

ymp tomy had
lutle ot no artenal or artenolar sclerosis (159) Thus lesion

has been shown to result from hypertension produced by
a vanety of causes n rats (160 163) rabbus (164) and
dogs (165 7) Seral renal biopsies in dogs over a seven
year peniod have demonstrated the gradun} development
of the lestons only after 2 to 4 years of both neurogenic
and unilateral renal hypertension the first s1gn bewng a
thickening of the glomerular capsule and later an increase
m matenal 1n the glomerular tuft staimng with penodic
aad (7)

None of these renal diseases alone can be ud ta cause
hypertension - man until 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 third type of course
1 the resultof hypertension Theydo however 1wmiftuence 1t
profoundly and may often alter its course ta o progressive
and severe one That quality which we call the abnlity o
Teact to stress by vasospasm must apparently be present
first and 1 conjuncuion m order for severe sustaned hyper
tension to develop 1n patients with Orgamc venal ichemia

Why then are there no more cures of hypertension
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matter of fact many effectve drugs bind metals 10 one way
or another (Chapter VI) This common property smmedi
ately focuses attention on metalloenzymes n fadney and
\ascular smooth muscle It also stimulates considerable
thought about the Tole of trace metals m pathogenesis of
severe hypertension 1 which the neurogenic component
has become of miner consequence

The agents used 1n man are hydralanne and sts denva
uves thiocyanate ton sodum mtroprusside 2 3-dimer
captopropanol (BAL) sodium ande and ethylenediamine
tetra acetate Of pracucal interest for continuous use are

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

HYDRALAZINE AND OTHER CHELATING AGENTS
Hjdralazine and sts derwvatives are umgque drugs No

other agents known produce the same actions on vascular
smooth muse -

the key to
etiology of 5

51503 consideration of thewr pharmacologrcal chemucal
and enzymatic actions 15 necessary

Chemical Reactions Hydralaune like other hydrazides
1 a strang chelating agent. It will form a complex with

ron copper tn vanadium, manganese mickel silver and
mercuty The possible structure 1s

N
——Cy

HNH,

making a five nded nng with nitroy
2D 2 most stable
::\deme Thus property 1s shared by ssonicotinic acid hydra
e (somuand) and probably 1ts 150propyl  denvauve
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(ipronuznd) whose pyndine bases m themselves weakly
bind mesals without the hydrazde group (Table \I)
Distinct speaficities for metals are extubited however

Hydralanine 1s also a carbonyl reagent as are some other
hydrandes phenyl hydrazmne for example which forms
an ozozone with glucose It will bind pyruvate acetate
and acetaldehyde (168) Hjydralazne has speafic reac
tions 1n that no ozozone 35 formed with glucose or Jacuc
acd It does not combine with any of the sterouds tested
(168) Yt 1s 1 hyd phthatazine (Apresoline)

This agent also complexes with the sulfhydryl groups on
Gstemne gluratk 234 ptopropanol {BAL) and
other sumple mercaptans The complex can be dissociated
readily by arsenic

TABLE X1 A
Tsoxtazp ¢ HYDRALAZOVE avD METALS
Tsomtand
Binding
Destruction of Hydral
B
by Mert ;;";Ij;':" azinet Sunilarsties
Auto- (o) At
daving *
% % %
Mgw+ 0 5 bl
S T S
Ciad 100 100 87
ie‘:* 0 pot b +Greatest at pH 6 5-70
i 0 95 100
Cot+ 40 35 0 *
l::x“ 10 15 48
urs 100
i 15 ll:g Ng iGr:au:s! atpH 95-200

Lewin E and Hosch J G
Am Ry Tuberc & Pyjm uf: 7 73?6&50 ® (he sty of sonsn.
arnd Schroeder H A Studues on

the control of
ex 11 Pharmacological and bservat
0 1 hydrannophthalage Am J 35 s:-m zzfs%s‘?és“?““’ e
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% % %
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;:;ﬁ P 5 [ +
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e g 95 100
Cote 40 35 0 *
l::{« 10 15 48
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TABLE Xl
TEipTioN oF HISTAMMASE BY HYDRAZIDES

Coneentralion Antihyper
Producing 50% tennive
Subitance Inkibstion {malar) Effect
Guamdire HCL Xg:: _3
Thiosemicarbazde 1 3
Semucarbaznde HCY SX\U“, :
Hydrazine 50, BXI10~ :
Amingruamdine HCO» 5X10-
14 dihydrannophthalazine 1 3R10™ +
1 hydrazino-4 methylphthalazine 2 5104 +
1 hydrannophthalazine 6X10- +
Gross F Schuler ¥ Tnpod ] and Meer R Iohibition of dia
d: ) by phthak: Experenta 8 129
1952
Schuler W Tnhibwon of dase (b
2230 1952

1t binds strongly to artenal mash serum proteins egy
alburin and some polypeptides possibly through carbonyl
or sulfhydryl limkages It does not bind with casein nor
with mixed amimo acds

E Reactions Hydral 18 als0 an ann-enzyme
far several known systems It and it défivatives ate
strong a_@ﬁxsmﬁn_x_ases"dfareumlly prevenung histamine
formed Trodl Bustidine from bemg destroyed rapidly but
not necessanly cavsing Telease of hstamine from histdine
(Table XIl) Hpstamumne an tome from the achion of
histidine decarboxylase beliesed to be 2 pyndoxal en
wyme 3f 50 mibition by hydralaznne might be suspected
Hydralazine 15 a potent inhibitor of DOPA. decarboxylase
wn small concentrations also a vitamin B, enzyme {Table
X1} There 1s some evidence that histamumase wself may
bea pyndoxal enzyme (3 69)
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TABLE Xl
IxEIBTIoN OF HISTAMINASE BY ‘HYDRAZIDES

Concentration Antibyper
Producing 50% tennire
Subslanee Inkibstion {molar} Effect
Guamdire HCl lg:: _3
Thiosemicarbande A ¥
Semucarbazde HC SX\U“, ;
Hydrazine 50, BXI10~ b
Ammoruamdime HCOs 5X107
14 dhydrannophthalazine 1 3X10 +
1 hydrazino-4 methylphthalazine 2 X110 +
1 hydrannophthalazine 6X107¢ +
Gross F Schuler W Tnpod ] and Meer R Ithibaton of dia
d: ) by phthat Experentia 8 229
1952 N
Schuler W Inhibwon of dase (b
2230 1952

1t binds strongly to astenal mash serum proteins gy
alburin and some polypeptides possibly through carbonyl
or sulfhydryl linkages It does not bind with casein nor
with mi<ed amne acids
Enzymatic Reactions Hydralazine 1s also an ann-enzyme
far several kvown systems Tt F0d it derivatives dre
Strong antifstarminases thedrencally preventing histamine
formed Trodl Bistidine from bemg destroyed rapidly but
Tnot necessanly cavsing telease of histamine from histdine
(Table X11) Histarune can come from the action of
tuistidine decarboxylase believed to be 2 pyndoxal en
yyme 1f so nMbinon by hydralazme mught be suspected
Hydralazine 15 a potent nbibitor of DOPA decarboxylase
in small concentrations also a vitamin Be enzyme {Table
X)) There 55 some evidence that hustamnase wself may
bea pyndoxal enzyme (169)
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TABLE XIV B

EFFECT OF ADMINISTRATION Of HYDRALAZNE O Uriary
Excremiot oF 4-Prawmonc Aao (46} (1334}

Dass of
o | No  Max | M Mas g
Stpets | Tets B T Dw ¥ Touy,
Hydnlasioe us 1 135 15060
e on il (LT wann
Hydratanoelorl~3 } & m s new
Qu\'u’: o (55127
© EDTAY 3 0 2t PO 1Y ]
22 028 0
OaEDTAssdbydal | 4 2 3T T
asine [T
Normal s 2 a1
Aberoaderomn

4 n ma

Por 4 hournaltes @ mg. orally € pyvidoml bydeochloride
4 Calclum d 508 urm ethylenrdiamine tetraacetate intravenously
“The sangen for €ach groyp Shown fn ltalicn are the Bean extretian tates of each patient.
o - \ R

the speafiaty of the hydralazines for 2 reaction not ex
tubited by other hydrazides and similar agents

The known actions of hydralazine are listed 1 Table
XV The actions of a large number of stmilar substances
21e shown in Table X1 as regards the two enzyme sys-
tems considered here

Other Metal Pinding Agents Thiocyanats 10m 15 used

m ndustry for making soluble 53l of & number of
!!:etal‘s Inman accordmng to Sollmann (17%) g# ha annd

Al
v ¢ttt salts of thiocyanate: Symptoms
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TABLE XIV B

EFFECT OF ADMINISTRATION Of HYDRALAZNE O Uriary
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Years [LESTE))
0 21 I uo
o : 22 0-28 0)
4 k] 177 200600
m-:z“ b wenn
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o - \ .

the speafiaty of the hydralazines for 2 reaction not ex
tubited by other hydrazides and similar agents

The known actions of hydralaznne are histed sn Table
XV The acuons of a large number of similar substances
a1e shown in Table X1IY as regards the two enzyme sys-
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Other Metal Pinding Agents Thiocyanats 1on 15 used
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Al
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TABLE MV B

EfrEcT OF ADNINSTIATION OF HIYDRALAZINE ON Unrvary
Excretios oF 4 Pyemotc Aco (we) (1)

N ates  Ddl
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Tots  Dui g pirie
5%
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Onltydmlanzefo 1 3
Years

128 200000
ssun
18 no
On EDTAS IR
n 17 700-600
MK)\MW Wenn
Normal
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£ Catcl mdwodi ™ ethylencdlammne tetraacetase intravesously

The ranrafof each roup  bowa i italicy re the mean excresion rates of each patient
chelate frace metal Tha o -
ot ant
of 1son

b
the speanaity of the hydralazines for a reaction not ex
hibited by other hydrazides and similar agents

The known actions of hydralanne are Iisted 1n Table
XV The actions of a large number of stmilar substances
are shown 1n Table XTI as regards the two enzyme sys-
tems considered here

Qther Metal Runding Agents Thiocyanate 1on 13 used
i andustry for making soluble "al&s of 3 number of
metals In man according to Sollmann (373Y 1t hastenaa
the e ~ ~
prot 1y
hit we v Titlanie saits of thiocyanate Symptoms
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TABLE MV B
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TABLE XV—(contsnued)

Vascular Reachions s Animals References
Dilates constricted vessels renal femoral coronary
acts for many hours {438)
Does not dilate dlated vessels further fas 1 spanal
anumal) ($38)
Abolishes constricunn caused by Ba pitresain ephed
nne ergotamine histarine Privine (438)
Reactions v Mun
Lowenng of plasma cholestercl (180)
1 o lowenng of blood pyruvate or total carbonyl (168)
Apparent loss of Ti 1 urine
Mild anemia. {168)
? Histamune rolease 1)
Increaces carduac output tachycardia (425)

Increases renal plasma flow (426 427)

and side effects due to this 10n are vanable but resemble
in some respects those induced by hydralazine because
of the dussumilarity of the chemical structures of the two

‘TABLE XVI
Souvee CoupLexes OF TRIOCYARATES v WATER
Scluble Portly Sotuble Insoluble

l;_ln Ph Cu

e Hg T
Co A
In 4 S
Mo
G
Se
Ba

Hodgman C D ed Handbook of Chemast
i d P
Clevetand Chemical Rubber Publishing Co l9’Syl o Fhaves 338 B4
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TABLE XV—(contsnued)

Vascular Reachions 1 Animals Refesences

Dilates constrycted vessels renal femoral covonary

acts for many hours {438)
Does pot dilate dilated vessels further (as 1 spmnal

ammal) (138)
Abolishes coustriction taused by Ba pitressin ephed

nne ergotarmme histamine Privine (438)

Reactions v Man

Lowenng of plasma cholesterol (180)
1 o lowenng of blood pyruvate or total carbonyl (168)
Apparent loss of Tim urine
Mild anemia (168)
? Histamsne release {172}
Increa.es cardiac output tachycardia (425)
Increases renal plasma flow (426 427)

and side effects due to this 10n are vaniable but resemble
In some respects those induced by hydralanine because
of the dissumilanty of the chemcal structures of the two

TABLE XV1I
SoLuBLE CoMPLEXES OF TRIOCYANATES I WATER

Solubls Portly Soluble Insoluble

Ma Ph

Fe H Cu
€ Tt
Co Ay &

Hodgman € D ed Handbook of Chem:
Cleveland Chemical Rebber Publishing Co ‘1’\‘7’5’1 4 Physes 33 B4
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Sodum ande winch has a strong affinity for metals 15
a rather transient vasodilator, 2s 15 1S relatne choline
ande producing sharp reductions in blood pressure It
1s saud to show differential actions 1n normotensive and
hypertensive Tas not depresung Hlood pressure in the
former {175) We have been unable 1o confism clams for
chrome effects snman

Butsh Ant Lewste (2 3-dunercaptopropanal_BAL) 13
wsed climcally to Temove trace metals from the body Much
15 Friown of its acuons (176 177, 178) which do not i
clude affinsties for all metals 1t 15 2 disulfide chelaung
agent In our hands 1t has proven effecuve i causing
lowenng of blood pressure 10 Amencan hypertensive pa
uients for periods of a Tewhours On the other hand Brush
pauents have responded with a xse It a5 prolongedly
pressor n normotensive subjects (177) but was depressor
m one Amerian hypertensive panent in the hands of
others (176) BAL has httle chmcal use at present
hypettension {n ad P g 1t will mobilirg the
metal but binding 15 weaker than 15 that of \idnev for
the metal 15 depostted and cadmium nephns results (179)

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

Ethylenedinmine tetra acetate 13 2 mild anuhypertensive
agent i man Guven 1ntravenously as the disodyum calcium
complex 1t either lowers elevated blood pressure or re
duces the patents requirement for ganglionic blocking
agens (180) Not a strong chelating agent for many metals,
1t has luge chmeal use at present Prolonged oral use has
ted 10 1o toxicuty ineravenous use has produced signs of
zmg defictency (181) which resembles that of yitamun B

P 1 Compounds In hetized rats and
other animals a number of compounds having the cpacity
for bunding or chelatmg trace metals lower hypextensive
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both types of ammals D Lowenng of blood presture an
both types of rats and depression of the pressor action of
norepinephnine E Lowering of the blood pressure of both
normotensive and hypertensive Taty without greater efect
on the latter and without altering the pressor action of
norepmephnne (Fig 11)

Mercaptan compounds which snowed spectfic antthy

pertensive but not sympatholytic effects (Type A) in the
T wege

SHCHCOOH SHCH,.CHOH
Thioglytohc aad 2 Mercaptoethano!
HSCH,CHNH, 'HSCH,CH,COO0C:H,
§ mercaptoethyfamine Ethyl 8 mereaptopropianate
Protaine Salt of 8 mercapto.
proplonut aed

HS~CH—COOH
CHNHCR,CHSH), €1 H:.COOH
‘Methyl tris {8 mercaptoethyl) Thiomalic atid

ammonium chlorde {Mercaptosuccinic acidy

[$:

X
o

Lethyl 2 mercaptoymidazole

Compounds showing bath anuhy

pertenyve and no
mephnne blockade (Type C) were s

HSCH,.CH,CO0H CHSH
2 asd  HNCHCH,CH, r-n\JHJ‘-‘H
O0H
Reduced glutathwone ONHEH Co0n
and toaless extent
HICHLCOCO0NH,
TWERPOpYrIVIc 3ad

{ammonsum salt)
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)

Lethyl 2 mercaptoimidazole

Compaunds shawing both anubypertensive and norep-
mephune blockade (Type C) were

HSCH.CH,C00H CHSH
$-meroaptoproponic ad H;NCHCH.CH,CO\JH,(‘_‘H
00H
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Cettain mercaptans were depressor 1n both types of
ammals {Type E) although the last two showed ugmficant
differential activanes

sH
cibucoos CHORCHOHCHSH
s
HA sH
st HISCHERCHON
Sammoa bembazcle 23 \ (®ALY

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

CH.CHCHSH
CH,COCHSH 1
Acetony) mercaptan 1 thio-2 hydroxy propare
s\
C~sH
NaO, 7

CHy(CH),CHiSH
Tridecy) mercaptan
Sodim 2 wereapto-S benaathiazae

sulfonate

Five were mactive ot pressor the last having a shorr
fved differential action

COOCH,CH,SH
NH: Hy
SHCH}:HCOQK HOOCCHr«S—éH
Cysterne e

2 mercaptosthyl hvdrogre
{eatboxymethylmercapto) succinate

SH
Coon ([:H.
Mercaptosalieylie aad (‘( -
]
‘Tapazole

HOCHCICH) . CHOHCONHCH.
anh‘m;CHlCO‘VHCH-CHSH
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phrog

Qertawn mercaptans were depressor m both types of
ammals {Type E) although the 1ast two showed sigmificant
differential actinanes

s
ciducood CHONCHONCHSH
HN sH
st HISCHERCHON
pebante 334 AL
Samnoe (ﬂ‘.g 125

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

CHLCHCHSH
Cr,COCHSH y u
Acerony) mercaptan 1 thio-2 hydroxy propare
s\
C~$H
CH,(CH,),CHSY
Na, ' Tn-«lkcv\’r:«ﬂvhn

Sodium 2 mcrmnpzo-s benzothazole
sollonate

Fave were mactive Ot pressor the last having a shorr
fved differential acuion

COOCH,CHSH
NH: H,
SHCH:&HCOQK HOOCCHr«SiH
Cystemne 2 mereg togm(\)r?t’nivdrwn
{catboxymethylmercapto) suceinate
Si
Caoy }:“-
Mereaptosalicylie and N
Oy
‘Tapazole

HOCHCICH).CHOHCONHCY,
anh'm;CHlCO‘VHCH.CHSH
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ds were simiarly
A group of sulfurc comp
dmdf; 'I;ypc Aacuvity was demonstrated by
S
HNNE € HOOCCH,—-S—S—S*SCH;QOOH
“wry
T'hlosexmmlballde’ Tarathiodaceue sad

CHy NH
H,C—é—s—‘c/ na
S

3
21 butyh 2 thiopsendaurea hydrochlonde

/NH
CHLCH—-0—C0~C—5—C ot
N,
“H
Ethyl {guanyl: ) acetate hydcochlond
OmC—NH S s
éiﬂ, 21-““ H-N&NH“!H&N;H.
AN
Peeudothiohydanton

HHS
O}hl‘lzﬂ\h}h

Fic 12 A. Transient effect of 23 dumercapopropanol (BAL) on
systolic preswure of yenal hypertensive rat. Blood pressure was meas-
urtd by the foot cuff method uymg a photoelectnic cell The open
artles are weasarements made 2 3 and 4 bours afer the injecuon
the dosed ardes 24 hours later Note increating tolerance ™

B Efiect of BAL on blood pressare
wewing

of a $%.yearold pauent re
(5958) and ¥ h chionde {Cd) 1n too
low doses to produce normotennon Tosts are indicated at the wop
BAL, 66 mp every four hours intramuscularly was given for four
dnser. At the bottom unmary txazenion of hexamethonum ron and
iydralanae ase shown The 30hd Wack arcas Tepresent free vninary
bydralazine the open areas thay bound 10 sulfbydryl AN exarsted
hydralanne was bound after BAL way fven (FromPerry H M Jr
Schroeder H A, and Morrow ID 4m J M Sc 228205 1904)

m
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d
A group of sulfur-ce comp d b\s ere y
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B Effiecr of BAL on Blood pressure
wmng b

of a $%.yearold pauent re
(5958) and } h chionde {Cd) 1n too
1ow doses 1o produce normotennon Tosts are 1pdicated at the wop
BAL, 56 mg every four hours intrannuscularly was gven for four
dnser. At the bottom unmary txazenion of hexamethonum 1on and
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bydrtazine the ope
hydrilanne was
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HM Jr
v H A, and Morsow J D 4m § M se 2;‘;105 199&%

e — —
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“There was no actty exiubited by oadized glutathione
nor by

OO CHSCHCH,CHVHCOOH
SCHCINH M Xethionune
HyCHIVHACOOH
Cystine

One compound of wterest contained three cthyl mer
captafis on 1 qUAtETNAry AMMOMUM RItToZEn 1t Was made
on the posability that ganghomc blockade as well as
mercaptan effect might result However 1t acutely rased
the mean drastolic pressures of normal and hyperensive
rats 36 and 16 mm Hg Tespectively producing the tsual
drfferential mercaptan effect of a depression of 6 and 32
mm Tespectinely at the end of 2 hours Another of specaal
mterést had the basic structure of hexamethomum jon
with an ethyl thiopsendourea group on each quaternary
nitrogen  Although listed as Type L 1t depressed the
mean duastolic pressure of 5 normal rats 36 mm. Hg and
that of 5 fiypertensive rats 86 mm 1ndosesof 1 0to 1 5mg
Possibly ganghionsc blockade was combined with another
action on the renal pressor mechamsm

Examunation of the structures reveals that annhyper
tensive or depressor acuvity was confined to those aliphatic
compounds having a terminal sulthydryl group or SC\NH
1 the molecule unencumbered by 2 heavy salt aromatic
compounds contammg SCN were hlewise active Such
compounds usually bind metals gulfur mitrogen binding
bewngstrongestwith Cu N1 Ag Cd and contiguous heavier
elements n the penodic table These sesulty suggest that

posstbly some copper enzyme was altered or mactivated
t(a:smg the pharmacological actnittes of the compounds
189)

1f this surmise be true the nevt step was obvicusly to

est Xnown chelating agents s the same systers prefe,
b))
these noy mewabtlized I the . brnouly &

By weTe acltve o
wmetallocnzyme was altered. Vionsly a

# —y
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“There was no actty exiubited by oadized glutathione
nor by

CHSCHCH,CHVHCOOH
$—CH,CHNHCOOH e
HCHNH.COOH
Cystine

One compound of wnterest contained three ethyl mer
aptans on 1 quAteTnary AMIOMLDM ULTOZER 1L Was made
on the posability that ganghomc blockade as well as
mercaptan effect mght result However 1t acutely rased
the mean drastolic pressures of normal and hyperensive
rats 36 and 16 mm Hg Tespectively producing 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 hexamethonum on
with an ethyl thiopsendourea group on each quaternary
nitrogen  Although listed as Type L 1t depressed the
mean duastolic pressure of 5 normal rats 36 mm. Hg and
that of 5 fiypertensive rats 86 mm 1ndosesof 1 0to 1 5mg
Possibly ganghionsc blockade was combined with another
action on the renal pressor mechamsm

Examunation of the structures reveals that annhyper
tensive or depressor acuvity was confined to those aliphatic
compounds having a terminal sulthydryl group or SC\NH
1 the molecule unencumbered by 2 heavy salt aromatic
Compounds contamng SCN were hilewsse active Such
compounds usually bind metals gulfur mitrogen binding
being strongestwith Cu N1 Ag Cdand conuguous heavier
elements n the penodic table These sesulty suggest that

posstbly some copper enzyme was altered or mactivated
t(a:smg the pharmacological actnittes of the compounds
189)

1f this surmise be true the nevt step was obvicusly to
1est known chelating agents s the same system preferably
those not metabolized 1f they were active obviomsly a
wmetallocnzyme was altered.
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In order further to control the studes vamous pyn
doxyhidene metal amino complexes were subjected to the
same test. Selective Type A effects were observed with the
copper tyrosine miclel arginne aluminum phenylatamne
and possibly the cobalt phenylalanine complexes No ef

OWALENT METAL DeSO0M ETHCLERE DIAMKRE TETRA AETATE

Ty W T W B W N &N
Fi¢ 13 The effects of  emime af —on
ethylene-diamn
of hypertensive

FONTITA

tzed zats. The fu vat s01 L) metal compl
plex represents the

zgc;:d!‘o ;n:;mm after one intravenous m;ecll:on of 5 :n;}m:ﬁ:
oeond (h:n ird chanpes a like interval alter subsequent injections
By o:; 1 are shown each group represeptung at least 3 and
fo eic 5 o on e v Nove the ompanegi e
hypertensive (mean duastohe pressure 1)9cx‘:’:‘f!’:fn;;‘;le d&“ oo
:.xle ﬂ\’l’mlls {mean diastohic presture ™ m ug and nopmoten

fe xiu 445h )
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pressute of 4 hypertensiee patents monothioglycerol was
apparently imactive 2 trithione (ShF 1717) guven orally ap-
peared 1nert BAL, however exinbited depressor activity
1n 6 hypertennive patients when given esery 4 hours n
doses up to 50 mg per hg the effects were relatively
short hived (2 to 4 hours) We did not observe a pressor
effect after this matenal was gaven (183)

Comment This common denominator of the antihyper

o, O M Rt K ot 7 te
Fic 14 The effects of 2 5
eTies of metal 1ons
of groups of hypert n & — on the duastolic pressures
nowmotensive (mea
snilarly teated. T
alaum salts were
ndicated as well 2,
Note the dif = SV adan and chromie ehlondes,
m Figure 1% erences between the rons and their enenet
Oickefous

a® ru

er
546 19 — v Lun Med
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AT
tensive compounds ROt actmg m:nma that iy the by

1
tion their dispersing powers and their transport to other
sites The smking comadence however of metal hynding
properties and effect Iead to only bne tonclusion that otte

-3 Taadf -
B R

ks @ s UL BUW LOEY LAY 4LL Wi U discussed 1n tol
lawing chapters

FHE ¥FFECT OF ANTIHYPERTENSIVE AGENTS ON
NEPHROGENIC EFFECTOR SUBSTANCES

A method for screening anuhypertensive agents involves
the wolated Tabbit aotuc strp 2 spually eut pece of
smooth muscle which contracts when pressor substanices
are applied (120) Substances acting mawly on norepmeph
Tme and other primary armnes actig on more complex
pressor substances and showing general wmiubition of a1
types can be evaluated While many agents tested cannot
be applied 10 uan therr activities can be evaluated readsly

an, ygofated wmuscle and 1 the hypertensne ammal A
b which 15

suhabus ph and
lowers the blood pressure of hypertensive yats while not
affecong notm 15 ok 1y of th

T3peuiar interest
Pherentasin Using the 1solated rabbit aoma suspended

1o o¥ygenated Runger s solusion 2 number of thee sub-
stances hage beent tested for thew actnnes agamst phe
Tentasin The relative degrees of inbibon are indicated
wm Table Vi1 Al of the meal inding agents ate 1
Tabuory On the possbility Wat pherentasin may be an
adrenergic agent ¢ number of sympatholyne substances
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15 not lowered or raised 2) venal plasma flow ncreases
relatively more than penpheral blood flow 3) bload flow
through other avess does not change 4) blood viscomty and
volume are not altered and 5) there are no toxic manifes-
tauons Hydralazine does not fulfill all of these cnitena
and also causes late toxicity and some unpleasant sule
effects However 1t 1s probably the closest approximation
available at the present time the others enther beng in

APRESOLINE BLOCKADE OF PHERENTASH

120
120
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ever acute arthnitis and prostrauon have occurred within
, few hours of gving the drug or 1ts analogues (185 189)6
hoth to patients recovering from hydralanine disease  an
to vthers never recenving the drug before We have seent
showers of L-E cells appear 1n one recov ered persont who
had taken no drug for 2 years and was given small doses
In several other mdwiduals reduction of doses has re
sulted 1m xeversal of symptoms but not of all laboratory
abnormalities 1f the L-E phenomenon 1s one of hyper
sensiavity whichs 15 not known  this explanauon for the
disease 15 tenable The question 1s open but we suspect
that sts answer will be fruntful of nformation on hyper
senutivity collagen disease and hypertension

We do not know which substance 15 Temoved from the
body by hydralazine or which enzyme system or group of
systems 15 acuvated The ability to produce this syn
drome m man by a drug however suggests that Jupus
eryth stself 1s an 1 disturbance which
might be affected by replacement therapy A suggestion of
what has been removed 1n the way of metals may be ob
taed from trace metal analysis of human unne when
hydralazine was given and from cases of known hydralazine
disease and known lupus erythematosus (Table XX) The
abnormal unnes ate somewhat low 1 manganese some
what lagh in tin and zinc While these findings may not be
pertinent ¢a pathogeness they deserve study Blood copper
levels were not reduced 1n thig syndrome

Ot the other Lnown functions of hydralazne carbonyl
:“'&1‘“"1!:' s the most logical to explan the touerty It 15

owever to concerve of carbonyl binding as lead

ng to depletion Thete was no dimnution in total
catbonyl ot pyruvate w blood of patients treated with
hydralazine Tts other function removal of sulthydryl 18
alo 2 possible but not probable cause of

P
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disease  Jts hnown antihistaminase acuvity and the rela
tion of hstarmne to hypersensitnaty 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
gnen that it 15 readily detectable easly reversible and
does no permanent harm 1f the drug 15 discontinued m
tume There has been no mortality except 1n unwatched
patients and the drug on the whole 15 hardly more toxic
than many 1 continuous use for the control of chronie
duseases The method of use 1 discussed 1 Chapter VIII
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and winch nerease the Tate of development ol athero-
scletons axe begmmng @ be appreciated Of chemical
explanations we Jooh for same dusturbance of some enzyme
system concerned ) m the relaxauon of stooth muscle
b) the destrucuon of posennal pressor substances, ¢) the

yeactvity of blood vessels ot §) the metbolsm of the
kidney

THEORY OF HARITUAL REPETITIVE STIMULL

One 1dea 15 that the tngger mechanusm for emottonal
discharge to vasospasm becomes more sensihive as the years
ass fesser and lesser stmuh setung off the response In
‘/gthcr words an habitual pattern of reaction 1s ser up whach
becomes more and more actwe and eventually leads o
organic renal vascular dusease thereby cansng organe
real schemia This explanation begs the question and 15
inconsistent wath the fact that demonstsable renal vascular
Sisease tay be sbsent 1n sustained hypenension

THEORY OF DEPLETION OF VASCULAR
SUBSTANCES

Another theory 15 roncerned with the depletion of sub-
statices or the weaning out of the mechamisms whaek czese
reversal of vasospast 1€ the relaxation of smooth muscle
In oher words repetitve stresses accederate (he aging
process 1n smooth muscle making st mose reactive There
13 no evidence for this theory although ar Srene Gyorgh
has pomnted out (190) contraction of musck, molves losy
of potennal energy, relaxation a buig up af eneryy {phos
phate) in the cantractile elements Therefore shght (0.6 of
somme substance promonung the restorstion of the energy
for refaxation may pceur with time or powtly wivibion
of the mechamsms of energy ¢ orAge by accusmalanon of
another swbstance In that event, bermanent vasospasm
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may be no vascular lestons Do organic renal disease 1o
orgapic xenal sschemia but functional changes are found
whch are obviously dependent upon circulating vasocon
strctor substances provakung spasm In the dog spasm 18
even present distal 1o renal arterzal constrction (10) What
15 the Teason?

To find the answer we must delve deeper into those
mechamsms affected by ischerua wm order to thnk of
stmniat ones altered 1 she funcuonal state Somethung has
happened to the kidneys of patients with sustained  func
tional  bypertension which may be smlarly affected 1
organtc venal uchema We look to altered enzymatic
mechamsms to supply us with a common denominator
Because 1schemra 1s Telated (0 OXygen wension and pxygen

sampuion oxidau e mech are the first to be con
sidered Ts possible therefore that some renal oxadauve
enzye 1 man 15 reduced 10 function by both orgame
ischemua and an exog ac lating e? If
this “ere so a populauon might be exposed uniformly to
this substance but only certain members predispased 1o
hypertension 1 those who Teact to stress by vasospasm
mght develop permanent disease

Pickenng put forth this same 1dea that a whole popu
laton was  contaminated but only certam persons de
veloped the disease (Chapter 11} This theory 15 e only
one consistent with the known faces and which explasns
the wirtual absence of the diseate m many areas of the
world ¥or 1 1 trkely thar a proportion of all human beings

react to stress by neurogens: discharges through the sympa
thetit nen ous system

There are two
should be explosed Tn order to discover this hasic dus-
turbance Bath could explun ths most ymportant, factor
One mvelves vitamin B, gne trace metals,

ORIl s

1

posnibihities intimately related which
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and pmgmngocdswmay,hunargmal with xcs;icijtt:

reenint women 2ppear to be somewhat debuent ine
‘é,;f:ng fetus ap?di‘:leﬂ! removing the yamn from the
mother Without <ausing skin lesions (203 207) Army
combat ratsons were found defictent for ruonkeys and rats
(206 207) and a brand of wnfant food was found deficent,
cusing convalsions (208, 209)
7 As we have sud there 15 obviously no generalized de
fiency stare which can be recogiized sn the Amencan
atult population Marginal mtakes howerer are possible,
especially qunng seasons of the year when the diet 13 com
posed Jargely of Processed foods Converung the valuyes 1n
foods descnbed 1n the iterature to mciude 2 datly diet
we have found that the intake 15 barely adequate (202)
About 6 Zmg per 100 Gm of food 1s pecessary to promose
the growth of raty Not many foods contan thiy much
when cooked and 1t was diffienlt to caleulate 2 28 mg
ke 1n a sample hospieal det (202) ©

Wiy do nat 4 deficiency symp appear?
Apparently thys Coenzyma has an affinsty for ssspemy 1 here
1t 15 most needed for 1ife and less for bealkth Its distribu
ot 11 argans shows wide vanasions (201} Perhags tenal
defimency cin st wuthout deficrentes elsewbera, pet
Yhaps overlgading of pne yaam i B, enzyme systern by
metanolic prod.ces cat produce 3 state of lacal deficrency
wiout 1t bung manlest 1 other systemy The need for
a toenzyme varies as the load placed wpon the enzgme
S as 15 50 Well known 11 the fase of vitamm Be or

wismi A thid posybiliry 15 that spearfic antagorusts ac
cumuylate with age

“Frace Metal Imbalante The seca
meinenzmes Thers are map
Gaency of » wetal were prod

nd theory concaed,
Y the fadney 1€ de
woed that enzyme would be
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come mactsse until the metal were replaced There 1s no
evidence at the present ume that specific metal deficiencies
exist in man with the possible exception of zinc in under
nutnition On the contrary there ate many irace metals
m Amencan ussues which perbaps are not only unneces
sary but undestrable The hadney 1s notable an this respect
(Chapter VI)

Because an undesirable metal can replace an essenual
one i an enzyme syster and mactinate 1t in vstro, 1t 18
probable that such a consequence can occur in vivoy In
order 1o determine where 10 Jook we must examine the
essential and the presumably abnormal trace metals 1
Amencan human adult tissues and unne (Table XXE)
compare them with metals found 1n 1nfants to discover
which accumulate with age and also compare the tissne
cantent of people from areas not exposed to hypertension

Thas subject will be discussed 1n Chapter VI but exarmples
can be constdered here
~s

(=1

At Caatumauon ot the mhibnory effects of 2 number of
trace tnetals npon DOPA decarboxylase and monamne
oxidase revealed the following Some snhubition was ex
habited by all 1 high concentrations bur at low @1
lhmolar) only cad and mercury sig) ly
hibited enzymatic activity of DOPA decarboxylase i)oth
inhubited monamine ouidase 1o less extent {Table XX111)
Bath are nephratovc and will dusplace zime {p 146)
{Any disease which 1s 2  function of azmog may be wfin
enced by the gradual accumulation 1 tissies of those
trace metals whirh appear to show urg?rf?ejeamty and
POOT_excrenon JAny drseases appearing frequently 5 a
{GTon of Wéstern Crvibianon which are virtually ab-
sentan unavilized man may be mBuenced by accm)r’nuh
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uon of those abnormal tsace metals to which avihized man
1 exposed Ca ular diseases d with aging
therefore may be inftuenced by accumulation of trace
metals m ladney Inver blood veseels adrenal or brain
I Table XXII are shown evidences of accumulation of
sanious trace metals or lack of 1t in Amencan ladneys with
age Although the numbers m each decade are small the
trends are defimte for mckel utamum and cadmivim, ot
se for un Zing 1s accumudated 1 proportion to cadmium
One of these metals could be the culpmt although we
suspect cadmium because of 1ts prevalence (see p 146}
Qther oxidatve metalloenzymes mn ladney {or elsewhere)
might be affected by abnormal exogenous trace metals
Two pertaiming to the problem of hypertension ate listed
m Table XXIII (Anv enzyme contaimng free sulfthydryl
groups can be inactvated by metal binding thereon thus
metalloenzymes are not essental for amactivation by
metals j Direct evidence for their partsicapation 1s lacking
but they are shown to call attention to thesr role 1n nitrogen
metabolism direct or indirect and to their metalloenzyme
natures Vamadium and cadmwm have striking actions
Theory of Electrolyte Imbalance Small elevanons in
the serum sodum of hypertensive panents Fave been re
ported from fimme to tme (210 211) Thest sigmficance 1s
unclear The hypevtensive kudney 13 a salt losing kidney
no functional or movphological alteratiohs iR &dfenal
cortex have been demonstrated 1n the usual case There 51
evidenice _however, that the sodium content of artenal
walls may be mereased causing enough suelling to_in
;?%h%ﬁl;%ﬂﬂclhue 18 alo evidence
UM IR e 0cy aflects vascular armtabiliy
m_that the penpheral vessels hecome less s
sodium deplevion and more_sensitiye ,wd:nsmvg -
tion and the ad ° i um_reple

ace

10n. of desoxycor
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wate What change affecung socium intake Toss or shft
ocenns 1 hypertenston s not Lpawn There 13 1o €O¥
relanon with sa3t yntake sn man although moderately hy
pertessie Tats choose to €at more The, - alteration must
T w4 nams ana ond mar 0 nlos natasitum and mag

. . f . Obstruction In
wtw of the above discussion 1t 15 haghly possible that
y 1 dary to orgamc 1schemia and
those caused by one or more of the aforementionel fac
tors may be similar If so E:L“fﬂ abstruction of a renal
artery by atherosclerotic plagugs $ould Brovde theneces
sary mechanusm for permanent hypertension yust as well
as could intrarenal enzymanc changes from trace metals
or coenzyme deficienty Such obstructive lesions exist and
faay be more Coramon than realyed (145) One cansmagine
2 hypothenscal case & man with the abity to react
stress by vasospasm passes through s first five decades
only with tachycardia or transient hypertenston under the
sumulus of an exarmnation In his §ith decade m our
wanpiiation he begins to develop overt atheroscleroms
plaques of which are deposited by chance or by dynamue
design at the mouths of his renal artenies He then de
velops hypertension  caused by some organie remal
ischemia and soime nevIogemic vasospasm As the hyper
tension increases the Tate of development of atherosclero-
s1s these plaques may become larger leading to further
renal 1schemia and hypevtension but withour much sntra
;r::;:mxn;.l stlesoss Mo sy w2 hus sixth or seventh
sequ:nc:“ :fa CZI&‘:]‘QSB:'! a‘h;tomktquc mmphmnbn Th“
Tecessnare trace metzla)x'ml;I;:-ie mmlz;‘on 2nd does o
turbatce wnless a commor d(cmo; s <arymatic dis
hypertension and atheroscler s (Coamnes pness both
os1s (Chapter VI§) Further




Factors Influercirg Hypertension 127
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sk between these condivions and functional ReRrogeme
vasospasta they can be presumet 1o yeactan the sume way
“Therefore 1 Jate stages arterolar nephroscierons wnsed
by the hypertension produces organic renal 1schemia
which sustams the hypertension As ducussed prev 10udly
we probably cannot use this Mechanitm 0 actount for
muddle stages of sustained hypertension because orgame
Iesions are often not present.

Snmilarly the bular part of the nephron way be up
able to distinguith the difference between orgamie artersal
and arteriolar nyrrowing from these causes or ffom wira
renal artenal chstruction by scars (pyelonephniug) and
glomerylar gbstrucuon (nephrius and glomerulosclerosis)
The locus of the mechanism reacting to Tenal schemia
may be postgfomerular (tubular) or 1t may be in the juxta
glomerular apparatus which lies avound the afferent
arteriole in the Jatter case chrome glomerulonephnns
fght not be expected to cause hypertension unul fairly
widespread renal degeneration had ocensred This mav be
the usuaf sitwation

Comment Qne can only guess at which factor operates
m a given bypertensive patieny. There may be several
others not Mentioned The theery of wictous cycles or
<jbemetics 15 quute prominent m much of what has been
4ud as 1t 15 1n many pathologic states and normal met
abohe pathways (winch are far from Wicous uon! dis
twbed] This mechamsm_which tramsforms sntemutient
reurogenic vasospasm nto permanent ncﬁlﬁg}'ﬁ:c and
nebrogeme hypestension, 3 the X Therefore 1t

betomes of foremort wmporance to understand s fer
treatment 1y -

break the cye
Telatnel
mmx;cy ROLudear LUL IbfErer.rg phymologe abnor
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mechamsms are unknown but the climeal and laboratory
evidence that adrenal sterords cause hypertension m cer
tain cases 18 clear The reader should remember, however,
that there 1s no evidence that the adrenal cortex 13 Over
active 1n most cases of neurogenic or nephrogentc hyper
tension but that 1sofated yostances m which 1t plays a
definite and perhaps primary Tole are known

Exp 1 Sterord Hyp For many years 1t
has been recognized that desoxycorncosterone (DOCA)
a salt retainmg hormone will cause hypertension 1n raw
when added salt 1s gnven (216 217) Lohewsse a syndrome
swular to toxerma of pregnancy can also be produced
relieved or prevented by hydralazne (218) Feeding of salt
alone 1n excessive quantities can produce Tat hypertension
{219} vascular lesions resuft The amount of steroid and
the amount of salt necessary to produce this disorder are
far beyond phynclogic hrnits DOCA 1s pressor 1 yenal
hypertensive dogs (220) and hypertensne pauents (221)

Salt restniction apparently snduces adrenal cortical hyper
actwvity (222)

Effect of Experimental Nephrogemc Hypertension on
Adrenals Adrenal hyp phy accomp expenmental
nephrogenic hypertension (223) Furthermore rats with
moderate hypertension voluntanly drink more saline than
do nommals or their pawred severely hypertensive mates
{224y This mcreased requirement for sale may be a Te
flection. of the salt lowing tendenoes of scherme kidneys
already discussed 1n Chapter IV

Relation of Adrenal Cortex to Medulla It may nat be
a comcidence that the adrenal medulla concemmed with
the 1elease of epimephnine and the cortex concerned with
sugar salt and sex, ate enclosed 1 the same gland. There 11
n ntumate relationshup berneen the two hormones act
ng on vascular smooth muscle There may be a further
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N on vascnlar smooth muscle There may be a further
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reacduly when depris ed of sodium conductance ts rcst;r:d
by 2 number of quaternary ammonium compounds (229)
‘Whether or not mereased conductance drewrs when there
15 20 excess of intsaneuronal sedrum 15 not known Yhe
decreased senstivity and the somenmes Jowered blood
pressure seen when dctary salt 15 severely restricted may
perhaps be explained on this basty

These nterachions between newve transmission sait
\asoconstnctor substances and steroids can explain some
of the clinical findings which appear on the surface 1o be
mexphicable Normal vasomotor tone normal discharges
of sympathetic hbres normal amounts of notepinephrine
can produce generalzed vasospasm when the vascular
smooth mustfe becomes hypersensiive through salt and
steroids Remoral of salt or sterords may restote senstiaty
to normal Extessive vasomotor tone excessve discharges
of sympatheuc fibres excessive amaunts of norepinephrine
formed at nerve endings can produce a rauch greater
degree of generahized vasospasm when the vasenlar smooth
muscle becomes hypersensitive Removal of salt or sterods
restores senuthiity to normal but does no more than panily
reduce the vasospasm to a lesser Jevel to achiere stnct
notmality requires additsonal yestoration of sympathetsc
204VIY 10 notinal When the vasospasm 15 10 parr cansed
by arculating b } pressar sub. e o2

ncrm;l state 13 trapassthle unless these substances are wnac
uvat

Chmical Tandungs Many bt not s Panents with
adrenal cortual adenomata or hyperplasia bave hyperten
sion Other sterosd producing tumors may also be assae

ated with hypertension Hypercasion 15 uncommon  but
notulknowm m vinhung mmers we have seeq 1t vegress
on sutgral removal of the tumar Cu

shing s syndrome 15
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readhly when deprived of sodium conductance ts restoted
by a number of quaternaty ammonium compounds (229)
‘Whether or 1ot mcreased conductance becurs when there
15 a0 excess of intranewronal sodiwm 13 not \nown The
decreased senstwvity and the somenmes lowered blood
pressure seen when dietary salt 1s severely restncted may
perhaps be explained on this basty

These snteractions between netve transmission  salt
\asoconstrictor substances and sterods can explain some
of the chimical findsngs which appear on the surface to be
mexphicable Normal vasomotor tone normal discharges
of sympathetic hbres normal amounts of noremnephrine
cag produce generahzed vasospasm when the vasculay
smooth mustfe becomes hypersensitive through salt and
steronds Remotal of salt or steTords may restore sensitivaty
to normal Excessve vasomaotor tone excessine dicharges
of sympatheuc fibres excessive amounts of norepiephrine
formed at nerve endings can produce a much greater
degree of generahzed vasospasm when the vascular smooth
ruscle becomes hypersensitive Removal of salt or stesoids
restores senutivity to noymal but does no more than partly
reduce the vasospasm to a leser level o achiere stoct
notmaty requires addimonal restoration of sympathessc
acuvity to norvinal When the 12505past 15 10 Pasy czused
by arcutating b } pressor substances ves toz

normal state 15 rrpassthle unless these substances are nac
uvated

Climeat Findings Many but not a Patients with
adrenal cortnal adenomata or hyperplasia have hyperten
sion Other sterasd producng tumors may also be assocs
ated with hypertension Hype~enston 15 uncommon byt
not wiknawn m vinhang twmors we have 200, 54 vegrews
on sutgical removal of the tumor Custung s syndrom:s;s
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Fic 1/ Cengral obestty menstrual mvegularities Jow s cat salt (<0
mEq Ljand hypertension Ropad v et gun mild opsetsm easy
bruisabulity and mnderate dubeies were alse prescnt Tins comples
has becn named the endocrme logestensne syndomte fag want
ol & more defimtire sord The blood pressure was lighh respopsyse

0 salt restriceon (8 3¢)

They may be recogmized by the presence of central abesitr
and hypertenston n women menstrual rregularites e
common {Fig 17) The condition has been seen 1n famt
hies {4 Presumably their bypertension 18 mfluenced by
an overproduction of afdesterone o other salt retaming
botmones which decreases the sodwim i swear (o Jow
levels e must hypothecate the chaw of ewents ¢ Ie
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mEq /1) and kvpertension Rapid 1 erght gan mild birsuinm €15y
brujssbaday and moderate drabetes ¥ ere also preens Thie complex
by been mamed the  cndocnne hypertenstie syndeme Dy want
ot a mare defimmie word The blood pressure %as hihly sesponsse
@ salt restriction (3 3c)

They may be recoymzed by tlie presence of central ebesity
and ypertension 10 women menstrual mregulanities are
common (Fig 17) The condition has becn scens wn fapn
Vies {3) Presumably thewr hiypertension 1 wifluenced by
an overproduction of aldr stevone or other salt retumng,
hormones which dectenses the sodim m sweat © low
Yevels We must hypothecate the chan of events 1 the
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pletion or some electrolyte abnormalty may be the sumu
1us 1o the formanon of aldosterone 1t 15 possible that the
muld aldosterorism measured may be merely 2 reflection
of this salt losing tendency, which probably has sts seat
1n the kidney Shghtly excessine production of aldosterone
could be predicted from Lnowledge of chronic renal salt
{oss Obriously this form of adrenal cortical hyperfunction
would cause 1f a primary mutrating factor salt retention

by the kidney a phenomenon oppostte to what 1 actually
encountered

CLINICAL IMPLICATIONS

Obvsously patients with hypertension 1nfluenced by
adrenal cortical Grveracivity should Tespond to Yestrichion

of salt by a lowered blood pressure They do The fact
that severe 5™ - -

tension gecor

the role of th . aulinal i tnis state Severe salt restrict an

~ st WIS LD NOE mear that all Auman
hypertension 15 dependant upon steroids and salt on the
contrary these cascs are 1n a minenty The reader must
remember the simple fact that detary salt restrction of
severe degree causes overactivity of the adremal cortex
and that the usual hypertensie hdney 15 2 salt losing

bidney to an evtent dependant upon the degree of
T
damage or renalischemia P ree of venat
L)

by
frc © s uan LAl 1 ne

- urogenic or nephrogen
hypertension  Although eventually artenolar n}:phrisrlec
ous develops 2 lenon dependant only on drastolsc hyper
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pletion or some electrolyte abnormality may be the sumu
Tus 10 the formation of aldosterone 1t 15 possible that the
msld aldosteromsm measured may be merely a reflection
of this salt losing tendency, which probably has sts seat
1n the kadney Shghtly excessive production of aldosterone
could be predicted from Lnowledge of chrome repal salt
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and that the usual hypertensie kdney 15 2 salt losing

kidney to an extent dependant upon the degree of renat
damage ot renalischemia
L)

by
frc uar Last U1 NEPTO;

- genic or nephrogenic
hypertensnian Although eventually arteriolay nl:phr%)scle
vous develops 2 levion dependant only on drastolic hyper



Chapter VI

TRACE METALS AND CARDIOVASCULAR
DISEASE

INTRODUCTION

£causE of the strong suggestion that trace metal 1
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 pattern s clearing
By trace metals we will consider only those present mn
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
Tabited mtermediary metabolism would cease 1f calcium
were displaced muscular relaxation would cease Partial

141
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have 2 coordination number of 4 or 6 an mdex of the
number of donors of the chelate with which the metal will
combine Thus magy Y d chro-
mic 10n manganous and mangamse ferrous and fernic, co-
baltous and cobaltic nickelous and mchehie nn and lead
have coordination numbers of 6 while zine cupric cad
miwm mercury silver gold have one of 4 and molybdenum
of 8 Those of titanmum and scandium have not been de
termned (233) Some functional groupings which bind
metals are carboxyl hydroxyl carbonyl amuno (primary
secondary tertiary cyclic tertiary) sulthydryl thioether
sulfonate and phosphonate (232)

Prnaples of Chelation The general tufes regulaung

the stability of metal chelates according to Baslar (234)
areas follows

1 Ring siructures msolving metals and oroanie can
.

G = A udlutied TNgs Inats presence are the most

stable
3 Fused mngs that 1s configurations 1n which two or

mote tings have 2 comman side have a greatly increased

A
!
M +6,(-A~\)1—A T Metal complex
a
A

N
M4 1‘—r\—q\<\l‘ﬂ I Metal chelate

whete M rrpresents 2 meeat on & reden
i
A~ represents a chelating agent. T 3 omplexog agent und
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suggested that metal 10ns considered inteschangeable such
25 magnesium manganese and cobalt are spectfic for en
zyme actnity and cannot be interchanged 1n the strict
sense of the term

Certamn meralloenzyme systems need orgame coenzymes
{or vitamins) for acusity One posible example 15 pym
doxal phosphate which according to Snell requiresa metal
for the coenzyme t0 become acuvated (215) While the
metal 1s nat known model systems constructed without
the apoenzyme suggest that either copper 1ron or alumi
num could be the essential one {237) It 15 apparently so
firmly bound that most metal brnding agents will not 1e
move it Other well hnown examples are riboflavin where
flavin adenne nuclecude 15 anumately bonnd with the

owdayon and reduchion of 1ron and the copper Savinord
1 acyl Coenzymme Adehyd

Qther hers of
the vitamin B group 1n some cases may requre metals
for actisuty mag with th and molybd
with flavin adenine nucleotide are examples

In general the actinve essential metals are divalent and
1 the first transiional group of the peniodic table Copper
1 essential for phenolic and catechohe oxidation and for
far bolista M 1s vequared for peptade sphitting
and for carboxylauon In view of the hugh concentrations
of zinc 1 tussues and the very few anc enzymes found
carbomic anhydrase being the most pretalent 1t 1y possible
that others eist The metallo-porphynns are good ex
amples of chelates heme the prosthetsc group of hemo-
globin has 1ron chelated 10 four methyl pyrale T
the won porphyrns of the cytochromes and m-,og\ch:b:

viamin B has cobalt chelated 1 a

porphyrin struct
and the porphynn of chloraphy ch:lglcy: v
There are several o known cerulopl
and hemocuprern contam copper mercaptalbun;ms ap-
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have an afimty for bone both strontum and benylhum
cn cause nickets and berylum displaces magnesium on
phosphatases nacuvaung them Therefore all but mag
yesum are roncersrated by one tssue Swmlarly two
amome and all cationic elements m group VIl have been
shown to be concentrated by the thyroid jodine astatine
manganese technetum and rhenwm those of the halide
sub-group quite spectfically (239242) Likewsse n group
V A biswuth antmony and arseme are behieved to dis
place phosphorus 1n phosphates Gold siber and copper
of group 1 B hase strong affintties for each other as does
cadmmm for nme w growp 11 B complete separation of
the two from ores 15 difficult and often too expenswve for
[€ 1al purposes Cad dusplaces 7in¢ on human
mercaptafbumin while lead does not presumably be
cause the former two tons bind the same molecular
group (the 16 wmdazole groups) while the latter binds
at a different site Cadraum therefore has a hagher alhnty
than zine for 1s protemn Sumtarly cupnic son is displaced
from the sulfhydryl groups of bovine serum albwmm by
metals m the following order of afimty Hg» > Pb= >
Cd* > Zn* (248) Among the anions fiuorine chlorime
bromine and rodine are biologically interrelated while
selemum and tellunum of group VIL A will displace sul
fur 1 hair and nails possibly mn sulfhydeyl

group 1 A radiorubid 15 used to
space (244)
Metalloenzyme Tnhibitans In spite of these obvious
relanonships m brological matersal metalloenryme com
pettion by an extraneons metal has riot been systemattcally
:::‘::zdanh:x;l::le ‘{XVH;! are shown examples of cases
metallic ms&m““‘ metal apparently displaces an actiye
plete Atplca.u ‘“C group The list may be far from com
o types of enzyme inbibition ean occur

groups In
P
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have an afimty for bone both strontum and benythum
can canse nckets and berylhum displaces magnesium on
phosphatases 1nacuvaung them Therefore all but mag
nesum ate concenarated by one tusue Sumlasly two
amonic and all catiome elements m group VII have been
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manganese technetium and rhenmm those of the halide
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place phosphorus 1 phosphates Gold sihver and copper
of group 1 B hase strong 2affimtes 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
¢ 1al purposes Cad displaces 7inc on human
mercaptatbumin 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. Cadmium therefore has 2 ngher altnuy
than 2ine for thas protem Sumlarly euprie son is dusplaced
from the sulfhydryl groups of bovine serum albwmn by
metals 1 the following order of afimty Hg» > Pb= >
Cd* > Zn (243) Among the amions fluorine chlorine
bromine and 10dine are biologically interrelated while
selemum and tellunum of group VII A will displace sul
fur 1 hair and nails possibly 1 sulthydeyl groups In
group 1A radiorubidiam 35 used to measure potassium
space (244)

:\Ietalloenzyme Inhibwtians In spite of these obvious

brol 1
ps m Q!

material 1 yme com
petition by an extraneous metal has niot been systemattcally
studied In Table XXVIH are shown examples of cases
where an cxtraneous metal apparently displaces an actyye
metathc prasthene group The bist may be far from com
plete At least two types of enzyme inbibition can oceur
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One 18 when a heavy metal combines Wik sulfbydegl
groups to macusate the enzyme Mercury copper and
silver will mactnate many enzymes which do not contain
a metal (245) Presumably, the tovc efiecs of many heavy
metals are due to this type of reachon The second 18
when the essential metal 1s dusplaced by another ofwen
of the same perodic group Lemer has offeted good
examples of both types of reactions 10 respect to ryrounase
essential for formation of melanm (246) Metals which
compete with copper I d melanin pig 3
frequently observed when heavy metals such as arsense
bumath won gold sidver and mercury are deposited 1n
the skin Pauents with hemochromatosts have relatively
tasye amaunts of 1won and copper depostted 1n the skan
“The most plaussble explanation for these findings 15 that
metals bind eprdermal sulfhydryl groups and thereby re
lease wnbibion of tyrosimase The increated tyrosinase
actwity Tesulis 10 snereased melanm formanon Howeser
1f sufficient quannities of the metals mercury sihver or
gold are presem they can replace the copper of tyrostnase
to produce an nactise enzyMme with resultant depigmenta
ton 3t s posable that the shght decrease 1n skan color
produced by ammoniated mercury freckle creams ss
achieved i thus manner  Six copper binding agents hase

caused depigmentation tn Vo (247) most of them antt
thyroid drugs

Essenual metals such as Copper manganese cobal and
unc can mteract to inhibit the metalloenzymes of each
Evcess entymanc activity by 2 presumably abnormal metal
can also occur For evample chromyum canses increased
synthesis of cholesterol and farty acids by rat Iner (248)
cadmium and cobalt enhance bacteral oxalacenc carboxy
lase 2 manganous enzyme vanadyl ton enhances mona
mine oxidase (Table XAIM) Thus hoth stimufation and
depression by abnosmal metal are possible
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One 1 when 2 heavy metal combines wih salfydel
groups to Mmactwate the enzyme Mercury copper and
siver will imactnate many enzymes which do not contasm
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frequently observed when heavy metals such as arseme

bumuth 1ron gold sdver and mercury are deposited 10
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athieved im thus manner  Six copper binding agents hase
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thyroid drugs

Essenual metals such as copper manganese cobalt and
unc can mteract to inhibit the metalloenzymes of each
Excess enzymatic activity by a presumably abnormal metal
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cadmium and cobalt enhance bactemal oxalacenie carboxy
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depression by abnormal metal are possible romand
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1ately 1n biology although the calom atrate chelate 15
c(,mymonly us:c%vm prevent clotung of blood Al mesallce..
enzyme reacuom_mhchurd—m-dtpwpon-‘hdmm

Each chefating compound differs wadely in us affimty
for different metals In Table XXIX are shown the sta
inhity constants of 2 number of common oxyger and nitro-
gen chelators with dualent metals of the first transitional
group and with cadmium Ten of these compounds are
present 1 biological flmds Jn general an increase in
tightness of structute 1s proporuonal 1o atome number
veaching 2 peak at coppes {or mckel) and decreasing thete
after Thus fundamental property of most chelating agents
must be 1 mind wheneser they are used in effect s
property means that a free 1on having 2 higher stabilaty
constant with the chelator will displace a chelated metal
with 2 lower constant When the active groups are sulfur
and other chefators the pattern of metzllic affiuty 15 daf
ferent (Table WXV}

Metal Binchng Simple metal binding 1s dependent
etther upon the nightness of the bond the lack of dissocia
on of the dissolved salt or upon the insolubilty of the
complex Thus complexes may be formed between metal
and ammomia metal and sulfhydryl metal and cyansde
or metal and hydroxide The stability constanis for trans:
uonal metal complexes 1 solution ase usually lower than
for chelates although mercury has a farly hugh affinnty
f‘;" CN NH, OH and pyridune The common law relatng
the statahittes of chelates of the first transional group

and atomic numbers appears to operate 1n the case of
sunple complexes f OH CN NH, and pyndine

DRUGS AS CHELATING ACENTS

potent drugs may act through therr abihities o
trace metals on metalloenzymes Schubery states

Most
chelate
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the stabilities of thelates of the first transional group
and atomic numbers 2ppears o operate 1n the case of
sunple complexes f OH CN NH, and pyndine
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potent drugs may act through their abilities 10
trace metals on metalloenzymes Schubert states

Most
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transition groups Numerous dertvatnves of sahioyhic agd
containung the o<arboxyl hydroxyl group are abour as
effectve a5 salicylic acid although they differ i dosage
requised and side efferts It mght be antiupated that
physologically cortisone would have some resemblance
to salicylates as has been demonstrated expenimentally
Terramyan and aurecomycin reverse the Be inhibitton of
aikahne phosphatase through the formation of a complex
1onwith Be  Helists as examples salicylicacid adrenabin
terramyan auredmycin a 1hosemicarbazone zmtrc__m_).\
sanie Pentalhn forms wsoluble safts with heavy metals

Many cheliting agents are fungigdal antiseptic or bac
senrgpdal (233) Tturteen of nimereed commign grgamic
chelators of one Or more transitiongl metals are hsted by
Afareell and Calvin as effective against grawth of B subpls
with seven against growth of B Coly Likewise, 8-hydroxy
quinaline of seven quinolines and 26 substituted quano-
lines of 35 are effective agasmst the growth of dostmdwm
welchn most of which inhubit streptocaccus hemolyticns
staphylococcus sureus and B Col: less 50 pratens and
pseudomonas psocyaness Zunc and manganese appear
Yo'oe Bound although the other essential metals 1won and
cobalt may be 1mnolied Apparently copper 14 not for
copper reagents in general are mnert Few are effective
ATAMSL pyocyantls 2n orgamsm peSstant (o most ant
boties The fungicidal properties of the oxines so widels

vsed mn ndustty s believed ta be the vewolt of then
chelation with 7ine 2n ac o~

|
fore bacte
and annt “ Loy ;
. is o metal b
helanon nding o

“The most popular and versatile of the reco: ‘
ing Arugs 1s ethylenediming tetraacets; e hela

trene Ve s
e Versene) stabihiy constants for which are shawn s
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Table XAIX In addstion to the transiuonal metals mra:\y

not metabgTized (249) and apparently enters cells (200) st
provides a means for removing soluble 10ns from the body
1n the order of their stability constants 1f an abnormal
trace metal 15 16 be removed notmal ones will 2ccompany
1t according to the relative amounts and stability constants
of each Thus EDTA 1s not specific for lead for example
a current popular use but will remore other 1ons with a
fugher constant such as copper and mickel and especially
ferric iron EDTA will be mactive however 1f the metals
m the bodv are more tightly bound or chelated to protein
than to the drug This telative chelating capacity of 2
sequestering agent and a metal 1n the body follows certain
definite laws and explains the ineffectiveness of EDTA for
Temoving most metals

An example of the effects of EDTA guven intravenously
10 two patients 15 shown 1n Table XXX Zinc was removed
n sizeable quantiies other metals less sa or not at all
The tugh excretson of zinc 1n the patient with the neph
totic syndrome found before the drug was given 15 prob-
ably explamed by the excessive protemnurta which carnes
combined zne There was no mobilizaton of lead while

EDTA mikes a good chelaung agent for cmiea) use for the followiag
Teasons | The stabihity consants (Log K} for common but waportant
Yoosely bound metals 1 Jow (Ba St Ca Mg=7761096) 2 The con
stanas for mare tghtly bound metsls 13 moderate De Fe* €0 Cu Znz:
1H04188) 3 The constants 5

{or several abr
Toas 259 Few 3 3  for several aboormal menals 11 bugh (He 21.8
range of the esser .
1o that these ca,

fiaency potably .. ..
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Table XXIX In addstion to the transiuonal metals mra:\y
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{or several ab
e 259 Fenr g ‘o veral abuormal menals 11 bigh (Hg 21.8
range of the exser N
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eight metals almost certainly present in a strongly bound
form in their tissues did not change

BAL (2 3-dimercaptopropanol) a straight chamn dithiol
binds the following heavy metals in a chelate zin¢_chro:
mum cadmum_mckel, lead, antmony.arsenic, ismuth
cgpper,_mercury, gold (201) Substitution complexes on
the sulthydnyls ate formed In the case of cadmuum at
feast, these are dissoctated n the kidney and may result
1n cadmuum nephnius a reflecion of the greater binding
capacity of renal tissue for cadmum than BAL. Citrate

a chelaung agent used for Yead porsomng 15 metabohized
by the body and 1s thesefore relatvely meffecve A hst
of some representause binding and chelating agents 3s
shown in_Table \XXI Their use 1n medicine 1s only
beginning  For example all anuthyroid drugs have this
COMMON properiy suggesting thewr probable acuon

These considerations opén up a wide field of thought
on the mechanisms of disease and of drug actions Srmlar
conclusions can be drawn when late toxic reactions of
drugs are compared with structure The common denom
nator of the offending drugs appeared to be 1 chelation

Drug Reactzons Late systemuc reactions to drugs affect
several organs and systems of which blood dyscrasas
hepantis and polyartentis are the most sertons (252) Most
of the drugs cansing fatal agranulocytoms as Yicted Vs
.

N ol procane amide and Tapazole contain
sng pyndines amines amides nitroso or sulfhydryl groups
(25%) Their solubiiities and. speaficitses for heavy metals
howeser are not hnown to our knowledge Nonfatal leu
copemia has occurred with arsencal compounds gold salis
thiouraals kyd hicyl sulf des strepto-
mycin and thioserascarbazone which can displace or bind
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TABLE XXXI—({contenued)

Natnte

‘Thiocyanate

Pyrocatechol

Quinaldine

Hydantotn

Hydrazine

Chelating Chemcals *

Phytic Acd

2 ketoghuconic aad

Glycerophosphates

Potassium gluconate

Gallates

Rubeame acid and denvatives

Guanidine carbonate

Potasstum ethyl xanthate

Dimethyl glyoxine

Unaals

Oximes

Dipheny! carbazide

Dipheny! thiocarbazone

Potassium thiocarbonate

Cupferron

Adipoin

Some Reagents for Analysss of Melals

Zn Fernc cyamde
&hydroxyqunolme
Quinaldinate

Sn Dintro-diphenylamune sulfoxide
Toluene dithiol

Ag P-dimethylamino-benzalrhodamine

Ny bennt-dioxime
Dithiooxalate
Dithict

Mo Thiocyanate

Cu Quinosol
Pyridine thiocyanate

Cd B-napthoquinoline
“Thiourea,
Benzoim-oxime

256

163

From chemical catalogues
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causing hock 13 new ones appear which do not have d’\li
property ang 13 of the aboe ate vepresented Dronchia
asthma caused by 36 agents of which 19 are of plant ot
amimal ongn and wnidenufied strocrarally 13 cansed by
14 contatnng possible meral compleing groups ot metaly
A simalar situapon appears among the agents tausing
severe fate toxie shin Yeactions such ay éczema DRUCANR
cxanthemata exfoluatne dermatitss bullous eruptions and
the hke Memls and binding agents appear lrequently
when the chemucal structure 15 known

Cunousfy enough seriaus local and systerme Teactions
are tare or absent among the drugs not contimng meral
reactve groups or producing them only on extensive hy
drolyws Sulfobromphthalemn decholin, parednne ether
bortc aord Banthine menthol g d chloral
hydrate morphune oprum codeine digitalss are examples
On the other hand barbivuric a0d ¢he basic constituent
of many sedamnes and a pyndine compound forms salts
with metals Metal binding by sulfamlic acd 15 nell known
{233} The mstability of hydantorn hydrolyzing to metal
tinding fydamoie acd the meral binding propesties of
prricines nitroso groups (dinurophenol 18 a good example)
cjamdes amine and sulfhydrvl groups sem carkazdes di
arboxylic acds thials and suffur.contaimng, structures
2ppear o be refated o many forms of drug sensivie
Trerelare 1¢ 1 powsible that trace metals may be imiolied
g i e v
ample 152 e:fi)u Ontay fam /;;ﬂempwwoqam“ for ex
widely op }if i : . hough drug reactions s

eqaency sucn agents as dimtrophenol be rg

L""Y actise and amines relatively mnacthe ma aMa -

s tostiirate et the more Lhikely
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TABLE XXXU
Taace Mevats Forsn s Man avp Tuir ProsasLE RoLES
o Not Pousd
Fosstly Pl G B iAum
Eniet Ex ouich Puncion A ‘mesaboiic
tlmony
t Aumg m Barm Bum th An
cc:x: Stowinm  Boron Caim = Arseaic
Iron Vasadum  Cest m Chiom = Berrlliom
Masganese Galh m Gotd Thallive
Lasthangms  Leod
3 1ybdenum Lot
Sler
i Tw T w
vy be implicated ia chronle dusrases expectally tecaune
of thew prevalence <o cen

trations or known tunctions on enzyme Fystems.

and sausfying certain criteria for Teactvity 1n enzyme
mechanisms can be expected to have become essential for
metabolism We cannot say that hving cells have learned
10 use new and less Teactive elements in enzyme systems
by a process of adaptaion the basic structures of atoms
have not changed and life began by using the most swta
ble ones
Because all food comes eventually from plants an ex
ammaton of the metallic content of plants 33 necessary
local pastural vartations an be neglected No metal can
be cxpected to be essential for amumals which does not
oceur 1n plants or m water In Table XXX ate the
metals of nterest 1n plants Lattle aluminum nichel and
no cadmium un slver gold ttamum lead or mercury
15 10 be expected 1n amimal tissues while vanadipm and
the five Lnown essential metals will be found Obyioush
tf domestic ammals or man sh el
0w appreciable quantities

of those which do not appear 1n plants they must have
come from unnatural sources

To be classed as abnormal for our thesis 2 meral
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a} shauld be found m human ussues from some areas of
the world and not from others b) should not be found 1n
plants or wild anumals €) should ofect sorme mevalo-
enzymes d) preferably should notbean the tussues of young
nfants €) should be ntsoduced by the habits of Western
Criliation mto foods ar beverages as a sesult of proces
ung transportation or manufacture and f) should be

pootly exeseted ¢ we and preferably sh g organ
speafinry
Pcfc‘m- of the 1 Trace Metals yn Map

Alithaugh many analyses have been done by vahous meth
ods for single or several elements 1 blood tisues and
agme (254 297) the fitst extenstve systemaud miesuga
tion on the content of both essenual and  abnormal
trace metals 1n human tissues was made by Tipton and
fer co workers Using spark spectrographic methods with
mdwm as an internal standard and densitometric photo-
etectne recording of plates Tipton analyzed 228 tissues
fram 24 pewsons dying suddenly n vanous aveas of the
United States for 18 metals (almost 4500 2nalyses) (231}
A prelimmary analysis of 42 autopsies from vatious places
1 thys country showed ssmidar but less quantitatinve Te
salts (258} while 1 a later senies the findings were essen
taally the same {259)

Tn Table XXXIV are the mean concentrations 1n van
out ustues of the essent:dl elements manganese cobalt
wpper zine and molybdenum  ealcutated soughly for
totat bodily amounts Zinc 13 the most prevalent of the
nomul group a several umes the concentratian of any
of e others Fsential cobals a2 faand n only five
bodses spavsely seavtered 1 smal) concentrations probabl
because of wethodological lipurs 4

and 315 presetice tn e
Wmnte quantstses These revalts appear comparable Zl)

those of Grffnh e2 2! for €opper zinc and manganese on
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he bass of dry tissue 10 a much larger series (260)

Some organs concentrate certain metals others do not
Zune was found m eyvery Ofgan 1n concentrations of 44 10
300 mg /Kg beng far haghest mn prostate then muscle
Iner ladney and heart and lowest in adrenal bladder
bram tesns Jung and imtesune Copper was concentrated
mnbras liver and spleen berng lowest 1n muscle adrenal
aorta intestine and testis Manganese 1n much smaller
amounts was concentrated especially 1n Iner with pan
creas lung spleen apd thyrowd following quite far behind
lowest organs were heart muscle tesus and aorta Three
of these four metals were found in all 258 specimens
examined Molybdenum was absent 1n only half of the
samples of muscle and testis a thurd 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
w all heart kidney and liver samples being by far the
haghest 1n liver In the concentrations detectable, molyb-
denum pparently 15 not essential for metabohsm an 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 Jess extent
m plant and ammal ossues (Table XXXIV) derned
from the soil Cobalt 15 probably the least concentrated
Sails vary widely in their contents of trace elements and
dusorders due to deficiencies or excesses have been tecog
mzed m borh plants and animals Semi-quantitative trace
munera] analyss 1s 2 recognized practice 1m the evalyation
of soils for farmung The following was summanzed from
Mt;r;m Williams (256) and Marston (261)

anganese Tar
foods voth abo-.T:h;o e The oo 10 the following

g /hg ocatmeal whole meal flow
bran soy bean meal cocoa cloves chestnuts pepper maplrc
W e contams 150 to YOO mg /g With lesser con
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Manganese Tl&c PZ:;:“. xl:\::::s‘ (azri]) the fol

1 the followin
f::-;! ::‘]ﬁl‘l:a:o::caalo cm g /hg oatmeal whole mea) ﬂouf

ocoa cloves chestnuts er mapl,
SUAT tea comtains 150 to GOD mg [hg \V}’t:;ml)esser ogx:
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may also be 1mportant sn hemaglobin formation A cﬂgl:r
enzyme ceruloplasmun 1s found 1 concentrations of about
34 mg per 100 ml of seyum Scveral phenolic oxadases
depend upon copper PiEmentation may be related to the
content 10 shin and hatr follicles Copper 15 guite well ze
mined by the body with some dependency upon mtake,
bemg stowly elummated by way of the feces Gallstones
contamn large amounts No chronic copper poisoning has
been descnbed 10 human beings Human milk 15 extremely
fow m content 004 mg fhy As a yule Amencan foods
contain adeguate amounts SOmMENTes an €xcess sInce
many msecuodes and fungicdes contain copper The
Yargest amounts 10 mg jhg or more are found m tea
coffec cocoa chocolates, nuts Jiser shell fish especially
oysters tomatoes and yeast The Jeast 1s found an milk
butter cheese rehined sugar honey marganne lard and
suet
Zine This most prevalent of the trace metals in the hu
man body 15 present m large quantities 1n most organs
as seen 1 Table XXXIV It 15 found n foods and 1s a
requirernent of plants bactema and fung Most modemn
fungicrdes are zin chelating agents Deficiency 1n soils
causes diseases of both plants and ammals although sts
prevalence makes amimal diseases more uncommon Foods
with over 50 mg [hg are wheat germ bran oysters beef
1[“"’ gelaun and dred eggs those which contam the
;;l é::l;\:: are fruns chestnuts green vegetables and
polsoning 10 man 1 "ot known These have
been ses eral autbreaks of supposedly acute from
Toods stored 1n zinc lmed teceptacles but ‘;.he ni o
fion of zne by cadmyum males it pomtamina
Y €s 1t quesionable thay z2ine

welf was the cause symproms of 7ine ang cadmyum potson
ng are wentical te  violent gastroentenityy and zinc
Posoning 1 most difficuls to produce 1 ammals
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high content of sron n thesr lvers Apparently the bac
tena u the rumen synthesize vitarmn By, When cobalt 15
present hugh requirements are indicated by the large
doses of the vitamin necessary to curé this disease Horses
and pigs ratsed 10 the same deficient areas are not affected
2y therr requitements are lower Bactersal synthess 1n the
colon, 2s occurs 1n man apparently does not fead to ab-
sorption of this vitamin, therefore 1t must be ingested as
such Copper deficiency has been ymphicated 1n certan
anemeas m nfancy but no known diseases 1n adults have
been described Anerma has been preduced mn laboratory
ammals along with a slow rate of growth 1mpasred absorp-
tion of ingested sron mpaired mobihization of rron from
tssues and wap of won far hemoglob

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 tachexia anorexia and anema their bones
become fragile veproduction and milk prod 15
decreased and they frequently die of cardiac failure young
animals may become ataxic Sheep show defective heratim
2ation and hypochromic anemia fambs born of copper
deficient enes deselop swayback  and atavwsc and paralyue
diseases characternized by duffuse demyelmization of the
central nervous systemm Depigmentation has been pro-
duced 1n many species Excesses or deficiencies of other
trace elements may wfluence the disorders 1n cattle and
sheep especially of cobalt and molybdenum Afolybdenum
g:ﬁc:en? p!'c:'c:ns fixation of mitrogen by sotl bacterta

# woathatunauatt of the esophagms i rats 1265
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wbiguuons elements tin wekel, chromum and silver
(Table XXXVI)

The obvious conclusions are that relatsely large
amounts of cadmuu are 1n Amencan kidneys and alumi
num and titamum 10 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 high 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) chromium 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 findings were
quite suntlar for the essential metals although there were
somewhat less copper and anc m most organs and
molybdenum was largely confined to ler and kidney
OF those now considered abnormal cadmium appeared sn
‘s‘::;a’l\i ::d‘l;eycl:‘;he s?meicox‘l‘ccmraucns 23 1n her first
this element r’lgihs:re s much teas ons were lacking im

was much less alummum 1n all or
gans but lung (23 mg /Kg) and tanium was found m
only a few bodues except for lung where 1ts concentration
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ubigmions elements un nickel, chromwm and siver
(Table XXXVI)

The obvious conclusions are that relatvely large
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aluminum than copper Thus the order n decreasing
amounts1s Zn Al Cu Cd Pb T1 Sn Mo, N1 Co,Cr Mn
Ag B according to the present estimate {essential ones 1
salies) Traces of gallium 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) part of the Umted States (259) the findings were
quite suntlar for the essential metals although there were
somewhat less copper and unc m most organs and
molybdenum was largely confined to ler and Kidney
OF those now considered abnormal cadmium appeared 1n
Inver and Jadney 1n the same concentrations 25 1n her first
series but a large majonty of other organs were lacking in
ths element There was much less aluminum 1n alf or
3"“1“ but lung (23 mg [Kg) and tuamaum was found sn
onlya few bodies except for lung where 1ts concentration
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(266) There were 4 hidneys and Inets 3 lungs 2 spleens
and 1 agrta heart sntestine and muscle In contradistine
tion to adult tssues hadneys and hivers and lungs con
tamed po titamum cadmium or tin Aluminum was not
concentrated 1n lung although 1t occurred 1n amounts of
0310 mg /hg 1 MOt tissues less than that of adults
Tiamum was found 1n only one body n ntestine had
ney and muscle Nickel occurred 1 one other ladney and
Iner tn was 10 both spleens and the sample of muscle
and aorta On the other hand boron was in all tissues but
oneladney and Jiver chromum and silver were wbiquutous
1n adult concentrations as was lead but an smaller amounts
than 1 adults Organ speaficity as determined by concen
tration was nat found consistently ¢

In the bodies of 3 older infants and chuldren (7 weeks
10 months and 2 years) there was no titamum Mickel 1n
traces was 1n 1 kiudney tin was found 1n all nissues as was
lead while silver occurred in 7 of 12 speainens Cadmium
was present m the 10 month-old kudney (065 mg fhg)
and 1n the 2 year-old (2 75 mg /hg ) but not in the 7 week
old one The essential metals were found n distributions
and concentrauons smular to those of adults Manganese
was if anything more concentrated 2inc less so while
copper was comparable showing an afimty for lmer
Molybdenum was in all hvers while cobalt was present 1
only two

‘Within the limits of these obsenations, and 1n view of
what 15 known the following further conclusions can be
:i;axln; 1 Tuanum nickel and cadmium are not essential

nfant Lie but accumulate with age 2 Alusmnum
chrommum silver and lead ether qualify as essential trace
:;mh ot pass through the placental membrane Obwviously
nwm nwkel cadmium and tin do not so pass

Analyses of 20 stllborn infanys gave esentially jumlar resalte
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concentrated 1n lung although 1t occurred 1 amounts of
0310 mg /hg m MOSL tissues less than that of adults
Trtamum was found 1n only one body n intestine fad
ney and muscle Nickel ocourred 1 one other ladney and
Iner tn was 1n both spleens and the sample of muscle
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ttanwum kel cadmum and tin do m Y

0t 50 pass
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Some of these metals accumulate with age 1n Amernicans
others do not In Table XXII Chapter V are shown ex
amples Obuiously cadmium titamum nickel and tin n
all tissues and alumunum i lung wcrease from lnttle or
none 1n infants to telatnely higher concentrations at
older ages The stiking examples are in cadmium and
titanium

Trace Metals in Tissues from Unavilzed People In
order to ascertan more definitely what trace metals are
essential and what are not a small number ot tissues from
Afncan natnes 1n little contact with Western Civilization
were obtamned 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 atherosclerosss 1n the
aorta or elsewhere even fatty streaks were not seen The
causes of death were several 6 patients died of acute 1n
fections No age trends m essentral metals were apparent
a3 1s the case with Amenicans The interesting findings lay
in the absence of those which might be guessed to be pro-
ducts of Western Crvilization cadmm (in only one kid
ney) mickel and un and the much smaller amounts of

siher lead chromwm and possibly utanium (Table
XXXVII)

Conclusions Therefore 1t becomes apparent that mickel
chromium cadmium lead silier and tin are niot essential
elements but results of aivilization a conclusion which
could be drawn rom the analyses of chuldren s tissues onl:

for cad nickel and The possibility of lhes);
s1x elements found 1n Amencan tissues écmg to:luc must
therefore be considered Common sense excludes silver
beeanse of s low concentrations In addiuon we cannot
rule out the possible essential nature of alumimum
banum swonuum and for lung of vanadium and n
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anium We can add to our hist of possibly toxic metals
sismuth and cesium

‘Ate these extraneous elements biologically actne or
Jaext? Could one or mote of these sbnormal elements dig
place an essenual metal and thus Jead to metalloenzyme
wnhibition or combrne with suifhydryl enzymes and 50 1n
actnate them (Table AAVIILR 1f 5o the possibalaty of in
Jubition causing dysfunction Jeading to disease 15 <on
siderable

METALS OF POSSIBLE BIOLOCICAL SIGNIFICANCE
TN THE FIRST TRANSITIONAL GROUP

1t 15 interesung that the transitional and nearby metals
m the periodic table are those with most hological ac
avity an expression perhaps of thewr structures (267)
QOther than the inown  essenpal trace metals of the first
transional group four mught serve in meralloenzymes
but have at present no known function 1e  uanmm
samadium  chrotntum and nickel Vapadium s found 1n
all of the ammal phyla 15 concentrated from sea warer by
tunicates 4s an essential oxygen carner (268) 15 required

by aspergrifus mger (269) 15 concentrated i certamn mush
raoms (270) -

forrang amn

10 mg [hg su au puants ary wesght (271) The case for st
having a funcuion 1n mammals 15 good While chromum
sumulates plant growth s present m afl vegetables 1n
roncentrations of 10 10 1000 y/hg dry weight and 55 1n
wany human tisues evidence fo~ 1es essentual nature 35
daubtful Nickel 15 probably net Tequired by mammals
although plants contain traces The ole of trtatmum 15 ot
known ahhough 1t 15 found 1 aimast all bugan Aul
tungs Thase concentrated n ceTtam organs may gc o;
more syguficance 1n meabolsm or i cusing diseases
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ote sgmificance 1n metabolym or o e

N causing diseases
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ty acids were oadized very shghtly Further
:;Zedthf:; Zho“:a that vanadinm exinbited two effects
dehydrogenation to produce unsaturated fatty acds and
oadaton of the double bond (Table WXX\VIII) The
reaction was ihibited by the metal binding agents cyamde
yrophosphate fluoride p phenol and pyTine
'llar.n;x contamed none of the enzyme kidney hittle When
other metals were tested manganese and to 2 less extent
cobalt were found to inhubut the system while mchel 1ron
titanum 2nd chromium had no effect (272)
cobalt and hibited the oxid

Manganese

of gysteine
10 1ts sulfomic aad Tiamum 1n the form of sodum per

titanate also inhibited hepatic oxidation of thioglycolic
2cid and ethyl mercaptan but glutathione was not oxt
dized by this system (272)

Euidence for ¥ anadium Being an Essential Trace Meltal
‘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 oxidation reduction
Teactions at a time when they are bunted in mud petroleum

varymng of mn a porphynn
form which has Jed to the hypothews that animal organ
1sms and not plants onginated the formation of petro-
leum It 15 found 1n mammalan ussues at a fawrly good
concentration said to be 013 per cent dry weighr 12
mg /hg for invertebrates and 01 mg Jhg dry tissue for
vertebrates {268) While 1ts occurrence may be a chance
contamunation unuersal presence and three valence states
(Ve Veos Yooy qinth an ability to release energy sumlar
to phosphorus make 1t tlely that vanadium may be essen
tial Tipton found 1t only 1n the lung

Vanadum 1s 2 powerful sumulant to mon:

amine oxidase
(Table \\111 Onlycobalt of the others tested exhibited
this property to much less degree This phenomenon
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ELEMENTS TESTED
Fic 18 The eflect of certam transinon metaf salis on the incorpora

tion of Cit.catboxyl labeled acetate 1nto cholesterol and fatty atids

by surviving rat hver (From Curran G L. J Biol Chem 210765
194)

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

Normal unne contamned less than 00> to 103 /L.
(mean <046) hypertensive urine less than 005 to 44
T/L. (mean 0 83) Treatment did not change the means
stgmificantly (067 10 071 /L) nor did hydmlazine or
EDTA cause a consstent loss

Chromum 1n lwer could stmulate cholesterol and
fatty acid synthesis in man  [here 15 2s much however 1n
mfants a3 1n adults Only by analynng many morte tissues
from pnmitve areas can one determine whether or not

chtomium can quahify as an essential metal or sf not play
2 part 1n chronic disease
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adults and bemng ubiquitous m plants and ammals (256)
no role for chromam 13 known It markedly sumulates
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 consstent loss

Chromum 1n 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 pimiuve areas can one determine whether or not

chromum can qualify as an essental metal or »f not play
2 part 1n chronic disease



Trace Metals and Disease 191

ner while 1ts absence in many adults suggests that 1t 13
not necessary after full growth

Alumnmth 35 almost absent from plant tissues although
1t Tepresents seven to eight per cent of the earths crust
{256) Ammal tssues with the excepuons of lungs and
liver are sud to contan less than plants (07 to 15
mg /hg 1n the dog and 05 to 33 mg [hg in the rat)
(278 279) aithough a former study showed considerable
amounts 1n human bemngs (bramn 25 heart 21 lwver 08
kidney 10 and spleen 07 mg [hg) but Jess than were
found by Tipton et al Salts have been put into baking
powders can be absorbed from cooking vessels and canmng
processes A conuiderable amount of mvesugation 25 to 50
years ago indicated the lack of toxicity of alummnm which
1s fed 1n antacid preparations to patients The large amount
found 1n lungs probably comes from snhaled aluminum
sihicate from dust Having only one valence state 1n spite
of 1ty prevalence 1n the earth 1t has not been shown to
have any essential role 1n human metabolism although by
our critersa 1t cannot be excluded as an essential trace
metal

Scandium and gallum are found 1n soils. The traces of
gallum 1 human lungs probably bave been inhaled since
gallium 1s present i all alummnum minerals Both are
telanvely unreactive compounds with only one valence
state

Comment 1f one were forced to choose a single trace
metal to unde the harmful effects of degencrative cardso-
vascular diseases vanadium would be that charce for the
follow ing reasons

1 Vanpad stimul

oxwdase thereb
probably 1ncteasing the destruction of i

1 Ppressor vaspactine
and ce tive amines and aff

k
by (Table WX1y 1) g hypertension there
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185) After treatment the mean value diminished from
547 10 264 /1. Bve of eight values dechming Hydrala
ime decreased the output to about a fourth asdid EDTA
The posible tole of tin 15 undetermined although 1ts
soutce hies 1 the products of Western Grvihization 3¢
un plate traces dissoluing 10 some tinned foods

Silver Like tin silver 1s widespread occurnng in every
adult Jadney and brain and i almost every other sample
exammed (225 of 258 specimens) (231) There way no
tendency for accumulation with age and almost every
young ussue contamed 1t mn adult concentrations (266)
It was 1n all unne (08 y/L. range 02314) hypertense
unne contaned hittle more than did normal (14 /L.
range 0346) Exposure to silver j3 constant i ous so-
ciety there 1s hittle or none 1n plants Because of the small

found 1t 18 doubtiul that enzymaticintub (on

copper entymes) 1f present 18 extensive enough to cause
metabolic disorders *

Lead There 1s lead 1n il human tissues at birth and
durng bie Ths towc metal accumulates especially n
bone and liver As far as 1s known it 1s not an essential
constituent of any hiving organism  getting mto food manly
from the e of 113 tompounds on plants and from vessels
n which food 15 manufactured transported or stored
Shell fish may absorb lead from sea water contamnated

with dranage from factones and anmals from sprayed
plants African tissues had hittle

A knowledge of the coordination numbes of 2 m
etal the
helate and fu penodic group sllows a Teasonably aceitrate ';‘?P,f,d‘::e&'
method of predicung displacerent of & known essential metat and )
l_mn\.on ot 13 enzyme Conversely by wattivaaon trudies “nkn..:n
-
'

'
. .
£ p b uuta,
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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 chronc 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
283y *

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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are no good examples) we could expect on the baus of
mass alone the following enzymatic inhibitions Renal
55 per cent hepatic 6 per cent pancreas 5 per cent
thyrowd 5 per cent adrenal 8 per cent aotta 5 per cent
intesune 5 per cent brain 0 per cent Obwiously a 5 per
cent teduction of metabohic actsvity would probably be
unmeasurable while a 50 per cent would mamfest sselfin
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
amnopeptidase camosinase sucamic dehydrogenase cho-
line oxidase (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
}2‘:;)ably would not soften water enough to corrode zine

orinated water even when hard takes upunc.* 2) Car

bonated beverages are acidic and will take up zine lead
and presumably cadmium from galvanized or zinc hmed

* A probable source ot abnormal trace m

tals i some
‘wraler areas i the cotrosion of hot water heatery oft and aad
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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 occws 1n plants
15 obwously 1n the products of Western Cvilzation ®

Other Metals Analyses for other commonly occurring
possibly toxic metals such as arsenic antimony and bis-
muth of group V A have Tevealed no stnking accumula
tions 10 human nssues There may be as much 23 0 3 parts
per mutlon of arsenic 1n man much of 1t in hair and nails
derved from fish and sea foods or from contamnants of
food Arsenic displaces phosphorus 1n essential phosphate
mechamsms but the amounts are probably too small to
canse fi 1 disorders and hab or tolerance
develops Antimony can gain access to foods from enamels
solders unfoil rubber and insecticides 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 1n small amounts 1n liver and kidneys
(12 of 18 cases) and 1s probably not to be considered of
umversal mmport Mercury appeared m a surpnisingly
large number of Lidneys analyzed by Gnffith et al from
patientts with congestive heart falure who had supposedly
never recerved diuretics contaimng thus metal {260)

Al

pe T, ’

P and strontwum
were present in all samples of Amencan heart muscle
These metals plus lead and un were found a0 211 aorras
Inkidney there was the additional metal cadmuum 10 hayer
these five and silver In adrenals were the same six and

Preluninary aingle analyses of ive hottled drinks revealed 2 carbonated
water ot a popular carbonated drnk 11 a ditrous drink ) a grape
juie 15 2 whiskey 55 m PRrw per bidlion, Three of these values are
eoosidenatly lugher than those of horina) unne The grape Juice con
taaned relatively much nickel tn and lead,
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presence 1 large quanutes and ug lower am!;‘:“Y_Ifj;\" 5"‘:{
protems than other metals with a higher EDTA me "
stahility constant. Of course excessive quantities of mcmd
obey the Jaw of mass acuon and can be partly remose
mmor quantities CAnNnot until better chelators are de
veloped for fairly specific purposes

What good will 1t do our patients if the e abnormal
metals are remosed from their bodies® We do not know
The subject of metals and chronic diseases 1s barely begin
ning to be appreciated Forbes et al say for example Jt
15 concervable that the contnuous ingestion of mfimtesy
mal of these e el present 1n nataral
foods leading to thewr very gradual accumulation 1n the
tssues may contnibute to the processes of senescence
proportion to the degree with which they are combined
with tissue protemns (apoenzymes) and the extent to which
they intubit or distort enzyme action 1n such combinations
(250) While this may be true 1t 15 more likely that many
of the diseases commeon only to our Civihzation may be
catised by the 12l metals g our
foads, as a result of our industrial habits We may be
pleaantly surprised at the therapeutic results of therr
vemoval Scleroderma has already been completely relieved
1 at least one instance by EDTA 291)

A lorcal therapeunc regumen within the himits of pres
entday vision 15 a concerted effort at removal by refatny ely
nonsp hel foll d by pl of 1
2::1;;;0 rcn;med Generalized defictency states of the
robably unihely wnde gt SFrer 204 malybdenum 15

y under such a regumen manganese and
mnc may require Tepfacement Too much of an essential
’l“:u"‘;m““’“\cq‘;‘ P(;Obabl)' ean cause as much disorder as
s 3 en defiiencies are Tecognized they can be

Local defictency states cansed bY abnormal metal com
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of \
metals so removed Generalized dcrﬁmency states of the
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llt::a:xc\(;lc When deficiencies are tecognized they can be

Local deficiency states caunsed by abnormal metal com



Chapter VII

SOME MECHANISMS IN
ATHEROQSCLEROSIS

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 conuder
the nfluences which awvilization may contribute and those
which can lead to the disease 1n uncivilized  people A
brief discussion 10 a monograph on hypertension is 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
elastieity produce systolic hypertension because the pipes

are hard  but do not of themselves cause elevated diastolic
pressure Contranwise  hypertension can persist without
heroscl

g lly 1n China (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 quency 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 seleross at autopsy
Extenstve artenosclerosis certainly daes occur 1 North
China but the thickened 1nelastic aorta with the widely
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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 Plasma 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 lestons 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
mfiltrate the walls of artenes under agh 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 ifurcation of the aorta (316 317)
Atherosclerotic gangrene seldom occurs in 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 foraing them 1nto the vessel

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

2 Intimal Ynjury Mechamcal 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 in ammals {323)
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metal mterfesence (with decarboxylases for example) that
1n Iner by marginal concentration of yitamin Be excessive
saturated fatty aad load and possibly metals There 15 no
enidence for a generalized deficiency state except for the
high naudence of dandruff in the population believed by
some to be dependent upon vitamin B and fatty acd
imbalance

% Trace Metals The synthens of cholesterol and fatty
acds by surviving Tat liver can be influenced by metals
of the first transinonal group (Fig 18) Chromium and
manganese have a pronounced enhanaing action vanadm
a def one (248) Vanad also promotes unsatura
tion of phospholipid fatty acid 2nd oudanon of the
double hond apposed by manganese (Table XXXVIII)
There 13 no enidence however that chromium 15 1aph
cated 1 the hyperiensie process In Amenican tissues
hepatic chromium 15 much less concentrated than man
ganese a hnown lipotropic agent (231 259) (Chapter V1)
Many metals drectly affect oxadation of wnsaturated fatty
acids in mtro Hydrogenation to harden or saturate them
1saccomplished commercially mainly by copper and nickel
sizeable quantines enter the fat dunng processing {256)
Cadmm however inhibits at least one vitamn B,
enzyme DOPA decarboxylase (Chapter V) although 1t
does not affect hepatic syntheus of cholesterol 1 the rat
(331) Obwiously we need to know much more about the
effects of abnormal metals on the enzymes concemned 1
fatty aand and sterord synthess

A sugmificant senes of experiments were done by Curran
and Costello 1 rabbuts (280) Hypercholesterolemia was
nduced by feeding cholesterol at the 3 Pper cent level for
4 weeks On resumpuon of a normal diet cholesterol
levels usually fall slowly Half the rablus were fed va
nadium 33 VOSO, (005 per cent) for 6 weeks There were
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examne the possibilities we can look at factors of sus-
picious 1mport 1N hypertension which could concenvably
influence the develop of chol 1 ath
erosclerotic plagues 1n arteries
“There 15 no good evidence that the blocd cholesterol
15 hugher n Amencan hypertensine than n normatensise
peaple Therefore the ancrease m the rate of progresyion
of atherosclerosts 1n hypertension 15 probably largely due to
sntravascular filtration pressure causing deposition of lipads
through the mtuma (319)
Hypertension and atherosclerosts however may be
Jated an 2 more fund 1 fashion than by mechan
1cal excessie filtration of cholestero} through wntima by
the hugh pressure when there are adequate cholesterol
Ievels 1n blood 1) A conditioned vitamin By deficiency
may mvolve both disorders 2) abnormal trace metals may
not only affect the hypertensive process but inerease cho-
lestrol synthesis At this pownt the reader may wonder
whether or not the author has an obsession with vitamun
By and 1ts functions Upon careful thinking 1n terms of
Y h this¢ yme continually obtrudes
wself meo possible schemata derived from expertmental

and climeal data both m hypertension and m fatty acid
metabolism

‘We must turn to epidermologic data for evidence that
there 15 no common denomimnator of these two diseases
Some atheroscleronss but no hypertension has heen found
n Alastan Dsquimany (332) the inaidence may be smaller
than m whites Hypertension 15 extremely common 1n
Hawanan sugar plantation workers as 15 atherosclerosis
but severe coronary sclerosis 1s less frequent than in Cau
casuany (338) Atherosclerosss 15 said to be prevalent 1n
harghiz nomads as 1s contracted hudney (from hyperten

ston?) (334) Snapper obseryed hypertension but htele
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1 probable that local deficiency of vitamin B, due to l\;(cl
interference of yts trace metal by an extraneous one cou
probably have the same result The mumal njury o
vitamun B, deficient monkeys 35 exactly Tike the eathest
Jesions of atheroscierosis

Comment Some derangement common to both diseases
may be present but atheroscleross with which the Amen
can public 15 niddled 13 more frequentn the population
than 15 hypertensian ‘Therefore while atherosclerosis can
and does occur without hypertension the contrary 15 un
usual m our cnilizauon but frequent n others Both

abnormal trace metals and local pyndoxal deficiency may
be imphicated

THE ROLE OF FAT AND OTHER LIPIDS

Let us revtew modemn 1deas on the pathogenesis of the
Iesions other than the faciors already discussed Most of the
Tecent anterest 1n the subject has centered on fats Quite a
case can be made for the role of cholesterol which sslargely
carned by hpoprotemns as a strong bk an the chain of
reactions leading to the formation of plaques the subject
has had 1ts ups and downs since 1914 bwt probably s
here 1o stay  As Aschoff so aptly putst  From plasma of

low chol 1 content no dep of lipauds will oceur
even though the mechanical conditons are favorable

(327

Normal Cholesterol Levels in Blood What 18 the nor
mal level of bicod cholesterol? That 1s a dufficult question
to answer The levels found 1n Eurgpeans and especially
Americans may not rcpresent nosmal talues but rather
average values 1n a population subject to the disease 1f
s0 weshould look elsewhere at healthy adulss to determine
our mzfmzl statdards and thus our therapeutic aims
- g and g the atherogenuc tendencres of
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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
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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
Merage values m a population subject to the disease If
so we should look elsewhere at. healthy adulss to determine
our nc:fmz\ statdards and thus our therapeutic aims 1
o g and g the atherogenic tendencies o
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wons with hugh values Just because a dusease
:?iopr;g:‘: does ot makge 1t or any one of uts measurable
meters normal
Paamx;reiable snformation comes from studies in other
than Western countries (Table AWXIN) If these values
for blood cholesterol be correct as there 15 lutle Teason to
Qoubt, the normal Tange 15 120 to 160 mg per cent
Tigher values may be ascribed to dsetary nfluences or
their cong That and an increasing
standard of lwing may affect blood ipids was well shown
by Toor et al m therr study of recent 1mmsgrants to Israel
compared to immigrants living 20 years or more n that
country (338) (Table XL)

In Table XLI are shown some wide variations 1n total
cholesterol and other lipids in blood done by analyuc
methods which are considered quite accurate from vanous
Western countrses The vamations are unexplained Page
etal tned to check the differences between their analyses
done 1n New York (339) and Boyd s done an Ontario (340)
they state  our results for cholesterol determmed 1n the
presence of the other Lipuds are likely to be law rather than
high For the fact that our normal cholesterel values range
50 much higher than those of Boyd (in Ontario) and of
Gardner and Ganshorough (in England) we therefore
lack an explanation We can find no source of error for
our Tesults and none 1s obvious for thews " Since Royds
normal subjects were wlang the standard hugh fat diey
customary in this country (340) 1t s possible that an en
Swronmentaf factor not present 1 England and Ontarig
but wfluencing levels 1 New York, was operating

Effect of Blood Levels of Total Cholesterol  Most 1m
\estigators believe that coronary atherosclerosts does not
Qccur 10 any appreciable extent when blood cholesterol
1 low Furthermore some reyersal of atheromata 15 1y
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50 much higher than those of Boyd (in Ontario) and of
Gardner and Ganshorough (in England) we therefore
lack an explanation We can find no source of error for
our Tesults and none 1s obvious for thews " Since Royds
normal subjects were wlang the standard hugh fat diey
customary in this country (340) 1t s possible that an en
Swronmentaf factor not present 1 England and Ontarig
but infuencing levels m New Yorl, way operating

Effect of Blood Levels of Total Chalesterol Most 1
testigators believe that coronary atherosclerosts does not
Qccur 10 any appreciable extent when blood cholesterol
1 Jow Furthermore some Teversal of atheromata 15 1y
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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 pyridoxal 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 Er 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 1t to fall (Table XL11) Surpnmngly 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 lipoprotein fractions which carry cho-
Testerol These are complicating parameters whose sig
mficance 15 unclear Their relations are shown 1n Table
XLIV Rheys has smd At the present tme {1901} 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 1ts physical
charctenstics however may have atherogensc properties
"I);hozs; (\;rf)e ’;'nhulcc;ﬂts transport lipids and steronds
& mme:‘.l.m crelore an mncrease in §hipoprotesns may
3 10 the process directly or indirectly but at
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acd esters of cholesterol regardiess of the length of the
crbon cham melt at higher than body temperatures the
lowest 13 for oleate (44 5°C) and linoleate (42°C) com
pare stearate (32 5°C) and palmstate (80°C ) (348) There
fore varations 1 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
estes  Exp m our lab 1es haweier have
faled tg show that vitamin Be ratses the 10dine number of
plasma ipids when given for a week or 10 days the tend
ericy was for 1t to fall (Table XLII) Surpnsingly enough
the sodine numbers of blood lipids was found to be much
tugher 1n Chinese (8) than i Amencan pauents (Table
KL probably a reflecion 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 lipoproten fractions which carry cho-
lesterol  These are complicating parameters whose sig
mficance 13 unclear Their relations are shown 1n Table
XLIV heye has sud At the present tme (1901} 1 1s
enurely unjustified to attnbute to G measyrements any
special virtues beyond that for sumple cholesterol measure
ments for the prediction of atherosclerosss or the estima
tion of the acuvity of the atherosclerouc process  (351)
The type of lipoprotein s solubility and ats physical
charactenistics however may have atherogenic Pproperties

These large molecutes transport lipids and steronds
blood (302) Therefore an merease 1n &lipoprotesns may
T idirectly but at

do something to the process durectly o
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acd esters of cholesterol regardless of the length of the
carbon chiam melt at higher than body temperatutes the
1owest 1s for oleate (44 5°C) and linoleate (42°C) com
pare stearate (82 5°C ) and palmutate {90°C)) (348) There
fore vamauons 10 solubthty and melting point may de
termine deposition of these esters 1n the lestons Solu
balitzes of the chol 1 esters of §-lipop beheved
to be of atherogensc mportance (350) are not known
Since pyridoxal 15 concerned with hepaue desaturation
of di and tn unsaturated fatty acds to tetra and hexa
forms (349) this coenzyme could nfluence the type of
ester Expenments 1 our laboratories however have
farled to show that vitarmun B, raises the 10dine number of
plasma lipids when given for a week or 10 days the tend
ency was for 1t to fall (Table XLII) Surprisingly enough
the 1odine numbers of blood lipids was found to be much
tugher 1n Chinese (8) than n Amercan patients (Table
LI} probably a reflection of their high unsaturated
fatty aaid diets

Other Lapid Substances We have not considered the
phospholipids of plasma nor the chylomicrons containing
fieutral fat nor the lipoprotein fractions which carry cho-
lesteral These are complicating parameters whose sig
mficance 13 unclear Their relations are shown in Table
LIV heys has sad At the present tme {191) s
entirely unjustified to attnbute to G measnrements aw
specnaf virtues beyond that for sumple chalesterol meamrz
ments for the prediction of atherosclerosis or the estima
E;;n of the actrunty of the atherosclerouc process  {351)
e type of lLipoprotem 1t solubality and 1ts ph ]
f;almctmxms however may have atherogemc prfpe’:\ec:
o ;.5; (1;;5; Irfx:cges transport lipids and sterowds n
2 ¢tore an wcrease m §lipoprov

o €IS ma
amethung to the process directly or sndsrectly but a);
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acud esters of cholesterol Tegardless of the length of the
carbon chan melt at higher than body temperatures the
lowest 15 for oleate (44 5°C) and hinoleate (42°C) com
pare stearate {82 5°C) and palmaate {30°C) (318) There
fore vamauons 1 solubility and melting pomt may de
termine deposition of these esters n the lesions Solu
brlitzes of the chol 1 esters of §lipop: beheved
to be of atherogensc ymportance (350) are not known
Since pyridoxal 15 concerned with hepaue desaturation
of di and tnunsaturated fatty acds to tetra and hexa
forms (349) this coenzyme could nfluence the type of
ester Expeniments m our laboratonies howeser hae
farled to show that vitamin B, rauses the 10dme number of
plasma Lipids when given for a week or 10 days the tend
ency was for 1t to fall {Table XLIT) Surpnsngly enough
the 1odine numbers of blood liptds was found to be much
tugher 1n Chinese (8) than in American patients (Table
LI} probably a reflection of their high unsaturated

fatty aaid diets
Other Lapid Substances We have not conndered the
phospholipids of plasma nor the chylomicrons containing
neutral fat nor the lipoprotein fractions which carry cho-
lesteral These are complicating parameters whose sig
mficance 13 unclear Their relations are shown tn Table
LIV heys has sud At the present ume {1951) st 1s
entirely unjusuified to aunbute to G measurements any
special virtues beyond that for simple cholesterol measure
ments for the prediction of atherosclerosis or the estima
E;:; of the acnsty of the atherosclerotic process (351)
type of lipoprotem s solubality and 1s physical
charactenistics however may have atherogemic properties
'tl;hese large molecules transport lipids and sterowds 1n
: 0od (302) Therefore an increase 1n flipoproteins may
0 somethung 1o the process directly or indirectly but at
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Mechanisme i Atherosclerons o

1n the blood What they are and what they are made of 15
& grearest importance

Ot';}}],g g;,gggromrﬁ carry steroid hormones cholesterol
and sts esters, carotene or vitamin A« tocopherol and
acetal hp1d {contammg hydroxy grount) {352 303 387)
Most (75 per cent) of the free cholesterol 1n serum 1528
the gfipoprotem fraction as 15 the estenfied fracuon {73
per cent) whole Tess (85 per cent) of the phosphorus 18 10
thus fraction Barr found somewhat lower values m f-
Iipoprotetns (354, 355) Thus mcrease 1 the cholesterol
phospholipid ratio suspected to be of atherog ug
mficance means 1n terms of bipoprotens that with rela
tuely fess phospholiprd than chol 1 the B-lip
fraction will be increased 1n the propornon of 1135
Gafman finds that patticles of the S¢ 1020 classes have
weight rauos of cholesterol to pbosphohipid 2s high a3
113 (306)

Exogenous Cholesterol There 18 no evidence that a
diet « 4 bl

of chol 1 {up to
18 Gm per day or the equuvalent of four eggs) mfluences

the level of blood cholesterol {357V Feeding healthy val
untecrs ($38) or patients (359) up to ten times that amgart
cguses tusignificant changes 1n plasma levels * Actually at
200 wg per {09 1ol blood there 1s abowt 8 Gm 1 ar
culation with an additional 3 10 4 Gm 1 Iiver and a con
siderable amount mn other nissues While exogenous cho-
lesterol probably little affects plasma levels 1 man the
Tevenst 1€ restncting the dietary srake o very low
values does decrease plasma Jevels since all dietary cho-
lesterol 1s contaned 1o fasty foods which therefore need
ey e s b, of g

¥ol in farge doses The effect o
fasma tholrsiessl n
;‘ it bowevet 1 euber insigmbicant, or ssgmaficant ta a very
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1n the blood What they are and what they are made of 1
eatest importance

Ot'?}],:g g;gggromrﬁ carry steroid hormones cholesterol
and 1ts esters, carotene or vitamimn A a tocopherol and
acetal hpid {contammg hydroxyl grouns) {352 303 387)
Most (75 per cent) of the free cholesterol 1n seriim 1520
the fhipoproten fracuon as 18 the estenfied fraction (73
per cent) while less (53 per cent) of the phosphorus 1810
this fraction Barr found somewhat lower values 3
Iipoprotetns (354, 355) Thus mcrease 1 the cholesterol
phospholipid Tatio suspected to be of ath ug
mficance means 1n terms of bipoprotens that with rela
tuvely fess phospholipid than chol 1 the glip
fraction will be mereased 10 the proportion of 1135
Gafman finds that patticles of the S¢ 1020 classes have
weight ratios of cholesterol to phospholipid as high as
113 (326)

Excgenous Cholesterol There 13 no evidence that a
diet « bl

g of chol 1 {up to
18 Goy per day or the equivalent of four eggs) nfluences
the level of blood cholesterol {357V Feeding healthy val
untecss ($38) or patients (359) up to ten times 1hat ameart
cguses tusignificant changes i plasma levels * Actually at
200 wg per {00 ral blood there 13 abom 8 Gm m ar
culatson with an additional 3 16 4 Gm 1n Iver and a con
siderable amount m other Lssues While exogenous cho-
lesterol probably litile affects plasma levels 1 man the
Teversé 1 mestnctng the dietary snake o very fow
values does decrease plasma levels since all dietary cho-
Testerol 15 contained 1 fasty foads which therefore need
i e g e e of e

#rol in farge doses The effect o
. n
; ;:ad:h;\:\m\ bowevet s enber insigmibivant, or sgmbicant ta a very
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usually contain unsaturated fatty acids This 15 not true of
fish orls wach must be largely unsaturated or short chamn
because of the low melung point essentsal for mobihity of
the ammal at low temperatures Actually fish fat contains
several very long cham unsaturated fatty aads

"There are three habits largely common to the US A
and some European countnes which tend to rase the
dietary muake of satarated fats (202 348 360) 1) Since
1920 animals fattened for slaughter have been fed gh
carbohydrate diets 1n order to lay down a hard fat Meat
from animals eatng unsaturated vegetable fats 35 oily and
housewves do not like to buy st the melting pownt 15 low
2) For many years segetable fats (unsaturated) have been
commeraially hardened often by 2 copper or mickel eata
Iyst m order to provide shortemngs or margarine which
are solid at room peratures 3) The ¢ pion of
milk buiter and cheese has mcreased mik fats contamn
shorter chawn 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 atheso-
sclerosis? The following mformation 15 known

1 Anumals lay down 1n therr tissues part of the fat in
gested This has heen demonstrated 1n 2}l mammals but
man Pigs fed very Jong cham ligh melting point fatty
aads may crack i the cold Unnatural fats (odd numbered
carbon atoms or optical 1somers of natural fats) can be
recovered from the bodies of anmmals to which they are
fed 1n amounts from 10 1o 25 per cent {318)

2 Cholesterol esters can be formed of the type of fat
1ied (348) ™ be Tecorered when a specific fat

3 The esters of cholesterol 1n blood usually contamn
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usually contain unsaturated fatty acds This 15 not true of
fish osls which must be largely unsaturated or short chain
because of the low melung point essental for mobnhity of
the ammal at low temperatures Actually fish fat contains
several very long thain unsaturated fatty aads

"There are three habuts 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 gh
carhohydrate diets 1n order to lay down a hard fat Meat
from animals eatng unsaturated vegetable fats 35 oily and
housewves 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 room ures 3) The ption of
milk butter and cheese has increased miik fats contamn
shorter chain saturated fatty acids and are behesved to be
atherogenic (356)

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

1 Amimals lay down in their tissues part of the fat n
gested This has been demonstrated mn a1l mammals but
man Pigs fed very Jong chamn high melting point fatty
aads may crack in the cold Unnatural Fats (odd numbered
carbon atoms or aptical 1somers of natural fats) can be
trecovered from the bodies of animals to which they are
fed 1n amounts from 10 1o 25 per cent {348)

e s T e o o o e e of
esters of cholesterol can bcore:(:ytel: :nn;luml fauy aad
1 1ed (348) ed when a specific fat

3 The esters of cholesterol 1 blood usually contamn
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uswally comtasm unsaturated fasty acids Thus 1s not true of
fish orls which must be largely unsaturated or short chain
because of the low melting point essential for mobihty of
the ammal at dow temperatures Actually fish fat contamns
several very long chamn unsaturated fatty acids

“There are three habits largely common to the US A
and some European tountnes which tend 10 tane 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)

Relation of Dhetary Fats to Cholesterol Why does an
excessne mtake 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 been demonstrated 1n all mammals but
man Pigs fed very long chain hugh melting point fatty
ac;g!o:a:;::k mthe m‘\d Unnatural fats {odd numbered
Tecovered hor:rd:? tl‘:oz;iu.:lsso :fl c:n:a;mmml fews) can be
fed 1n amounts from 10 to 2 S o they are

per cent {348)

2 Cholesterol esters can be formed of the type of fat
:x:e ?ltt Thus steanic or even unuatyral fatty aad
o “; (l.;{ 2;)holmuzml can be Tecovered when a specific fat

3 The esters of cholesterol 1n bloed usually contan



Mechanisms tn Atherosclerosis 223

uswally comtasm unsaturated fasty aads Thus 1s not true of
fish oils which must be largely unsaturated or short chatn
because of the low melting point essential for mobihty of
the ammal at Jow temperatures Actually fish fat contans
several very long chain unsaturated fatty acids

“There are three habits largely common to the US A
and some European countries which tend 1o rasse 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
ate solid at Toom ures 3) The ¢ p 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 ntake of hard or saturated fats cause athero-
sclerosis® The following anformation 15 known

! Ammals lay down 1n thew ussues past of the fat 1n
gested This has heen demonstrated 1 all mammals but
man Pigs fed very long chain high melting point farey
i:g!c:a;{“i::k m the m‘\d Unnatural fats (odd numbered
Tecovered hor:rd:? tl‘:oz;iu.:lsso :fl c:n:a;mmml iats) an be
fed m amounts from 10 1o 25 > o aruch dhey are

per cent (348)

2 Cholesterol esters can be formed of the type of fat
:‘:xc ?xct Thus steanic or even unuatyral fatty aad
o “; (l.;{ 2;)holmuzml can be tecovered when 2 specific fat

3 The esters of cholesterol 1n bloed usually contan
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TABLE XLV
.
Coupostrions oF Cory CoTronseED OLIVE 018 ANp BuTTER

Corn  Cottonseed  Olire Butler

e
Todine number 103-129  90-110 79-50 gﬁsj
Saturated acids (%) 1218 2132 919

Oleate 21-49 19-36 686 2841
Lincleate 361 34-56 413

Lwclenate 029 ] a g
Arachidonate o 0 0 M
Squalene (mg ) 28 1 I8

Ergosterol + 4 ) +
Sutosterol + + [}

Stgmasterol +

Rate of enzymic bydrolysis 1 3

Tocopherol (mg ) §7-250 83110  3-30

* After Deuel (318) and Eckey (H47) Conteats vary with climate soil
and see

cholesterol has been shown to be squalene a hydrocarbon
with sie double bonds having the empincal formula
CyHu (362) Squalene 15 found mn the unsapomfiable
fraction of several but not all fish o1ls and only one plant
ol oline ol (041054 per cent) Other vegetable oils
contain only very smal] amounts (peanut o1l 0 07 per cent)
Animals fed labelled squal yntk hol 1 50
tumes 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 n foods but m small quantities

Effect of Vanous Fats on Blood Cholesterol Levels in
Man One can gain some 1nformation on the relationstup
of the type of fat ingested to the level of cholesterol 1n
Plasma by human experments 1n which chetary fat was
markedly increased (Table XLVI) 1f these results are
vald an examination of the table pornts at once to specific
dietary factors or the Jack of them which alter cholesterol
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TABLE XLV
.
Coupostrions oF Cory CoTronseED OLIVE 018 ANp BuTTER

Corn  Cottonseed  Olire Butler

.
Todine number 103-129  90-110 79-50 gﬁsj
Saturated acids (%) 1218 2132 919

Oleate 21-49 19-36 686 2841
Lincleate 361 34-56 413

Lwclenate 029 ] a g
Arachidonate o 0 0 M
Squalene (mg ) 28 1 I8

Ergosterol + 4 ) +
Sutosterol + + [}

Stgmasterol +

Rate of enzymic bydrolysis 1 3

Tocopherol (mg ) §7-250 83110  3-30

* After Deuel (318) and Eckey (H47) Conteats vary with climate soil
and seed

cholesterol has been shown to be squalene a hydrocarbon
with sie double bonds having the empincal formula
CyHu (362) Squalene 15 found mn the unsapomfiable
fraction of several but not all fish o1ls and only one plant
ol oline ol (041054 per cent) Other vegetable oils
contaim only very smal] amounts (peanut o1l 0 07 per cent)
Animals fed labelled squal yntk chol 1 50
tumes 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 n foods but m small quantities
Effect of Vanous Fats on Blood Cholesterol Levels in
Man One can gain some 1nformation on the relationstup
of the type of fat ingested to the level of cholesterol 1n
Plasma by human experments 1n which chetary fat was
markedly increased (Table XLVI) 1f these results are
vald an examination of the table pornts at once to specific
dietary factors or the Jack of them which alter cholesterol
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ALVIL) Arachidonic acid a normal component of ammal
ssues leathuns cephalin phosphatides and fats 1s an
other essential fatty acid formed from linoleic probably
by 2 vitamun B, enzyme system (349)

Therefore the factor n certain vegetable fats (and not
others) which lowers blood cholesterol may not lie 1n the
presence or absence of unsaturated fatty acids themselses

TABLE \LVII
Essexnia Fatry Acto Covrent o Soe Eprete Oms [¢A)

Food

Lenolewe Lynolemc Productiont
Linsew, 15-43 40-53 22
Peanut 47-72 0 39
Sunflower 473 01 20

e 4048 ] 15
Soy bean 520 231 ag
Coconut -2 [ 46
Ammat fats + 0 178
Rapeseed 12-16 7-10 33
Paln 611 0 33

¢ After Eckey (147)  {Fstimated W orld 1951 billions of Ibs

but i the linoleme

or other specific fatty acid content
The cholesterol lowe

Ting diets of hansell et o] contamn
nts (363) The fat from some nuts

t contam hinolenate «, e
sprte of these fatg at least two of which ug
cholestero} 3¢ felt
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pyndoxal and Trace Metals The amount of vitarmin Bs
1n the dies has 2 definute influence on essenuial fatty acd
metabolssm 1m ammals Vi 1, deficiency and essen
tal fatty acid deficiency i rats Tesemble each other grossly
and each factor will partly allesiate the other There ate
however fundamental dafferences in enzymes i the two

TABLE XLIX

Courarsos of Essenmist Fatey Aco aso Pymioxoe
Degictencies ™ RaTs (384)

Essentich
Fusctun Organ Fanty Pyndoxine
Aud

Respiration Liver Increased
Cytochrome oxidase Laver Tnereased Increased
Suctme pdase Laver No Change  No Change
Phsphate estenfication Laver Decreased Decreased
Glutang detydrogenase Liver Decreated Degreased
Batyne dehydrovenase Laver Decreased No Change
Sucainie dehydrogenase Liver Decreased No Change
Glutamie decarboxylase Bran - Decreased
Arachidomic synthesis Carcass Decreased Decreacd
Texaenoic synthesss Carcass Decreased Decreased
Ortancate gxdation Cascass -

conditsons (Table XLIN) Apparently vitamin B, 15 essen

ual for d g partly d fauy aads such as\
Imoleic further to synthesize arachidonic and wm metab-
ohnng hnofenic to hexaenoic acids Lanoleic s a precursor
of arachud and linol of the t acids (349)

defirency or satutated fatty 2ad excess Thuy the members of the Rus

#ian Orthodox Church €at nothing of amimal ongin dunng Lent Advent
#nd on Wednesdays and Fdavs 204 ase ads Zrghoan finofenie and Roman
Catholics by custom supply themselves wth adequate essential fatty 2ads

o0 Fndan and dunng Lear but do not testner othe; 1
medans have ftndt deratp iuipeiv

Yawy Bu7ing Ramwadan In terms of deposition of
bpid these rehigons hatuy probatiy do no hatm mllnhu‘?:g or 1t
wonag the integnty of the numa.
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Pyndoxal and Trace Metals The amount of vitarmin Bs
1n the dies has 2 definte influence on essenual faty acd
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conditions (Table XLIN) Apparently vitamin B, 15 essen

ual for d g partly d fauty acds such as
Imoleie further to synthesize arachidonic and w metab-
ohmng hnolenic to hexaenoic 2cids Lanoleic s a precursor
of arach

d and linal of the & ands (349)

deficrency or saturated fatty 20d excess Thus the members of

van Orthodox Church €at nothing of animal ongin dunng Jnt‘h ::;\:u
and on Wednesdays and Frdavs 20d gse gds &rghan finoferie aad Roman
Catholis by custom supply themselves with adequate essential fatty ands
on ¥nda)sy and donng Lear but do got restrict other animal fats Moham
medans have ot dietasy Yaws during Raniadan In terms of deposition of
Lpid thexe veligous habuty probatily do 0o hatm 1n mainumn,

stonng the integnity of the inuma, B or e
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Fie 20 Efects of oral hydsalanne 2nd mntravenous EDTA on plasma
cholesterol fevels L. I 44 years of age was seen m October 1954
because of mild exertional dgspoea and ankie edema for six months
Av7 years of age he had Mane Strumpell arthntis and at 25 yeans
of age migratory polvarthnus wihout unnary symptoms Nephrosis
was dinically evident and amylodons was proved by renal punch
Biopsy To lower his plasma cholesterol hydralazine was begun with
out evident chimical improvemtent. In 2 {urther cfiort 1o Jower hus
plasma cholesterol three courses of parenteral EDTA were given On
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
cheilous chemasns saotal wfammaton and pustular lesions over
the face and wunk had appeared Within a week the lesions had
vanished and a second counse of FDTA was begun On the fourth
day stomatitis reappeared and wathyn 7 days the same syndrome
Was present again pecessitating the discontinuation of therapy The
3day final course produced no such lesions however fever smmed:
ately followed the dosage wncrease to 4 Gm. Cholesterol yalues for the

second course were not plotted because such 2 tow plasma level way
3ttained that a laboratory error was sus

pected (303 mg per 100 ml
ou 3 sngle deternunation) The changes 1n cholesterol preceded
el toxiaty (From Perry H M Jr and Schroeder M A J
Chrome Dy 2 520 1955) Metal excretion m Table XXX p 160
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Fie 20 Efects of oral ydsalanne 20d mtravenous EDTA on plasma
cholesterol fevels L. I' 44 years of age was seen1n Ociober 1954
because of mild exertiona) dyspoea and ankie edema for six months
At 7 years of age he had Marie Strumpell arthntis and at 25 yeans
of age migratory polvarthnitis wihout urnary symptoms Nephrosus
was chowcally evident and amylosdons was proved by remal punch
biopsy To lower hus plasma cholesterol hydralanne was begun with
out endent dimical improvement. In 2 further efort 10 Jower hu
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 2 magenta tongue were obsersed and he
complained of soreness about his mouth and gums By the fnal day

cherlos chemasss saotal infammaton and pustulir lesans over
the face and trunk had appeared Within a week the lesions had
vatushed and a second counse of FOTA was begun On the fourth
day stomatitis reappeared and wathun 7 days the same syndrome
Was present again pecessitating the discontinuation of therapy The
3ay fimal course produced no such lesions however fever smmedy

ately followed the dosage 1nevease to 4 Gm. Cholesterol values for the
second course were not plotted because such 2 tow plasma level way

3tained that a labotatory eror was suspected (303 mg per 100 ml
on 3 simgle deterpunation) The

mges an cholesterol preceded
el toxiaty (From Perry H M Jr and Schroeder M A J
Chrome Dy 2 520 1955 Metal excretion 1n Table XXX p 160
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we would expect hitle or no atherosclerosts especally of
Our COTONArY arteries

There appears to be something mn certain but not all
\egetable fats which lowers blood cholesterol markedly 1in
man while ammal fats hydrogenated vegetable 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 If that 15 so Europeans
and Americans may be suffering from a relative essential
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Mechanisms in Atherosclerosis 235
Inumal Injury due to Tncreased Saturated
X 1) Vitamin B defiaency over Unsaturated

1) Excessne hypertension X Fatty aad esters of X Blood = Atherostierosls
©) Normal pressure cholesteral lipo- Pressure
differentials proteins and phospho-
Lipids Inereased
synthests or decreased
destruction of cholesterol
due to metals or fatry
aad deficency

The nature of the vitamin B, deficiency and 1ts possible
relation to trace metals has already been discussed The
plasma hipuds under c 1on mclude a) Chol 1
esters which are said to be usually of unsaturated fatty
aads although esters of equal length saturated fatty acids
are lighter and more msoluble Dietary excess of the latter
ould mfluence their nature b) Lipoproteins or protein
fatty acid complexes the nature of which are unlnown
The saturated fatty acid esters should be highter and more
wnscluble than their unsaturated counterparts 1f so they
thould centrifuge more slowly (or float more rapidly)
A lipoprotem with a speaific flotation rate of $, 0 10 1f 1ts
fatty acud became saturated should theoretically change to
the 5, 1020 class unless rearrangement of the molecule
took place ¢) Phospholipids the fauty acid components of
which depend pantly perhaps on dietary intake but
ustally are formed of unsaturated fatty acids 1n function
ing tissue (brain and Tiver)

Effect of Sex For SOmMe UNkNnown reacnn nramamac
Women are quite immun
The disorder however
after the meno,
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Inumal Injury due to Tncreased Saturated
X ) Viumn B defiaency over Unsaturated

1) Excessne hypertension X Fatty aad esters of X Blood = Atherostierosls
©) Normal pressure cholesteral lipo- Pressure
differentials proteins and phospho-
Lipids Inereased
synthests or decreased
destruction of cholesterol
due to metals or fatry
aad deficency

The nature of the vitamin B, deficiency and 1ts possible
relation to trace metals has already been discussed The
plasma lipids under consideration mclude a) Chol 1
esters which are said to be usually of unsaturated fatty
aads although esters of equal length saturated fatty acids
are lighter and more msoluble Dietary excess of the latter
ould mfluence their nature b) Lipoproteins or protein
fatty acid complexes the nature of which are unlnown
The saturated fatty acid esters should be highter and more
wnscluble than their unsaturated counterparts 1f so they
thould centrifuge more slowly (or float more rapidly)
A lipoprotein with a speaific fiotation rate of 8,010 1f 1ts
fatty acid became saturated should theoretically change to
the 5, 1020 class unless rearrangement of the molecule
took place ¢) Phospholipids the fauty acid components of
which depend pantly perhaps on dietary intake but
ustally are formed of unsaturated fatty acids 1n function
1ng tissute (brain and hiver)

Effect of Sex For SOmMe UNkNnown reacnn nramamac
Women are quite immun
The disorder however «
after the menopanse as 1 men Co!

ronary occlusion 1n a
o menstruating woman was formerly ex

:c yE Tare although cases are now appeanng The de
&ree of aortc atherosclerasis however shows liile sex
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fuctations can occur (377) A persistently tugh lc\cl}:s
atherogemic 2 momentary low level may not reflect the
true state of affairs 1 terms of mtimal exposure There
are conflicting opnions and data but the opposing ViEwS
can be resohed by that 2) ch levels
fuctuate and unless consistently elevated values may be
meanngless 2) when a patient 3 sich the levels fall
8) the full lesions of atherosclerosts de\elog only‘ after
prolonged constant or t hyperct Oler

In this chapter we bave spoken of trace metal mbal
ances conditioned witanun B, defiaencies and essenuial
faity and deficencies We have emphasired that these
deficiencies are relative condiuoned and local to one or
at most a few enzyme systems There 15 no practical way
however of reversing vitamun B, deficiencies at the present
time The administration of 50 mg of pyridoxal hydro-
chlonde daily to many patients has not resulted 1n a detec
table fall in blood cholesterol The admimistration of at
least two trace metals cobalt and manganese m large daily
doses have not caused clinical changes detectable by ordi
pary laboratery methods Only by chelating agents have
we been able to affect blood levels favorably (180)

The several pathogenetic factors outlined by Friedman
etal should be affected simultaneously 1f we are to expect
cessation 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 in
adequate doses 15 required until more 1s known The ab-
normally gh cholesterol levels i blood should be re
duced by dietary influences and chelating agents »f pos
sible Elevated duastolic pressure should be controlled at
normotensive levels Under these condstions some Te

2bsorpion of plaques which are not too scarr t be
bs ed rmight hy
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true state of affairs 1 terms of wtimal exposure There
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In this chapter we bave spolen of trace metal imbal
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deficiencies are relative conditioned and local to one or
at most a few enzyme systems There 1s no practical way
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doses have not caused clinical changes detectable by ordi
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we been able to affect blood levels favorably (180)
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etal should be affected simultaneously 1f we are to expect
¢essation of the process or at the best reversal Whatever
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should be opposed as an approximation pyndoxine
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duced by dietary wnfluences and chelaty
sble Elwated ng agents 1f pos
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absorption of
“pccl:ca of plaques which are not too scarred mught he
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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 dsease promotes drug talerance 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 mn 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
The first question to be answered 1s Has the patient

hyp on? A d 1 of 90 mm H; g

: oy the 3 “. g or over

e of horotkoff sounds) 1s
strongly suggestve 1n fact usually indicative of general

1zed vasospasm 1n the absence of tacky:

yarda polycythernia
or coarctation of the aorta When perstent J)tcysuggcsu
chrome hypertension when relieved by relaxation 1t su
geststhe prehypertensive state ¢

The second gquestion 15 How severe or sustamned 1s the
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3 Yschemia due to orgamc vascular disease which does
not appear until the pressure 1s Jowered 15 a clear and
present hazard 1n actual practice 1t 1s1are

4 Diastolic normotension must be achieved and mam
tamned whenever possible A compromuse 18 hazardous
merely modifies the disease promotes drug talerance and
does not allow eventual reduction 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 n order to present
a) hypertension b) hypotension and ) to provide as con
stant a blood level as possible throughout the day and
might Varying requirements and absorptson necessitate
varying dosages according to the prevailing levels of blood
pressure

6 Arenal hypertension due to ncreased generalized
vasospasm 13 a disorder or a duease 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 physiian want to control the disease I
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 patient
hyp "m’ A diastolic of 9 mm Hg or over
{ by the disapy e of horotkoff sounds) 1s
strongly suggestive 1n fact usually indicative of general
tzed vasaspasm 1n the absence of tachycardia polycythernia
or coarctation of the aorta When peruistent 1t suggests
chronic hypertension when rehieved b

y relaxation 1t &
geststhe prehypertensive state “8

The
R second guesuon 15 How severe or sustained 1s the
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primary organic repal diseases adrenal dysfunction or
emotional crises

For a thorough workup ewaluation of the cardiac
status requires a study of the symptoms electrocardio-
grapluc tracing for Teft vemtricular hypertrophy stram
vatterns or old myocardial mfarcuon and roentgen or
fuoroscopic exammation of the heart In acwual practice
only signs of 2 prevsous coronary occlusion are wnppottant
indscations for cautsous therapy but physicians are often
granfied to watch enlarged hearts slowly become smaller
and abnormal electracardiographic tracings Tevert to nor
mal under continuous therapy

Renal status 1s evaluated most eanly by routine un
nalysis and the mtravenons mjection of phenol red (PSP)
with unne specimens obtaned 15 50 and 60 minutes ajter
mjecnon The test 15 simple and rehable The bladder
need not be empued before the test although the first

P may show a hat smaller amount of PSP *
for unknown reasons (Reabsorption of PSP by bladder
wall has not been ruled out) Adequate hydrauon s es.
sefttral for accurate Values The urinary concentration test
1s Impractical on an outpatient basis owing to dificulues
mw restncung the amount of dietary water If the 15

minute PSP excretion 1s less than 10 1o 15 per cent azo-
temia may be suspected

Retnoscopy 15 essennal m all cases The appearance
of exudative or hemorrhagic renns 1s often a Ppoor prog
nostic sign making treatment mandatory The best method
for grading fundal changes 1 that of hesth and Wagener

B 2 senes of 39 medieal studenss pawred fot the test with bladder

empty the 15-minute excrenon was 355 cent with blady
de
FAT cent The normal vadues waekt Bladde e e addcs full 309

fer iniaadly 2myty wese Y, minun,
335 per cent 30 munures 21 ot i
peteibvaieton 212 per ot 60 mmutes 172 per cent with 2
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5 External compression of the renal artery
a Tumors of the pedicle®
b Aneurysms®
6 Diminution of the calibre of the renal arteries
a Congemtal malformations hypuplasxa'
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
2 D d lupus erytt
b Polyarteriis nodosa®
¢. Syphhs
d Thromboanguus obliterans
2 Inflammatory renal lesions
a Glomerulonephnus®

The following endocnne duseases can mfluence
tension

hyper
1 Hypophyseal tumors and hyperfunction®

2 Adrenal cortical
- 1cal and medullary tumors apd hyper
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5 External compression of the renal artery
a Tumors of the pedicle®
b Aneurysms®
6 Diminution of the calibre of the renal arteries
a Congemtal malformations hypoplasia®
b Atherosclerosis, with atheroma of the mam 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) Utenne prolapse
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b Pyelonephnus (common)®
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2 External compression of renal vein
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The following 1ntrarenal diseases must be considered
1 Inflammatory vascular lesions
2 D d lupus erytt
b Polyarteriis 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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EVALUATION OF GENERALIZED VASOSPASM
1N HYPERTENSIVE STATES

Tt 15 of itele more than academc interest what the un
derlymg pathogenetic factors in a state of severe hyperten
sion may be except when chrome pytlonephnus can be
treated With anuboties (often with lutle success) or 1@
currences of g\nmem\onephn\\s prevented by anubiatics
designed 1o abort UPpes Tespiratory tract infectians 1t also
matters hale what the type of renal disease contributing
to the pasm may be pyelonephritis glomeruloneph
s secondaty attenolar nephrosclerons or even polycysuc
disease What do matter are the relatee wfluences of neu
Togenic nephrogenic or adrenocortical factors 1n causing
che vasospasm for the Telative amounts of different drugs
reqmred will duffier according to the amount of temal
sschemia present Therefore 1t 15 a good plan to group
cases dccording 1o several stages of the disease dependent
upon the amount of vasospasm one finds and ats Jabhity
The degree of lability of the vasospasm 15 the factor
which determines these stages Complications such as
cerebral vascular acaident and coronary artenal ocelusion
£n Occur 1n any stage muld severe or normotensive as
they ;re caused nat ditectly by vasospasm but by an asso-
;‘::se i:r?\s:c a:wrosdemsu The facs thae this other
. influenced by the seventy of the hyperten
on ye the vasospasm has lttrle to do with therapeutic
Taeasutes et 21 v2sospasm Therefore lassifications
based pardy wpon atherosclerouc dsmage are \alid for
purposes other than the choice of drugy or procedures
i“ch‘as progrostic waplications and for sutgical tisk One
b o s P i 3 s
severe athcroscl:ms%s an‘d e}“l e who extubied
use thermn however 1n a Jurd Dypertension_one would
Pauent with tevere bt asympto.
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EVALUATION OF GENERALIZED VASOSPASM
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treated with anumoncs (often with utle success) or 1@
currences of g\nmem\onephnus prevented by anubiatics
designed 1o abort UPpes Tespiratory tract infectians 1t also
matters hitle what the type of renal dusease contributing
10 the past may be pyelonephrius glomerulonephn
s secondaty artenolar hephroscleross or even polycysuc
disease What do matter are the relative wfluences of neu
Togenic nephrogenic or adrenocortical factors in causing
¢he vasospasm for the Telative amounts of different drugs
sequited will differ according to the amount of renal
sschemia present Therefore 1t 15 a good plan to group
cases dccording 1o several stages of the disease dependent
upon the amount of vasospasm one finds and 1ts Jatahity

The degree of Iability of the vasospasm 15 the factor
which determines these stages Complications such as
cerebral vascular acaident and coronary artenal ocelusion
€an occur 1n any stage muld severe or normotensive ag
they aze eaused mot directly by vasospasm but by an asso-
ciated Qisease atherosclerosis The facr thar this other
disease can be influenced by the severtty of the hyperten
ston e the vasospasm has little to do with therapeutic
Taeasutes mmed 21 v2sospasm Therefore lasmifications
based pardy upon atheroscerouc damage are vahd for
f:gO:s ::he;mx!:a::“ i};c choice of drugs or procedures
would r?nt Ex‘le the m}:xcﬁ!m& ar;d far surgical mek. One
fiemplegia or con msne}x;iem {m £ i 2 pauent with
severe athcroscl:ms%s a;‘d e;lﬂh Piee who sihibia
use thermn however 1n a Tent Spertension ene Would

Pauent with severe but asympto-




Methods for Therapy of Hypertension 247

Sertous secondary atherosclerotc complications may or
may not be present 1f 50 about 30 to 40 per cent may be
dead 1n 3 years The ocular fundi are Grade I or II renal
function 1s normal or nearly normal and the blood pres
sure 15 Toughly 180/100 to 220120 mm Hg dunng test
1 bed Reserpine_plus faurly large doses of hydralazime
(300 to 400 mg per day) will control about half of these
cases eventually the remamnder require the additon of
ganghome blockade With tme 1ndividuals mn this stage
uniformly exhibit reversal of the process and marked re
duction of dosage 1n 2 to 3 years a majonty can be main
tained on reserpme alone and a few will be 1n a complete
but probably temporary Temussion

Stoge I11 1s made up of ndividuals with Grade 11 to 111
(keith Wagener) ocular fundi with or without occasional
hemorrhagic and exudative lesions with ses ere generalized
vasospasm and hypertension not relieved by heavy seda
ton (sodium amytal) Renal funcuon is adequate but
usually reduced Semous atherosclerotic complications may
or may not be present. The blood pressure 15 usually
200120 to 279/160 mm dunng rest 1n bed In thus stage
which usually carries a poor prognosis (40 per cent dead
m 3 years) ganghomc blockade plus adequate doses of
hydralazine (560 ™g or more per day) ate essential foy
control Reserpine may or may not be added manly for
us sedative action 10 smoothing out varations 1n hlood
pressure caused apparently by emotional lability m the
presence of incomplete and utegular gangliome blockade
e el e ol 8 o cnn g 5
it e eventual reduction 1n dosagg n

Stage IV corresponds to Pereras
or what 15 more

B accelerated phase
¥ called the mal stay
For therapeutic purposes it can be divided 1::0 th -

Tee sub-
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more theoretical benefits of dividing the dose ot of using
slowly absorbed sncrements such as are dispensed 1n yome
modern capsules than there 15 10 dading the dose of digy
whs Tt has been our pracuce to use 10 mg per day {ox
1 month Teducng it then o 0 5 mg and further reducing
002 or 0 1 mg slowly if excessive sedation appeared
Tt 18 such a muld ant: hypertensive drug 1n most cases that
st hould not be depended upon 1f signs of cardiovascular
dawage ate present Ity many side effects are hsted
Chapter III nasal congeshion being the most promment
and paranoid depresson with swaidal tendencies the
most dangerous Thos latter side effect  places 1t among
the agents indirectly hazardous to hfe the self satssfaction
of a physician ustng st 1 severe and malignant stages who
1 afraid to employ more patent measures also makes 2
{ess duectly harardons At the Brst sign of wereaung

anxiety emouonal tension and
agitation 1t should be disconunued for aguated paranoid
depression may develop (7072) In our experience reser
Pine 15 not & very valuable agent for hypestension evrept
as a curious kind of sedative with many side efeces (Fig

21

Reduction 1n dosage will often alleviate the usual de
prestise effects ot the agent and may veduce the number
of mightmares but nasal stuffiness can be most ahnoying
Epsstaxss nduced by the drug usually necessitates discon
tinvation The tume tested sedataves are the only alterna
tves to replace reserpive of 1t cannot be ysed

We have seen four patents whose severe hypertension
:a: cuted for seveal tmonths n that all druos =

\
v,k and perf

o pettaration o the

PANCIeRY veqmning pareat gastrectomy 1 the fourth
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inate theorencal benefits of dniding the dose ot of uang
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moderu capsules than thete 15 10 dinding the dose of dign
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the ~~r

of

13 sy v) dlote potent measures also males 1t
less directly hazardous At the first sign of increasipg
vervousness anxicty msomma emokonal tension and
aguation it should be dis 4 for agiated d
depression may develop (7072} In our expenence yeser
pme s not a very valuable agent for hyg on except
;z)a cursous ¥ind of sedative with many side efferts 4

Reducuion 1n dosage will often aflevsate the usual de
presive effects of the agent and may reduce the number
of mightmares but pasa’ stulfintess can be most annpying
Fpistais tnduced by the drag wsaally necessaces discan
tmuation  The tme tested sedanves are the only afterna
trves o replace restrpume 1f s¢ cannot be used

We have seen lour pattents whose severe hyperzension
way cured for several months i that al) drugs but vesex
Pine were stawly discontinued dunng 2 0 5 jeaes Inane
3 iter developed i two smactive nlcers hecame atne
One having 2 massy e hemorrhage and gerforation meo :he
Pancreas yequinng partial gastrectomy i the fourth
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serlous mucous cobtis and proctiis with ulceration and
bleeding appeated and d Because teserpine pro-
duces relaive parasympathetic overactivity 1t may be con
tramdicated 1n such individuals ¥ and complications such
as these must be watched for

Use of Protoveratnne One can begin this agent
doses of 0 2 myy three times a day increasing by 02 mg
per dose untl nausea or vomuting appears (395) The
dose causing nausea 13 then reduced by 01 or 02 mg
and the others gradually increased to the pomt of nausea
The emetic effect appears within 2n hour after the dose
often sooner Wide swings of blood pressure occur with
a mse at might ‘This agent cannot be given effecively
every 4 hours 2s tolerance soon develops only to disap-
pear with a few hours rest To be completely effective

These stimulate sp 1t psych inBuences
ate blocked in ene somatic nervous pathway the sympathetic perhaps
Cx o n B b 4L .

2
«

.
£ets another Reserpine may thus be an accesiory thologic agent

[
T
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or
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r b @ d W we average level
\;\;:d pm;:lne appeared to nise at end of the penod. G%L same ':xll
‘Year-old man with severe aortic athe

Atucred asle s fom e ic atherosclerous who after § vea
and 120 to 140 mm. Hg d
Ppressure at levels hugher

azxdne tus dhastolic presst
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to judge accurately the effective dose of a ganghionic block
1ng agent without huowing the level of blood pressure
Tt 1s most difficult to guve increasing doses to maximal
effect without overdosage unless the patient 1s vnder care
ful supervision of blood pressure and symptoms There
fore 1t 15 our practice to begin ganghomc blockade by
drugs 1n the hospital not only for consentence sake but
also ta achieve greatest benefit We know of only one way
to gve oral ganglionic blocking agents effectnely (Fig 26)

1 Rlood p 1 d by ¢
every 4 hours day and mght and charted

2 Imtal dose 1s 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 m the cases of
atherosclerotic or azotemic patients 150 to 170 mm Hg
Inpitial doses which are usually safe to give to patients with
severe hypertension are Hexamethorvum chlonde 125
mg. Pentolinum tartrate 20 mg  Chlorisondamine 10
mg Mecamylamine 2 5mg

3 If the deswred normotension 1s not achieved each
dose 15 raised by increments amountng to the 1nitial dose
daily until 4 or 6 daygs have passed Thus each dose grven
every 4 hours will be Hexamethonum chloride 500 to
750 mg Pentolmum tartrate 150 to 200 mg Chlonison
damine 50 to 75 mg Mecamylamine 15 to 20 mg By
this ume aintermittent normotension should have been
achieved (In order to change intermittency to more even
control hydralazine must be added at this pont (Fig 27))
Fach dip m systolic pressure guves the physician confi

dence 10 the lowest levels tolerabl without card
acadent

p nurses

ular

4 Doses are then gien on a
shiding scale dependant
on the level of blood Ppressure If normotension ls!:ksn'ed
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fore 1t 15 our pracuce to begin ganghome blockade by
drugs 1n the hospual not only for consentence sake but
also to achieve greatest benefit We Lnow of only one way
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¢ full dose 15 guven 1f the systolic pressure 1s over 140
m half the dose 1€ between 140 and 130 mm one fourth
e dose if 130 and 120 mm  and none if 120 or below
Iigher omt levels 10 mm apart are used 1n athero-
clerotic and azotemic patients perhaps 150 140 and 130
r 160 150 and 140 depending upon where the diastolic
sressure has settled or whether the azotenna has lessened
orworsened Measurements are then made with the pattent
seated 1n order to take advantage of some postural hypo-
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tension Standmg pressures are avorded The mght dose 1s
omutted leaving eight hovrs of uninterrupted sleep

5 Parasympitholysts should be treated A mghtly lasa
tine and magnesium citrate if the howels have not moved
by md morning will usually promote 2 daily evacuation
Tt s ymp 1o prevent diste of the mtestines (404)

Precautionary measures agamst obstrucuon of a hollaw
viscus already partially obstructed should be taken Ab-
dominal scars prostatic hypertrophy, frequent thimitis,
are warmng signs of possble trouble from this source
They ate usually less severe than the disease being treated
When the drugs cannot be tolerated protoveratnine can
be subsuituted with good results Surgical sympathectomy,
of course does not carry this hazard Prostauc obstruction
may require surgery

Use of Hydralaume This drug 1s gisen almost always
10 conjuniction with erther ganghome blockade (Fig 28)
or another milder agent acting on nerves (423) Because
of miunal side reactions mammly attmbutable to us ants
hisizunase action which are lessened with nerve acting
drugs 1t 18 begun at doses of 25 mg every 4 hours Tasing
the dose to 50 75 and 100 mg every 4 houts on 3 succes-
stve days Tt 1s grven with the blocking agent Thus 500
Mg a day 18 the usual dose m severe hypertension we
haie had to guve 2s much as 10 Gm for short antervals
These large doses may cause hydralazine disease 1n 10
Per cent of pauents after 6 months In general larger
doses are gisen for greater nephrogeme components to
e vasospasm smaller doses when the neurogenic com
o g e 1 19
first few weels of agmlms:::t\\::eo?ipe;n;‘ & dutmg the
discontinuation or marked red paralazine requires
nately such Teducuon of dossge Forew

y sensitive ndsviduals are rare Angina pectorss
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be subsututed with good results Surgical sympathectomy,
of coutse does not carry this hazard Prostatic obstruction
may require surgery
Use of Hydralaune This drug 15 gisen almost always
0 conjunction with either ganghome bloclade {Fig 28)
Quaciot Wi o Angilopic b
or another milder agent acting on nerves (423) Because
of miunal side reactions mammly attmbutable 1o uts ants
Pistamunase action which are lessened with nerve actng
drugs 1t 18 begun at doses of 25 mg every 4 hours Tasing
the dose to 50 75 and 100 mg every 4 houts on 3 succes-
stve days Tt 1s grven with the blocking agent Thus 500
Mg a day 18 the usual dose m severe hypertension we
have had to guve 25 much as 10 Gm for short mtervals
These large doses may cause hydralazine disease 1n 10
Per cent of pauents after 6 months In general larger
doses are gisen for greater nephrogeme components to
e rasospas smaller doses when the neurogenic com
Panent 15 large It 1s unrehable when used alone (189 396)
fir:zh{gj:\ fz‘:\\::haglfu:g u:m‘.l malaise appeanng during the
discontinuation or ma:;:es;mm:in o dalazine e
nately such sensitive 1nd; ihon of Jdosage Forta
¢ 1ndividuals are rare Angina pectorss
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can be made worse (or relieved) by hydralazine A compro-
mise partial control of hypertension by neurogemeally
acting drugs plus perhaps restriction of dietary sodium
may provide some measure of vascular safety which while
not 1deal may lengthen hie In our expenence patients
with severe hypertension are rarely 1ntolerant to this agent
when 1t 13 first given

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 restricion of dietary salt are well
known The nephrosclerotic kidney 132 saltlosing kid
ney to some extent and hyponatremia with renal failure
(the low salt syndrome) can be 1nduced 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 unt1l symp-
toms subside The disease bl

1n part a ph
of depletion By small doses blood prcssurelmn be con
trolled although LE Preparations may remain positive
the dusease vemamn 1 a subcimeal  lupad stage and
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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
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cremed the panent and s Teeord ase evaluated 1f rela
e norMotension 18 Ot conststent and the Buctuanions of
pressure much Jess maxhed the dose of one ot the ather
agent 15 adjusted upward until 1 15 mamtamed Myqunal
{bus unvsual) sngle doses of hydrakwiae can be as hugh
2200 g of hexamethomut chlorde 10 Gm  of peme-
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1ng agent automatcally to adjust itself as postural effects
ocour The usual tesult of omussion of the might dose 18
2 Tise 1 the morming  resting or  basal pressure The
patient 1s taught to take hus own blood pressure five imes
a day before each dose and record it on speaial charts He
1s mstructed on the actions of the drugs and their side
effects He Jeaves 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 invaluable for efficrent therapy In our chme
we examune a 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 incomverience
which takes about 15 minutes a day but they do object
tothe cost of the drugs

Treatment of Crises In hypertensive cnses (pulmonary
edema cerebral edema toxemia of pregnancy) requinng
parenteral admunistration two lines 20 mm apart are
drawn across the graphuc chart at the level at which gystolic
pressure 15 to be maintamed After imnal lowening of
blood pressure by a small dose of a blocking agent blood
pressure 13 measured every hour and a subcutaneous in
jectian of the full efiective dose gven 1f 3t s above the
upper line half the dose 1f between the ines and none if
below the bottom Ime Changes 1n total dosage must be
made often The second day the two lines are drawn 20
:1: )lov,er h’l'hu;u a patient with encephalopathy (wet

n) may have hus pressur

10220 to ;’00 mm mr ey o0 from 300 mm He

first day 200 to0 180

42y and 180 to 160 mm the th“d day Us\xx.:l?y ?1:13:2:11?

c;:uon becomes possible long before this time The pres

m:n muscld be reduced more drastically when there 15 pul
. mry ema We prefer parenteral ganghionic blocking
20t 10 parenteral hydralazine because of their shorter
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pauent 1s taught to take his own blood pressure five (m;lcs
a day before each dose and record 1t on speaial charts He
18 nstructed on the actions of the drugs and their side
effects He leaves the hospital on the same schedule which
way designed to prevent both hypertension and hypoten
sion By keeping a daly record trends can be observed
which are invaluable for efficrent therapy In our chme
we examine a patient one month after discharge from
hospitat and then at 3 to 6-month intervals 3f he 13 doing
well Pauents seldom complain of the incomerience
which takes about 15 minutes a day but they do object
to the cost of the dragy

Treatment of Crises In hypertensive cnses (pulmonary
edema cerebral edema toxemia of pregnancy) requinng
parenteral admumistration two lines 20 mm apart are
drawn across the graphic chart at the level at which systolic
pressure 15 10 be mantamed After imnal lowening 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 efiectave dose gven af 3t 15 above the
upper line half the dose 1f between the lines and none if
below the bottom line Changes 1n total dosage must be
made often The second day the two lines are drawn 20
mm lower Thus a patient with encephalopathy {wet
brain) may have hus pressure reduced from 300 mm Hg
10220 to 200 mm the frst day 200 to 180 mm the second
€2y and 180 10 160 mm the third day Usually oral med1
aton becomes posuible long before this time The pres
sure must be reduced more drastically when there 15 pul
monary ederaa We prefer parenteral ganglionic blocking
%0 10 paenteral hydralazine because of their shorter
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¥ic 31 Medicauon and vital signy duning hospuahization of a 52
yearald white male with mahignant hyp 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 pentoliny
trate lar b h

um tar
that of

chlonde
however the scale for intrapuscular pentolinum tantrate has been

expanded to allow for it greater efiect The lower bar graph 1ndi
cates oral hydralazine intake per day Daily blood pressure averages
are shown each value being the mean of at least 6 and often ay
many as 24 teadiogs taken with the patient 1n a sutmg 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
minute which was alwa

ys below 80 except for two episodes of
tachycardsa, The fire ae ot P pusodes
values

denotes

high @ N

Perry 1 WNeat kM and

10 Presy 1957 and Thomas W A, Am ] Med
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stricted moderately d) The patient 1 readmutted to the
hosputal and restabtiized €} Fheochromocytoma s sus
pected 1 panents whose blopd pressures flncruare wadely
and cannot be controlled Reduction i dosage 1s not pos
sible for those who keep themselves moderately hyper
tenste even abter 3 years Those who do best are those
who attain and mamtain normotension (Fig 33) (406)
JC 234
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stcted moderately d) The patent 1 readmutted to the
hospital and restabilized ¢} Pheochromocytoma 13 sus
pected m panents whose blood pressures fluctume wdely
and cannot be controlled Reduction i dosage 1s not pos
sible for those who keep themselves moderately hyper
1ensne even alter § years Those who do best are those
who attain and mamtain normotension (F1g 33) (406)
JC 234
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abolished this withun a few days Salt can be added to the
diet 1n from 2 to 6 months ume Also in a few weeks 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
tne of left venmcular stran 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 diminushes or

disappears When caused by pre-existing organic renal dis-
€ase 1t remams at lessened quantities
2¢In divid

trogen Te-
mans static or diminushes unless 1mtial values are over
about 60 mg per 100 m} of nonprotein mtrogen 1n the
blood (Somogy: zinc preciputate corresponding 0 75 to
90 mg per cent by the ph ph gstic acid
method ) Time weeks or months In 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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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 diminushes or
disappears When caused by pre-existing organic renal dis-
€ase 1t remams at lessened quantities

2 diid mtrogen Te-
mams static or diminishes unless imtial values are over
;bout 60 mg per 100 m} of nonprotein mtrogen 1n the
9:)uc»d (Somogy: zinc precrpitate corresponding 0 75 to

mg per cent by the ph ph gstic acid precip
“v:l‘:‘:d ll';l:;a“::::uor ‘l)nunths In those with higher
o y but not always progresses to
len:na rarely however we have seen telatively acute
elevations 1o 130 to 160 mg per cent return to much lower

Tevels This may occur after 3 weeks o
T more (F:
2 d) Ocular fund: revert to n )

ormal Hemorrhages are




Methods Jor Therapy of Hypertension 2n

5418, ALGHAKT HTPERTERSON BTTM URDIA PLIOTSTE e

o’
i

e

—-——r

(LAY

Fic 36 Medication blood pressure and mitrogen seiention duning
hospualizauan The salid bars represent oral hydralazoe (5968) The
crosshatched bars represent parenteral and the open bars oral
hexamethomum ehlonde (G The parenteral dose hias been molts
plied by 10 1 order paruially to compensate for the much greater
efficacy of this route of adminsstration Each of the points on the
Blood pressure curve 1y the average of at Jeast six and wmiually a8
many a3 %4 determinauons All were made with the patient supine
Note that azotemia 15 shown m terms of blood urea mitrogen rather
than total nonprotem m!

Except for Life long enuresis this 18-yearold white male was en
trely well unul 3 days before he entered the hospital His mother
had died with polyeysie Tadneys Pyrexia and malawe were the
tzal symptomms followed by lethargy emess disotientation and coma.
Physical examunation revealed sn addstson papilledema hemorrhagic
retimus mummal cardiomegaly and a pre systohc gallop Roentgeno
logac examumation suggested polyeysuc kadneys and 3 plus albom
nuna was found Alter returning home the pauent did very well He
was working when fast seen 1n July 1925 at which time hus phynieal

including P ‘was normal His
unne contuned no protein Hs antihypertensive regimen called for
a maximum dose of 750 mg oral hexamethomum chlonde and a con
stant dose of 100 mg of hydralame every four houss. His stung
blood pressure ay home averaged 16030 mm. Mg (From P
H M Jr and Schroeder H A. Curculation 11105 1956)
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Fic 36 Medication blood prewsure and mitrogen srienton duning
hospualizaton The solid bars represent oral hydralanne {5968) The
crosshatched bars represent parenteral and the open bars oral
hexamethomum ehlonde (G The parenteral dose hias been molts
plied by 10 1 order parually to compensate for the much greater
efficacy of this route of adminsstration Each of the points on the
blood pressure curve 13 the average of at least six and wtwally as
many a3 %4 determinauons All were made with the patient supine
Note that azotemia 15 shown m terms of blood urea mitrogen rather
than total nonprotem m!

Except for Life long enuresis this 18-yearold white male was en
trely well unul 3 days before he entered the hospital His mother
had died with polyeysie Tadneys Pyrexia and malawe were the
tzal symptomms followed by lethargy emess disotientation and coma.
Physical examunation revealed sn addstson papilledema hemorrhagic
retimus mummal cardiomegaly and a pre systohc gallop Roentgeno
logac examumation suggested polyeysuc kadneys and 3 plus albom
nuna was found After retuming home the patient did very well He

was working when fast seen 1n July 1925 at which time hus phynieal
ncduding

P ‘was normal Hus
wnnt contaned no protet Hus antihypertensive

regimen called for
a maximum dose of 750 mg oral hexamethomum chlonde and a con
stant dose of 100 mg of h

ydralanne every four hours. His situng
blood presure a1 home averaged 160/80 mm. Hg (From Perry
R M Jr and Schroeder H Curculation 14 105 1956)
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absorbed m 2 to 6 weeks soft cotton wool exudates disap-
pear in 1 to 4 weeks papiiledema slowly regresses 1n 4 1o
12 weels and hard waxy exudates and scars shrnk to
nothingin 1 to 3 years

3 ) Atherosclerouc complications are less frequent In
from 1 to 6 weels angina pectoris usually disappears al
though rarely 1t becomes initially worse

3 b) The inaidence of coronary occlusion appears some-
what lower (after 3 to B years) although this diseate a¢
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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 semoves 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 1s 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 hypertensie patents the mor
tality 1s hugh  Left ventnicular weakness and farlure cere
brovascular acodents angina pectonss and myocardial 1m
farchions cause a § year mortahty rate of 82 per cent and a
10 year mortality rate of 96 per cent with a mean sursival
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
MoutaLITY RATES AT FOUR YEARS OF PATIENTS SUBJECTED 10 SERGICAL
SvaramiEcToMY UsusL MepicaL MEASURES AND CaEMO-
TEERAPY (PER CENY)

Smathunck s

e Whye s Author £ Serres
ch Serus (420) Sertes 471y Ages 3476
Gk Ao Ars 3y Ages 3060 Chematherapy

Medal Sucpeal  Medwol Surpsol  Stopped ,f;,":,d
1 10 3
11 33 1z 2 ?
g 58 19 B4 }18 38 3
A v 87 52) 100 20
oterma (100) t 100y 1 100 45

M ll{iou Patients were 40-60
1 Not sutable for operation because of high Operative mortality
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Chapter IX

PRELIMINARY APPROACH TO THE
ATREATMENT OF ATHEROSCLEROSIS

BVIOUSLY, control of a patients hypertension will
do no more than tehieve cardiac stran  prevent
further nephrosclerosis prevent cerebral hemorrhage and
tehieve angma pectons Theateucally it will slow that
part of the rate of progression of atherosclerosts wlich
1s dependant upon an elevated blood pressure Since
atherosclerass 1s probably eversible (443) at least in so
far as cholesterol-contaiming plaques are concerned {and
possibly calification (422)) treatment of the whole patient
and his diseases b 1 for prolongation of a
hife potentially shortened by cardiovascular damage There
fore an outline of the method we have used 1s guven here
the method myolves practical measutes based on theoret
cal approaches of most promise Since 1t 15 most dufficule
to measure alterations i this disorder for the better ar
worse unul masaive acadents occur only time will tell
1f the results are favorable
The senal measurement of lipoprotemn fractions i
blood 15 a procedure confined to the larger specialized
centers. Total plasma cholesteral however 15 readily
measured in most hospital laboratories Based upon the
assumption that lowered plasma cholesterol will 1n par
Pprevent deposition of esters mn plaques one can attemp

to lower these values by using some of the snfiuences dus
cussed i Chapter VII

2717
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10 the kind of fat m the Amencan and European diet
From 30 to 40 per cent of the caloric 1ntake comes from
fat manly of ammal ongin The purpose of the diet
therefore 15 to restrict ammal fat and hydrogenated vege
table orls and to provide an adequate ke of unsatu
Tated vegetable fats contaimng lLinolemic aaid The basic
Tulesare
A No obvious fat of animal ongin 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 acid
{Table LI)
Natural fat of vegetable ongin containing the higher
unsaturated fatty acids can be eaten m amounts as
large as practicable since these contamn 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 intake
The most available sources of essential fatty acids are

m soy bean and com o1l with the following todsne num
bers

Todine No Remarks
Soy bean ol 130 Contans 119, linolenate
Cora ol 15 Contains 05% hnolenate
Cattonseed oit 103 Conums no Yinolenate
Serame od 103 Contamns no Ninolenate
Peanut o} 85

Atherogenic 1n animals
In arder to obtain enough protein without ammal fats
the following ate recommended

Allkinds ot fish and shellfish Fish orls havea highiodine
number
Poultry and game avoiding the far {except domestic
Leguose and duck) Chicken fat 15 htgh 1n hinoleate
on beef lamb and veal Most animal fat 1s low 1n
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TABLE LIT
CranGE 18 Prasva CROLESTEROL WITR OraL EDTA (3 0 G /Dav)

Cus ge Intorad .
Ponents Sez Ap (C::";, g ) Cwveks) Mejor Diaguosis
W 293 154 30 Antinapectond
:’1’1“@ : WM Tio 35 Periphersd vaularduease
18 9 70 316 <40 4 Aneidbpetesen o
B & 81 18 -5 16 Coropary occlusion. convalescent
cH @ 45 2 ~36 15 Angloa pectoris
oS v o W -3 14 Artedal hypertension
ES g 7 s -7 3 Arterial hypertension
ES @ 48 20 418 44 Asgimapectorly
¥D & e 18y~ 49 B A gina pectariy
RS, @ s 7 -3 12 Asgmavedoh
1B 9 i 48 4 Anerial hypertension
Mea

vessels and symptoms or signs are present the method
of Clatke Clarke and Mother for remouving metattatic
alaum may be used (422) Trsodm EDTA, 50 Gm
1 500 ml 5 per cent glucose solution 1 slowly infused s
tavenously over 2 to 6 hours The patient 15 taught to
slow the mnfusion at the appearance of unusual symptoms
Strangely enough hypocalcemic tetany does not appear
under these precautions lonized calaum salts and calaium
chelated to proteins and peptides at 2 weaker stabihy
constant than 10 6 (Log k. EDTA) are probably removed
the strongly chelated caletum m bone 13 probably not

An mjection 13 grven danly for 5 days 2 days ave allowed
for rest and the 5.day course repeated After 2 month or

more for evaluation of symptoms a second 50 Gm 1s ad
munistered

‘RESULTS EAPECTED

In Table LII are shown changes 1n blood cholesterol
levels usimg calwm disodium ethylenediamine tetra ace
tate (Calcum Versenate) in doses of 10 Gm per day In
Table LIIT are shown the changes produced by this agent
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with diet and itarn B, 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 discontnued an ex
pected result if trace metals were being removed
All patients with angiia pectoris were relieved of at
tacks of pam either completely or partly in that they oc
curred less than once a month No electrocardiographic
ldxangcs m the direction of normal were obserned 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 1n the degree of atheroscleross are
difficult o measure but rough estimates of xmprovement
m_the disease can be estmated especially when_ it has
advanced far enough to give local 1schemic symptoms In
the coronary arteries rtelief of angina pectons 1f 1t 15 real
and not tmagnary suggests resorption of plaques In the
dorta lessening of the widened pulse pressure suggests a
Tetumn of aottic efasicity In the legs relief of claudication

indicates improvement i blood flow In the cerebral area
bol! of mmor p

and paralyuc episodes
dicates reabsorption of plaques Some changes may be

expected 1m time except for a retum of aoruc elastieaty

Therefore 1f degenerative cardion ascular disease 1sto be
treated ag m nw mead oo

be aitered
health of v
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include e 1 tenssion anxiety, ex
cessive drve menousness and the diencephalic blush The
blush 1s 1nduced by histammne and resembles that seen
with excessine quantities of arculaung serotonin ten
S10n Dervousness anxiety result i some mdmviduals from
epinephnine 1soamylamine tyramine and those synthetic
or natural methylated analogues which inhibit cerebral
monamme oxidase (ephednne amphetamine etc) thus
prevenung ovidatne deamination of naturally occurnng
substances

From the huge amounts of tranquillizers sold the
Amencan public one might believe that chemically meds
ated penvous disorders were almost a national disorder
That many individuals mught be so affected could be 1n
ferred from the abnormal trace metal content of Amencan
tissues 1f one interfered with vanadium or monamine
owudase or there was deficiency of vanadium pnimary
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 transmutted as a Men
delian dominant

Neurogenic The sympathetic nervous system 1s over
active most hikely because of increased cortico-hypo-
thalamic 2cuity The posenor hypothalamus for which
serotomin has a predilection 13 apparently sumulated more
than 1s the antenor the chemical mediator of which 1 not
knovn  Cortico-hypothalamic actraty 18 increased as a
xesult of somatically formed pnimary amines Neurogenic
Vasospasm causes neurogenic renal ischerma

Renal Renal dusturbances dependent upon 1schemia

produce humoral vasoconstrictor substances Trace metals
both normal and abnormal ar

e miolved Two metab
pathways may be consideted etabolic



Summary and Interpretations 285

snclude e 1 tension anxety, ex
esswve drve nervousness and the diencephalic blush The
blush 1s induced by histamme and resembles that seen
with excessine quantities of arculaung serotonin  ten
sion nervousness anxiety result 1 some wndviduals from
epinephnine 1scamylamine tyramine and those synthetic
or natural methylated analogues which inhibit cerebral
monamme oxidase (ephednne amphetamine etc) thus
prevenung ovidatne deamination of naturally occurnng
substances

From the huge amounts of tranquillizers sold the
Amencan public one might believe that chemically meds
ated penvous disorders were almost a national disorder
That many individuals mught be so affected could be 1n
ferred from the abnormal trace metal content of Amencan
ussues 1f one interfered with vanadium or monamine
owudase or there was deficiency of vanadium pnimary
amines could be implicated as causes of a widespread cere
bral disorder

Heredutary The ability to react to stress by vasospasm
1s an hereditary trait apparently transmutted as a Men
delian dominant

Neurogenic The sympathetic nerous system s over
active most hikely because of increased cortico-hypo-
thalamic 2cuity The posenor hypothalamus for which
serotonun hasa predilection 1s apparently sumulated more
than 1 the antenor the chemical mediator of which 1s not
knovn Cornco-hypothalamic actraty 18 increased as a
xesult of somatically formed pnimary amines Neurogenic
Vasospasm causes neurogenic renal 1scherma

Renal Renal dusturbances dependent upon 1schemia

produce humoral vasoconstrictor substances Trace metals
both normal and abnormal ar

e miolved Two metab
‘pahways may be considered etabolic



Summary and Interpretations 287

o

Remm 18 feieased possibly because of the aadity
se;mdtny to the lessened formauon of ammonia
(remmn 15 extracted from Ludney only at aad pH)
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

2) Hyp {angrotonui) 1 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 1 situ {not proven but
renin disappears from blood) Perhaps yemin 1s
slouly modified into a hat duff
enzyme

¢) Hypertensin 1 or uts analogue formed m kidney
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 hnown and pepnde decarboxylases are not
Ordmanly 1 the absence of renal sschema 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 kadney to
pertpheral vasculature {theoretical buy monamine
oadase acts on both hypertenan and pherentagin

both peptides and 1t probably occurs m smooth
muscle of blood vessels)

proteolytic
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D Amunoagduna (found) either hecause of process B
ot snterférence with tubnlar resbsorpuion by st
tion of a carner Hoenzysme, probably
znc

“The net results would be cortscal aadity less unnary

ammoma and sodim wastage, the same as those found an
orgapic renal 1schemia bot appeanng by somewhat it
erent routes Primary amines 11 blood however would not
be elevated (B¢ 38)

( If corttcat aciduty 1 the stumulus for the action of temn
fypestensin T would be formed in sfu and released mto

| renal venons blood where 15 would be converted 1o hyper

tenun 11 (pherentasin) by actron of 4 specific manganous
pepidase Thus both organuc enal ischernta and cadryum
can cause the same end results Naturally 1enal aschema

\accnmpanyn’lg Teurogenic or pheremasm Vasoconstn(on

nauld caff tnto sction pathway U

Therefore trace metals can be involved 1n the hypo-
thetical peptidase probably Manganony which comserts
fgpettensin [ to hypertenun II, 1 monamime oxidase
wluch anacuvates it, m the decarboxylases and amne
oudases which are concerned 1 the hypertensnie state
and even in tyroswase (copper) which ean mace
vate norepephrne epinephine hydroxytyrammne and
tyramune }

Therapeatsr Note Drugs or procedares which block
sympathetie Rerve impalses will cpunteract anly the neuro-
BemC pottion of hypertenston Drugy or pracedures which
;)* act t; Olate vascular smooth musgle b) imcrease renal

i fow, or £) 1ractisate by
iy tountesact g}c e a Pm”” ?lI bl vb“enwm)

phrogesic portion of hypertensi
Ml_klm\m macuvatols gre m, et

eeal
i g el binding, ov chelawng

The actions of hydralazne are fourfold ./
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1 Decarboxylase mhuibon with the result that renal
amino acd metabokism 15 further suppressed 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 15 1nhtb
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 sensitizes blood vessels to carculating vasoactve 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

d a reaction common

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
mxf‘:ﬁ““ﬁ Note While dietary salt restnetion may
b ough sodium 1oss 10 negate the senstunng effect

oothcal sterords and salt on blood vessels 1t stumulates
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@cholesg,rol_has_a,prcdllmIOHJOU“““‘“&-W“
rated fatty aaid esters When snsuffoient unsaturated fatty
ach;:rc avalabie for estenficstion saturated fauty acds
are used These esters are quuse nsoluble 2nd probably
have lower speaific gravites Posubly breakdown metab.
ol O excretion of cholesterol 1 more eanly accom
plished when esters are unsaturated than when made of
saturated long chain fatty acds

These two 1deas are hughly speculative The mechanism
of lowenng plasma cholesterol by essental fatty acids 15
not understood

Factors which may influence the deposition of cholesterol
esters I subriatymal spaces are

C Phyncal~Inraanenal pressure  and changes of
pressure (furbulence) at bifurcanons of major vessels
(Found)

D Metabolic—Pyridoval defiaency cautes subanumal
lestons 1dentical microscopreally to  pre athesosclerotic
Tesions observed 1 ammals and man (Found)

a) Pyndoxal 1s necessary for the integnty of the muco-
polysacchandes of sub-ntimal ground substance (Inferred)

b} Pyndoxal affects fatty 2ad metabolism by promotimg
the svnthens of essenual fatty acids from less unsaturated
ones {Found)

<) Expenmentsl pyndoxal defiuency and essential acid
deferency are quite smlar mn signs differing only i a few
oayc enzymate disturbances (Found) Vitamun B, will
partly reheve essential fatey acd defiiercy essentiat faty
aads will partly reheve vitamin B, deficiency

The biochemical mterelationshups of three of these m
fuencesare

1 Pyndoxal usually requires 2 metal f
or enz: L
Wi} Oune dbnormal meal Tt a e

cadmiara) can 1nh
doxal metalloenzyme ¢ ) cannhibita gy
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application of therapy present and to come Rapid 1m
Pprovements ate expected
@ Reduce blood pressure of hypertensive patients 1o 2
mean level of 140790 om Hg (os as low as talerable) and
keep 1t there indefinttely Tuo drugs are usually necessary
mven frequently tegularly and carefully one should act
on nenves and the other on vascular smooth muscle

2)Lower plasma cholesterol to 120 to 160 mg per
100l (o about the same levels tn my per cent as systolic
pressure 1s 1 mun- ¥ig) Ths can be accomphshed slowly
w some indivaduals and soonwill betnmost by

a} Metal chelation probably removing from liver an
abnormal trace metal affecting synthesis Chelation and re
moval of metastatic caloaum an blood sessels cant probably
be accomplished when deuirable

b) et based on Less total fat to about 20 per cent of

ahe Less ammal fat especally saorated fatry

;) wuu udn autquate lhis coenzyme 13 given for
logical but untested reasons
1t 13 a long step from a lowered cholesterol to absorp-
tion of plaques but the assumption 15 reasonable
There are enough ideas now under expersmental ob-
Servation to strengthen the belief that atherosclerosis 15 a

Tevernble disease at least 1n so far as the fatty and calafic

deposuts ave concerned Arterial hypertension 1n man can

Be controlled indefintely and sometilnes Teversed Ap-

(;:xcz:on of therapy to both diseases in the same mdividual
3y be expected to reverse mn part the let

Ay pa hal and disabling
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pplication of therapy present and to come Rapid 1m
rovements ate expected
:1) Reduce blood pressure of hypertensive patients to 2
tean level of 140/90 mm Hg (or as low as tolerable) and
eep 1t there indefimtely Two drugsare usually necessary
men frequently regularly and carefully one should act
' nerves and the other on vascular smooth muscle
g}w\\n plasma cholesterol to 120 to 160 mg _per
100" mL. (or ahout the same levels n mg per cent as systohc
pressure 18 m mm Hg!) This can be accomplished slowly
m some individuals and soon will be 1n most by
a) Metal chelation probably removing from lhser an
abnormal trace metal aflecting synthesis Chelation and re
moval of metastatic calwum 1n blood vessely can probably
be accomplished when desirable
t based on  Less total fat to about 20 per cent of
ake Less ammal fat especially saturated fatry
eral dawry products and pork are avoided

<} Enough pyndowne or pyndoxal Probably 5 mg per

day 15 more than adequate This coemzyme 15 gien for
lomical but untested yeasons

1t 15 a long step from a lowered cholesterol to absorp-
uon of plaques but the assumption 15 reasonahle
There are enough 1deas now under expenimental ob-
servation to strengthen the belief that atherosclerons 13 a
resersible disease at Jeast i so far as the fatty and calarfic
i:pos\ts are concerned Artenal hypertension m man can
« Ned imdehnstely and N
Y
g;m;:m of therapy to both diseases 1 the same mdmdu};
3y be expected to reverse 1n
oo Tt part the lethal and disabling
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apphication of therapy present and to come Rapid wm
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