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Opemng Temaths
By
T € Ruvm

a great honour for me to open this sympo wm and I
Fhﬂi;d‘?l"\e %‘:cxtend to you a most cordnl welcomt and 1‘? thank
you for accepting our imvitation T am sure sou will all w1 lmc (on
vour behalf to express our smcerc gratitude to Ciaa Basle for

nancing this undertalong

i ?mu):;ugh the qucsuonpof artersal by perten 100 has commanded
the attention of research workers ever since 1t eXntence was firat
& covered we stull seem to bea sery lon,, way from having solved
the problem On the other hand while 1t was once truc to say that
medical Tesearch was confined ta only & few countnes we can
denive satisfaction from the hnowledpe that today a great deal of
9orh has been accomplehed during the past few years 1n both the
ofd and the new world 1n the East and 1n the West For this versy
reason 1t 1s beroming mare and more 1mportant to en ure that
1 ults hould be rompared opimons exchanged and trends of
re carch defined periodicalls on an wternational plane The more
widely duffering the concepts presented the more frmtfal we can
expect the resultant clash of 1deas to prove As men of science we
have no need to concern curselves with the battles bewng waged i
the field of international polities Let us therefore ignoresuchmatters
and ek to reconcile our views here in a spnt of understanding and
open mindedness Let us bam h all preconcewved notions and
benare of allowing ourselves to be blinded by questions of dogma
prestige and personal pride

Atendung thes syrapouum ave some {orky specialists from 12
different countries The number of participants has dehberately
been lomited and the discussions will be held an private You will
all know Lres from exp that an conduen e
toa frank exchange of viens — views that are sometimes diaroetry
cally opposed ~— can only be ¢stablished if the speabers cut
themselves off from the outside world We have however made
allowance on the programme for two sessions m public In today s
public session we <hall hear three lectares sn which the problem of

Jectul
be dealt with from the general

the pathogeness of hyperte nsion walk
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The mosme theory of hypertension
By
T H Dacr

1t has been some 1ears now since I proposed the mosaie theory
of hy pertensionandtistime Tthinh toresiew whereat stands today
Tlas 1t prosed usefal and 121t Likely to continue to do sol
The mosae theory had its backyround in the fact that thirty
\cars 2,0 thinhang in the field of infectious di case mo th prevailed
ot only 10 1ts own field but in others as well The search was often
lumited to the finding of a single eauwative agent 1f the typhoid
bacitlus was 1.olated and cultured this was the cause of the disease
am 1its ehmination was the treatment So those of ut who worked
1t sther helds tried to find the canse of hvpertension ansl fhe canse
°f atheto clerows As a result of repeated failurec as many theores
prang up as there were miestigators The chief contender for the
<1 » of hypertension mn those davs was the hidney Vany felt that
after { oLDBLATT work the hadney was the ttue and only caunse
e ential bypertension The fate of this view 1s an interesting
tory but 1t 13 diverting
45 time passed 1t slowly became evident that the problems of
candiovasculir diea e and cancer were not likely to yiekl to an
attich on one front It seemed unlhely that alt tvpes of hyper
ten on and arterjosclerosis would be explamed by single mecha
mms And it seems to me that reflection on the mature of the
arcuhtion mues a clue as to why thisisso Artenal blood pre sure
1 cne of the components of the system used to perfuse tisenes witly
bluod The problem of getting the nght amount of blood to the
ri-ht part of the body at the n_ht time 13 an amazingly complicated
and chfheult one To hnow where blood 13 acattable and from where
wcan afely be withdrasn 1y 2 major problem 1n atself It 13 not
urpss .. then that the body has developed a Inghly complex
s tem for carrving out thas task cfficiently We shall again put this
wonderful mechant m to the test when gravitation has become but

1 memory sn our exploration of outer spice Tt my guess that many
15 more likels to have trouble with s

cardiovaseular responses to!
weightlessness than with his control over his actions by his hran
which 16 certambs 1 change !
5 osum Base 1ial W pe t el

e

1



V10T 1 € Revsr Opening remarhs

aspect The second public session — to be held at the end of the
week in connection with the Annual Meeting of the Swiss Socicty
for Internal Medicine — wiff take the form of a panel discus 10n on
the treatment of hypertension The symposum stwelf will bo
entirely devoted to the study of two speafic questions the first
being the problem of the possible relationships between <o called
essential hypertension and salt and water metabolism and the
second the Jong term cffects of ants hvpertensive therapy as regards
the chnteal course of hypertensive disease Ve are convinced
that rather than attempt to cover the whole subject of essential
hypertension 1t 13 a sound procedure to concentrate our attention
on certamn particular aspeets of this vast problem Perhaps this
approach will enable us to get closer to our objective and finally to
reach agreement on a certain number of pomnts — 1n which case we
shail bo 1n a better position to offcr some practical recommendations
when we come to our second public session

You may possibly wonder why we chose these two topres for
discusston 1n preference to others As regards the connections
between hypertension and salt and water metabolsm we have the
impression that this problem has become of great current interest
smnce the sali diuretres were introduced 1n the treatment of hy per
tenston and that the whole question descrves to be reconsidered in
the hight of recent endocrinological findings As for the long term
effects of purely hypotensve therapy on the course of the diease
the time that Ras elapsed since effectrs e ants hypertensise agents
were first introduced should now be sufficient to enable us to make
a prehiminary assessment of the value of such treatment Since ths
15 a matter of major practical importance we should eertamily not
wait too long before undertahing « enitrcal analysis of the results
obtamed to date

Let us hope that this sympostum will prove of greit help m
cnriching our knowledge
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t the endocrane carndio
4 on one patsent 3t does not mean thaf

l\n:s,:ul‘:: and f:n.\\ systems have quit their pariapation 1isjust
that they partiaipate 1o & lesser degree

Yrtise and sophisheated control

T Like ta thunk of the cireulation as hasmng two levels of opert
ton ltlhe one primutive and latgely chemeatly controlled the other
& more highly smtegrated one and nervousty ctontroied The
prolonged slow changes 11 pressuse andfor perfusion may be chiefls
st 1n motwon by humoral meckanusms and the fine quich changes
by the autenomc and 10 part voluntary nersous system Tn fact
the two systems must, be closely integrated them lves to be the
effectrre unit they actually consnitute

Lyen within thy humoral and neurogenie rwechsmsms them
selves there are degrecs of pnmutiveness For evample I base
stigve ted that serotonin 13 1N some wavs s prmtive norepineph
nne [n invertebrates 1t seems to be able to act as a neurctran.
mitter a function largely teplaced by norepinephnne m terte
brates The endoerine secretary funttion of some neurones
wmseets 13 an example of the more primitevs function of the nene
cell wiuch may not be as hughly developed it man Yet there may
well be smportant funchional vestiges 1 Tagher ammals whych have
o far been overlooked I think untd very recontly we were tnchned
to relegate the pinesl body to oblimon Yhateser sts function 1t
 qmte apparent that thuigs of importance transpire within iy

otbit Thaveoftensn peeted that the pressor matenal cercbrotomn
which Taxor erd

1 {3} shawed commg from the stimulated
bramn mught have rey d end: secretion of oOf
course thus 18 ust 2 guess whick 13 at least better than a bad
expenment

Arterial hfood pressute and trsue pestasion

Artenal blood pressure 13 only one of the components of the
sechanism of tissue pertosion Bat before I tarn to consideration
of some of these varied facets 1 #.0u)2 K, to mention the discussion
oing O betwieen those who beleve (hat the increase penpheral
fe stance which oceurs m hypar nean 15 due chifly ta bumotal
and peurogenir mechanssms and those who look upon 1t as prines
pilly ;:ms\cmm\ and hiophysieal due to the swelling and over
ir,o‘:ts c:‘g :2;; arf;;lnoht 'l or 46 the inherent by ercal properties
el hnwox:;u:)’r:iu::dfmbabk allare invalved The question

1
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2 I H Pace

I have suggested 1n the mosaic theory that the vared facet:

which compase blood pressure control ate 1n squilibrnim with one
another and the final pressure level 1s determined by the equilibrum
pomnt Thus 1f blood volume changes neurogemic vasomotor tono
changes to kecp the blood pressurc at a constant level While one
facet may temporanly play a domunant role in determinng the
fevel this does not mean that all tho other facets cese functioning
Just <o 1n the hypertensive patient one facet mas be dominant
but the secondary facets are in equlibrium waith 1t and, with the
passage of fime may themselves become primary

N Chemcal
7NN

Neura! Reqehvily

7
L

= Yolvme
i', >
N
l’al-dmo = Vds:l//ar
= ealiber

output

Viscosity

heors of hyperteaslon showing the e uilibratfon Rx‘s ﬂ;c varlous f cets of
3

Tig 1 The mosac th
Pressure control to provide for controlled tlssue perd

Ths scems a sumple concept indeed with whrch no one should
quarrel but few physicians truly understand it For anstance 1t
explans why there are so many Ppossible pomnts at which the

X of blood control can be blocdd ed for thera
peutie reasons It explams why the clinieal picture of hy pertension
15 50 vanable Not the Ieast of its virtues is that 1t mn es thinking
about the diseasc orderly

Beyond the physiological processes which I have mncluded in the
octagon I have further divuded and grouped what seem to be
pritaary mechanmsms of a variety of hypertenstons These groups
are 1 nervous 2 endocnne 3 cardiovascular and 4 renat Again
1t must be recognized that while the nery ous sy stemmay be predom
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\naut on one patient 1t does not mean that the endoerme cardio
caseutar and renal systems have quit their partiapation ftasgut
(hat thes parhieipate o a lesser degree

Primtive and sophisticated control

1 bike to think of the airculation as having two levels of opers
tion the one primstive and largely chemucalfy controlled the other
» mote hihly wtegrated one snd nersously controlled  The
profonged slow ehanges m pressute and/or perfusion may be chaefly
sct 1n mation by huroral mechsmsms snd the fine quich changes
by the autonomic and mpast voluntary nervous system In fact
the two systems must be closely integrated themselves to be the
effective umt they actually constitute

Even wthun the humorsl and seusogeme mecham.me them

elues there are degrees of pamitnencss For example J have
sugge ted that serotontn 13 1n gorne Wayvs a pnmitive norepineph

nne In mverirbrates it seems 10 be able to act a3 s neurotrans

miter & fanctson largely replsted by norepinephtine in verte

brates The endocrine secretors functson of soree neurones in
usects 13 an exampl® of the more primitive funchion of the netre
cell which may not be as ghly developed 1n man Yet there may
nell be important functional veshiges in higher animals »hich have
~0 far been overdooked 1 think until sery recently we wetenclined
to relegate the pineal body to gblivion Whateser its function 1t
w quite apparent that things of wmportance transpire within ats
arbat Thave often suspected that the pressor material cerebrotonin
which Tavwor and 1 (3} showed comn, from the stinulated
braim might have 1 sceretion of of

course this 18 just & guess which i3 at least better thap a bad
expenment

N Arteral blood pressure and tissue pertusion
rienal Llood pressure 1s only one of th
¢ components of the
l:(ec:mm_m of tissue perfumon Bt before ¥ tum to connderation
gome of these varsed facets I would ke to tmention the dueussion

Loy on between those who he
B o oxtareen those w Lrve that the inerease 1 peripheral

n hypertension 13 due chef;
ol ne nefty 1o humora)
e gentc mechanismy and those who look upon 1t as princ

Y anatemical and Liophy srcal
erowth of the artenolar «fll’orx ta \(éx?u: berent syt omapet

herent phymeal
of vaseular smooth muscl ‘phymieal propertics
i 5 how s of eny D aresmohed The question

1*



4 I H Pice

We assume that af the sympathetic nerves are cut ths re
moves all tonie vasomotor impulses What vascular tone remains
must then be due to blood borne v asoconstrictors or to the anatomy
of the blood vessels It has been further assumed that complete
relaxation of the blood vessels may be aclueved with such drugz
as neetyleholne ATP or mitrtes The degreo to which varions
vascular arees are under sympathetic control saties enormously 1s
Crranper and Fornow (2) have shown The relatie importinee
of the composition of the bathing medium for the tone of dener ated
blood vessels has not, so far as I Inow been adequately studied
In this composition I would nclude both the usual constituents of
the blood and any humoral agents that may be secreted into 1t
Such an experimental demonstration 15 difficult because of the
subtlety of the possible compositional changes as well as the length
of time required for such changes to be reflected in the tone of the
blood vessels

T'rom the days of Comvngis ind Gurr and Sutrov the notion
has ewsted that thichening of the blood vessel wall preceded the
hypertension and was the cause of 1t The arguments for and
aganst this concept are too well hnown to this wudience to wste
their time repeating them Some elaboration has recently occurred
1n that thiel eming as a result of clectrolyte changes m the vessel
wall lins been added to thichening due to hypertrophy and hyper
plasin
One more factor coneerned with pepipheral resistance 13 m
herent 1n the vascular wall itwelf Automaticity or vasomotion
of the smooth muscle 15 considered one of the ¢ factors The
distending force of tho blood pressure creates m smooth muscie &
tendency to rebound and thereby induces some degree of vasculr
tone
Applving this type of thinking to the Iy pertensive 1s no more
satisfying than 1t 15 1n the normotensive Theoretieally 1t 13 clearly
of mmportance but so far little objectne measurement of the
scparate components of this complex mechanusm of mamntenance of
vascular tone 15 possible in patients or indeed 1n Intact animals

Vhether vaseular resistance when smooth musclo 15 completely
relaxed 18 the same 1 hypertensives as m normotenstscs W oukl
depend at least on the stage of the discase | arly 1t mw well be
the <ume but with tume development of vascular disensc could
scarcels help increasing 1t The 1mpressive thing to me 13 the ex
tensis ¢ anatomical change that can oceur 1n by pertensives and yet
mamtain their ability to vasodilate Forhow (3) stresses the fact
that it tahes only a small deerease 1n the nternal dinmeter of the
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matamally didated blood veel to cau ea pronouncad effect on the
e wtance to flow  a five percent decrease causing the ren h\n‘t’:
£ be ramed something of the order of 20°% Further 1t cn
caleulated that for am gnen shortening of the smooth muscle
the re niance of a hvpertrophied vessel would be mereaced pre
portionatels more that mormal vessels hecause a larger tivue
volume intrudes on the ¥1 cular Jumen At the same degree of
<mooth mu cle tension thehypertrophied vessel for purely mechan
1cal Teasons exhibits a greater yasoconstrictor action than normal
¥4

' Forxow Grumey and Tnoestes (0 te ted this hvpothess n
wea g forestra blood flow 1n normo and hyperten wve subjects
11 whom an attempt was made to elieit mavimum vasodiatation
by wehemia and work Dilatation was further facilitated by heat
1 1 fact thew measures yield mrumal didatation then i rome
well extabli hed estential hypertenaves reswtance remaned mod
erately rawed They pomt out that there are =erouns technseal
ddficulties wath this method and that the rewlts can onls be
looked upon as suggestive

Expenence with the antihvpertenaive drugs has done much to

dispel a firmly fixed notion as to the so-called fixed hvperien e
1t 1s relatrsely rare tnmy experience to see a patient i whom the
supine blood pressure cannot be reduced to normal and when 1t 11
normal to ¢ Xubit symptoms or signs of ssehemua This 3s not proef
that some re wlue of structural change m the resstance ves els 13
not etill present but it sndicates that stronger proof of sts payramount
importance most be forthcoming [ woukd lihe to venture the
opmion that pertpheral aresultof 1
va cular change mas be impoctant m cerfamn speaific areas such as
the renal myocarihal and cerebral vessds but that a generalized
increase 1 reststance due te structural change 15 less mgmficant

comes late 1n the course of the disease and 15 commonty ta fome
degree reversible

Dy trihation of hlood according to local necd
urely 1t 13 the need of organs whick determ:

unes the distnbution
‘l‘; Ulood Organs undoubtedls can store blood 1n amounts above
m;\(r need but lack of blood 13 2 condition essentinl orans do not
m:::{; : ‘:n\ me\selx)xm{m because 1t 13 well recopmized that some

a3 may be almo ¢ cJosed down clurmng ds of
eed 1n other aveas But when the he St et
art the bram

Hlands and the Lulneys need Blood thes Pl ua)h‘g :Dx‘tnc cdocnine



G T H ace

The mechanism by which this 15 accomplished must be more
than mere passine dilatation from local axon reflexes or locally
formed metabolites allowing more blood to drain mto the dilated
aren I should suppose that the need 1s signaled by neurones and
humoral messages indicating need and that after integration the
appropriate afferent messages go to those vascular areas where
blood ean be spared

In heeping with what I have sud before for quich changes in
blood distribution T would expect nerve mechantsms to be chiefls
mvolved but for prolonged changes humoral mechamsms Are
there then such physiologieal mechanisms d trable ¢

The hidney s demonstrate the humoral mechamsms admirably
though I must admt that the demonstration 1s not rigorousl
proved (o8) I shall not discuss the mechanism at this pomt but
smply say that when the hidneys do not recerve enough blood or
there 15 a change 1n the pulsatile character of the blood recened
a reaction 18 set up which raises blood pressure which may aid
overcoming blood defieit The nerve bundles supplying the hidnes~
have always been « puzzle and like those supplying the bram
scem to have only mild vasoconstrictor action and do not appear
to tal ¢ an mportant part in circulatory control except posubly
under conditions of great stress McCupsiy and I (6) found some
evidence of nervous connections with the adrenal glands which
could be stimulated by the ganglion stimulating agent Dmpp but
the actual function of such connections 1s purely conjectural

The brun 1n respeet to 1ts control of 1ts errculation 1s a good
deal like the kidneys It 13 Jughly dependent on the height of the
systenme bloord pressure partially on humoral agents and with
relatively httlo dependence on vasomotor control On the other
hand vasoconstriction and dilatation withm the bramn can im
portantly influence vasomotor reflexes such as the reflex pressor
response to occlusion of the common carotid artery hancho
McCusnsiv and I (7) found that several vasoconstrictor drugs gnen
nto the cerebral Iateral ventricles as well as cooling of the cercbro
spmal fluid nhibited this reflex The effect was opposed by central
adminmstration of vasodilator drugs or heating the cerebrospma)
flsd Vasoconstriction 1n the cerebral vessel was associated with
a fall 1n systemic arterial pressure and slowing of the heart rite
whilo local vasodilatation opposed theso central infubitory effects
1 shall discuss this phenomenon later but I want to use 3t now to
Jlustrate the thesis that the blood flow to an organ ean influence
systemic bload pressure to an important degree The bran unbhe
the hidney scems to exert its anfluence largels on the carxlio
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vaseular system by changes peural control But even the bram
ceems to have some_modicum of durect. chemscal control i the
pressor substance tentatively called  cercbrotomn  can be more
oo elx identihed and charactenzed At one stage 1n its ev olution
the bramn exfubited relatively hughly developed endoctine function
whith sy not have been wholly lost

The contro! of blood to the mvocirdium seems to combime the
neurtl and humoral rerchanisms to e each clear wmportance
Then the heart Jacks blood 1t enes out for more dunng the
farmliar abgina pectons Its afferent control 1 haghly re ponawe
The efferent control affects both motropic and chfonotropic
charactert tics of the muscle bot 1t 13 fess clear how effective the
sasomoter respanse may be The same mat be said for the control
by the blood borne vacoactive agents although agam it 1t clear
that both have umportant effects even though their quantitatise
relation tups are not defined We hnow too kittl. of the meanng of
the storage of catecholamines and other vasoactive agents m the
rrocardium and blood vessels to speculate profitabhy

Bach organ could be considered mn aimsilrr fashion Lut enough
has been diseussed [ believe to llustrate the thews that the lacal
need for blood 13 one of the ctitieal determinants of &ystente blood
pressure brom this 1t follows that thsturbances 1 the level of
blood pressure may result from disturbances 1 the need for blood
1 sinple and multiple organs The domunant mechamsm emplay e
by an organ to controf its own perfusion may under some Greum

tences sssutie 4 primary role mn controllng systemie blood

pressure levels However the dominance of one mechanim doea
not wsare the abrogation of all other controfling mechanisms It

1 for this reason that artenal blood
Ppressure mas bo affected by
agents acting on

tr;llmg mecl'g\am. ;:u(h different facets of the hlood pressure con

1 Neuragene parherpanon

iy
ot l;m!u;! Ezprmmental
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gr:;:::&n::&:m‘x Ppressure Cushing s experiment
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nerve
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The mechanism by which this 1s accomplished must be more
than mere passive dalatation from local axon reflexes or locally
formed metabolites allowing more blood to dramn into the dilated
arc1 I should suppose that the need 1s signaled by neurones and
humoral messages indicating need and that after ntegration the
approprinte afferent messages go to those vascular areas where
blood can be spared

In heeping with what I hase sud before for quich changes in
blood distribution T would expeet nerve mechanisms to be chiefly
mvalved but for prolonged changes humoral mechamsms Are
there then such physiologieal 1 s d rable ?

The 11dneys demonstrate the humoral mechanisms admirably
though T must admt that the demonstration 1s not rigorousl
proved (28) I shall not discuss the mechanism at this point but
sumply say that when the hidneys do not recene enough blood or
there 13 a chango 1n the pulsatile character of the blood recew cd
2 reaction 1s set up which ruses blood pressure which may aid m
overcomng blood defiait The ners ¢ bundles supplying the kidneys
have always been a puzzle and hhe those supplying the bram
seem to have only mild vasaconstrictor action and do not appear
to take an mmportant part in circulators control except possibiv
under conditions of great stress McCunpry and I (6) found some
evidence of nervous connections with the adrenal glhnds which
could be stimulated by the ganghon stimulating agent Dmpp but
the actual function of such connections 33 purely conjectural

The brain 1n respect to its control of 1ts errculation 1s a good
deal Iike the 1idneys It s haghly dependent on the haght of the
systenue blood pressure partially on humoral agents and with
relatively little dependence on vasomotor control On the other
hand 1asoconstriction and dilatation within the brain can mm
portantly influence vasomotor reflexes such as the reflex pressor
response to occlusion of the common carotid artery hazero
McCunnix and I (7) found th it several vasoconstrictor drugs given
1nta the cerebral lateral ventricles as well as cooling of the cerebro
sptnal fluid mlibited ths reflex The cffect was opposed by central
administration of yvasedilator drugs or heating the cerebrospinal
flmd Vasoconstriction n the ccrebral vescel was as ociated with
a fall n systemic arterial pressure and slowing of the heart rate
whilo local vasodilatation opposed these central inhibitory effects
I shall discuss this phenomenon later but I want to u ¢ 1t now to
Jllustrate the thesia that the blood flow to an organ cin influence
systemic blood pressure to an important degree The bramn unlike
the hidnev seems ta evert ats mfluenco largely on the cardio
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As T promised T shall touch only superfienlls on a fou topics
of special intercst to ilustrate my thesis there will be no mar
shalling of evidence to show the mmportant partieipation of the
nervous system 1n the mechamsms of hypertension Ve hayve al
ready done this in outhne form recently (59) I shall first conader
the problem of the resctting of the carotid sinus and stmlar buffer
mechamsms when renal hypertension develops merely as an
example of the Lehavior of the nervous svstem under the changed
conditions of hy pertension

Blood pressuro regulatory mechamsms and
the level of their “set”

Physicians have been puzzled for many years because of the
fact that pressure on the carotid smus aren eliated the sime
circulatory Tesponse m hvpertensive subjects s in normotenanve
ones It had been taught that the sinus mecharusm w 1s one of the
most powerful modulators of blood pressurc levels When blood
pressure 13 raised by mjeetion of pressor drugs baroceptors are
stimulated and reflexly d h or el t s 1330
constriction from the vasomotor centers m an effort to lower blood
pressure/But when the pressure rises during the course of essential
or malignant hypertension the sinus mechanism scems to ful
Indeed 1t seems to operate to maintam the elevated pressure

McCusBrv GREEW and I (8) studied this problem uwing electro
neurogriphic techmques to measure baroceptor actn ity i normo
tensive states and then after production of acute and chrome renal
hypertension The obsersation that mn chromeally hj pertensine
dogs baroceptors fire wmntermuttently at supernormal pressure
levels — which ehieits continuous finng i normotensiy e ammals —
indicates that the regulattng mechamism has been scb to buffer
arterial pressure at higher levels /The ¢arotid sinus buffer mechansm
has shifted 1ts threshold and range of response upward so that 1t
percenves so to speak the hypertcnsive levels as normal ones
The regulitor has been reset upwards After the resetting It
naturally acts to muntun arterial pressure at the higher Ievel
rather than normal ones

Clearly even hypertension of primartly renal orn has an
1mportant neurogenic component and 1t 18 1 my optnton the
reason that patients with sueh hvpertensiont respond to neuroplegic
drugs m many cases as well as patients w 1th es ential by pertension
1n whom the renal component s less cleatly defined The resetting
henomenon can be used as an explanation for many of the phar

Ir:mcolcmml and clinrcal phenomena associated with hy pertension
it
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celient examplt [t 18 hnonn to have
Z‘T:;:ngnc:ﬁ?:xee:\l?:\‘::mh! achion \Yut the mechantsm i3 not
known Recentiy Drs McCURBDY hANERD and I (9) s(udx(:l th-;
problem m dogs Both serotonin and norepmephrine are releasnd
Srom the bownd 4o free fort tn the brawn by reserpine Both shibit
central synaptie transmussion 1t 13 therefore posable that the
ceptral effects of reserpine on \asomotor activity Aqvcm\ wpon
celease of these two amines and it should be possible to reproduce
these effects by myecting them durectly inta the cercbrospinal
fud mnce reserpine 18 effectnve when mven in this way Ve tested
ot serotonin and norepimephnne and thewr respective precursors
All of these substances had qualitatively the same effeets in
that they lovered grtenal pressure usually cau ed bradyeardss
despite priot Vagus nerve section and caused mathed sohibition of
the pressor response to occlusion of the common tarotd artenes
The same resalt was obtained 1 anesthetized and unanesthetized
dogs These resnits are afl con istent with the premise that the
seute cardioh aseular effects of reserpine ave mediated centralls by
serotonun andjor norepinephrme either released from a bound apl
nactise to & free and actnve form or formed by Qecarbonilation
of thexr respecuive aming acids
But how msght they do this? The found that not only reserpine
but several vasoconstrietor drugs given mto the cerebrat ventricles
snhibuted the eatotrd occlusion pressor reflex This effect wae
opposed by central admumsstration of vasodilator drugs Coolin,, of
the rerebrospunat flurd  which preaumably caused local saso
constriction also caused inlubition of the carotid reflex hypoten
on and brady cardia — effects counteracted by central injection
of 1 usodilatar drugs Warming the cerebrospinal flud did Joat the
opposite It wonki sppear hen that these effects on vasomotor
actiaty depend upon changes wn focal Blood Sow 1t follows that
i‘\:‘zfxm‘ &:cu)ﬂr efficts of reserpine are probably due to local
ol issue perdy 10n caysed by refease of serotomn nor
“V";‘;‘Phnn; or nt:;hgr vasoconstrictor agents
rom thisand the example t
1n the tarohd sy R:;hple aken from the resetting phenomenon

asim one begins 1o feel the power and
completaty of the netvovs control of at
Boneiols of artettal blond pressure and
Ctmat > Carduacasendar parties patspn
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concentration of cwwculating red blood cells and plasma
proteins) diastolic hypertension 15 iewitable Hyperten
sion, then, can be considered a form of generalized vaso-
spasm, a variant of normal responses to circulatory stresses,
characterized by heaithy blood and heart and by s
chironic nature Any one of several of the mechamsms
which produce vasospasm can be mvolved m causing hy
pertension, new mechamsms can also arise at a time long
after the orgamsm would be dead or recovered from shock,
had that been the mtiating cause

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

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

1 A woman of 25 was found on routine exammnation

to have a blood pressure of 152/88 mm Hg which after

a rest fell to 138/82 Her mother had hypertension with

out sequelac She had no symptoms, but her physiaan

nouced that her heart rate was a hitle rapad and that she
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at 56 At avtopsy were found cercbral hemorthage mas
sve atterioscierosss moderate of aotta repal artenies
coropary artenes morked of cucle of Wilhis with rup-
Yare it phrosclerosts cardiac hyper
trophy (460 Gm) Her adrenal glands were normal

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

2 A man of 2o was found to have 2 shightly elevated
blood pressure and tachycardia when examuned for the
draft. His mother was hypertensine and hus father had died
of a coronary occlusion at the age of 51 Enuresis unul the
age of 8 had ocewred but he was free of further urmary
symptoms and fus urine showed no albumin He went to
fus famuly docior who found a few bacteria sn his unine
with about 10 white blood cells per high power fidd 1
the centrifuged sediment repeated cultures showed nan
hemalytc streptococaus of the colon group in large num
bers He was given phenobarbital and was accepted for
duty wn the Army He bad a aeditable eareer and won
several decorations for bravery s discharge physieal
exatunation showed 2 blood pressure of 160100 mm
Not untl the age of 335 did he consult a
severe headaches and bluming
Peared a monh earlier His

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

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

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

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

She suffered her first stroke of apoplexy a mild one at

51 and recovered with littde residual other than a imp

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

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

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

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

3 An older man had a shghtly elevated blood pressure
2t tumes of stress which had been normal on regular ex
amtnations all of hus hie At49 however he was refused
Infe msurance hecause of a blood pressure of 170110 mm
Hy He had no symptoms except nervousaess but he was
atense dynamicindividual with excessive dnive ang amb:
uon & hat of a perf mn hospital
rexealed oo sigmfl b il

except 1 lelt
ventrseular enlargement studies on fus renal plasma flow

showed shght reductton with the calculated inareased
renal vascular resistance on the afferent side of the glo-
merulus His blood pressure varted moderately but did nos
fall to normal levels dunng sleep or the mgection of tetra

ethyl ammonium chlonde Renal “funchion way normal

He waywell workung hard and taking few vacations unut
he was suddenly seized at age 54 with 2 severe retrosternal
pamn and was admatted to hospital with an acute coronary
ocdunon Other than summal cardiac enfargement a tor

tuous aorta ang the vsual signs of infarction there were na
abnormalities He recovered slowly but us bload pressure
notmal or low during hur iloess becarae
180/110 mm during rest and ay fugh 23 220120 dunng
acuvity In spate of rearrangmg bas Wfe he remained
hypertensive wntst hus second anfaretion 2157 from which

elevated again to
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mm  there was 3 plus protemuna and microscopic hema
turza, the ocular funds showed early papilledema and soft
cotton wool exudates but no hemorrhages, and Ius heart
was shghtly enlarged He was able to concentrate urine
to a specific gravity of only 1019 and excrete only 15 per
cent of the ntravenously mjected dose of phenol red n
I5 minutes Culture of the urine showed nonhemolytic
staphylococcus, considered a contaminant but ntrave
nous pyelography reicaled blunting of one upper calyx m
the right kidney Hus blood pressure altered little during
deep sleep and when terta ethyl ammonsum 10n was m
jected, hus duastolic pressure fell from 158 to 145 mm Hg

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

v component was a chroncally diseased kadney

He refused ad to hospial but was
frequently during the next year and took the new Rau
wolfia drugs continuously without effect on lus slowly
rising blood pressure and deteriorating condition Finally
he was forced to seek help because of mereasing dyspnea,
but by that ume the nonpratew nirogen tn his blood
was 132 mg per cent hus diastolic pressure 160 mm Hg
or more he had suffered one attack of pulmonary edema
and his ocular fund: showed many hemorrhages hard
exudates soft exudates and papilledema After a stormy
downlnll course he died of uremia complicated by conges
tive heart falure At autapsy there was moderate general
1zed arteniosclerosss advanced artersolar nephrosclerosis
with necrosts, a few depressed scars on the cortices of one

3
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The curious thing about her obesity was 1ts distribution
over the trank upper anms and thighs Her laver legs
and arms were not obese at all There was a “buffalo
hump” 2ud her face resembled those seen after overdoses
of cortisone Measurements of the sodium and chionde
her sweat showed values of 10 mEq fL. or fess levels
found 10 Cashings syndrome. She brutsed eanly and her
ankles hiad a tendency to swell 1n the evenings Shehad a
disunet mustache Serum sodum was 145 chlonide 101
(0, 324 and porasyum 28 wlq L.

She did well but remained hypertensie at horne a3t
was impossible for her to restrict her salt intake and her
appente Not unul she was 45 dud her first episode of
congestive heart faiture bring her back o hospual She
died 2 years later 3 cardiac anpple 1 the mtenm At
autopsy were found arteniolar nephrosdlerosis shght to
none moderate generalized artersosclerosis marked car
diac hyperirophy and dilatanon (610 Gm.) There was 2
fx12 an adenoma n the lefr adrenal cortex.

In her case a functioming adenoma i her adrenal
cortex was affecting, both ber salt and fat metabolism the
former imfuencing her hypertension Better diagnostic
methods would have allowed surpcal removal

These four cases are sMlustrause of disnince types of
artenal hyp ene d o}

« ty In actual
practice onie sees wide vanations m thetr courses and some

umes buzatre mixtures If the first patient had contracted

glomerul, hratis 3 chldhood or pyel hritts during
P

bes preguancy or bad by chance had 2 hnk 1 her uretero.

pelvic juncuion due ta an aberrant renal a

and inf, she probabt

rtery with stasis
wonld have exhubsted more
severe hypertension at an earlier age M the second had
TOt contracted pyelonephntis m chiddhood he mght
bave Ined to become byperiensive s his 50s and dyed
of heart failure or 3poplexy 1 hus 605 §€ the venal arterral
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he died At avtopsy there was found cardiac enlargement
with focal myocardial fibrosts a new infarct artertalar
nephroscleross  slight, and generalized arteriosclerosis
Careful cross sectioning of the mouths of the renal arterzes
revealed some encroachment of their lumma by athero-
sclerotic plaques

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

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

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

In ber cate a functioning adenoma in her adremal
cortex was affecting both her salt and fat metabolism the
former mfluenting her hypertension  Better diagnosnic
methods would have allowed surgical removal

These four cases are illustrative of dustnct tvpes of
2°tental hypertension encountered chmscally In actual
Practice one sees wide vanations 1n their courses angd some
tmes buarre mixtures I the first patient had contracted
glomerulonephnitss m childhood or

g prelonephnis dunng,
er pregrancy or had by chance had a ik 1n her uretero-
PeIvic junchion due to an aberrant renal artery with stasis

and mfection she probably would have extubited mote
Sesere hypertension at an easher age If tae second had
Rot contracted pyelanephots m childhood he might
fave Ined 10 become hypertensive sn fus 50s and died
of heart fatlure or apoplexy mhis €05 If the renal astersal
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atheromata 1n the thid had piled up enough to cause
setious encroachment on the lumna, he might have en
tered the malignant stage, unless heart or bran gave out
first If the fourth had contracted pyelonephritis as well as
her tumor, her course would have been shortened Renal
disease of any nature to nterfere with blood flow, when
combimed with the “hypertensive diathests, can increase
the severity and shorten the course The fact that hyper
tension 15 absent before azotemia m approwimately 30 to
40 per cent of pattents with renal diseases, points up the
necessity for the presence of another factar to explam
pathogenesis

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

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

2 Cardtac hypertrophy, and often dilatation, are almost
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wnusersal although we have rarely seen normal sized hearts
after sustamned hypertension This change 1s probably a
work hypestrophy resultng from the mncreased cardiac
work necesuitated by the hypertension. It can be mody
fied by associated atheroscleross of the coronary attencs.

3 Generalized atherosclerosts 1s almost unnversal i
this country although cases without it 3re common 1n
China (8)

Sequence of Deselop of A lar Zephrowd
Ths basic Jesion whach by sts sery nature can cause renal
1schemuz and hypertension, 1t a result of hypertension
In ather words the altered hemodynamcs of hypertension
cn lead to 2 pathologic change which further alters renal
and therefore penpheral hemody cs. The evidence 1s
clear on this point, m tats rabbus dogs and man (Chapter
V) Therefore at some point 1n 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 resersibility of vasospasm 1s
not known, but presumab

C ¢ Allt

ly 1t 13 not wholly accountable.
logical phi an ev ly be

undenstood 1n terms of physics and chemustry The re-
masader of this monograph 1s concerned largely wath an
examination of the bipchemacal alterations possibly operat
IRZ ta cause thus disease which 18 0 eventually fatal as g
rule and which 1s 50 commen to Western Crvilszauon.

MECHANISMS OF SOME. OF THE EXFECTS OF
CHRONIC ARTERIAL HYPERTENSION

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

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

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

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

3 Generalized atherosclerosis 15 almost umversal 1n
this country although cases without it ase commion 12
Chuna (8)

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

G t Al ol 1 ph can eventually be
understoad 1 terms of physics and chemustry The re

mamder of this monograph 1s concerned Jargely with an

of the bioch 1al possibly operat
18g to cause this disease which 15 50 eventually fata] ay a
rule and which 15 so common to Western Civilization

MECHANISMS OF SOME OF THE EFFECTS OF
CHRONIC ARTERIAL HYPERTENSION

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

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

Pathogenesis of Hemorrhagic and Exudative Retims
The lesions found 1 the fundi oculs when the dastolic
pressure 15 Ingh are those of edema hemorrhage deposits
of proteinaceaus or lipid matenal and scarmng  Many
opbthalmalogusts consider that hemorthagic and exudative
retsnutss 15 due to localized 1scherma of the vetina second
ary to excessive vasospasm From a hemodynamc ama
tomic and physiologic viewpownt this concept 1s hardly
tenable since 3) ischemia of 2 patt does not usvally cause
edema without mfarction b} 1schemia does not lead to
hemorthage ¢) the retinal artertes and arterioles have
rather thin musculzr coats and d) the lesions appear
when the diastolic pressure 1s fugh regress when it s
lowered (sometimes to the pont of producing seunal
1schermia) and occur as a2 mamfestation of a sudden worsen
g of the hypertension A more logical explanation 1s that
oF plethora or excessive hypererma If the artery supplyng
an area of the retina were diseased so that 1t could not
contract and  healthy’ vessels m the remainder of the
body were made to constrict hyperemra through that
diseased vessel would resuh. Excesssve flow and pressure
would be transomued tp the eaxplary bed supplied by

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

ter then plasma and
finally ved Dlood cells would be forced dm)uéh the capil
Tary wall "This concept explam

s what we find edema
cotton wool  exudates and hemarthages The hard
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n an artery peripheral to complete intermsttent mechant
cal occlusion (9 11) In man, only the brachial bed offers
a convenient means of domg this In Fagure 1 are shown
‘asystoltc arterial pressure gradients 1t various types of
hypertension Persons with diastolic pressures from 100 to
200 mm Hg have shown asystalic braclual pressures 18
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Fic 1 Brachul lic arternal pi dient i man (9 10) A

needle connected to a recording smanometer was mserted mto the
brachial artery and a sphvgmomanometer cuff placed about the
upper arm After rapid occlusion of the cuff the fall of pressure 1n
the distal segment (the forearm) was measured The level of pressure
with no aircufation 15 a measure of the degree of vasoconstrction
opposing artenal run-off Cunves were obtamed from a 46ear old
normotensive woman 3 54 yearold artenosclerotic man without
much dastolic hypertension 2 56 year old severely hypertensive man
treated with ganghiome blocking agents and hydralazme and 2 37
year cld waman with untreated malhgnant hypertension The curves
are a funcuon of diastolic pressure (11)
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Comment The secondary effects of hypertension are
relatinely ummportant to thus discusston but they are of
the utmost importance to the patient and to his therapy
for 1t 15 by them that hypertension becomes a fatal disease
A further and often fatal effect 1s discussed 1n Chapter
i
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exudates may be the scars of old hemorrhages and the
protem and lipid remnants of exudation of plasma

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

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

for their occurrence
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This form of reacung to stress may be commOn o some
human bengs 1 marty environments and of many “u:i
although adequate stadies hane not been made The o N
1dea that 3 pant of the-populaven 15 _sympathotome. an
pirt_parasympathotolie 0T va may have some
hass of fact, Different speaies of ammals show different
types of Teaction to SLIESS Tats CAts guuNea Pigs and rabbits
not only exhibit opposite types but respond 1 aberrant
ways to hnown pressor and depressor agents There re at
least two kinds of dogs nervous overacune breeds whith
are hyperensive on the first and many subsequent exams
nations and mote or less phlegmatic breeds or cross
breeds which exhubit normal blood pressures and brady
cardia (21) There 1s hitle reason to believe that she hu
man orgamism differs radically in its fundamental reactions
{rom those of higher snimals

Sympathotomic people are supposed to be subjecr 10
vasomotor phenomena tachycardia and cardiovasenlar dis
eases espeanily hypertension Parasympathotomic people
are supposed to be subject to bradycardia 2 Jow blood
pressure and gastromntestinal disorders especially pepue
ulcer Another type of wdivdual develops allergic reac
uons In any population all vaneties and degrees of veac
tne abibiry can be expected dependmg probably on the
amount of imbal between pathetic and parasym
pathetic nervous funcuon and the 2 nount of external syress
to which mdwiduals are exposed There may be several
different consuitutional types e have not observed true
extnnsic asthma in a hypertenstse person and such allergic

states as hay fever and articania are much less common
than 1n the general popu

3

I ulcer 1s 1
n hypertension. although it exusts 4} theumatoid arthn
Us and most malignant tumors are seldog encountered
na hypertensive population 22



Chapter II

BASIC OR CONSTITUTIONAL FACTORS

HE BASIC factors i arterial hypertension are those
broad and 11l defined nfluences which ciuse a human
bemg to become predisposed to the development of the
disease By arbutranily separating basic traits from frctors
operating after the disease has become estabhished one
can onthne the are1s of thertpeutic approach and predict,
with some success efficacy of vanious forms of therapy
Reaction to Stress by Vasosy The basic_defect m
persons predisposed to hypertension appears to be a reac
uon to stress by vasospasm or through vasomotor phe
nomena ‘Thus Ievy, Stroud, White and Hallman (15 18)
found 1 Army Officers that transient hypertension tran
sient tachycardia and overweight each predisposed to the
later development of hypertension the last factor being
the least sigruficant Long prior to these studies Hines
found that when the stress of the first examination re
sulted 1n transient elevanon of the systohic pressure to
more than 140 mm Hg 63 per cent of the pauents would
develop hypertension 20 years later 1f more than 150 78
per cent would exbit it (19) Cntical predisposing dia
stohe levels were above 85 mm Furthermore Hines has
shown that persons reactng by vasospasm to pan (cold
pressor test) Jater usually develop hypertension (20) This
manner of reacting therefore probably constitutes the
underlying etiology, which lies 1n the constitution of the
ndividual and 1s described but not understood
18
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Thas form of reacting to stress may be common to some
human beings 1 Many enyironments and of many races
although adequate studies have not been made The D]g
Jdea that 2 pors of the population 1s_sympathotome. an
pat_patasympatt or vag may haie some
ba'{‘s' of fact Different species of ammals show different
types of FEACtON Lo stresy TAls TS PaInea Pigs and rabbuts
not only extubit opposite types but respond 1n aberrant
ways to hnown pressor and depressor agents There are at
feast two hinds of dogs nervous overacure breeds which
are hypertensive on the first and many subsequent examt
natons and more or less phlegmauc breeds or cross
breeds which exhubit normal blood pressures and brady
cardia (21) There 15 little reason to beheve that the ha
man organism daffers radically 1n 1ts fundamental reactions
from those of higher anymals

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

1 hypertension although 1t exsts 4) theumatoid arthn

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

HEREDITY AND ENVIRONMENT

Heredity The manner of reacting to stress by vasospasu
15 apparently an mhented charactenisic Hines has showr
clearly that persons who so react have parents who ar
either hypertensive or react hkewse to pamnful stimuh (23)
The gross hereduary nature of chromc hypertension 1
well established, although Pickering disagrees with thus
wdea (24) what makes up this predisposiion has been
little understood

Thomas has clearly shown that cardiovascular disease 1S
an wmhented traw m the United States (25)

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

FEnvironment Without stimult to cause 2 reaction the
reaction would not occur ‘The stresses, or stimuli, which
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are 3 product of the envivonment and the avude of fue
\ndividual toward 1t can be considered as muating fac
tors 1n the reaction These influences vary widely from
56 person to another 1myolving the many faceted aspects
of existence and adjustment 1o a prevaling socsal order
1t 13 probable that the moure complex society becomes the
greater are the 1 stresses consequent to ad
justment to that society and thesefore the stimult to so-
mauc reacnon ncrease

TPickenng lately summed up his concepts on the relanon
of heredaty ¢ n and 1n hyp
28) To get these conclusions sn perspectine 1t may be
sad that 1n 15 mode of mherntance blood pressure re
sembles height but that the size of the geneuc factor 1s
greater i the case of height. However the tegression coef
fictent certainty underestumates the size of the genetsc fac
tor since we have been unable to allow for the day today
variability 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 quite insigmfi
cant vanations from day to day and for a considerable span
of adult existence 1s umnfluenced by age The difference
between the size of the geneuc factor 1n blood pressure
and height 15 probably less than r it coelh
suggest. Even so 1t would seem jusufiable to conclude
that environmental factory are more wmportant than he
vedutary factors n the pathogenests of hypertension

“These considerations lead to one further 1dea which
:;g“’u:;""‘:"ﬂm d':m T merely ‘ay 1¢ before you know
that mtyt\:lr‘;e:tmcanzus: l;'lSllnCllV!:ly oo Y
spearfic diease entay x.splao ,es senual hypertension ay 2
Sugpest that Iumeym Tgely an artefact. I venture to

ent of the facts would define essen
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tial hypertensives as that group of the population with
artenal pressures exceeding a certamn value arbitranly
selected and 1n whom no specific canse can be detected to
account for the high pressure It 15 suggested that the
factors causing 1t are factors operating generally on the
population  Of these factors the contrtbutions of age, sex
and mbentance can be defined approimately The influ
ence of environmental factors which would seem by ex
clusion to be of great importance, remains to be explored

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

CLINICAL IMPLICATIONS

Since persons predisposed to hypertension emotionally
react to environmental stresses through somatic pathways
by vasospasm, mn the very earhiest stages of the disorder
some reversal of the somatic response can be expected if
reversal of one or more of the psychic components could
be accomphished Many attempts to do so have been made
Psychotherapy has been exiensively employed 1 young
individuals wathout organic disease 1t may teach the per
son either to avord emotional stresses to sidetrack the
reactions thereto along other pathways or to resolve them
without somatie reaction by means of logic and msight
In pauents of older ages, with somewhat more advanced
hypertension or with organic changes, however httle 1n
the way of therapy can be expected By analogy, while psy
chotherapy of peptic ulcer 15 useful to promote heahng
and to prevent further attacks 1t 13 useless refieving
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prlonc obstruction with scarring secondary 10 “}m“é.
attacks These defects of persuna\uy however are pra
ably so deepseated and fundamental to the growth of the
yndivdoal that complete tebulding becomes most dif
cult except 1w young people In our expenence psycho-
therapy has fatled to modify the course of severe hyperten
sion sufficiently to allow us even to suspect some benefictal
somauc efiect and we have often watched patients deten
orate 1o eventual death im spite of the most vigorous forms
avallable (an analyst reanalyzed by an analyst)

An enyronment considered unfasorable by the snds
vadvat may be altered by moving 10 a new oue temporary
effects upan the course of moderate and mild stages have
been observed The famihar fall 1n blood pressure when
pauents enter the hospital 15 an example How permanent
this change can be 1 not known Minor adjustments 1n
adverse envisonments especually those caused by other
tndrviduals with whom the pattent 15 1n clase contact may
for 2 time alter emolonally induced stresses (Figure 2)

Drugs especially sedaunes have been employed for
tmanty years for the purpose of suppresaing the emotional
tension and lowening the threshold of reactions to stress
As a general rule the more severe the hypertension the
less effecuse are sedative drugs and other such mnfluences
upon the disease Contramwise the milder the hyperten
sion the more efiective ate measures aimed at the psyche
and the emotsonal dssturbance

The effects upon the caurse of hypertension of any one
R st e s o sty o
prtare Pt snfluence of these factors 1n the toal

ychosomatic diseases may start as functional de

26 rgmt. comr through nerves and end
begimmung ma ‘h"m causing death Therefore while the
¥ lte m the psyche as exemplified by the
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word, constintion, that factor becomes increasigly less
important as somatic changes ocenr In reversible early
and very mild stages the disease may be controlled, as its
somatic ravages progress less and less can be expected
Erom attacks upon these etiological factors Alterations of

240 4
4
220 )

200 o

mo g,

F1¢ 2 Typreal rapad Sall of blood pressure after hosputahizanon E E
was 1 39 year-old woman who was first discovered to have an elevated
blood pressure six years previously ut the time of pregnaney compht
cated by pyclonephriis” Duning the intervening years her blood
pressure was always elevated 1n a physician s office Si¢ months and
one month prior to dmission she suffered two attacks of seyere head
aches numbness and weakness of ane side of her body and loss of
consciousness for one to three hours with gradual recovery durning
the following week Her blood pressure was sud to have varied be-
tween 230/130 and 210/110 mm  Hg {or 2 years She complained of
dyspnea on exertton and dizziness On examination there was one
small retinal hemorrhage Blood pressure was 288/136 Her heart was
enlarged to the left in x ray photographs Renal funcuon was excel

lent No cause for the attacks was d on careful 2!

e “Fhe first pi shown (230/130 mm Hg) was
measured by both the mtern and asustant restdent the mght of
b ones were d by nurses t th

{3
following monm-\lg (From Schroeder H A, and Perry H M Jr
Am Heart J, 51776 1956)
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disturbed emotional and mervous functions cannot be
cted to dissolve scar tissue
exx:hhough Bays and Scrismshaw disagree (32) from all
the evidence available we can be faurly certain that hypes
tension not secondary to renal disease 13 2 disorder farrly
well confined to persons exposed to the influences of
Western Civibizaton (4) For example 1t 1s unusual in
patts of Afnca (83) and China (8) very prevalent 1n Amert
can Negroes but rate 1n Amencan Indians 1n the South
west (31) In Uganda only 26 per cent of autopnied cases
of heart falure were due to essential hypertension the
same percentage to atheromatosis and none to coronary
thrombosis Tenal hypertension howeser, accounted for
16 per cent (3a) Surely one 1s led to conclude that en
wironmiental 1nfluences are of the greatest importance for
m ths country probably half the cases of heart falure

are hypertensive i ongin When viewed from thys ont
Jook many d s I the g

hypertension falf into line

Comment There are three apparent facts upon which
ofte can speculate

graphic iadence of

1 The predisposinon to hypertension 15 nhented

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

3 The disease 13 confined more or dess to crerlzed or
partly ciaibized people wathout any particular ethmic
caltrz) or socal pateern suggesung that enyironmental

factors such as food habus or cortace with industnalized.
soctety plays an smtating role



Chapter HI
NEUROGENIC LFFECTOR MECHANISMS

INTRODUCTION

HILE yet unproven 1t seems clear that the svtmpa
Wtheuc nervous system 1s somehow relatively 6t abso
lutely overactive mn prehypertensne and hypertenswve
_states, especially when there 1s no demonstrible orgame
“renal component The indwrect evidence, suggesting rapid
alterations . the nervous control of blood vessels s as
foliows

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

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

3 The vasospastic response to painful stumult and to
emotion 1s often exaggerated (20 38 41)

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

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

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

7 Sustamed hypertension can be produced mn certan
ammals by interfering with sympathetic and cerebral

nervous mechamsms (47 50)
of
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The evidence agunst newro.enc effcctor mechanisms
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
merproducton must be grett enawzt (o saturate sydatin g
and conjugatine enzymes in order o allow enough 1o spill



Chapter I

NEUROGENIC EFFECTOR MECHANISMS

INTRODUCTION

Wmu: yet unproven it seems clear that the sympa
thetic nervous system 15 somehotw relatively of abso
_states” especially when there 1s no demonstrable organsc
“renal companent The ndirect evidence suggesting rapid
alteritions in the nervous control of blood vessels 15 as
follows

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

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

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

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

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

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

7 Sustaned hypertension can be produced 1n certain
ammals by mterfering with sympathetic and cerebral
nervous mechanisms (47 50)

26



\eurogense Fffector Mechamisms 29
”“"F"?"

\‘}{j\/\/\f WA /‘m\T/V‘J\I\(\J\J?/{(“:‘.‘;‘ "‘:‘\;{ } (' us

gl

e R Tt e T T

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

nursts alwavs obtuned reddings 20 to 30 mm loser The wide
farrly regular tracings are those of vespiration (he smaller ones of a
plcll\\lsm raph on the finger Camera speeds 125 5 and 25 mm per
sceond
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Neurogeme Effector Mechantsms 3

Several influences ansmg 1n the brawn can cause expert
mental hypertension such as noise (54) wternal hydror
cephatus {46) pusicture of the thuxd \entricle (85) tying
off the artenal supply (49) all of which may.antesfere aith
blood flow or nervous function 1n a regulatory area Sumt
larly 1n man mcreased 1ntracrania) pressure ceriawm bran
Tesions of viral sascular or traumatic ongin (fractures of
the base of the sku)l encephaliis pohomyelitis) certain
tumors and hypothalamic njury can lead to chronic neuro-
genic hypertension or 1ts acute equivalent {56)

There ate four possibilitres to explain the cerebral role
n_human hypertension 1 The nenous temperament of
the hypertensne peson with the frequent finding of
amaety and frustranion may mtate Tepetiine discharges
through the sympatheuc nenous system Subnormal as-
sertineness  obsessivecompulsine traits and anxiety are
sad to be common to the hypertensive personality {26
27} Thus hypothests has always been an attractive one
but 15 unproven and most difficult to investigate with the
tools at hand

2 The penpheral metabolic abnormalities assocated
with hypertension may cause stimulation of cerebral
metabolism It 1s known that many pnmary amines cause
central excitatory effects Amphetamine (Benzedrine) 1s
2 good example In fact Mann and Quaste} (57) suggested
that the central stsmulant action of df phenylisopropyla
mine (Amphetamine) 1s related 10 1ts mhsbition of tyra
mne oxidaton by amine ovidase 1 bramn On ths basis
Fellows and Bernheim (58) examuned 3 large mumber
of structurally related talts 1 rats and found 1n many
instances good correlations between central simulation
and cerebral amine owdase infubition Chnically the
exenatory acuons of epmephnne and a number of deniva
tves are well known we have abserved profound and



30 Mechamsms of Hypertension

over mto blood nd be excreted mn urine Actually some
patents do hme modcrately ncreased amounts i ther
ures (51h) about 1 third

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

3 Many patients do not show il of the typical exag
geruted pressor responses nor the marked depression of
blood pressure mnduced by drugs or surgery (52) The logt
cl cxphination ts that mother Visospastic process 1s Iargely
operatine m such mdnduals
“ Although neurogenic pithwtys effecting vtsoconstric
tton are mumately connected 1t 1s necessary to exwmmne
cich component of the sympathetic nervous system 1 the
Iight of 1tts rolc and of speaific effector substances wnd
chemotherpeutic 1gents Some of these are known some
must be postulited The brun and 1ts 1ppendiges exert 1
profound effect upon normal vasomotor tone nd 1re
probably mvolved 1n many forms of generilized viso
spism "As Starling sud (53)  No pathology will be ade
quate which does not take mto rwccount the sensitiveness
of the visomotor centers to the changes m the circulation
Constderible informiuon on pithogenetic factors cn be
learned from the 1ctions of spectfic drugs more perhips
than by direct experiments

CLREBRAL MLCHANISMS

The areas withm the braun mitnung or transmitting
sympathetic dischirges or reguliting yvisomotor tone are
three the corten the Iypothrlimus and the yasomotor
center Just how these rews are moled in the hyper
tenstve process 1s not Anown What 1s known however
1s that certun drugs modily their activities ind partly
affect the amount of peripheral vasospism neurogenically

mduced
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the hypothalmus ot vasomotor center inay mtiate somAtC
sustasned NEUTOZENIC PrESSOf TESPOTIILS Whale such lestons
hase been found an some wases (54) and may account for
the hypertenyon of some older perans there 15110 vmiform
cortelation with afl cases and this 1dea Temamns merely an
attractuse hypothests

SPECIFIC DRUGS

Whatever the cause of the increased netvous excitability
of hypertensive patients many agents have been used 10
counteract 1t and thus produce vanable effects upon blood
pressure depending upon a) the Telatnve part played by
the brain §) the effectiveness of the drug and ¢) the abihty
of the patient to tolerate side effects Sedatives have been
vsed for many years m an atcempt to allay tension and

anyety They will not be discussed smce therr employ
ment 13 wide

Serotomin Antagomsts  Reserpine causes deplenon of
cetebral serotonin n the expersmental ammal (65 66)
platelet serotonun 15 also reduced to a low level “The net
effect of tns agemt a chemal analogue of yohumbine 2
ta produce on. affect the equivalent of a prefrontal Jobot
omy (67} Its locus of actson appears to be pre hypathalame
and suboortical the posterior hypothalamus wherain lie
the sympathetic centers 15 partiaily bloched (68) Treef
fect of the dsuig 15 cumulanve tequiming a v eek or tyo for
ora} doses to act maximally alchough rapudly excreted
the drug stselt leaves  serotomin acceptory  the bramn
bluc&eddfor long prmods Asde M’M
action the net sgmatc effect 1s that of yelay
t&euc.-o‘:cmcuvxiy (Table ) Dxmg%é}:%?%%%i
2cdify can Tesult pepuic wleer has appeared de novo or
‘become activated 0 one of pur cases chrome ufcerauve
cobitus has developed (69) Vartous cerebral symptoms are
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uncontroliable anviety induced by imntravenous aoamyl
ammne m laboratory workers, for example Therefore,
some cireulating primary amines may induce_cerchral
stimulation  Tast diffbse dysthythmias in “the ~électio-
encephalograms are common 1n human neurogenc hyper
tension (4) this picture can be produced by certain amines
(59) Thus, a vicious arrcle could be estabhished, from per
1phery to bran to penphery, the imntiating organ not
bewng known
Serotcnm a dertvatyve of tryptopharie, has recerved the
greatest interest in this regard, swice 1its 1solauon from
platelets This primary amine _occurs brain and may
have a definite function 1n nervous tissue (60), as may
other sumlar substances It 1s interestng and perhaps
more than comadental, that malhignant carcinoid of the
appendiy, a serotonsn producing tumor, apparently causes
a pecular flushing phenomenon which 1s sumlar to the
diencephalic blush which we associate wath neurogemc
hypertension (61, 62) Injection of serotonin mn man causes
a variety of subjective symptoms not «pparently associated
with anxiety but similar in some respects to those seen
following other substituted primary amines (63) The role
of several tertiary and qurternary nutrogenous compounts
on nerve conduction and synaptic transmission is barely
beginning to be appreciated
3 There 15 either excessive production of stimulating
substances 1 situ or generalized inhibition of those en
zymes concerned with metabolizing such substances For
example 1f every sympathetic nerve ending contamned a
molecule inhibitory to amine owdase or to the enzyme
conjugating norepinephrine the normal tone of sympa
thetic nerves would be enhanced There are no praofs

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

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

Epistaxis
Blursed Vision
Dry Mouth
Heart Burn
Edema
Prurntus
Dermatiny
Jaundice
Hepatomegaly

-

coomunoen
o w
O el

R

also 1nduced among them vivid dreams and nightmares
Ore of the most interesting of 1ts actions 1s to cause, 1 2
stzeable percentage of people nervousness nsorinia agy
tated depressions and swicadal tendencies (70) used to
treat these sy 1n psychotic individuals 1t can back
fire and produce them Truly this most interesting drug

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

1 also an antagomst to se (73)
Its Tocus of actiont has been presumed to lie subtentortally
probably in_the medulla tr lizing effects are seen as
well and

hypothalamic action has been postulated (74)
Winle 1t can cause some depression of the sympathetic
nenous system st can also produce symptoms of stmula
tion 1n some individuals (Table 1) wath hypertension and
tachyeardia  Likewise ats antiemeuc action may be re
versed m other subjects

Other antimetabolites to sexotomn are not used 1 hy
pertension yohumbine because of 1ts nephrotoxicity and
d lysergic acid diethylamide which produces schizophremc
hike states (63 66) The most nteresting are the nitro-
wdoles which are true compentne antagansts bloching
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TABLE I

RESFRPINE AND CHI ORPROMAZINE
InciEnce oF Sipe ReAcTions AND Todc ErvecTs 1Y
NoORMOTENSIVE PATIENTS

Reserpine Chlorproma sne
(123 subjects) (137 subjects)

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

L N - Y
- o

Qumne DR
PN
e

Sympathetsc N S Shmulotson
Hypertension
Tachycardia
Hyperthermia

coco
00 o
~ oo

Cerebral Symptoms
Excessive Flushing
Dizziness
Fatigue weakness
Syncope
Excessive Drowsiness
‘Tremulousness
Myalga
Ataxia
Parkinsonism
Vivid Dreams
Agptated Depressive Psychiosis

NoCooBlouwme

(SN

S e

.
L - A Y

o Ny

U snmwhSnomo
b

"
-

Other

Nasal Stuffiness 216 15

* We have seen 4 cases
1 Higher in our experience

Author s senes
?Ftom Zeller W W Graffagmino P N Cullen C F and Restman

H J U e of chlorpromazie and re.erpine sn the treatment of emotional
disorders J A M 4 160 179 1956 3
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NH,

C CH.CHCOOH Tryptaphane

1 Hydroxylase + OH ot usolated

NHs
1o C cudiicoon 5 hydroxgirytophane
doxal metalloenyyme
l Decarboxylase PY(V;D::?O;‘: 7o)
NH,

HO_ : CHAH +CO: 5 hdroxyiryplamsne (Serotona)

\ Monamineoxidase + Q,  Nom-apeafic enzyme senutive to
HO,

vanadium as coenzyme
\(; ; _CH,CO0H + NH, ihydmx)ymdale acetic oand (in
unne;

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

phane and ats decarboxylation (Fig 5) The hydroxylase
has not been discovered but the renal decarboxylase (71)
contans a pynidoxal metal complex as a coenzyme (72)
Uike many other amino acid decarboxylases. Serotomn 1s'
metabolized by monamine owdase (Chapter IV) an en
Tyme Tequinng oxygen and sensitive_to_oxygen _tension

Therefore tenal yschemia could allow the formation of
serotomin. by apaerobic decarboxylavon but prevent
deamination 1 situ diie to oxygen lack Serotorun 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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the action of serotonin on smooth muscle, they have not
been employed more than sporadically with httle effects

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

Comment None of these agents are more than muld
antthypertenstve drugs One or another may control mod
erate or mtermuttent elevations of blood pressure, espe
cially when associated with emotional tension, but they are
relatively valueless, except as adjuncts, 1n mote severe cases
Obviously the sustaiming mechanism for severe hyperten
sion lies elsewhere than n the bran, although wmitizung
mechamsms may be there, i cercbral edema, however,
a large neurogenic mfluence may be exerted The most
potent and specifically acting drug can do no mare than
mhibit the relatively minor role which the bramn con
tnbutes 10 the process of generalized vasospasm Even
after destruction of much of the bramn by atherosclerotic
disease, 1o the pant of causing a vegetative existence,
established hypertension may not disappear

Serotomn s ane of the newest agents discovered to be
mvolved in cerebral mterneurgne transrssion Of great
interest 15 the fact that dus primary amine apparently has
a specific affimity for carucal pathways to the postersor and
lateral hypothalamus (Too much could shmulate and
cause emotional tension a normal amount interest, it
uve and drive, while too little could result in mental de-
pressmn,) Serotonin 15 found 1n quite prumitive manne
organisms, 1t 1s formed by the hydroxylaton of trypto-
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NH,

: CH,CHCOOH Tryptophane

l Hydrosylase + O Not wolated

Nt
HD\Q;P_CH,&HCOOH 5 hydrorytrylophane
Jdoxal metalloenzyme
1 Decarboxylase Py{‘nuuab\r,zn o
o ‘O—\?- H “:+C°n 5 mydroxstryptameme (Seratonn)
g d N sensitive to
o oxyt!n hck vrobabl;v with
HO,

23 eoenzyme
WCH:COOH 4+NH, § hydm;)mdak acetsc acsd (n
e

Fir § Metabolism of serotomn modified from Sjoerdsma 2 ol (61}

phane and s decarboxylauon (Fig 5) The hydroxylase
has nat been discovered but the renal decarboyylase (71)
contaws 2 pyndoxal metal complex as a coenzyme (72)
like many other amino actd decarboxylases Serqtonin 13
metabolized by monamine owudase (Chapter IV) an en
Iyme Seqiting OXygen and senstive to_otygen tenision
Therefore renal 1schemia could allow the formaucn of

by anaerok decatboxylation  but prevent
deamination n sttt dUe to oxygen lack Serotomin wauld
then escape mto the blood and be deaminated exther ]
the tungs or on attertal smooth muscle Whale 1t 38 douby
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ful that serotomn 15 concerned directly 1 hypertension,
njections into hypertensive, but not normotensive am
mals and man are moderately pressor, and this mnteresting
substance 1n shghtly increased amounts could represcnt
an tbnormal metabolite causing Some symptoms and a
small portson of the vasaspasm

CARQOTID SINUS MECHANISMS

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

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

jac ket
sensizing the pressor rereptors and thus increasing the
activity of the depressor mechamsm (78) Protoveratrne
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A and B are the most punified alkalowds usnatly found
2 mixture and most diffenlt 10 separate They ﬂ\sggggxﬁs
ston of blood pressure and bradycardia nausea and vomit
fg Tay Tesuls from vagal sumulation (79) The pathnay
1 through the glossopharyngeal nerte to the vasomotor
center (78) When doses are adjusted properly mtermittent
normotension ¢an result from the careful use of protovera
trine and s impure derisatnes (80) Apparently tolerance
15 quick to appear and disappear 5o that sustamed normo-
tension will not result unless adjuncts operating on other
mechansms are used Whether or not thiy drag 15 a true

anuhypentensive agent afectng the base procest s
uncfear although the hemod

favorable (Table 11)

Baroceptor Changes McCubbin Green and Page (81)
nave tecently shown that the carotid sinus and aortic de
pressor mechamisms are set at a ugher level of pressure
ta fenal hypertensive dogs than in normotenste dogs
They propusc(\hc mgenioos theory that this hagher  set
tng wantams the h‘ypﬂlﬂ\s\oﬂ) even when the intnating
mechamsm (renaf 1schemia phéochromocytoma toxemia
of pregnancy) 1s removed Thus(renal hypertension slow ly
becomes neurogemc) buffer nerve hypertension as Ogden
has suspected 1n rats (82) 1f this were 50 10 man one would
expece that Jate chrome hypertension Would respond to
the wse of dinys or surgery actng on nenes better than
would early hypertension Chimeally the opposite holds
true therefore thus attracte hypothesss necessanly can
t human cases -

§ 7 18 quite

be discarded as applying 2o mos

SYMPATHETIC NERVOUS MECHANISYS
THROUGH GANGLIA
Al nenes alier

¢ from the spinal
cord pass through ganglia In generst w0 SPIRAS
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TABLE II

CARDIOVASCULAR FFFECTS OF PROTOVERATRINE AND GANGLIONIC
BLOCKING AGPNTS IN Man

Nermal Huperlenstve
Gan
Epineph  Norepineph  Proto- Tiomse
rine nne Lerafnne B‘}ochdd
Cardeac
Heart Rate + - - -
Stroke Volume + + + -
Cardiac Output + L] 0 -
Coronary Blood Flow + + ? ?
Blood Pressare
Systolic Arteriat + + - -
Mean Artenal + + - -
Diastolic Artenal -~ + - -
Mean Pulmonary + + ? -
Pesspheral Crreulation
Total Peripheral Resistance - + - -
Cerebral Blood Flow + 0 0 [}
Muscle Bload Flow + 0 + +
Cutaneous Blood Flow - + ? +
Renal Blood Flow - - o -*
Splanchnic Blood Flow + o 7 -

* Transient

thetic nerves end 1n gangla at more penpheral (organ)
areas The adrenal medulla receives preganghomc fibres
which cause discharges of epinephrinte a sympathetic effec
tor substance, into the circulation therefore it may be
connidered 2 ganghon 1n the broadest sense of the term

The chermical medintor of ganghionsc transmussion 18 2
quaternary ammonsum compound acetyl choline Whether
or not other compounds containing tetracovalent nitrogen
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of choltne esters Can act as transmitters 15 not Lnown Ace-
tyl cholme (or 1ts dersvatives) apparently 1s css:nlla:\ for
synaptic transmussion 1n all gangha both sympathetic
and parasympathetic. Nicotine 1m0 small doses 15 2 stumu
lant.

The ganghion nself governs the ntegrity of the post
ganghomic fibres much as the spunal nucley control the
ntegnity of their neurons. Removal of a ganghen 15
probably followed by degenerauon of the nerve after a
few days sensinvity of the nerve ending to arculaung
vasoconstnictor substances develops Therefore sn order
to perform an adequate sympathectomy preganghomic
fibres must be cut

Speafic Drugs Chemical ganghonic blocking agents
usually contan quaternaty ammopiutn stabalized tetra
cavalent mtrogen competing with acetyl choline or other
more labile nitrogenous substances Numbers of such com
pounds exast The sunplest one of sthe group 1 tetracthyl
ammonwm ton known for many years 22 a vasodilatng
drug of short action  Longer action 1s achieved by length
emmg the carbon chain and donbling the nitrogen group
0

i 1

(s p hexamethonum) or by
adding cumbersome ring structures (pentolnmm. chlorss
ondamine) AM act 16 2 siwlar manner differing only 1m
duration of action and degree of gastromtesunal absorp-
ton 4 new blocking agent mecamylamine (Imersme

differs conuderably 1 structure being a complex spatial
molecule with trivalent mirogen as a secondary amine It
has the advantage of virtally Complete absorption from

the gastrointestinal tract (83) Comparative doses are shown
m Table 111 (Fig 6)

Since acetyl choline also mediates Derve transmission to
striated muscle 1t may appear strange that curariform
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paralysis does not result from ganglionic blocking agents
Some anatomucal or chemical differences between ganglia
and motor end plates undoubtedly exist, for hexame

{CH),N+ HLCHN(CHYNYCH,),
Tetraethyl Ammonium (TEA) Pentamethomum (Cy)
CH,
. |
DN * (CH:).’NG ml‘( + CHiCHINH(CH)
éﬂ; AHI
Pentolnum Chlotisondamine

(H,CH*N(CB)NHCH)
Hexamethonmum (C)
NHCH; CH,
HC CH,
H ~CHr~éH

Ha Ha
Mecamylamine

[}

N
CHr—l\/ N—~CHy 2N,
O D W

CH,—CH {I:Hg CH, CHy

i \s 2 l CHy
Hr—ch \sor-m,-—l.-—l——lu

Hs

s
Trmethaphan Camphor Sulfonate

Fic 6 Structural formulae of tons of some ganghomic blocking

agents The salts are not shown The last known as Arfonad s only

vsed ntravenously Note the quaternary or tetracovalent mtrogent

groups which are the active ones and the camphane structure of

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

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

sides

SYMPATHETIC NERVE ENDINGS
The ¢h 1 effector sub e of the sympathetic
nerves 1s norepmephnne On sumulation of a nerve, this
primary amine 15 released at the junction of nerve and
organ or smooth muscle fibre Infusion of norepmephnine
mtravenously mumics the cardiovascular profile seen mn
sustained artenal hypestension (Table II) and a similar
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"pcture 13 caused by norepinephnine secreting phcochro;'
mocytomata Therefore the neurogenic component o
hypertension can be considered to be mediated by this
substanre '

Norepmephnine 15 detied enther from dibydrocyphenyl
senge by decathoxylauon or from tyramine by hydroxy
lation of the benzene mng and the f<atbon The first
appeans the most facsle method for the nene ending to
make this substance rapidly ¥tis inactivated exther through
contugation through owidation of the amine nitrogen by
monamine owidase or by rearrangement of xts molecule
to form an ndole nucleus through owudation by poly
phenolovidase a copper enzyme

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

Densauves of Beorylamme Dibenamine a complex
structute remotely felated 1o povepinephnine forms ught
onds at sympathetst nerve endings presenting the action
of this constrictor substance probably by competitiy e 1
hibion The acuon 1s prolonged for many hours It 1s
moderately effectve by mouth much more so yntra
venously There ate many side effects 1n man espeaially
c§ the bramn Dibenamine and ys relauves are the most
efiective sympatholytic agents known at. present but theiwr
vafue 1 hypertension remains to he proven
c:‘::::::‘:u Dizm::f“mmmm We had an opportunity

'g 2 group of primary amines 1y Tats for sympath
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olytic qualities, some of which were given mntravenously
in man
Those bloching norepmephrine mn the rat had the fol

lowing formulae
N(CHy) CHLHLCL
gg@iném ZCH,Q
H gg CH CHCH,
SKF 1298 A SKF 669 C
CHy
v
e el
CH,OD
Mer 11
NHy
COop

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

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

51143
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NGHih
0, CHCH,
E H Nia
ShE 19T A CHO, CHCH;

CHO
N(CH: H

1o by, SKF 1217 A
1
HO )

SKF 129 A
N(GH

e

SKF 1300-A

Renal hypertensive dogs responded by a lower drastohic
pressure only when ShF 1298-A was given ® SKF 690 A
was a powerful epnephrine hike substance 10 man causing
vasodilatation and an increased cardiac output with fall
m dustolic pressure SKF 1298-A caused symptoms sug
gestne of cholinergic sumulation two others were with
out effect

The expenments of Furchgott are of interest Using
the spirally cut rabbat s ao1ta as 4 source of smooth muscle
he was able 1o show on this simple system how certain
agents such as dibenamine block all constrictor amines
others block some and others block only a few (85) There
fore 101s Llely that sery speafic agents can be found which

will pick out one primary amine and not others for an
hubition

Notie of these substances speefically depressed elevated blood pressure
1 the anaesthetized renal hypertenuve Tat without affecting normotensive
TS
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Denvatves of Exgot The dibydrogenated ergot atka
\ords have the ability of blocking adrenergic impulses but
therr action 1s greater on eptnephrine than on norepineph
mne Toxic effects lumit the tolerable dose so that use
£l Blockade 15 Tarely produced They must be ghen sub-
Iingually or parenterally their effects 1 hypertension
vary but are usually inconsistent.

Denvatves of Imidaole Tolazohme (Pricolwe) and
Phentolamme (Regtine) are two short acung moderately
effective adrenergic blocking agents contamming both
benzene and wmdazole nings Phentolamune while oppos
ng the actions of both epiephrine and pwnephrine 13
useful for the most part only as a test substance for ar
culating catechol amines It usually causes a transient fall
of blood pressure in hypertensive patients suggesting that
some sympathetic tone 1s present 1n azotemia the effect
smay be profonged aud profound Cardiac sumulation 1s
the rule Tolazohine 15 reachly absorbed and excreted un
d\:mged 1n the unne phentolamine 1s ayparemly metabo-

lzed up to 90 per cent of the dose The short duravions
okaction hmt their use
The B

Pip 43! ) and pro-
sympal first synthesized by Foutneau act transiently usu
ally by vasoconstricuon They do oppose however the
acuon of ep probabl p mhibiton
norepephrne ts blocked only by tove doses Side effects
are many especially smooth muscle simulaton and [imit
dhewr wse except 1 epmephnne producing pheoch
Cytomas

hrine
¥

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

CLINICAL IMPLICATIONS

In the absence of a good speafic adrenergic blocking
agent which also blocks the cardsac svmpathetics we are
forced 10 nse combinanons of drugs depend upon gang
hiome blochade or affect the carotid sinus mechamsm
Combimations of adrenergic blocking agents such as dt
benamine denvatives and protoveratrine have been ad
vocated the former to block nerve endings and the atter
to slow the heirt In fact one such preparation also con
tans veserpwe, which tends to cause bradycardia Such
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pousse café combinations are to be avoided all d;ugs
gue reacuons and side effects and 1t would be difficult to
assess the vominng nduced by dibenamine and that by
protoveratrine 1n such a mixture

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

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

Ganglionic blocking agents show many side effects most
of them the result of parasympatholysis or sympatholysis
(Table V) Only two senious ones of thas nature hase been
encountered The first occurs when partial often asympto-
matic obstruction to a hollow organ has heen present
Complete obstruction may result The second 15 concerned
with the mode of excretion Absorbed blocking agents are
“:elld m lth: urine If severe renal disease 1s Present
g 1 b e oo o 2T 35

To set one ph ) e b amuma persit
o Ppharmacologic thief to catch anather phasma

ogic offender 15 undesirable 1n modern chemotherapy
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but sometumes 1t becomes necessary The actvay of cho-
hinergic drugs 15 enhanced when gangha are bloched, thus,
urecholine 1nd prosugmine provide useful tools 1n abating
umrwanted parasympatholysis (98) Likewise norepmephrme
mfusions combat the hypotension quute effectrvely

TABLE V
Sior EFrects oF GanoLionic BLockapr
Carotd Sinus Reflex Decreased
Cardioaccelermtor nerves Bloched
Cardiovascular reflexes {cold pres or etc]  Bloched
Venous pressure Decreased
Eye~Pupil Fixed 1 nud position
~—~Accommodation Fixed at normal cesting potat
Ptosis Shight or absent
Ear~Eustachian Tube Paralyzed?
Sahivary secretion Decrea ed
Gastnc yuice acdity and volume Decreased
Gastromtestinal motylsty Decreased
Gastrie tone Decreased
Colonic tone Decreased
Defecatory Reflex Decreased
Uninary Bladder tone Decreased
Sweatng Decreased
Sexual patency {male) Intubited
R to injected h I d
Response to injected cholinergie deugs Increased

Mecamylimine intoxication occurs i azoternc mgs
viduals and i others with poor renal function It 1s char
acterized by gross, generahized coarse muscle tremor, m
creased with activity, disappeaning with sleep, by nervous
tension and sometimes by visual hallucinations The state
tesembles delirrum tremens The flapping tremor, which
wnvolves all voluntary muscles 1 advanced stages, 18 not
associated with cog wheel ngidity and only moderate hy
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perrefiea 15 found The tremor usually remans far many
days after discontinuaton of the offending drug even as
Jong as two weehs Severe hyperpyrexia without infection
leading to death was observed once Dutanun may parly
amelorate the candition It 1s probable that this secondary
amme of a camphor nature affects the central nervous
system  camphor 1self 1 convulsant and high doses of
mecamylamine cause gross tremors 1 dogs We have ob-
served fine tremors lly when h h
wasused Meprobarmate can cause Jeucopenia

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

All of the anthypertensie agents with powerful ac
tions can indute cardiovascular acoidents due to the na
tire of the arteriat disease (atheroscleross) often en
£ountered and too sudden alteration of hemodynammes
Artena) thrombosis 15 the most serious although 1t 1y rare
Such reactions are not true side effects of the drugs them

selves but are wherent davgers i therr averenthusiastse
and careless use

1h

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

sute 1 human hypertension we may assume that 1here

cn be a profound c 1
T s compone N some cases

o Aﬁh‘ ) P y d Via_sympathetic
wugh the ideal COUteractng agent 1s not aval

lood pres-
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able, certain tools can be used with varying results on the
course of the primary disorder Al have side effects and
most, Jate toxic rerctions, which usually do not preciude
their use provided careful attention is paxd to the patient
and his personal reactions



Chapter IV

NEPHROGENIC EFFECTOR MECHANISMS

EVIDENGE FOR EXISTENCE OF OTHER
EFFECTOR MECHANISMS

o Titrs pomnt we have inferred that mechanustas 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
tton 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

ymp y ether lumbodor
sal ot subtotal stll teaves 2 sizeable proportion of patients

as hypertensive as before relieves a fur number com
pletely with the remamnder mproved to vanable degrees
3 Full therapeunc doses of ganghome blocking agents
or protoveratnne cause mtermittent ot sustamed 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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able, certamn tools can be used with varying results on the
course of the primary disorder Al have side effects and
most, late toxic reactions, which usually do not preclude
their use provided careful attention 1s paid to the patient
and his personal reactions
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NEPHROGENIC EFFECTOR MECHANISMS

EVIDENCE FOR EXISTENCE OF OTHER
EFFECTOR. MECHANISMS

o Tinis pownt we have mfersed that mechanisms ather
than neurogenic account for much of the generalized
+2505p3sm se¢n 10 severe hypertensie states Although
therr natures are imperfectly understood, there 15 sufficient
expenmental and clinical data to warrant careful examina
tion of several hypotheses which it or do not fit the facts
Most of the evidence for the existence of effector mech
anisms other than neurogemic comes from experimental
hypertension and from the wide variations 1n the acute or
prolonged effects of drugs acting on sympathetsc nerves
To take up the pharmacologic evidence the following

chimeal observations are pertinent
I Early and mild hypertension responds well to sumple

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

2 Extenuive surgical sympathectomy either lumbod
sal or subtotal snill leaves a sizeable proportion of patients
as hypertensive as before relieves a fair number com
pletely with the remainder wmproved to vanable degrees

3 Full therapeutsc doses of ganghome blocking agents
Or protoveratrine cause intermittent of sustained hormo-
tension 1n a few cases 2 modified Tesponse 1n many and

no appreciable effects (other than postural ones) in the
more severe forms of hypertension

55
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NEPHROGENIC EFFECTOR MECHANISMS

EVIDENCE ¥OR EXISTENCE OF OTHER
EXFECTOR MECHANISMS

o TuIs potnt we have mferred that mechamsms other
Tlhan neurogenc account for much of the gencrahzed
vasospasm seel 1 severe hypertensie states Although
ther natures are imperfectly understood there s sufficient
expermental 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 exustence of effector mech
anssms other than neurogenic comes from expenmental
hypertension and from the wide varjiations in the acute or
prolonged effects of drugs acting on sympathetic nerves
Te wle up the phammacologic evidence the following
chimical obsersations are pertinent

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

2 Extensive surgical sympathectomy erther lumbodor
=l or subtotal sult leaves a sizeable proportion of patents
3 hypertensive as before relieves a fair number com
pletely with the reroamder 1mproved to vanable degrees

3 Full therapeutic doses of ganghonic blocking agents
OT pratoveratrine cause mtermattent or sustamed npormo-
tension tn 3 few cases a modified response 1n many and
no apprecuable effects {other than postural ones) n the
mare severe forms of hypertension

55
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4 Injection of tetra ethyl ammonmum 1on causes tran
sient falls of blood pressure to a floor, this Jevel bemg
low 1 milder cases and rising as the disease progresses
wmto severe stages Only o cerebral edema does the floor
fall (95)

5 Injectsons of hexamethonum on in full doses cause
varable responses the estimate of the neurogenic com
ponent affected by the drug ranging from 100 to 15 per
cent of the total elevatian of blood pressure above normal
The less the fall after hexamethonium 10n, the hgher 15
the final blood pressure There 15 a reciprocal relationship
between neurogenic and humoral factors 1n mamtam
ing the blood pressure high (58) (see Table XIX, p 110)

THE NATURE OF THE OTHER MECHANISMS

Two processes can be hypothecated to esplain these
findings

1 The artenes and artenioles become so sclerotic that 2
mechanical increase m peripheral resistance accounts for
the sustained hypertension in the absence of neurogenic
mechamsms This explanation 1s incompatible with the
anatormic and pharmacologic facts Whale hypertenston
causes vascular lesions, they vary in intensity and degree
throughout the body Only late hypertension 1s assoctated
with these lesions Reduction m blood pressure of a degree
sufficient to cause local 1schema in areas of severe vas
cular disease nsually can be accomplished without such
schemic mamfestations

2 The artenies and arterioles are in a state of spasm
which 15 not medated through nervous mechanisms This
15 the only tenable hypothesis If so several causes of the
spasm must be examined

a) Some orgen 1s forming and discharging mnto the ar
culation abnormal substances, which either are strong
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\asoconstrictors themselses or wlich inhibt the destnic
tion of normally circulating pressor substances

b) Some organ 1s not destrojing ©1 excreung pressor
cubstances normolly present, so that they accumulate to
form anew homeostauc level
¥ ¢} Some orgal is sensitizing the blood v essels to normally
arculating pressor substances

d) For some Teason the artenal and artenolar walls

become thereby z penpheral re-
sistance.,

Probably all of these mechamsms can operate under
different clynical arcumstances

The vast expenmental and large chimcal expenence
with hypertension 1nduced by tenal 1schemua focuses at
tention upen the {kudney as 2 mediaung mechansm for
that compy of efevated artenal pressure whichuis not
neurogenic 1 ongin} The posterior pitwmtary howeser
{ forms a pressor substance and the adrenal cortex can
 Semsitize blood vessels to vasoconstriction  therefore en
{ docnne mechamsms must also be considered (Chapter V)

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

First the effects of sy

patk nervous pon
the renal circulation must be examined Both emotional
tension 2nd catechol amunes cause yenal vasoEonsticon
bolished 1n the case of the former by sympathectomy
Cuniously enough norepinephnine constnets 1n 3o far as
18 known only the renal arculation to a greater extent
than other vascular beds The hemodynamic profile 1s

sumlar ta that seen 1n hypertension with efferent arterso-
lar constniction being d

Epmephnne prod
the same renal profile Therefore increased

-afed &3
sympathetic tone can cause relative temal 1schemia but
\schemia of no otherknownorgan )
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4 Injection of tetra ethyl ammontum ton causes tran
sient falls of blood pressure to a floor, this level being
low n mulder cases and nsing as the disease progresses
nto severe stages Only i cerebral edema does the floor
fall (95)

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

THE NATURE OF THE OTHER MECHANISMS

Two processes can be hypothecated to explam these
findings

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

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

a) Some organ 1s forming and discharging into the or
culation abnormal substances which either are strong



Nephrogemic Effector Mechanisms 59

4 No remn or apgiotomn Qn be found after several
weeks of hypertension. although the enzyme 15 present at
frst VEM 1 blood however imcreases with tme to 3

lateau {103
¥ 5 'Ilse o)‘qgen consumption of the Lidney may be
Teduced (104)

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

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

2 Transammauon 1s reduced 1n the presence of ade
quate pyndoxal phosphate {104) suggesung a deptenon
from renal tissue of apotransaminase

3 Deamunation of amunes 15 reduced (101) suggesting
depletion of monamine oxadase

4 Sucamc dehydrogenase and possibly cytochrome
ovdase are veduced {105) All of these enzymauc altera
tions can be explained by loss of renal tissue consequent
to prolonged 1schema

In man the follosing changes have heen measured

1 Renal oxygen consumption 1s usually reduced (106
107) teflecting the ischem:a

2 The unne 15 usually acd (108) reflecting perhaps
the acduty of the cortex m ischemsa

> There s a tendency for renal loss of sodium and some
chlonde (103 110 4) cauted 1 the ease of sodium POs
sibly by the acidity producing loss of base

4 The rauo of ammoma to titrable acid 15 Jower than
normal nfluencing possthly the sodiam losing tendency
of hypertensive kidneys {111)

5 Prymary amnes m antenal blood are usually elevated

(90 91 112} a resule perhaps of msufficient deaminauion
from oxygen lack

Removal of one 1schemic kidney before hypertension
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Second, what metabohic abnormahities are present m
renal ischerma? This subject 1s ittle understood and altera
tions little measured We know of some functional changes
in expertmental ammals Certamn urmary abnormalities
occur, Teflecting what appear to be minor renal derange
ments The cause 13 reduced blood flose, but whether it 15
mediated through oxygen lack or through some other
mechanism concerned with flow remains to be discovered
In anaesthetized experimental animals the following occur
after acute mechanical canstriction of a renal artery

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

2 The same changes m blood flow take place At this
pownt the renal vascalar bed becomes sensitave to mjected
epiephrine (97)

3 The cortex becomes acid (96)

4 Remn the renal proteolync enzyme 15 released 1nto
renal venous blood where 1t reacts with a globulin to
form hypertensin or angiotonin a constrictor peptide (89)
Lalewse, a vaso excitor material (VEM) appears n blood
(100) Angiotonin produced by the ischemic hidney, can
constrict the vessels of the kidney making it more
1schemic (101)

5 After several hours blood pressure may rise w the
experimental animal (97), probably due to the release of
remn and/or pressor amines

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

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

2 Oxygen tension 1s lower than normaj (36)

$ The cortex s acid (96)
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s 15 more than an academuc pamnt 1§ hyp{crx:n::::\
wese (e tesult of chrone mbnbiyont of a Tend| cnzyoum
removal of the enzyme of semoval of the Kdneys ;‘s o
accomplish the same resuit, The next question 18w : “
a precursor 1s altered by wschemc Jadney o 2 pres:
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Fig 7 Azotemic hypertension with reversal when azotemia regressed
Patient was 2 4§ytarold womzn with abdommnal fymphosascoma
which had imvolved both ureters causng bilateral hydronephrons It
was impossible to paw 2 urethral catheter through the left Radso-
therapy was Instustted, sestiung i 2 shrrkage of die wmor a re

tum of yemal funcuion toward normal and 2 20 af blood pressure
Sceanonally 10 hyporensne levels

substance or whether normal kidoey mactivates a pressor
substance found narmally in blood This question cannot
be answered evcept by reference to the hypertensn
easung W the presence of one schenue and one normal
Tadoey The hypotheses of best fit include both processes

fetention  hypertension developing with afoterma and



60 Mechamusms of Hypertension

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

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

mon example
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TABLE VI
0
Arvo Acos CAPABLE OF FORMTNG VRrARY A0S

(Dog and Ral)
Amino Rengl Renad Renal
Ao Acd Acd  Deammese Decar Amine
Ondasz  Presest boystase  Oxidase
Present Present  Praent
e
Glyane + o
‘L-Alanine + " +
Tiemane 5
L Cysiewne ';' :
L Methwmne
L-Aspartic Aad ? ? ?
L Asparagine
L-Glutamue +
LHistdine + +
Oxygen vequired for
e 0 +

o
Mo ammonsa [ormed by glutamic acsd lysing of arpinine

After Master (132)

or diamine oxadase which also acts on other diamines such
a5 cadaverine ‘The Temainder are oxidized by monamne
oadase

Both of these enzymes are found widespread throughout
wany nssues. The liver 15 2 5ich source Smooth muscle
and gut cantam them Thew ubiguuous nature 3¢ all out
of proportion to their known metabohe functions

The mowt mteresung aypect of monamine owdase 1 +
reference to Tenal 1chemia 15 1ts sensstvity to oxygen lack
{fig ) Small decrements of oxygen tension mhibit
enzymanc actnity considerably which 1s not always the
case for cther owdases (89) If this relationstup holds 1
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production  hypertension of the ordinary renal or ‘e
sential vanety
How are thesc often subtle changes made? What are the
enzyme systems concerned? Very lhittle 1s known, but
speculation 1s rewarding
The Amine Oxidase Theory The hidney 1s an organ
of hugh metabolic activity with one of the largest oxygen
consumptions and blcod flows of any 1 the body Filtra
tion 1s 2 passive process, tubular transport usually an
active one The fadney mikes some ammotua from gin
tamne, thereby providing a base conserving mechansm
Other amno acds undonbtedly contribute their hitragen
groups as well, probably by transaminauon or deamna
tion * There ate many enzymes 1n kidney Of them, de
carboxylases of certam amino acids have been described of
tyrosine, lustidine, dihydroxyphenylalanine (DOPA), tryp-
tophane leucine and 5 hydroxytryptophane Decarboxyla
ton 15 an amaerobic process hberating carbon dioxide
from the amino acid and leavang the wmne residue
We do not know for certain that aming actd metabohism
takes place 1n the hidney pnmanly through decarbosyla
tion (Table VI) The enzymes are found however, and
presumably must act 1f they do, they can provide bicar
bonate for mbnlar transport Interestingly enough most
known decarboxylases are pyridoxal enzymes
The amne resdues of these amno acids are the vaso
active substances tyraraine histamme, dihydrosyphenyl
ethylamine, tryptumine 1soamylamine and serotonn
Histammne 1s deaminated by a special enzyme histaminase
® These 13 httle or no Lamme and owdase m mammatian hidacy
Glyaine axidase 15 found but for other amuino acids to donate ammoma

requires either to form gl or the two phase reac
b 1 and then oxdatne by mona

tion H
mmne oxadase
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that passed would be distnbuted to all vascular organs and
ussues including bran splanchme bed and fhiver In so
domg they would be expected to show 1) vasoactnity
before being deamnated and 2) some stimulatory oF de
pressant actions on cerebral metabolism t

Bactera 1n the colon hase the proper decarboxylaung
enzymes for these amno aaids and for several others The
resultant amines should theoretically act on the vascular
system and brain 1n 2 similar manner 1€ absorbed That
they do not usually s0 act can be explained by their de-
srucuon by amine oxadase 1m intestinal wall and 1 hives
For 1t 15 well known that prumary amunes and eten ept
nephune can be ngested n large quantites wathout sys-
temic cffects adding one or more methyl groups to their
stde chains as 1n amphetamine or ephedrine however pre
vems oxidation by hepauc and intesunal amine oxidase
allowing the drug to pass unchanged through liser and
act on bramn or blood vessels No orally active amune vaso-
constricting agent lacks this side chain It 1s possible how
ever that when bacterial flora are selectively antubited by

bioties products of 1 putrefaction can be ab
sorbed 1nto the citculation from the lower colon and cause
ptoras especially when the liver 15 damaged

ZnThc fact that extracts of artemal hypertensive blood

ually contan more primary amunes than those of nor
matensive blood (30 1) and that certain new or abnormat
amunes appear in some hypertensive unne {114 115) lends

Suppors (o the idex that renal amine oxidase 13 snhibited
I most cases of severe hyp

pertension Presammably other
renal wchemic states such as shock and congestrve heart

fadure would be associated with the same metabohe
abnormality

This attractise theory first propounded by Holtz (87}
has zeceved considerable attention from our group
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the hving ammal, we may readily conceive of the con
sequences of renal ovygen lack

The amino acids decarboxylated by hidney would con
unue to be so metabolized Oxidation of the amine res

-

™
H

Relatsve rate of axidatson

6 W60 100
o{) O’

Fic 8 Relause rate of oxidation as a function of oxygen tension
Dotted circes are for tyramine or monamine ovidase solid for xan
thine oudase A reduction 1n oxygen tension of 50 per cent yeduces
the acuvity of the enzyme by about 50 per cent. Thus monamine
oxidase as opposed to xanthmne oxidase 15 extremely sensive 19
ovygen lack (From hohn H I Tyramine owidase Biockem J
221693 1937}

idues would be drmimished i proportion to the oxygen
Jach Presumably these amines would reenter the areula
tion through the renal vewn and be deaminated by mo
namine oxidase at other sites where there 15 adequate 0%y
gen Tust, the lung would take some of them out, those
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amunes (which 18 theoretically possible) a minor vitidus
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 vasospasuc
states 1t 35 well to exatne the properues of this enzyme
system further There ate two which are of help 1 1m
plicating 2 dusturbance of amine oxidation Furst of all
amine oxidase acts on hypertensin or angiotonin (4 112)
This pressor amne 13 2 complex polypeptide {119)
Serond the enzyme acts on pherentasin This pressor
amne 18 probably a polypepude (120) If the enzyme can
act on terminal ammes of peptides 1t 15 possible that the
formation of such peptidic ammes orcurs through decar
bovylaton and destraction by terminal amine owidanon
Therefore we cannot exclude monamine oxidase 10 any
theory of pathogenes:s
This enzyme probably needs vanadium as a cofactor
Vanadium occurs 1 three valence states and 15 therefore
3 good meral for oxidation reduction reactions bemng used
35 such by certan asodra which concentrate 1t from sea
Water While not shown to be an essential trace element
for man vanadivm 15 found 1n tissues of mammals and
occupres 2 place m the penodic table where essentiality
tught be wferred This subject wall be discussed further
m Chapter Vi
Posuble Role of the Lungs In order to cover other con
cewvable mechanisms of vasospasm 1nduced by humoral
pressor substances we canmor neglect the pulmonary ar
culanon Any yascactive matenial formed 1 an organ and
discharged 1ito the venous airculation must pass through
the lungs before entering the area of action the penpheral
anenal bed The langs destroy at leasc one vasoactive
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Partly purified but sull erude amne ouidase, mjected mto
rats, prevents the pressor action of both remn and
pherentasin (wide infra) Furthermore, hypertensin or
angiotorun 1s a good substrate for the enzyme (112, 116)
mdrcating the presence of 1 primary amine group neces
siry for activity, for the reaction mivture 1s \ascularly
mert or depressor Renal hypertensive dogs can be mam
taned normotensive on daly mjections of the actise
enzyme (117, 112) Al paturally occurring pressor sub
stances are 1mnes Why, then does not this enzymatic
disturbance account fullyfor the estabhshment and mamn
tenance of hypertension?

Perhaps 1t does, but not through the medation of the
substances histed Yor all of them are relatively weak pres
sor amines when compared to norepephrine Very large
quantities would be required to cause hypertension
amounts readily detectable in blood Furthermore, a mix
ture of these amines would be expected to produce a
penpheral circulatory profile different from that seen
hypertension 1 so far as is known for many of them have
selective actions on different vascular beds (112) although
all, mcluding hstamine, constrict the vessels of the lid
neys (118) Therefore, crrculating primary amnes from
sumple ammno acids cannot be ymplicated as direct causes
of generalized vasosprsm They can be concerned how
ever, with some of the minor mamfestations of hyperten
sion, such as headaches anxiety tension nervousness i
somma the diencephalic blush flushing sweating and the
hke If they can cause nervous ind emotional tenston
{which some of them can) and if nervous tenston can
cause peripheral vasoconstriction through sympathetic nex
vous cischarges (which 1t can) and if sympathetic dis
charges can cause neurogenic renal ischemua (which st
can), and i renal 1schemma can produce exrculating prumary
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ably 1s associated with renal abnormalities (90 91 1201249)
‘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 mnactiva
tion studies by known agents

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

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

ppear however in 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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matertal, serotonin, and probably others, for over 2 hun
dred years physiologists have taken advantage of this prop
erty to free shed blood of “spatmft’ and ' frubgft con
stuictor and diftor substances i preparation for perfu
slon experiments Presumably monammne oxidase 15 the
enzyme which deamma:es constrictor primary amines
the putmonary crecust ™

Let us for a moment consider what maght happen if all
pulmonary monamine osidase were miubited A portion
of the pressor amines formed normally by kidney or tis
sues would be transported unchanged from venous to
artenial circulitions and would act on the peripheral blood
vessels, the blood pressure would rise unless cardiac output
were depressed The remamnder would constrict the pul
monary vascular bed, causing pulmonary hypertenston
If extra quantities of primary amnes were formed by hid
ney (or ltver) and pulmonarv monamine oxidase were 1n
Iubtted or saturated beyond its capacsty to oxidize them,
further vasocomstriction would result Therefore, the pul
monary circulition could play a part in hypertension

In this respect 1t 1s 1nteresting thar the lungs were the
orLch—gwns sn which Tipton detected vanadiam the pos
sible cofactor of monamine oxidase The pulmonary circu
lanion responds to hypoxin by constriction The lungs
contain many abnormal trace el 5 notably
and titamum, a known enzyme mhibitor This hypothesis
to our knowledge has not been explored

SPECITIC LFFECTOR SUBSTANCES

Pherentasm  Although pherentasm has pever been
proven to come anly from the Lidney, this pressor amine
of probable peptide nature 1s found n wncreasing quan
tittes m the blood of patients with severe hypertension, 18
difficult or impossible to detect 1 muld stages has been
obtained from the renal vemn of two patients and presum
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ar ANneAL AND
Huaax PrezgNTASIN
Hyper  Pheren
Inactiation by fensin fasin Method and Remarks
[o} @

Dryg 0 4+ (1) can be fyophilized
Hestat pH 88 + +
HeatarpH 290 o o
Mitrous anid ii; 1
]S\e‘mnde ? £ () alterstoa rapid reactant
Hydroxylarune ? £ (2) alters toa rapsd reactant
Amine Oudase + +
Tysosinase + [
Papain+cysteine +? +

ymotrypsin. + 4
Carboxypeptidase + o
Trypun + 0
Pegain M o

Mg ° 12

Mutv o+ Wnpd () sow

[Saad 7 ]

Covv £k () rapd @) partal

Fert o 5

Ve ~ ~  Both enbanced

Cuve ) )

Zat+ ¢ M
Hydralanne + + (1) more senutive

+ +
8Hydroryquinotne + + (0 slow (2) mors rapsd
EDTA Nash, 8 & (1) 50% s 22 houss
{2) 56-100% 1n 3-6 hours

Nay, + +
NaFeCNING + 4 Repdforhoth
1 benzyl 7 methel

§ methoxy tryptamine +

No White dutner differe:
obvious the hypertensin useq
{angiotomny obtained from hog
PErtensin 11 of buman ongrg

there 1s ng

denticat

4+ Serstonin antagonst

20es Between these twa substances are
was probsbly brinspally hypertensin 1
reain aad serum . Pherentaun may be hy
Wi h s sh,hedy different stroctare simnce
sof to beleve thay the ay globuling of PR and ran are
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TABLE VII

INACTIVATION OF PRERENTASIN DY METAL Jons ANp METAL
Binine Acents (120)
Estimated Actinsty Per Cent of Control Values

Boiled
Substance Immediats  4-5 hr 24 b afier Dg,},"f"
el
24w

Mett 91 130 61 L]
ot 187 180 12 o o
MuH* 45 1 0 —~  Pikdoudy
Fett 10 134 58 [}
Cott 59 50 50 6 Faintpuk
[ 96 107 27 L]
2at* 1Y 137 4 7o
Hyt* 168 51 15 o
None 100 100 100 80 o
Hydralaxine 45 200y o8y Deep blue
NaSCN 110 oy Yellow-orange
Na Fe{CN)NO 110 om o

aNy 8 0(2) 0
8 Hydroxyquunoline 35 o) Pale green
NadhEDTA 100 o@) [
Cysteine 100 100 (120} o

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

Figuzes in 1tslics represent mare than 50%, inhibition

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

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

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

Pherentasin may be a form of hypertensin for there are
similanties between the two substances There are also
dissumilanities. The known propesties of the two are listed
m Table VIII It 15 possible that metabolic alterations
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ammals to normal levels {132) Tt 18 not Temn As 2 pro-
tem 1 probably acts enzymaucally Posibly sustained
gpressor prnciple 1s a precursor of pherentaun or Tepre
sents another renal pressor mechamsm

Vasoexator Matenal ‘This umdenufied substance has
the property of sensiuzing blood vessels to epinephnne
when the latter 15 topically applied It comes from wchenic
adney and 13 active 10 MInNLE amounts Larger quantties
agpeac 1w chtome hypertennion and congestive heart
farlure (100) Other substances such as Tenin_pherentasin
sustaned pressor pnnaiple and some primary amsnes also
hase this property which may be nonspeafic

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

Comment When many different substances are dis
covered or suspected to cause a single recogmzed abnor
mahty ume usually leads to the abandonment of all but
one as causanve factors Let us attempt to gather all of
these different substances together and fit them mnto one
unified scheme Todoso ‘wemust speculate

1 Renin may be mvolved in expenimental venal hyper
tension The evidence for this statement 1s indurect 11 that
antiremn prepared by mmmunization reduces the hyper
tension of renal hypertensive dogs (126) Antihog remin
neutealues hog and dog remn and camipe hypertension
ant monkey renn neutralizes tnonkey and hnman Temin
?:i"‘;‘t‘;’:??";mwn {137} These ant: renins are there

pecific to some degree

2 % anu monkey remin 1s found to affect buman hyper
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occurring with time form the former from the latter, o1
that both have a common precursor Hypertensin appear:
to require a metal as an activator

Postenior Patuitary Factor A pressor substance of poly
peptide nature which has received some sexious attention
i hypertension 15 vasopressin While a smooth muscle
stimulant an small doses, it also has such anudiuretic
properties that hittle speculation concerning its tole 1
hypertension has been aroused The direct relationship
of the hypothalamus and the stalk of the pitwitary, the
known but minor electrolyte ymbaiinces found and the
peptide nature of the substance make it not inconceivable
as an effector substance, provided some munor alteration
1 1ts molecuie negates its antidiuretic properties While
not a nephrogenic substance one of 1its actions 13 on the
Midney, if pressor, uts release by the pitmtary might be
expected to cause widespread vascular constricton [he
antidsuretic dose, however, 1s very small compared to the
pressor dose In our expenence even large amounts do
not constrict the smooth muscle of the isolated rabbit
aorta, as pherentasin and hypertensin do Although 1t 15
possible that pherentasin may be a renal metabolic prod
uct of vasopressin, there 1s no proof or disproof of this
1dea Interestingly enough, however, pitressin has been
used to treat hypertension, with most vatiable and mncon
cluctve results *

Sustained Pressor Prmaple A protemn obtamed from
1schemuc renal tissue or blood of amimals 1 shock has the
property of restoring the low blood pressure of psthed

® Prtresn OF vasopressin may requite aun activator for commeraial
preparations are wactive on the rabbyt aortic strp 1t exists 1 a ring form
with an S-$ Linkage (435) We have attempted to actnate 2t by addng
copper cobalt ferrous iron nc manganese nickel and mercury ‘without
success save for an equivocable slight activation with copper Oxytoan
or pitulinn 13 2150 10active 1 this system
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contam a terminal amine group necessary for acmllg'
Both can act as a VEM Renin 1 acuvated tn vivo by
crude monamine oxidase (112)

6 Alteranions may Oc(cm by two mechanisms decar
boxylation of a termnal catboxyl leaving a peptide amine
or preferably peptide sphtting leaving a termnal amine

7 The substrates as well as the remns from different
species are OF ly Quff in comp Human
and primate Temn will yeact with the substrates from ali
mammals tested while antmal rentn will not react with
arglobulins from primates The extubition of prestor
actinaty of all hypertensins does not 1n any way mean that
théf 3é 1denucal ;n chemical composiion but only that
they have 1 common an active group probablv a termnal
primary armne Pepsin acting on casein produces 2 pressor
pepude pepsitensin 1dentical n action to hypertensin
Thete are thus many variables in speaies the source of
a reun the source of serum a~globulins which almost
certainly duffer sn composition from one species of ammal
to another and perhaps the nature of the plasma enzyme
comesting the 1nactive pepude into 1ts vasoacine form
The dulferent amino acids found by various workers can
be perhaps explained by the different sources from which
the renin and 1ts substrate were obtained (Table X)
Since fruman renm 1s wniglie 10 primates 2nd since human
globuling are umque to man human hypertensin can be
expected 10 be umque 1n 1ts composition of ammo acds
Therefore uman hyperrensin may have only 2 moderate
resemblance to that obtamed from horses dogy pigs and
cons and could well be pherentasin

8 There 13 1o good ev:dente gzt remn or pepsin break
down thert provemn substrates it subsiances having a
terminal primary amine Activation most kel occurs




74 Mechamsms of Hypertension

tenston, one can assume that rentnt or some sumilar protemn
1s involved i human nephrogemc hypertension But
remn 15 found 1n renal venous blood only i acute vaso-
spastic states and pot in chronic hypertension, erther ex
permmental or climcal Therefore, 1t must remam 1n the
kidney, a haghly speculative pomnt

3 Hypertensin or angiotormn 13 found anly m acute
vasospastic states It bas twa forms, hypertensin J, mactise
on solated smooth muscle but active 1n blood,* and hy
pertensin 11, a much more highly constrictor and pressor
substance (138, 139) An enzyme 1n plasma converts 1 to
II (141) apparently this 15 a metalloenzyme, requiring
chlonde and another metal which 1s tightly bound Per
haps this enzyme 15, or acts hihe, sustained pressor pnin
aple
4 Pherentasin 15 found only tn chromic vasospastic
states Perhaps pherentasin 1s a form of hypertensin or
angotomn, altered either by a shightly changed remn by
a shightly different protem substrate, or by a new enzyme
developing m chromc vasospasin, such as a peptide decar
boxylase attacking the termuinal carboxyl group

5 Both of these substances are peptides mactivated by
metal binding anuhypertenste drugs and therefore prob
ably contmn a metal necessary for actiity Both are
actvated by monamine oxidase and therefore probably

* Hyperteann 1 obtamned from the sction of hog renin on horse serum
congainy the sngle anuno acids aspartic prohne vahne meleucme levane
tyrosine  pbenylalamine argimne and two molecules of husudine {139)
Peart usng hypertensin from rabbie remin and beef scrum dusagrees
shightly 1n that there was no wolencime and two molecules of valme (@3]
Obvously tysomnase snactivates bath through the tyrosine portson of the
molecule mine oxidase attacks the tenminal primary amne probably
on asparnc and Manganese wactivates by pseudopeptidase activity (140}
The sequence of armno ands 1 Feart s hypertensints Asp Arg Val Tye

Val s Pro Phe His Leu (142b)
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through a manganous peptsdase (205) ‘Thus, we can postu
fate several theorenical alternate Teactions based on alt
the endence (Fig Y the active matenals are m waties)

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

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

ooy of Action of Pressor Substances Winle not th
rectly established 1t 13 reasonable to assume that 20) sas
cular smooth mustle 15 constricted by the pressor sub-

A Renit oy lobutn et 3y
emin-+ay plobuln e I 1
e T ypertensin I {peptede 10 anuno acids

Diecas!
Hypertensin {+Plasma ezvme alatond

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

Hypertonsin 11

Hypertensn H4-Monamine oxdase~nnactne aldehyde +NH,
eptidase?
, z”?‘t::;: 114 Hypenenanase (Plasma) s jnactive syb-
yperte 1 S
p%e m::?:ml“-‘l;) eptidasa4-Ma* (renal?) — Pheremtasin {termmal
Phesertasm + Menatine oxidase ~
[ Hyp;?emm EtPeptidase (serumm?)
5

wmactive aldehyde+NH,
X
Thertntasin 4Rs

amm:\” 4 Renal decarboxylase

4 wactve Pherentasin (54arung
- Pherentasin, (rerpinal primary
Protetlysis
® Reoind-diffarent globuty Wy
e aiferent gl l{a Pherentaun (54 amano ands)
e m—\k’w am:‘re ):- sma peptidase (Mav) —~ Pherentasts (rer

fic 9
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10 do more than detect the grosset lesions A disease cang
mg renal schesnn which then mfluences hypertenston 1s
often unsuspected because the cardiorascular mamfesta
qons of the elevated blood pressure may mask the under
Iying renal abnormatuy

Otgamc Parenchymal Renal Disease "The most common
discases of the ladney producing aschemsa are pyelone
phrits and glomerwlonephtius The former 1s often' Tow
gﬁm"’“ ldening fibrosing disord without sy
mamfestations and often without obvious utinary changes
(143) The latter may be masked nsofar as the unnary
sediment 15 concerned by the supenmposed hyperiension
To fist the other more unusual renal duseases congental
or acquired s hardly within the province of this discus-
sion most are often but not always assocated with
hypertension (144 4)

Orgamic Extrayenal Artenal Dusease Atherosclerosis
of the mouths of the renal arienes 1 common 1 general
ued and m aortic ath 1 The t for
the deposiion of hipid i plaques about the oufices of
hifurcating artertes 1s not known Undoubtedly preswure
changes play a part posubly the presence of increased
numbers of vasa vasorurn at such Wfurcations iluence
the lestons Therefore when ath 3! nyvolves the
tenat artenes partial renal 1schemia may result with sub.
sequent elevation of the blood pressure m predisposed
mdtviduals With aortography becoming more common
such Jesions are more frequently demonstrated According
o Blackman they are the usua} findings 1 hypertensive
pausenes (145) It 15 possible that they represent the smosy
comman form of the disease 1n indaviduals begmmng tobe
Rypertensise over the age of 50 They are difficult to dem
Qnsteate at necropysy (146 147)

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

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

2 A decrease 1 the volume of blood mn muscular
arteries

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

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

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

ANATOMICAL CAUSES OF RENAL ISCHEMIA

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

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

biopstes done

1

ymp tomy had
lutle ot no artenal o arteriolar sclerosis (159) Thus lesion

has been shown to tesalt from hypertension produced by
a vanety of causes sn rats (160 163) rabbats (164) and
dogs (165 7) Senal renal biopsies in dogs over a seven
year peniod bave demonstrated the gradual development
of the lestons only after 2 to 4 years of both neurogenic
and umlateral renal hypertension the first sign being a
thickening of the glomerular capsule and later an merease
m matenal 1n the glomerular tuft stzimng with penodic
acd ()

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

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

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

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

The agents used s man are hydralazme and wts denva
uves thiocyanate ton sodmm mtroprusside 2 3-dimer
captopropanol (BAL) sodwm ande and ethylenediamine
tetraacetate Of practical interest for continuous use are

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

HYDRALAZINE AND OTHER CHELATING AGENTS

Hjdralazine and 1ts dervatives are umique drugs No
other agents known produce the same actions on vascular
smooth muscle Understanding of ther_mode of action 1
the Ley to understanding of_pathogenesis and posssbly
etiology of severe hypertension While 1mpettectly under
$t500 3 Comsideration of thewr pharmacological chemical
and enzymatic actions 1s necessary

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

N
~—Cy

HNH,
making a five sided nng wih nitrogen
chelate This prope; ot s b

15 shared b
nde ( ) an:y 1ared by 1sonicotinic acid hydra

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

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

DRUGS ACTING ON NEPHROGENIC
MECHANISMS

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

Metal Binding Agents All of the anuhypertensive drugs
used 1n man which do not apparently affect neurogenic
pathways, bave i common the abibity to bind trace metals
There are no known eXceptions to this statement As a
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(ipronand) whose pyndine bases 1n themsehes weakly
bind metals without the hydraude group (Table \I)
Disunct speaficities for metals are exhibited however

Hydralazine 15 2lso a carbonyl reagent as are some other
hydrandes phenyl hydrazme for example which forms
an ozozone with glucose It will bind pyruvate acetate
and acetaldehyde (168) Hydralamne has speafic reac
tions 10 that ne ozozene 15 formed with glucose or lacie
acd It does not combine with any of the sterouds tested

(168) Xt 15 L hyd phthat Apresoline)
Thus agent also complexes with the sulfhydryl groups on
Gystene glotatt 2 3-dimercaptopropanot {BAL) and

other sumple mercaprans The complex can be dissocated
Teadily by arsenic

TARLE XU A
15041a2tD * HYDRALAZIVE AvD METALS
Tsonsand
- Binding
estruction of Hydral
Dy
by Mev+ ;;b;\‘;:" atimet Similapstees
Auto- 20, At
caping *
% % %
—_—
Mg+ 0 5 L]
(;:N Q $ A I
w
F;» lgg lgg g'; 4Greatest at pH 6 5-70
Ferrs o 95 10 +
Cot+ 40 35 0
l(\: Dad 10 15 48
urt 100

o ® u:g mg iGr:alcs! atpH95-100

Lewn E and Huseh J G
5
A,; :N T. ;:m & Pum Dys 11 ?S?d;;!s Son the stability of wsonazd.
bypertension \; (Hygxex“]‘?! Pharmac 1! ! A, Studies on the contrl of
co
o0 Uybramnopiubauciee dm 7 3 5 sag ogpoy ) Cosrvations
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TABLE XIT
INHIEITION OF HISTAMINASE BY HypRalDES

Concentrotion Antikyper
Produaing 50% tennire
Siblania Iskibstion {molar) Effect
Guamdine HCY Xg‘_: _3
Thisemuearbande 1 4
Semucarbazide HCl 5% 10‘: :
Hydrazine SO4 BRI0™ !
Ammoruamdsne HCO, §%10
14 dihydrazinophthalazine 2 3x10 +
1 hydrazino-4 methylphthalazine 2 X0 +
1 hydrannophthalazine. 610~ +
F Schuler & Try ] and Merer R Inhibaticn of dia
oo o vy foat y Experentss § 129
1952
Schuler W Inhitation of dase (b ,
3230 1982

1t binds strongly to artenal mash serum protewns gy
albumin and some polypeptides possibly through carbonyl
or snlfhydryl linkages It does not bind with casein nor
with mixed amno acids
Enzymatic Reactions Hydralazine 1s also an ann-enzyme
for several known systems It a0d 1t derivatives are
“Strong antifasamnases 1heorencally preventng histamme
formed Troil histidine from bemg desmoyed rapidly but
Tot necessanly causing release of hustamine from hstdine
(Table XIl) Histamme can come from the action of
husidine decarboxylase believed to be a pyndoxal en
zyme 1f 5o whibition by hydralazine might be suspected
Hydrlazine 15 2 potent inhibitor of DOPA decarboxylase
wn small concentrauions also a vitamin B, enzyme {Table

X1} There 15 some evidence that hustamumase pself may
bea pyndoxal enzyme (169)
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TABLE X1V B

EFEcs OF ADMINISTRATION OF HYDRALAZINE O3 Unrany
ExcREDON OF 4-Pywinavic Aco fwe) (1Y)

Began on Hydrlezine

155

wean

O Hydratasoe for 1-3
Years

23 128 20040
(s 5187y
b1 no
© EDTAY @2 028 0)
n 1
03 EDTA o8 hydnd wann
Normal
Abecosdlerons

Por 4 hours alter 0 mg. orally { pyridosal hydrochioride
4 Cylchum d sod urs ethylenadiamine tetraacetate intravenously

The ranges for each group ¥hown in ltalica are the mean extretion 7ates of cach patient

chelate trace metals The antuuberculous hydrandes are
not antthypertensive however with the possible exception
Bf}soma{;d The key to antthypertensive activity hesin
the speafiaty of the hydralanines for a resction not ex
tabited by other hydrazides and similar agents

The known actions of hydralazine are listed 1n Table
XV The acuons of a large number of ssmilar substances

are shown 1n Table X1IJ as regards the two enzyme sys-
terns considered here

Other Mewl Pindiog Agents Thiocyanate jon 15 used

m ndustry for wmakung soluble 531G oF & number of
metals In man dwng to Solt {171%) 1_h 4

gxe elimimaton of metals pethaps by sendenng the metal
Proteifi compounds morg 50lible 12 Fable AVIwa parual
bist of the soluble merailic salts of thiocyanate Symptoms
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Whether or not hydralazine causes excretion or de
ficiency of vitamin By 15 not known It does seem to 1miter
fere with the conversion of pyridoxal to its metabolite
4 pyridoxic acid (Table X1V) A relative, somang (sonic
otituc acid hydrande), promotes the excretson of a pyn
doxal 1somsand complex an unine and can canse penpheral
neunts i pauents tahing large amounts for tuberculosss
presumably the neuntis 1s due to vitammn By deficrency
(170) Ysomand 1s a good inhibitor of DOPA decarboxylase
and a poor one of monamine oxidase (Table XIH) Its
dernative promiazid (isonicotinic 1sopropyl hydrazde)
does not affect DOPA decarboxylase but 15 a strong
hibitor of monamine oxidase Both intubit histamunase
(171, 172) The latter cannot be used cltnically because of
1ts * benzedrine hke reactsons of euphoria and cerebral
stimulation, believed to be due to cerebral and peripherat
mhibition of this oxidase, thus allowing natural prymary
amines to airculate

We are discussing these related hydrindes because of
their similanities of structure their anuenzymatic activt
nes thew affimues for vitamin B, and thewr abiliies to

TABLE XIV A

EFFECT OF REPEATID ADMINISTRATION OF PYRIDOYAL HYDRO-
CHLORIDE UPO # EXCRETION OF 4 PYRIOYIC ACID (46 ) (111)

Mean
Total Afean A’::"Z;f;f:: ted
Subjects No Dase Days -
Vitamin  Guen
By {mg) Mean  Range
Normal 5 250 5 23 98278
Atherosclerosss 4 250 5 278 218324
Patients on EDTA} 3 1470 18 200 180-242
Patients on Hydralazine {1 766 1z 13 26205
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TABLE AIV B

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

o
No  Ma O

Hydral
Tate Dwit aqy

R
1 185 15080
Begus on Hydralazine whina
OnBydradanaefo 1 3 SR el
Yan [LERLE]
18 o
OnEDTAL @ aten
un  1?
01 EDTA tad bydea wan
Normat
Atharoscleros 3
ez ¢ b ales S0 . orally of gl byd ekoride,
sl ™ ethylencdiammne te tatravenoualy
tc:xdm:us nm» edamune tetr olench patint

chelate trace metals The antituberculons hydraudes are

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

‘The known acuons of hydralazine are histed 1n Table
XV The actions of a large number of sioular substances

are shown 1 Table XUL as vegards the two enzyme sys
tems considered here

Other Metal Binding Agents Thiocvanate 1on 15 used
i industry for making soluble SalG of & number of
metals Inman according to Solimann (173) 1t _hastened
the chmination of metals perhaps by rendermg the metal
PIOtein compounds more soluble  Ia Tible XVI
List of the soluble metallic salts of thiocyanate

s 2 partial
Symptoms
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TABLE XV

SunsMARY oF ProrErTIES OF HYDRALAZINE OTHER
THAN CARDIOVASCULAR

Basic Chemical Regctions In Vitro Reference

Metal binding
complete for Fe?, Cu?, Su¥, Vs (163)
partial for Ma? Fe! V¥ Nit Ag Hy
none for Na K Be? Mg? Ca* Zn* Co* Crt Cat AP
Ast, Pb*
Carbony] reagent
with pyruvate acetaldehyde acetate (168)
not with glucase, lactic aad
Complex #1th SH
with cysteine glutathone BAL and other simple
mercaptans

Protein binding
with serum artenal mash egg albumin polypeptides  {436)

not with casein, mixed amtho actds
Enhances
monamne oxidase {(107%) {Table XIID)

Anti-enzyme
for histaminase (10°%) stronger than guamdine thio- (172)

semucarbazide  weaber than hydrazine amino-
dine equal to bazids
{or DOPA decarboxylase moderate (10~) (Table X111)
for sucanic dehydrogenase cholinesterase polv
phenol oxidase none (111)
Cambimation with
no primary anunes or ssmple amino acids
tyophilized angiotonin (168)
Blocksng Actions In Viso
Weak for epmephrine norepmephnne arterenone tyra
mne jsoamylspune angiotonn (168)
Strong for ph penvanadyl cad bantum
pitresain {163 438)
Vanable for serotomn according to species (weak 1n rat
and dog <trong in cat) (168 63}
Blacking Actians on Rablbit s Artersal Strip .

Strong for pherentasia angotomn
Weak for norepmephune and other primary ammes (120}

(168)
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TABLE XV—(contsnued)

Vascular Reactions 1 Animals References
Dilates eonstuicted vessels renat femoral coronary
acts for many hours “y
Does pot dilate dilated vessels further (as 1n spinal
ammal) (538)
Abolishes constnction caused by Ba pitresain ephed
nne ergotarume histamine Pravine (438)
Reactions v Man
Lowenng of plasma cholesterct (180)
? olowenng of blood pyrevate or total catbonyl (168)
Apparent loss of Timn urine
Mild anema (168)
? Histamine retease 12
Increa.es cardiac output tachycardia (425)
Increases renal plasma fow 1426 427y

and side effects due to this 10n are vanable but resemble
in some Tespects those induced by hydralazine because
of the dissumianty of the chemucal structures of the two

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

l;_ln b Ty

e Hg Ti?
Co Ag
z S
Mo
G
Se
Ba

Hodgman € D ed  Handbook of Chemes
1ry and
Cleveland. Cheruat Rebber Publushng o 1oy - 77 39rd B
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TABLE XV

SUMMARY OF PROPERTIES OF HYDRALAZINE OTHER

THAN CARDIOVASCULAR

Basic Chemcal Reactions In Vitro

Reference

Metal binding
complete for Fe? Cud Sp?, Ve
partial for Mn® Fet V3, Ni* Ag Hg
none for Na h Be?, Mp? Cat Znt, Co* Cr* Cd? AD,
As* PD?
Carbonyl reagent
with pyruvate acetaldehyde acetate
not with glucose lactic acd
Complex with SH
with cystetne glutathione BAL and otber simple
mercaptans
Protein binding
with serum artenal mash egg alburma polypeptides
not with casemn mixed aming acids
Enbances
monammne oxidase (10-4)
Ant: enzyme
for istaminase (107%) stronger than guamidine thio
sermcarbazide  weaker than hydrazine amno-
guamdine equal to semucarbazide
for DOPA decarboxylase moderate {1079
for succime dehydrogenase cholinesterase poly
phenol oxidase none
Combination with
no primary amines or simple amino acids
fyophilized angiotonmin
Blocksng Actions In Vivo
Weak for epinephrine norepinephrine arterenone tyra

mine 1scamyfamine aogiotormn

Strong for ph pervanadyl
pitressin

Variable for serotonin according to species (weak in rat
and dog strong in cat)

Blocking Actions on Rabbit 5 Arferial Sinp
Strong for pherentasin angiotonm
Weak for norepnephrine and other primary amunes

d barium

(168)

(168)

(168)

{436)

(Table XIfD)

(172)

(Table X311

11
(168)

(168}
(168 438)
(158 63)

20
(120)
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Sodwm ande winch has a strong affimty for metals 15
a rather transent vasodilator, 2s 18 1S telatwe choline
aude producing sharp reductions 10 blood pressure It
1s saud to show d | actions 1n NOY ve and
hypertensive Tats mot depressing blood pressure in the
former {175) We have been unable to confirm clasms for
chronic effects tn man

British Ants Lewste (2 3-dunercaptopropanol BAL) 13
1sed Chimeally to remon e trace metals from the hod Much
15 Eriown of its actions {176 177, 178) which do not 1n
clude affinities for all metals It 13 2 disulfide chelating
agent In our hands 1t has proven effectve i cauning
lowenng of blood pressure 10 Amencan hypertensive pa
tients Tor periods of a Téw hours On the other hand Bnush
pauents have tesponded with a mse It a5 prolongedly
Pressor n normotensie subjects (177) but was depressor
1m one American hypertensive patent in the hands ot
athers (176) BAL has lttle chinical use at present wn
hypertension In cad porsonng 1t will mobilize the
metal but binding 15 weaker than 15 that of hadney for
the metal 1s deposited and cadmium nephnus results (179)

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

Ethylenediamine tetra acetate 1s 2 mld antthypertensice
agentin man Given intravenously as the disodium calcium
complex 1t either lowers elevated blood pressure or e
duces the panents requirement for ganghionic blocking
agents (184} Not a strong chelanng agent for many metals
1t bas htdde chmcal use at present Prolonged oral use has
Ted to no foxicaty intravenous use has produced signs of
zm£ Qeficiency (181) which resembles that of vitarmin B,

1 ds In

Exp 1zed rats and
Other animals a number of compounds hay

i8¢ the capacit;
for binding or chelating trace metals lower hypcn):nmz
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agents, a2 common denominator must be present n the
actions of bath {Table AVII) Little interest i 1ts mode of
action has been aroused ¥t can mhibit 2 number of en
zymes, such as znc-contamning carbome anhydrase and
amno acid oxtdase (173b) It 1santithyrord, all anuthyrod
agents except those which act by competitive snhibition
bind metals

Sodium mitroprusside 1s_an antthypertensie agent ( of
considerable potency when given mtravcnously, alterations
i the course of the disease hiave been descnibed (174) A
zin¢ Teagent, 1t 1s a strong metal binder Its chronic toxiaity
15 not known but should become apparent with continued
use

TABLE XVI{

Sipe Errects of Two MeTAL BINDING ANTIRYPERTENSIVE
Drucs (84 108)

NaSCN Hjdrala 1ne

Action
in normotension
1n renal hy pertension
enhanced by sympathectomy

Arthralga
Lupus Like syndrome
Cholesterolysis

4 ottt dw

Rhmtts
Conjunctivitis

@

Ant: thyrod

Penpheral neuntis
Paraesthesias
Skan lesions

o+ 4+ + 4+ 4+ + tto

ET

Headache
Flushing




Yephrogeme Effector Mech 91
Both types of anumals D Lowenag of blood pressure
both types of rats and depression of the pressor action of
norepinephrime E Lowenng of the blood pressure of both
normotensive and hypertensive rats without greater effect
on the latter and without altering the pressor action of
norepinephrine (Fig 11}

Mercaptan compounds which showed speafic antihy

pertensive but not sympatholytic effects (Type A) in the
Tat were

SHCH,COOH SHCH,CH.OH
Thioglycolic acd 2 Mercaptoethanol
HSCHCHNY, HSCH,CH,CO0CH,

8 mercaptoethylamine

Ethyl 8 mereaptopropionate
Procawne Salt of § mercapto
propiomc atd

HI—CH~COOH
CHNHCH,CHiSH), €1 H,CO0H
Methyl tns (5 mercaptorthiyl) Thiomac atid

ammoniym ¢hionde {Mercaptosuecinic acid)

(,3,!1.

N

o

1-ethyl 2 mercaptowmdazole

Compounds showing both anuhypertensive and norep-
mephrine blockade (Type C) were

TWSCH.CH,CO0H CH,SH
S-messaptopropion ¢ acrd H,)ICHCH:CH,COVH,&H
Q0N
Reduced glutathione ONHER,CooH
and toaless extent
HSCH,COCOONH,
wereaptopyrunic agd

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

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

DISODIUM DIHYDROGEN VERSENATE

LR &
s TN T A
180+ %
1604
o Rat 3624
£ taod * Rot 285
8
% 204
F:]
g 100
801
60
® % & s e  to 0
Minutes
Fie 10 Fffect of EDTA on dustolic blood pressure of

anaesthetrzed rats Note that the normotensive pressure vares little
whale the renal hypertensive fails with smaller doses Typreal type A

response
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Certain mercaptans were depressor 1n both types of
ammals (Type E) although the last two showed sigmficant
differential activities

SH
CH.&HCDO“ CHLOHCHOHCHSH
a-mercaptopropionic acd “Monothioglycerol
HA\ st
C—sH nscudrcnon
Gaminoa it 23 1 (BALY

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

CH,.CHCH,SH
CHCOCHAH .
Acetony) mercaptan 1 thio-2 hydroxy propare
&N
Nao, /c"s“ CHy{(CH)CHSH
Tridecy) mercaptan

Sodium 2 mtm?:!&ys beazathiazole
sulfonate

Fave were wmactive or pressor the last having a shomt
hved differential action

COOCH,CHSH
NH: Hy
SHCHx):HCOOR H 00CCH,—S—(‘IH
Cysteine 2 merca) toedg?l:xydr n
(tarbvxym-tgylmermplo) :Eemnate
LLoon i
Mercaptosaticyhie and Ci_sﬂ
Tapazole
HOCIIC(CH,\FHO‘}C‘(.}:ESL&H.CO‘IHCH.CHSH
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ds were
A group of sulfurc g comp
dmdg:; "I"ypc A acumnty was demonsurated by
S
HNNH C/ HOOCCﬂr—S~S—Sr-SCl§,C00}!
H,
Thosexmmrbmde‘ Tarathedacetc aad
2 1Y Nd

H, C——zi—- HC
) Nt

y
2 t butyl 2 thiopseudovrea hydiochlonde

Nt
CHCH—0—CO~C—5-C] HQ
AN
NH,
Etyl (g acetate bydrocklond
[ s s
‘k'Hx ~NH H.N&NH\!H&,H.
N,
Pseudothuchydanton

Hus

b,

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

B Efiect of BAL on blood pressure of 2 5-yearold panent re
ceng hy {5968) and k h chlonde (G 10 too
low doses to produce normotension Doses are 1ndicated at the top
BAL, 50 mg every four hours ntramuscularly was gven for four
doses. At the bottom unnary excreron of hexamethonum 10n and
Rydralanine are shown The solid black arcas represent free unnary
hydralazine the open areas thay bound to sulthydryl All excreted
bydralanine was bound after BAL was given {From Perry WU M Jr
Schroeder H A, and Motrow ID Am J M Sc 228405 1924)

———Y——
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“There was no activty exhibted by cudized glatathione
nor by

S—CH,CHNHCOOH CHSCHCHCHVHLCO0)
Methionne
H,CHNH,.COOH
Cystine

One compound of terest contamned three ethyl mer
captans on a ¥ 1 was made
on the possbility that ganghome blockade as well as
mercaptan effect mght result However 1t acutely rased
the mean duastolic pressures of normal and hypeniensive
rats 36 and 15 mm Hg respectnvely prodvang the ustal
drfferential mercaptan effect of a depression of 6 and 32
mm Tespectively at the end of 2 hours Another of special
mterest had the basic structure of hexamethomum 10n
with an ethyl thiopseudourea group on each guaternsny
nitrogen  Although listed as Type E 1t depressed the
mean diastolic pressure of 5 normal rats 36 mm Hyg and
that of § hypertensive rats 86 i mdosesof 10101 5mg
Passibly ganghonic blockade was combined with another
action on the renal pressor mechamsm

Examination of the structures revesls that anuhyper
tensive or deptessor acuvity was confined to those abiphatic
compounds having 3 termunal sulfhydryl group or SCNH
1 the molecule unencumbered by 2 heavy salt aromatic
compounds containmg SCN were hlewise zctive Such
tompounds usually bind metals sulfur murogen binding
beng strongest with Cu N1 Ag Cd and contiguous heavter
elements wn the penodse table These results suggest that

possibly some Copper enzyme was a'tered or 1macuvated
using the pharmacological actnities o
)

£
e the compounds
1 s surmise be true the next ste b
1est known chelatin, e A

g agents 1 the sam
tho'e not metbelmed I th e system preferably

were actr
wetalloenzymme was altered. <y ve obviously a



102 Mechamsms of Hypertension
Type Cactivity was shown by only one
ks
CH,0,
oOR

Trithione
SKF 1717

Part1n] sympatholytic with good antshypertensive activity
was exhibited by
HN———N1 N—-~N
S N—NH; HS—&\ S‘N}ll

b’« Hy
lﬁl—-N
HSC (!-NH,

|
NH;
Type L activity occurred after the following the last
two showing differential effects
/NH
CiHy—~5—C HOQCCH,CH, H.N(QNHNHgNH.
NH:
2 Pentyl 2 thiopseudourea
propionate
NH

OCH,SC HCl

NHq
2 Benzy! 2 thiop eudourea hydroch!onde

NH CH, CH, NH
I-H Cl (}’S‘CH:CH:]!“ (CH:):]!I‘CHXCH:SC/ 2HCl
L NH{ He  CH, Hs
hylenebis [2 o &’; reap ) ethyl} dimethyl
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1n order further to control the studies vanous pynt

doxyhidene metal ammno complexes were subjected to the

same test. Selective “Type A effects were obserL\ ed » zth the
copper tyrosine muchel arg pheny

anI:IPpossxbly the cobalt phenylafanine complexes Na ef

OVALENT METAL DXSOOUM ETHYLEME DIMIRE TETRA KETATE

M, ¥ €1 o M R G N

G B FNeDTA
Fic 13 The effects of a senes of maeanngly tightly bound metal
ethylene-diamune terra acetates on the diastolic pressures of groups
of hypertensive {upper bars) and normotensive {lower bats) anesthe

n2ed 7ats, The first bax {or ¢ach metal complex represents the change
20 to 30 mmutes alter one iniravenous injection of 5 mg  the
secand and thurd changes a Uike interval alter subsequent injections

Mean chang s are shown each group tepresenting at least 3 and
usually 4 or more yats All complexes were dibydrogen metal excepr,
for fermic as shown on the night. Note the comparable differences 1n
hypertensive (mean dustolic pressure 119 mm. Hg) and normoten

sne ammals {mean diastolic pressure 77 mm Hg) as well as the
small efiects with sodmm and magnesium complexes which ean alter
alaum Jevels in Blood, and the decreased effects
nnc 3nd tnivalent won Metah are Iisted 1n ord

“The ferront was probabl: Sarms
v A

with nickel copper
er of atomic numbey

{From Schroeder H A.
J Lab & Clin Med 46416 19553 o
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Activittes of Type A were shown by the strong chelating
compounds

OH HOOCCH; CH,COOH
N N s
NCH,.CHWN,
<>Qll$ noocd Newcoon
HNH, : ’
Hydralazine 8 hydrovy ! Ethylened and
(EDTA)

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

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

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



Nephrog, Effector Mech 107

Eovrcndy macan 3 nion (G 111 g en oty o
;Es:;ux:ye:lmlclri E;ulm ever exinbited dcpress:rh::rl: l:z
o vp o 50 g per g the e ware retnly
shortlived (2 to 4 hotlxxi)as\\::e:l(il 81;3{ observe a

eﬁzc;;f::ultm’sl‘;‘::::\n:un ﬁ‘mommamr of the antihyper

80

A LA L "R W a® re
Fic 14 The effects of 2 series of metal 1015 on the diastolic Pressures
of groups of hypertensive {mean duastohe Pressure 121 mm, Hg) ang
hormotensive (mean dastalre Pressure 81 mm Hgy anesthetized raty
stnilarly weated. Doses were p 2 mg For obvious reasons sodwm and
calaum salts were not 8ven The pressor action of pervanadate »5
mdicated as well ay aze he effects of cadmaum and chromue chlondes.
Note the differences Detween the 10ns and theyr complexes a3 shown
m Figure 13 especiaily 1n vegard 1o chtomous manganous ferrgus
fickelous nlnc, :d Ic;nc 0 which was ynert 15 large doses (From
ler H and Pe HM

54 955 Ty I 1 Lad e cin Med
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TABLE \Vill

SIGNIFICANT EFFECTS ON DiastoLic BLoap PREsSure of METAL
Crrrates (15 M6 ) anp Tov (06 MG ) 1v
HyPLRIENSIVE RATS

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

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

EDTA~e¢thylenediamine tetraacetate

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

These same effects were observed 1n renal hypertenstsé
dogs, by the use of BAL and hydralazine (Fig 15) in
renal hypertensive dogs BAI (5 mg per hg) mjected
mtramusculrly produced definte but transient 2 w
6 hour) depression of blood pressure as did sodium thio
glycolate 1ntravenousl; When BAL was myected with
1 hydrazinophthalazine a moderately active depressor sub-
stance, the effects were enhanced Only four of these com
pounds were sufficiently studied to give to human bemngs
Cystemne caused no demonstrible alteration 1n the blood
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tensive compounds nOt acting on nerves thatis the ability
t0 bund trace mesals 18 not confined to this class of drugs

InTact most modem drugs have this abiity Thewr differ

ences it in their relative affimues for the metals 1n ques
ton ther dupersing pawers and their transport to other
sites The striking comnadence bowever of metal binding
properties and effect lead to only one conclusion that one
or more metals are bound and altered from metallo-entyme
sites and that abnormial trace metals may ndeed beacung
upon enzymatic mechamsms 1o produce hypertension A
Conmderation of how they may act will be discussed 1n fol

lowing chapters

THE EFFECT OF ANTTHYPERTENSIVE AGENTS OV
NEPHROGENIC EFFECTOR SUBSTANCES

A method for screeming anthypertensive agents involves
the 1solated rabbit 2ortic stnp a spirally cut piece of
smooth muscle which contracts when pressor substances
are applied (120) Substances acting mainly on norepmeph
Tine and othey pnimary amines actng en more complex
pressor substances and showing general inhibition of al}
types can be evaluated While many agents tested cannor
be apphied to man their activities can be evaluated readily
on isolated ruscle and 1 the hypertensive ammal A

b which 15 mhibus pt and
lowers the blood pressure of hypertensive rats while not
affecting normotension 13 obviously of therapeutic meerest

FPherentasin Using the 1salated vabbat zorta suspended
m oxygenated Ringers solution a number of these sub-
stances have been tested for thewr activities agamst phe
rentaun The relatve degrees of ihibiuon are mndicated
n Table VII All of the metal biading agents are 1n
hibitory On the posabuly that pherentann may be an
adrenergic agent a number of sympatholytic substances
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- A
TR

oot 30 Nov

F16 15 Effect of vanous substances on the mean blood pressure of 4
remai hupertensive dog 035 The left renal artery was constricted 1
August 1949 causing moderate bypertension Upper 1 Hvdrannoph
thalazine (5968) myected intravenously Note the effect when guen
at less frequent mtervals than daily blood pressure filfing for 24
hours and then Tising 1n 48 Only small doses were required Dunng
the subsequent year mean blood pressure fase Lower Cystene 1
travenausly caused only snsigmbicant vanations sodim tnoglycolate
more pronounced but transient ones BAY intramuscularly alone
and combined with mtravenous csteme simlar depressions but BAL
combined with 5968 produced marked responses Both the immedate
(2 o Ghour) and late (24 hour) responses to these substanges are
shown Only BAL and 5968 together produced significant depression
for 2¢ hours The dogs mean blood pressure consistently remamed
above 200 mm Hg for 5 months 1iter this study when 1t was gnen
10 gm thiosermicarbande by mouth and died of convulsions
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15 not lowered or raised 2) renal plasmaz flow mncreases
relatively more than penipheral blood flow 3) blood flow
through other areas does not change 4) blood viscosity and
volume are not altered and 5) there are no toxic manifes-
tauons Hydralanne does not fulfill all of these cnitera
and also causes late toxicity and some unpleasant side
effects However st 1s probably the closest approximation
available at the present time the others enther bemng in

APRESOLINE BLOCKADE OF PHERENTASIN

130
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03?61’20:5303'5404‘5

Hinutey

Fic 16 AvO munutes aftera contre
ol
of pherentasn Ppreviously found T s e 10wt

active was in
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TABLE XIx

ADRENERGIC BLOCRADE OF VASOACTIVE PEPTIDES
(RABBIT AORTIC STRIP}

D1 22 <, Dorepinepk
Blocking Agent I n Hyp K

Regitine 0 +

Dihy droergotamine 0 0 + 4
Ipromazd s1 st

Cocaine 4] 0

Dibenamne 0 [ + +
Pynibenzamune (]

Atropine 0

Amtne ovidase + + + +
Ty rosinase 0 + 0 +

* Probably manly hypertensia I

were also tested None showed the charactenstic altera
tons of pherentasin actrvity exinbited by priumary amines
(Table XI\) Pherentasin was actrvely mhibited by by
dralazine in the mtact rat (Fig 16)

Renin and Angiotonin On the 1solated smooth muscle
system, hydralazine 1n farrly lugh doses 1s antagomstic to
angiotomn In the intact ammmal this antagonism 1s not
demonstrated by doses suffictent to nactnvate pherentasin
A number of anuhypertensive metal binding agents how
ever 1nactivate angiotonm 1in the isolated system sug
gesting that a metal 1s essentaal for 1ts actisaty

Others Hydralazine inactivates sustamned pressor princt
ple as does f mercaptopropionate It also mactivates p)
tressin

CLINICAL IMPLICATIONS

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

APRESOLINE BLOCKADE OF PHERENTASIN

mm Hg

59 ~vs968
B~ phsrontasin
81 — anglotonin
- Anglotonin

81 —~s968

8

[
2
8
&

Winutey
Fic 16 Av0 minutes after a control
peried of
of pherentasin Previomly found active was m;z:;(ﬁnx‘:::vlt:o‘:sllu
xcs]ximse of systolic anq drasiohe pressure lhowny,
e x‘ng of hydralazme {apresoline 5968) was mjected
" csulting 10 an immediate fall of blood press
bsequent injection of 20 unns of Phezentasin e

At 10 ounutes 10

fonm § minutes fater was not inhibted. Fronother unt of angio-
er M A dm J af sc pop 59?%?4’))“’7 HM Jr and
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experimental stages, or showing excessive toxiities or
only transient effects

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

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

We de not know which substance 1s Temoved from the
body by hydralazine or which enzyme system or group of
systerns 15 mactivated The abibty to produce this syn
drome 1 man by a drug however suggests that Jupus
erythematosus 1tself 15 an enzymanc disturbance which
might be affected by replacement therapy A suggestion of
what has been removed 1 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 hnown lupus erythematosus (Table XX) The
abnormal unines ate somewhat low 1n manganese some
what hagh sn tin and zinc While these findings may not be
pertinent ta pathogenests they deserve study Blood copper
levels were niot reduced 1n this syndrome

Of the other Lnown functions of hydralazine carbonyl
:ll&dmg 15 the most logical to explam the toaty It s
,;1 "lcl:l! :em; ever to concerve of carbonyl binding as lead

3 pletion  Thete was no dimnution in total

catbonyl or pyruvate w blood of

patienty treated with
hydralazine Its other function removal of sulthydryl 1e
2lo 2 possible but not probable cause of hydralanine
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disease  Jts huown anntustaminase acovaty and the rela
tion of histamine to hypersensitnty 15 another possible
explananon as 15 s affimty for pyndoxal

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



Chapter V

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

THE TRANSITION FROM INTERMITTENT TO
PERMANENT VASOSPASM

F THE VASOSPASM resulting from emotional reacttons to
I stress were confined to the reverstble phenomena seen
m hyperreactors to pamn the net effects upon the cardio-
vascular system would be fess impartant than those result
1ng from exercise @nfortunately at some stage permanent
vasospasm, at first of shght degree then more and more
pronounced gradually develops engrafted upon which
are the repetitive reversible episodes of neurogenic vaso-
spasm) The Ley to the understanding of the pathogenests
lies 1 this change of reversible to irreversible vasospasm
therefore we may be allowed to theorize for purposes of
orientation The curve of mcidence of chronic hyper
tension 1 the general population platted agamnst age
(showing a rapid increase 1 the fifth decade) 1s consistent
with several theortes Since all biologic phenomena can
eventually be resolved m terms of physics and chemustry
we should examine possible basic disturbances 1n that
hght The physical explanation—organically induced 1
crease m vascular resistance from sclerosis of all vessels—
does not fit the facts although the effects of ncreased
intra artertal tension which both cause cardiac overworh

116
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and which increase the rate of development of athero-
sclerosis are begmmng to be apprected Of chemical
explanations we Jooh for some Justurbance of some enzyme
system concerned a) 1 the relaxanon of smooth muscle
b) the destruction of potentia] pressor substances, ) the
reactrty of blood vessels or &) the metabolism of the
hdney

THEORY OF HABITUAL REPETITIVE STIMULL

One 1dea 15 that the tngger mechanism for emotional
duscharge to vasospastn becomes more sesslive as the years
ass lesser and lesser stimuh settng off the response In
\)L]nher words an habitual pattem of reaction 1s set up which
becomes more and more active and eventually leads to
orgamc remal vascular dusease thereby cansing organx
renal 1schemia This explanation begs the question and 15
inconsistent wath the fact that demonstrable renal vascular
dusease may be absent 1 sustained hypertension

THEORY OF DEPLETION OF VASCULAR
SUBSTANCES

Another theory 1s concerned with the depletion of sub-
stances ot the weanng out ot the mechanisms which cause
reversal of vasospastm 1€ the relaxation of smooth muscle
In other words tepetiuve stresses accelerate the aging
process 1n smooth muscle making st more reactive There
1 no ewidence for this theo

ry although 2t Srene Gyorg
has pomnted out (190) contraction of muscle 1y olves Toss

of potential energv relaxation  bunid vp of enenyy (phos
phate) 1 the contractile elements Therefore shght lo.uof
some substance promonng the restoraton of the energy
for relaxation may oceur with fime ar possibly ntutauon
of the mechamums of energy Horage by accumulation of
another swbstance Ia that event, permanent vasospagn
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would result from normally arculating vasoactive sub
stances This 1dea has no present basis of fact, although the
tons calcrum, magnesium sodmum and potassium are ity
mately concerned 1n muscular contraction and relaxation
and 1t 1s not imposstble to belteve that 1mbalances occur
with age

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

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

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

INTRARENAL LNZYMATIC MECHANISMS

If all nephrogenic hypertension (except azotemuc) 1§
dependent upon the same renal enzymatic alterations it
1s well to consider and search for reasons as to how ths
can come about Hypertension has been pmduced expert
mentally in anmmals and resulted 1n man from a varzety of
methods of damaging the kidney most of them can be con
sidered 1s producing 1scherma Hypertension has also been
produced in dogs with no kidneys kept alne by hemo-
dialysis, whether the mechamism 1s the same or not 1s
unknown Yet in man with permanent hypertenston there
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smav be no vascular lesions no organic remal disease no
orgamc renal ischemia but funcnonal changes are found
which ate obviousty dependent upon arcutaung vasocon
strictor substances provohing spasm In the dog spasm 18
even present dustal to renal artensal constracuon (19) What
1 the Teason?

To find the answer we must delve deeper into those
mechamsms affected by schemua wn order to think of
sumifar ones altered in the funcuonal state Something has
happened 1o the kidneys of patsents with sustamned  func
tional  hypertension which may be simularly affected
organic renal 1schemuia We look to altered enzymatic
mechamsms to supply us with a common denominator
Because tschemua ts related 10 oxygen tefiston and ovygen

Sump oxdaue mech are the first to be con
sidered Ts 1t possible therefore that some renal oxadatne
enzymT m man 15 reduced 1n funcuion by both organic
schemia and an exogenous accumulating substance? If
this were so a population might be exposed umformly to
this substance but only certain members predisposed 10
hypertension 1¢ those who Teact 1o stress by vasospasm
mught develop permanent disease

Pickenng put forth this same 1dea that a whole Popu
latan was contaminated but only certamn persons de
scloped the disease (Chapter 11} This theory 15 the only
one consustent with the known facts and which explans
the wirtual absence of the disease sn many areas of the
world For 1t 1s likely that a proportion of all human beings
Teqct to stress by neurogene dxschargcs through the sympa
thetic nervous ystem

There are two
shonld be “explo:

posubilities mumately related which
red in order to discover this basie dus-
l(\)“\)ancc Both could explun this most mmportant factor

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

g::g::::z women a;p;ar to( be somewhat deficient the
growng fetus apparently removing the yiamin from the
mother Wwithout causing skin Jesions (203 205) Army
combat rations were found defiaent for monkeys and rats
(206 207) and a brand of mfant food was found defictent
causing conyulsions (208 209)

# As we have sud there 15 obviomsly no generalized de
fictency state which can be recogmuzed sn the Amencan
adult pop Marginal intakes b are possible
espectally duting seasons of the year when the diet 15 com
posed largely of processed foods Converting the valuesin
foods descnibed 1n the literature to mclude a daily dret
we have found that the intake 1s barely adequate (202)
About § 2 mg per 100 Gm of food 15 necessary to promoe
the growth of rats Not many foods contamn tius much
when cooked and 1t was difficult to calcnlate 2 20 mg
imake in a sample hospatal dret (202) ~

tWny do not p defi

d Y symp appear?
Apparently this coenzyme has an affinity for systems where
1t 15 most needed for hife and less for health Its distnibu
tion i argans shows wide vamagions (201) Perhaps renal
defilensy can_efast without_deficiency

deficiency can clgst without deficiencies elsewhere, per
haps overloading of one viamin B, enzyme sysl:mgbg
metabolic producss can produce 2 siate of local deficiency
“wihout 1t Deing manufest 1t other systemy ‘The need for
a coenzyme vares as the load placed upon the enzyme
NI 2as 15 50 well known i the case of sitamm B, or
thimin A third posyubility 1s that specific antagonists ac
cumulate with age

Trace Metal Ymbalance The second theory concerns
mewlioenzymes There are many in the ladney It de
ficrency of 3 metal were produced that enzyme would be
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come inactise untd the metal were replaced There 1s N0
evidence at the present tupe that specific metal deficzences
exast sn man with the possible exception of zinc sn under
mutrnnon On the contrary there are many trace metals
1n American tissues which perhaps are not only unneces
sary but undesirable The hadney 15 notabile 1n thos respect
(Chapter VI)

Becawse an undesirable metal can replace an essenval
one it an enzyme system and nactinate 1t i witro, 1t 1s
probshle that such a consequence can occur in Uivo, In
order to determine where to look we must examune the
essential and the presumably abnormal trace metals 1
Amencan human adult tissues and unne (Table XXI)
compare them with metals found 1 inlants to discover
which accumuiate with age and also tompare the tissue
content of people from areas not expostd 1o hypetiension
This subject will be discussed 1n Chapter VI but examples
can be constdered here

Cadmium was found 1 large quanuties m adult Amen
can kudneys but not 1 anfancy This metal 1s nephrotoxic
An examination of the mhibitory effects of 2 number of
trace metals upon DOPA decarboxylase and monamne
oxidase revealed the following Some mubimon was ex
libited by all i high concentrations but at low ©1
mithmolar) only cadmiym and mercury signtficantly
ibited enzymanc actvity of DOPA decarboxylase both
thibited monamine oadase to less extent (Table XXII1)
Both are nephrotovc and will displace zine {p 146)

( Any dasease which 15 a function of agng may be wnflu
enced by the gradual accumwlation in ussues of those
trace metals which appear 10 show Org;‘seieamty and
gggr_ggmon Any diseases appeanng {rcqumiy?g a
i bt el 3
man may be infnenced by accumula
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¢ton of those abnormal trace metals to which crvihzed man
1 exposed Card ular diseases Q with aging
eherefore may be influenced by accumuiation of trace
metals an ladney Iner blood vessels adrenal or bram
Ia Table XXII are shown evidences of accumulauon of
sanjous trace metals or lack of 1t m Amenscan hidneys with
age Although the numbers m each decade are small the
trends are defimte for mcke! ntanium and cadmnm, not
30 for un Zinc 15 accumulated 1m proporuon to cadmium
One of these metals could be the culpmit although we
suspect cadmsum because of its prevalence (see p 146)
Other oxidatve metalloenzymes i hidney (or elsewhere)
mght be affected by abnormal exogenous trace metals
Two pertamning to the problem of hypertension ave histed
m Table XXI1I (Anv enzyme contamnng free sulfhydryl
groups can be 1nactivated by metal binding thereon thus
wetalloenzymes are Dot essental for imacuvation by
wetals} Direct ewdence for thewr pastiapation 1s ladang
but they are shown to call attention to their role i nitrogen
metabolism direct or indirect 2nd to their metalloenzyme
natures Vamadium and cadmivm have striking actions
Theory of Electrolyte Imbalance Small elevanons in
the serum sodm of hypertensive panetits Fave bedn te
poned TroM fide to ume (210 211} THer sighficance 1
unclear The hypertensive kiduey 1s a salt Joung kidney
no funcuonal or morphologcal altersticnis in adienal
castex have been demonstrared 1n the usual case Thete 3¢

evidence _however, that the sodim_conteny of artenal
walls may be tncreased cagsing enough suelling to_in
crease peripheral resitance (212) There 15 also ewd;nce
that the sodiwum m the body affects vascular arnsablity
m_that che peopheral vessels become logs sensiive. 1.
sodwm depletion and more_sensipive m_sodium teple
uon angd the admimistration of desoxycort; n

1costerone ace
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tate What change affecung sodwm intahe Joss or shft
oceuns wn hypertenston is not hpawn There 18 no cor
relation wath salt sntabe an man although moderately hy
pertensine rats choose to €at more The_alteration_must
be_gn esateric one_and Eiln_\ﬂl!e potasstum and mag

nesium ot possibly caleium as well
Theory of Mechameal Renal Arteral Obstruction In
view of the above discussion 1t 35 highly possible that
enrymatic alterations secondary to orgame ischemia and
those caused by one or more of the aforementionel fac
tors may be sumiar If so wal obstruction of a renal
antery by atherosclerotic plaquies €ould Brovide the neces
sary mechanism for permanent hypertension just as well
a5 could intrarenal enzymauc changes from trace metals
or coenzyme deficiency Such obstructive lesions €xist and
raay be more commmon than tealized (145) One can smagime
2 hypothencal case 2 man wih the ability o react to
stress by vasogpasta passes through s first five decades
only with tachycardia or transient hypertenston under the
sumulus of an examination In tus fifth decade m our
aniization he begins o develop overt atherosclerosss
plagties of which are deposited by chance or by dynamie
design at the mouths of s renal artenes He then de
velops typeriension  caused by some organtc  renal
ischemia and some neusogenic vatospasm  As the hyper

tension the rate of devel P of ath 1

515 these plaques may become larger leading to fuzther
o e e it
decade usually of an athero: Icls s suh or seventh
fequence of events may by B LGmphcnuon Ths
Tiecessitage trace mctzla);ml;l;:-’ Comzz;‘on and does ot
turbatice wnless a2 common dxcceu:l: e mauc die
hypertension and at.hero:cletoss e Ingucnces botk
15 (Chapter VI§) Further
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quish between these conditions and functional neurogenic
vasospasm  they can be ptesumcd to veact 1 the same way
Therefore 1n late stages artemolar nephrosclerosts caused
by the hypertension produces OTganic renal 1schemia
which sustamns the hypertension As discussed previously
we probably cannot use this mechamism to account for
middle stages of sustained hypertension because orgamc
lestons are often not present.

Symlarly the rubular part of the nephron may be un
able to distingush the difference between orgame artenal
and artenolar Marrowing from these canses of from ntsa
renal artenal obstrucuon by scars (pyelonephnius) and
glomerular obstruction (nephritis and glomerulosclerosis)
The locus of the mechamsm yeactng 1o vemal ischemia
may be postglomerular (tubular) or 1t may be in the juxta
glomerular apparatus which les around the afferent
attencle In the Jatter case chromic glomervlonephnus
mught not be expected to cause hypertension unul fairly
widespread renal degeneration had occurred This may be
the usual sitwation

Comment One can only guess at whach factor operates
in a given hypertensive patent. There may be several
others not menuoned The theery of vicious cycles or
Cybemetics 15 quite prominent 1 much of what has been
sard as 3t 15 1 many pathologic states and normal met
abolic pathways (winch ate far from Vicous nnwl dus
turbed) This mechamsm which transforms mtermyttent
Reurogenic vasospasm Into Pemmmlc and

portance to understand it for
1E we could this ane "

m and

‘::::z ﬂlue €§€le perhaps hypertenston would be a mild
el nen|

iy y fatal but inseresting phystologic abnor
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more, cholesterol embolt m the Lidneys have occurred
from plaques (213), associated with hypertension

The renal hemodynamic picture of hypertension
older persons 1s that of the major resistance bemng on the
artenial side of the glomerulus (214) contrary to that seen
in younger people where 1t 15 predominantly tn the ef
ferent arterioles If the disease begins in the 50 s and 60s
such sequential events are likely pathogenetic features, al
though 1t 1s now 1mpossible more than to guess which
comes first A vicious cycle of this sort mvolves the mitia
tion of nephrogenic hypertension by local atherosclerosts
and the progression of atherosclerosis by hypertension
with the predisposing factor (neurogenic vasospasm) pres
ent, however, for the previous hfetime of the individual

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

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

0=C—~C—R!

N Amtno aad

\;I\tle/ \CH:
o
Senor

i
HC I’I\l’*‘ Pyridoxal

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

CLINICAL IMPLICATIONS

The exastence of organic narrowing of renal artenes and
arterioles must be 1n mind durning every attempt to 1€
verse or control hypertension whether by drugs or sur
gery No available therapeutic measure known will dilate
renal arteries and arterioles more than they can dilate
through smooth muscular relaxation scar tissue wilf not
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nechanisms ate unknown but the clinieal and laboratory
evidence that adrenal sterords cause hypertension i cer
tain cases 18 clear ‘The reader should remember, however,
that there 15 no evidence that the adsenal coriex 15 OveT
active 1n most cases of neurogenic or nephrogentc hyper
tension but that 1sofated ostances m which 1t plays a
definite and perhaps primary Tole are known

Exp 1 Sterord Hyp For many years 1t
has been recognized that desoxycornicosterone (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. 18 pressor 1n yenal
hypertensive dogs (220) and hypertensne patients (221)

Salt restniction apparently snduces adrenal cortical hyper
actwvity (222)

Effect of Experimental Nephrogeme Hypertension on
Adrenals Adrenal hyp h

phy accomp expermental
nephrogemic hypertension (223) Furthermore rats with
moderate hypertension voluntanly drink more saline than
do nommals or their pared severely hypertensive mates
{224y This mcreased requirement for sale may be a Te

flection. of the salt lowing tendenoes of wscherme kidneys
already discussed 1n Chapter IV

Relation of Adrenal Cortex to Medulla It may nat be
a comcidence that the adrenal medulla concerned with
the 1elease of epimephnine and the cortex concerned with
sugar salt and sex, ate enclosed 1 the same gland. There 1s
n ntmate relationshup berneen the two hormones act
ng on vascular smooth muscle There may be a further
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become more elastic This statement may nat hold true
however, for cholestero! filled atheromata, which probably
can be partly absorbed under the proper condtions

Tortunately, the cases of severe hypertension which be
come azotemic when the blood pressure 1s lowered are
rare When present azotemia may be worsened The exsst
ence of renal artersal constriction can make therapy diffi
cult, however, mtrarenal constriction beyond the obstruc
tion probably can be quute readily opposed

The existence of organic narrowing of other major
arteries to myocardium and brain must be in mnd during
every attempt to reverse or control hypertenston, for a
lowered peripheral pressure may cause schema bejond
the obstruction These circumstances are fortunately un
common

Because hydralazine and similar compounds appear to
attach the factor converting mtermittent mto permuanent
vasospasm n time, this drug is mdicated n all patsents
with sustained hypertension who are able to tolerate 1t
without symptoms of sensttrvicy Whether or not 1t helps
to restore a disturbed enzyme system to normal function,
or merely mikes abnormality more abnormal, 15 not
Known at this time Its reactions on DOPA decarboxylase
suggest that amino acid decarboxylation would be sup
pressed by the kidney thus prevenung the formation of
amnes 1ts acttons on monamune oxidase suggest that 1t
can promote the destruction of amines its mhibition of
pherentasin suggests that 1t specifically nactivates the one
pressor substance found mn the hypertensive state

ADRENOCORTICAL MECHANISMS

One possible factor which may nfluence the conversion
of intermuttent to sustarned vasospasm lies in the adrenal
cortex and m 1ts mfluence on electrolyte balance The
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seadily when deprined of sodum conductance 1§ rcsto;cd
by 3 number of quaternary ammonium compounds (229)
\Vhether or not mereased conductance occurs when there
15 an excess of intraneuronal sedim 15 not Anown ‘The
decteased sensittvity and the sometimes fowered blood
pressure seen when dietary salt 15 severely restricted may
perhaps be explained on ths basis
These interactions between merve transmission  salt
sasoconstrictor substances and steyords can explan sorme
of the ehncal findings which appear on the surface 10 be
licabl wone normal duscharges

mexy Normal

of sympatheuc fibres normal amonnts of norepmephnine
tan produee generahzed vasospasm when the vascwlar
smooth muscle becomes hypersensitive through salt and
sterords Rermoral of salt or sterowds may restore senunvaty
to normal Excessive vasomotor tone excessive discharges
of sympathenc fibres excessive amounts of norepinephrine
formed at nerve endings can produce a much greater
degree of generalized vasospasm when the vascular smooth
muscle becomes hypersensitive Removal of salt or sterords
Testores sensitn ity to noymal but does no more than panly
reduce tite vasospasm to a lesser level to achieve strict
normalhity addational of sympath
actnty 1o notmal When the vasospasm 15 1n part caused
by arcnlating bumoral ‘pressor sybstances restoration 1o a

normal state s smpossible unless these substances are 1nac
tvated

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

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

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

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

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

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

Another theory mvolves the effect of sodium or potas
s on nerve transmusston through unmyelnated fibres
‘The fibres of primitive ammals do not transmit smpulses
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Fic 1, Central obesity menstrual rregulanities Jow 83 eat salt (<20
mEq /L) and hypertension Rapid « er it gun mild hirsutism easy
brussability and moderate drabetes were also prescnt: Tiis complex
hus been named the endocrine Iypertensine syndrome  lor want
of 2 more definstine word The blood pressure was hughly responsine
to salt restricuon (3 3¢}

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

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

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

of a more defimme word The blood pressure was hi iy response
© salt restnction (3 3¢)

They may be recogruzed by the presence of contral ohesity
and hypertension 1h women menstrual nregularsties are
common (Fig 17) The condinon has been scen 1n famm
Yies (3) Presumably their hypertension 15 influenced by
an overproducuon of aldosterone or other salt retarming,
hormones which decreases the sodwim 1 sweat to low
Yevels We must hypothecate the cham of events m the
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absence of extct hormounal metsurements A smail adenoma
formuing only aldostcrone will produce hypertension by
pokalemir and ktlosts Oune forming botl aldosterone
and hydrocortisone or cortisone like hormones will pro
duce hypatension d central obesity with the resultant
musculr weakness thin shin and possibly menstrual ab-
normilitics One formng both hormones plus androgens
will mduce 1 wddinon hisutism an onfarged clitonss
menstrual rrreguiarsttes muscular hypertrophy  maleness
md the hke There cn thercfore be seven chncal types
only four of which are 1ssociated with 1ldosterone nd
hypertension four with centrl obesity nd four with
androgamc oy crproduction While the distinctions between
cses are not s simple s outhned herc surce 1 smgle
hormone may hie the mmor side effects of mother this
et 15 worth constdering from chical grounds nd can
explun the presence or absence of these different chmert
mantfestations In aldostcromsm the tumor 1s probably
dernved from cells of the 7onm7 glomaniost The severtty
of the mamlcstations naturally depends upon the amounts
of hormones produced 1 excess

Hypertenston nd Hyportldostetomsm  Recent studies
have shown thae there 1s 1 mild  hyperaldosteronism 1
severe wnd malignant hypertensive pitients s crdenced
by the salt retuming propertics of urmary extricts b
adrenilectomzed rats (230) If this 15 50 1t 1s possible thit
vascul i hyperteactrvaty 1s dependant upon 1 shight eseess
of this hormone However tiking into consideriion all
of the datr concermng the 1drenal cortex 1 hypertension
this theory 15 hardly tenable

The hypertensine htdney loses silt under 1 load nd
the more severe the hypcrtension i terms of nephroscle
rosis the greater 1s the tendency to lose salt Smce salt de
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pleyon or same electrolyte abnormality may be the sumu
lus to the formanon of sldosterone 1t 15 possible that the
mid aldosteromsm measuted may be merely 3 eflection
of thus salt losing tendency which probably has 1ts seat
1 the kidney Shghtly excessive production of aldosterone
could be predicted from Lnowledge of chrome 1enal salt
{oss Obviously ths form of adrenal cortical hyperfunction
would cause i a primary smitsating factor salt vetention

by the kidney a phenomenon opposite t0 what 15 actually
encountered

CLINICAL IMPLICATIONS

Qbviously patients with hypertension influenced by
adrenal cortical overactivity should respond to restriction
of slt by a lowered blood pressure They do The fact
that severe salt restriction will not nfluence severe hyper
tension secondary to orgamic yenai disease argues agamst
the role of the adrenal in thus state Severe salt restriction
can occastonally influence neurogenic hypertension prob-
ably Because vascular reactivity to sympathetic discharges
1s decreased But these results do not mean that all human
hypertension 15 dependant upon sterowds and salt on the
congrary these casts are 1 a inpnty The reader must
Temember the sunple fact that dietary salt restriction of
severe degree causes overactvity of the adrenal cortes,
and that the usual hypertensive ladney s a salt losing

Lidney 1o an ewent dependant upon the degree of renat
damage ot renalyschema

The chimeian does well to recogmze cases of aldosterone
hypertension for treatment of them may differ radicall,
from that of the usual case of nevrogenic of nephrogcm};
hypertension  Although eventually artenolar nephrosc
tosts develops a lesion dependant only on diastalse h\,pe:
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tension from any cause, 1t seems slow to occur n these
cases and s apt to be Jess severe than 1n other types (3, 4)
Salt restriction ntiadrenal hormones and adrenalectomy
are logical methods to use if diagnosis can be accurate
None of these measures 1s necessary nor justifiable 1n other
types Therefore their recognition becomes of practical
sigmficance The measurements of sodium 1n sweat (3) o
saliva and of specific steroids 1n urime or blood are specal
1zed diagnostic procedures for such cases



Chapter VI

TRACE METALS AND CARDIOVASCULAR
DISEASE

INTRODUCTION

£causE of the strong suggestion that trace metal 1
B balances may be mvolied n some of the chronic
diseases to which the people of Western Civilization are
exposed a chapter on this subject 13 1n order To be con
sidered are the selations of metalloenzymes to the prob-
lem the concentrations of essential trace metals 1 human
tissues the presence and amount of abnormal metals and
from whence they may come and the possibility of their
mterference with metalloenzymes to such an extent that
they cause chromc diseases Because this subject repre
sents a new frontier 1n Medicine vast gaps 1n knowledge
exist but the patterniscleaning

By trace metals we will consider only those present in
small or refatnvely minute amounts and not discuss the
bulk metals sodwm potassum magnesium and cal
cm nor iron which has an intermediary position between
ubiquitous elements and trace metals All bulk metals
probably take part 1n enzymatic teactions or 1n exchange
mechanisms  trace metals are often confined to more
specialized systems If interference with one of the bulk
metals occurred 1 the body profound toxicity would re
sult For example should alt magnestum enzymes be
hubited intermediary metabolism would cease if calowam
were displaced muscular relaxation would cease Partal

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

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

METALS CONCERNED IN METALLOENZYMES

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

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

pound If the sub which combines with the metal
contains two or more donor groups so that one or more rngs are formed
the resulting structure 1s said to be a chelate compound or metal chelate
and the donor 1s said te be a chelaung agent The electron pait boads
formed between the elcctron accepting metal and the electron-donatung
complexing or chelaung agent may be essenually tonic or essentiatly
covalent depending on the metals and donor atoms invohed Without
tucther considenng the nature of bonds simple examples of complex for
mation and chel. are reg d 1y as follows
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hate 2 coordmation number of 4 or 6 an wndex of the
number of donors of the chelate with which the mezal wall
combine Thus mag \ d chro-
mic 1on manganous and manganic ferrous and fernic, co-
baltous and cobaltic nickelous and mchehic un and lead
have coordnation numbers of 6 while zinc cupnic ead
msum mercury sithver gold have one of 4 and molybdenum
of 8 Those of ttanum and scandium have not been de
termined (233) Some functional groupings which bind
metals are carboxyl hydroxyl carbonyl amuno (primary
secondary tertiary cyclic tertiary) sulthydryl throether
sulfonate and phosphonate (232)

Prinaples of Chelation The general tules regulaung

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

1 Rung structures mvolving metals and organic con
figurations have ncreased stability

2 Five membered nings in the absence of double bond
ing and six membered rings 1 1ts presence are the most
stable

3 Fused nings that 15 configurations 1n which two or
more tngs have 2 common side have a greatly inereased

————

A
]l
M +6K-\«—\‘1—A T Metal complex
a
A

)
M4 1A—A—~A<\‘-A 11 Metal chelate

where M represents a metal son & Tesents 2 eomplexing nt and
e
. ™ eps plexing agent an
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stability, e g, ethylenediammne tetraacetate (CDTA) 15 50
times more stable than predictions would imdicate

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

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

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

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

The spatal type of chelate 15 also of interest (Table
XXVID) Beryllum and boron zine, crdmium and mercury
form tetrahedral compleves Presumably the first two could
resemble magnesium chelates, the Jast three each other
Copper stlver, gold and nickel form square complexes
while all of the other essential metals save molybdenum
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TABLE \\VI
NORMAL AND ABNORMAL METALS IV CRELATES (233)
Coord ns
ton Tetrahedrol Souare Octohed ot ':fj,';,‘
4 2ptt Cut*
4 Cartigtt | At auttt
N
6 Mgt
¢ Bett BH+
s Mttt Rt Catt Cott
[ Cetrt
s ATPH P st
8 Mot
3 “vH-H
See footnote p 193

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

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

Certamn meralloenzyme systems need orgame coenzymes
{or vitamuns) for acunity One possible example s pyTs
doxal phosphate which according to Snell vequites a metal
for the coenzyme to became actwated (215) While the
metal 1s nat known model systems constructed without
the apoenzyme suggest that ether copper 1ron or alumi
num could be the essenitial one (237) It 1s apparently so
firmly bound that most metal brnding agents will not 1e
move it Other well hnown examples are riboflavin where
flavin adenme nuclectide 1s anumatély bound with the
ovadauon and teduction of iron and the copper Savinod
1 acyl Coenzyme Adelyd Qther . of
the vitamin B group 1n some cases may require metals
for actnity mag with th and molybd
with flavin ademne nucleotide are examples

In general the active essential metals are divalent and
m the first transitional group of the periodic table Copper
1 essential for phenolic and catechohie oxidation and for
fat metabolisra M 1s required for peptide sphitting
and for carboxylation In view of the tugh concentrations
of zinc 1 tissues and the very few anc enzymes found
carbonic anhydrase being the most prevalent 1t 15 possible
that others exast The muall&porphynm are good ex
amples of chelates heme the prosthetsc graup of hemo-
globwn has won chelated 1o four methyl pyrale tings
the wron parphyrins of the cytochromes and myoglobin
vitamin B has cobalt chelated 1n 2 porphynin slf‘\’mlme
and the porphynin of chl phyll chelates
There are several 1l known cerul
and hemocupren contamn copper mcrcaptalbun;mg ap-
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parently transport zinc and copper by 1midazole binding
and gamma globulins contain various metals some posstbly
bound to sulfhydryl groups The discovery of hexavalent
molybdenum as essential not only drew attention to heavier
metals but was tlso the first example of a high valency
metal 1n an enzyme Therefore, lugher valency metals m
the first transttional group are not excluded from essential
functrons (T1 V, Cr) nor are heasier ones

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

POSSIBLE COMPETITIONS BETWEEN ABNORMAL
AND ISSENTIAL TRACE METALS

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

Substitutton of One Element for Another In group u
B radium barum strontrum calctum and beryllium all
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have an afimty for bone both strontium and berylhom
can canse nckets and berylhum displaces magnesium on
phosphatases nactvatimg them Therefore all but mag
yesum are roncersrated by one tssue Swmlarly two
ansonic and all cationic elements m group VII have been
shown to be concentrated by the thyroid 1odine astatine
manganese technetium and thentum  chose of the hahde
sub-group quute specifically (239 242) Lilewse 1 group
V A hsmoth antimony and arsenic are beheved to dis
place phosphorus 1 phosphates Gold sihver ang copper
of group 1 B have strong afimities for each other as does
cadminm for nne n group 11 B complete separation of
the two from ores 15 difficult and often too expensive for
t 1al purposes Cad duisplaces 7inc on human
mercaptabumin while lead does not presumably be
cawse the former two tons bind the same molecular
group (the 16 ymdazole groups) while the latter binds
at a different site. Cadmaum therefore has a hagher alhnty
than zine for tns protesn Sumlarly cupnie son 1s displaced
from the sulfhydry{ groups of bovine serum albwmm by
metals 1 the following order of afimty Hg» > Pbe >
Cd* > Zn (243) Among the amions fluorine chlorine
bromine and 1odine are biologically nterrelated whale
selemumm and tellunum of group VII A will displace sul
fur mn hatr and nails possibly i sulfhydeyl groups In
group 1A radorubdium 1s used to measure potassium
space (244)

:\Ietalloenzyme Inhibwtians In spite of these obvious

g m brological material loenryme com
petnon an extraneous mey
studied I)r'l Table XXV ?rlchsa:\: N N ematcally
where an cxtraneous metal o samples of cases
metathc prasthene grou] _;:P‘;“m]& Suplaces an actne
plete At least txg ’ oy be [ from com

ypes of enzyme inhibition can oceur
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One 18 when a heavy metal combines with swithydeyl
groups to mactate the enzyme Mercury copper and
siiver will tnacunate many enzymes Which do not contain
3 metal (245) Presumably thetoue ¢fects of many beavy
metals are due to this type of reacon The second 13
when the essential metal 15 displaced by another ofien
of the same periodic grovp Lermer has offered good
examples of both types of reactions 1n Tespect to ryrosmase
essential for formation of melanin (246)  Metals which
compete with copper 1 d mel myg 1
frequently observed when heavy metals such as ausemic
bismuth 1won gold silver and mercury are deposited 1
the skin Patients with hemochromatosts have relatively
{asge ammounts of won and copper depostted 1n the skin
The most plaustble & 1on for these findings 13 that
metals bind epidermal sulfhydryl groups and thereby re
lease wbibinon of tyrosinase The increased tyrosipase
activity results m sncreased melanim formanon However
1f sufficient quannties of the metals mercury silver or
gold are present they can replace the copper of tyrosinase
1o produce an mactive enzyme with Tesultant depigmenta
ton It 15 possible that the shight decrease in skin color
produced by ammoniated mercury freckle creams s
achieved i this marner  Six copper binding agents hase

caused depigmentation in vivo (247) most of them ant
thyrod drugy

Essenuial metals such as copper manganese cobalt and
unc can meract to wnhibt the metalloenzymes of each
Excess actiity bya p bly abnormal metal
an alo oceor Yer exauple chromum causes increased
synthesis of cholesterol and fatty acids by rat Iner (248)
cadmium and cobalt enhance bactenat oxalacene carboxy
lase 3 manganows enzyme vanadyl won enhances mona
mne ovdase (Table XX1MY) Thus both sumulation and
depression by abnormal metal are possible
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The effects of a series of metals on two enzymes pos
sibly concerned n arterial hypertenston are shown 1
Table XXIH At the highest concentrations 1t 1s probable
that wnactnron of dibiydroxyphenylalanime (DOPA) de
carbovylase by metals was nonspecific or caused by sulfhy
dryl bindimg at low concentrations the specific shubition
by cadmium and mercury may be the result of displace
ment of nother essential metal Since the coenzyme 15
pyridoral probably with a metal displacement of the che
Inted essential metnl 15 the most plausible explanation of
the mechanism of mhibition If so zinc may be the es
sential one Obviously high concentrations of cadmium
mn the hidney might cause serious metabolic alterations
in the decarboxylation of several ammno acids

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

Sumple Chelating Compounds A great many organic
compounds possess the ability to bind metals 1n more or
less dissoctable complexes Many others form chelates 1
shich two or more electron donors combine with the metal
to produce one or more rings (233) The importance of
chelation has long been appreciated m wdustry but only
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lately 1n biology although the calcium ctrate chelate 15
comZuonly us:? to prevent clotting of blood Al mesallee.
enryme reactons are-beliesed 10 depend upon.chelation
‘%m;[—,?,g compound differs widely 1n 1t affimty
for difierent metals in Table XXIX are shown the sta
lity constants of 2 number of cormmon oxygen and nutro-
gen chelators with dualent metals of the first transitional
proup and with cadmim Ten of these compounds are
present n biological flds In general an increase
ughtness of structure 15 proportional to atomic tumber
veaching a peak at copper (ot mckel) and decreasing there
after This fundamental property of most chelating agents
must be in mind wheneser they are used, in effect this
property means that a free 10n having a hugher stability
constany with the chelator will displace a chelated meal
with 2 lower constant When the active groups are sulfur
and other chelators the pattern of metallic affinsty 1s dsf
ferent (Table XXV}

Metadd Binding Simple metal binding 1s dependent
cuther upon the tightness of the band the lack of dissooa
tion of the dissolved salt or upon the msolubilsty of the
complex Thus complexes may be formed between metal
2nd ammoma metal and sulfhydryl metal and cyanide
or metal and hydroxide The stability constants for transy
tional metal complexes m solunon are usually lower than
for chelates although mercury has a fauly high affimty
for CN NH, OH and pyndine The common law relating
tal:d sabilities of chelates of the first trangmonal group
- lalolmt numbers appears to Operate 1n the case of

ple complexes of OH CN NH, and pyndine

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

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

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

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

“The most popular and versatide of thy

g b P ¢ recognized chelat
15 ethy ene:i\m\m:_z;;mccm&m._s;wﬂ
trene Lersene) stabulity constants for which are shown 1

LoOWn 1N
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T1ble X\IX In addition to the transitional metals many
others have strong affimities lead (182) lanthanum (154)
chromic {24 0) ferne @5 0)asw ell s beryluum anadium
tiammm - silver and many rare earths * Pecause EDTA 1
not boTrzed (249) and app ly enters cells (200) st
provides 3 means Y reraoving soluble 1ons from the body
10 the order of therr stability constants 1f an abnormal
trace metal 15 to be removed normal ones will accompany
1t according to the relative amounts and stability constants
of each Thus EDTA 15 not spectfic for lead for example
a current popular use but will remose other 1ons with a
figher constant such as copper and nickel and especially
fernciron EDTA will be mactive however 1f the metals
1 the bodv are more tightly bound or chelated to protein
than to the drug This relative chelating capaaity of a
sequestering agent and a metal 1n the body follows certain
definste laws and explaims the meffectiseness of EDTA for
Temoving most metals

An example of the effects of EDTA given intravenously
9 110 pattents 1s shovn 1 Table XXX Zinc was removed
m syeable quantities other metals less sa or not at all
The tugh excreuon of zin¢ 1n the patient with the neph
tote syndrome found before the drug was given 15 prob-
ably explained by the excessive proteinura which carnes
combined une Thete was no mobilization of lead while

EDTA makes 2 good chelaung agent for chime) yse for the following
Teaony | Toe stabliy conwants (Log R) for commen but mportant
loosely bound metals 13 dow (Ba Sr Ca Mg=7761096) 2 The con
stants or more tightly bound metals 1 moderate {(Mn Fe* Co Cu Zn=:
MO4185) 3 The consans for several sbuormal smeutl ot bgh (Hg 218
A 259 Feer 1y Uslortunately several abnorma) metaly fall xgn the
Tange of the essennial ones (Pb 1804 A1 1613 N 1857 Y 18.00 C4 16 45)
1 that these cannot be removed wathout danger of essential meral dy

fiaency notahly ninc, g
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eight metals almost certanly present 1n a strongly bound
form 1n ther ussues did not change

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

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

Drug Reactions Late systemic reactions to drugs affect
several organs and systems of which blood dyscraqas
hepants and polyartenus are the most serions {252) Most
of the drugs causing fatal agranulocytoss as hsted by

Alexander (252} are metal binding agents (233 253) such
s boar ot

ne h
pynne |

dimtro-
phenal Presidon procane amde and Tapazole contain
ing pyndimes amunes anudes nitroso or sulfhydryl groups
(253} Thesr solubibies ang speaificittes for heavy ;gnrttafs
howeser are not known ta our Lnowledge Nonfatal feu
coperua has occurred with arsemcal compounds gold salts
thiouracils hyd Dicylates sulf des strepto-
™yan and thiosermicarbazone which can displace or bind
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TABLE XAXI

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

(O1aCR THAN ANTIBYPERTENSD E AGENTS)

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

Bis(dsethylthiocarbamy!) disulfide

{antabuse)

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

Pyndine

Thiol or Mercaptan
Carbazide

Drazine

Thiazol

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

Refesence
233
251
235
291
247
247
253

253
253
233
29

233
253
253
253
296
253
233

233
253
253
253
233

297

233
232 233 234
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TABLE XXXI—({contenued)

Natnte
‘Thiocyanate
Pyrocatechol
Quinaldine
Hydantotn
Hydrazine
Chelating Chemcals *
Phytic Acd
2 ketoghuconic aad
Glycerophosphates
Potassium gluconate
Gallates
Rubeamic acid and denvatives
Guanidine carbonate
Potasstum ethyl xaathate
Dimethyl glyoxne
Unaals
Oximes
Dighenyl carbazide
Dipheny! thiocarbazone
Potassium thiocarbonate
Cupferron
Adipoin
Some Reagents for Analysss of Metals
Zn Fernc cyamde
&hydroxyqunolie
Quinaldinate
Sn Dinutro-diphenylamine sulfoxde
Toluene dithiol
Ag P-dimethylamino-benzalrhodamine
Ny benznt-dioxime
Dithiooxalate
Dithio}
Mo Thiocyanate
Cu Quinosol
Pyridine thiocyanate
Cd f-napthoquinoline
“Thiourea,
Benzawm-oxime

256

163

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

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

Aside from protens and undefined extracts of plant and
amimal tissues manv of the same drugs appear 11 the list
of causes of what Alesander calls the serum sichnes
pattern  (252) Twenty one of the above drugs are listed,
with the addition of thiocywnate ACTH (which may
mobihize zinc and contun sulfhydryl) bismuth, two new
antibiotics structurally umidentsfied and chlorpromazine,
which obviously has meial binding properues when by
drolyzed When a comparison 15 made with the substances
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cauning shock 13 New ones appear » tuch do not have dt::i
property and 13 of the above are represented nrt;n 2
asthma caused by 36 agents of which 19 ave of plant of
anumal ongin and unidentified structurally 13 cansed by
14 contaimng possible merl complesang groups of metals
A simlar situation appears among the agents tausing
severe late toxic shin reactions such as eczema prucana
evanthemata exfoliatne dermatiis bullous erupyons and
the Uke Metals and binding agents appear Irequently
when the chemical structare 15 known

Cunously enough serious local and systerme Teactions
are tare or absent among the drugs not contumng metal
reactive groups or producing them only on extensive hy
drolyus Sulfohromgphthalemn decholin paredrine ether
boric acid Banthune menthol g d chloral
hydrate morphine opium codeine digitalis are examples
On the other hand barbiturie aad the banic consutuent
of many sedatrnes and a pyndine compound forms salts
with metals Metal binding by sulfamlic acid 1s well known
{233) The mstabiiity of hydantom hydrolyzing to metal
biading hydamoic actd the metal binding properties of
pyriduntes nutroso groups (dinitrophenol 13 2 good example)
cyanudes amine and sulthydeyl groups semcarbazides ds
crbotylic acrds thials aud sulfur-contamng structures
appear to be telated to many forms of drug sensiavity
Therefore 1t 15 possible that trace metals muay be :molved
i many reactions of sensitization and perhaps esett i some
forms of allergy BAL (2 S-dimercaptopropanol) for ex
ample 152 potent contactant Although drug reactions vary
widely 1n Frequency such agents as dsmtrophenol bewng
very actise and amines relatisely 1nactive metallocnzyme
disturbances cannot be excluded as causes 3¢ wil be noted
::“; the mmore metal bindsng groups on the sofuble sulfona

wes {pyndine thiarole succipare et} the more Uikely




166 Mechamsms of Hypertension

the agent 15 to produce late generalized reactions The 1n
terested reader can find many examples of this apparentl
general phenomenon by companng structure (253), metal
binding power (233) and abihty to produce late reaction:
(252

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

ESSENTIAL TRACE METALS IN MAN

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

In Table XXXIII are shown the metals of nterest
found in sea water In general those of highest concentra
tion are more prevalent in plants and animal tissues The
relative composiion of sea water however has probablv
changed since hife began mn the primune ocean only
those elements present when amphibans left the oceat
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TABLE XXXU
Taace METALS FoUSD 1 Mav a5 Torin PROBABLE RoLes

s Not Fousd
Posstly NoRwows  Masddu@ gy dun
et Ex entiat Mabol ¢ ot
Cabalt Mams m Baum Bum th Aotimony
Coppes Stewlm  Boron Cotm .
Tron Vamdum  Cen m Chom m  Berylin
Masrencs Gl m oott Thalium
Lasthanam
M {ybdenum For
S1 er
i T Th om
e implieated in chronle Qomases x

oy v because
of thews prevalence o centrations or known functions on enzyme rystemb.
and sausfying certan criteria for Teactivity 1n enzyme
mechanisms can be expected o have become essential for
metabolism We cannot say that hing cells have learned
o use new and less Teactive €lements in enzyme sjstems
by a process of adaptation the basic structures of atoms
have not changed and hife began by using the most suita
ble ones

Because all food comes eventually from plants an ex
ammatton of the metailic content of plants 33 necessary
local pastural varations can be neglected No metal can
be cxpected to be essential for amumals which does not
oceur 1n plants or m water In Table XXXHI ate the
metals of nterest 1n plants Lattle aluminum nickel and
no cadmam un siiver gold ttamum lead or metcuty
15 10 be expected 1n animal tissues while vanadium and
the five known essential metale will be found Obviously
1f domestic ammals or man show apprecrable 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 metal
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a) should be found human ussues from some areas of
the wond and not from others b) should not be found 1
plants or wild ammals € should affect some metallo-
enzymoes d) preferably should not be1n the tissues of young
wnfants ¢} should be introduced by the habits of Western
Crnalzation into foods or beverages as a result of proces
ang transportation or manufacture and f) should be
pootly exereted cumulauve and preferably showing organ
speafiaty

Contentrations of the Essential Trace Metals in Man
Although rany analyses have been done by various meth
ods for single or several elements 1n blood tissues and
urme (254257} the fitst extensie systematic investiga
tion an the content of both essential and  abnormal
trace wetals m humap tissues was made by Tipton and
her ¢o workers Using spath spectrographic methods with
mdium 2 an wnternal standard and densstometnic photo-
etectric tecording of plates Tipton analyzed 298 tissues
from 24 persons dying suddenly m various areas of the
Unuted States for 18 metals (almost 4500 analyses) (231)
A preliminary anafysis of 42 autopsies from varipus places
in this country showed similar but less quantitause re
sales (258) wmie i a fater serges the findings were essen
tially the same (250

In Table XXXV are the mean concentrations 1g var
ous tissues of the essential elements manganese cobalt
copper zinc and molybdenum caleulated roughly for
total bodily amounts Zinc 13 the most prevalent of the

normal group 1k several times the concentration of

of the others Fstenual cobalt nas found 1n on;]y ?::Z

bodses sparsely scattered in simal) Concentrations probably

because of methodological Mmues and yis presence m very

g\m\ne quantities These regules appear comparable to
¥ of Gnffuh et @ tor €Opper zinc and manganese on



ko of Hyprriernon

Ale.

™

sngoen sp e Auew 4
(67) 3 Mg o Buip o - wews 3 G 0S

G muio ¢ 2appMR Lue
row usup) Gpe mmo W 4 4 @) M 4 MUz ) w00 10w 0 0m) ) A

PU G W3 P (DU] WIS B U} 8 ML
YET L v @ 3 r W Bupel U Wy Mg
vy 238 1) i e £} 5y} W) R ZIN DA U W 3e Wy
MAE PRI U |3 W UM G
f09 ¥l §1 5 s5y 56 $6 uLs (B} wmoy few £, oy
e oML 5 1Ky
%L g avadipy
ve fo0 e Lo 0515 Wy 28 9 ey wo LA @11
(X3 wiag
) — -~ X X ta SE e wro o prAY
£} o0 (I LG &€ s 0 [ WG (LG W s
1] n o (0 vy EfRL it X 0 6 ta 6 iy
v we G ¥i o0 we My whooy sun oy
13 e ru wo  Ura Py aw €u 0nE Moo we a0 NEEE]
Ry Wa [RIRITR] G oL GOk RRTE] i ¥10 asz irangg
14 o e vy 4w 1y 5y W 4b Lo Ruwy
i zi wa ve ot 200 YW 4kt vl U2 I T Y reapy
oowe sLo tn t9u (NI (PR 4 e Y0 gy Leild g
1] e W ruy I8 "y X3 ssn IS0 b1 il )
" YN
1 who sk Foh £s tua L g4 [
& [V I R N7 P} n s % up H o ¥ Yy ey
¥ [ I t v ut [T Sy NG WG ¢ i
+ (190} £ wos gy e
11 ber it WU L X IR ey ) shh ML mh a2
[EI S TR L] IRV TS L] 114 410 [ Vel sopef R b by
" i o ) " " o petns

SHE73 QHIRG AN A R T] YR CUeividg i decd ] W4 s, #e0bidbiiejitid YRV I PR
A7 TV



Trace Metals and Disease 1

the basis of dry ussue 1n a much larger senies (260)

Some organs concentrate certain metals others do not
Zinc was found m every organ i concentrations of44 1o
300 mg /Kg beng far hughest m prostate then muscle
Iner kidney and heart and lowest 1n adrenal bladder
bram tesus lung and mtesune Copper was concentrated
wn bran Iver and spleen bemng lowest 1 muscle adrenal
a0mta intestine and tesus Manganese n much smaller
amounts was concentrated especially 1n Iner with pan
creas lung spleen and thyroid following quiie far behind
lowest organs were heart muscle testis and 2orta 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 third of those of pancreas
thyroid and lung most prostates and all but one bran
but was found 1n concentrations of more than 0 13 mg /hg
sn all heart kidney and liver samples being by far the
faghest 1n lwver In the concentrations detectable, molyb.
denum ypparently 15 not essental for metabohism in all
organs but three of the others may be

Sources and Turnover of Essential Metals All of the
essentia] trace metals are found to a greater or less extent
m plant and ammal tssues (Table XXXIV) dermed
from the soil Cobalt 15 probably the least concentrated
Sauls vary widely in their contents of trace elements and
dusorders due to deficiencies or excesses have been recog
mzed i both plants and anmmals Semi-quantitative trace
’:;‘:Z;‘? {ao‘:ag:‘;“‘; a f;;ognucd practice 1o the evaluation

g The following was summanzed from
Mt‘J‘rrn:r Williams (256) and Marston (261)
anganese The Targest sources are n the followin,
foods with abov 4
bran soy bean l:e:lo cmg /hg oatmeal whole mea} flour

0coa cloves chestnuts er mapl,
SUEAT tea colitains 150 to 900 mg Ihg w}’;})ll?m" ;mc

.
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t sn hemoglobtn formation A copper
:ﬂt\? 1220:::;25;::1; 15 ioum;r= 1M concentrations of about
" ‘)mg per 100 wl of serum Several phenolic t»udni:s
depend upon copper pigmentation may e related to the
content In skin and harr follicles Copper 15 quite w eff 1
mined by the body with some dependency upon miale
bemg slowly cumnated by way of the feces Gallstones
contays large amounts No chronic copper paisoning has
heen described 1n human beings Human mmill. 15 extremely
fow 1n content 004 mg jhg As a rule Amencan foods
ontan adeq\lale amounts somelimes an excess $INCe
many wmsecucides and fungiaides contan copper The
{argest amounts 10 mg fhg or more are found 1o tea
coffec cocoa chocolates nuis Iner shell fish espraatly
oysters tomatoes and yeast The least 15 found i mlk
butter cheese tehned sugar honey warganne lard and
suet
Zine This most prevalent of the trace metals in the hu

man body 1s present in large quantities 1N most organs
as seen m Table XXXIV It 15 found 1n foods and 1s a
tequirement of plants bactena and fung Most medern
fungicides are zmc chelating agents Deficiency 1 soils
causes diseases of hoth plants and animals althongh its
prevalence makes animal diseases more uncommon Foods
with over 50 mg [Rg are wheat germ bran oysters beef
Iwers gelaun and dned eggs those which contam the
least amount arc fruts chestnuts green vegerables and
fish Chronic porsoning 1n man 1 not hnown There have
Deen several outbreals of supposedly acute possomng from
loads stored 1. zine lined teceptacles but the comamina

t0u of rne by cadmium males it questionable that zinc

wself was the cause symptoms of 71nc and cadmum potson
g are wentical 3¢ violent gastroenterity and zinc
PoIsoning 1s tost dufficult to produce 1n ammals
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centrations are green vegetables, nuts, Tice and barley
of considerably less content are meats, legumes and many
organ tissues Dairy products and fish are low in manganese
and coffee contams extremely hitle It has been estumated
that about half the mtake of adults in Brtan during the
winter came from tea The mimmum daly requirement
for man has been variously set at 4 6 to 10 mg, about 001
mg per day being escreted i the unine In vew of the
small body pool approximately 11 mg according to the
method of analysis (Table XAXIV), tus fugh requie
ment may Teflect the poor absorption of manganese from
the gastromtestinal tract Large amounts may be guen
duly, up 1o 10 Gm per day of the aityate or glycerophos
phate, without signs of tovicity and apparently without
excessive absorption Wihile deficrency 1 man has not
been described a reasonable assumption that st might
occur can be postulated especially 1f condiusoned by com
peting wetals or affected by drugs Toway from mgested
manganese has not been described although nhaled dust
can cause Parhinsonian symptoms and occasionally ar
rhosis of the liver

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

Copper An essential element 1n cell respiration copper
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lugh content of sron 1 thesr livers Apparently d“: ?“
teria sn the rumen synthesize vitamin By, when cobalt 15
present ugh requirements are ndicated by the large
doses of the vitamin necessary to cure ths disease Horses
and pigs ratsed 1n the same deficient areas are not affected
as their requitements are lower Bactemal S)mhe:ls n the
colon, as occurs 10 man apparently does not lead to ab-
sorption of this vitamin, therefore 1t must be ngested as
such Copper deficiency has been implicated in certam
anemuas m nfancy but no known diseases m adults have
been described Anerma has been produced mn laboratory
ammals along with a slow rate of growth 1mpaired absorp-
tion of ngested sron smpaired mobilization of ron from
tissues and mparred nuhzauon of 1ron for hemoglobin
synthesis have been found, as well as low cytochrome
oxidase acuvity of the bone marrow Cattle grazing on
copper-deficient pastures show depigmented, abnormal
hair develop cachexia anorexia and anemna their bones
become fragile veproduction and mulk production 1s
decreased and they frequently die of cardiac failure young
animats may become ataxic Sheep show defectne kerati

2ation and hypochromic anemia lambs born of copper
defiient ewes deselop swayback  and ataxicand panalyuc
diseases charactenized by diffuse demyelmzation of the
central nervous system Depigmentatson has been pro-
duced 10 many species Excesses or deficienctes of other
trace elements may wfluence the disorders n cattle and
sheep especially of cobalt and molybdenum Molybdenum
deficiency prevents faation of mtrogen by soil bacterta

but diseases 1n hugher amymals have nat been discovered

Zinc deficiency causes hyperkeratosis in pigy (264) hyper

Leratosis and keratuization of the esophagus 1 rats (265)
stenhity (256) and signs suggestive of arboflavinosss with
vascularization of the cornea and lestons at che mucocutane
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Molybdenum ‘The newest of the essential elements to
be found necessary in human and animal metabolism
molybdenum plus a flavin are necessary for the metabolism
of xanthine to uric acid by xanthine oxidase and the ou
datron of aldehydes by hver It 1s essential for the fivation
of nitrogen 1n the soil by mtrogen fixing bactena Molyb-
denum 15 present almost umversally in fertile soils and
m plant and ammal tissues Its toxiaty resembles that
of selemum poisoning excesses 1n soils affect Tumimants
rather than horses and pigs, producing a disease character
1zed by chromc diarthea called teart Copper fed to
amimals prevents molybdenum poisoning An examination
of the periodic table indicates that molybdenum 1s unque
m that 1t 1s next to the heaviest element essential for
mammahan metabolism and occurs 1n the hexavalent form
Whether or not deficiencres occur 1n man 1s not known,
the body pool 1s small

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

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

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

“ABNORMAL TRACL METALS IN MAN

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

The obvious conclusions are that relatvely large
amounts of cadmium are 1n Amencan kidneys and alumt
num and titanum 1n lungs while ather metals are more
or less evenly distrtbuted Furthermore there 13 weight
for weight more of several abnormal metals 1n most organs
than normal ones of hugh biologrcal actvity 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 Silver
15 present n amounts equal to 22 per cent of copper
cadmium equal to 12 per cent of zinc {50 per cent in 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
amounts1s Zn Al Cu Cd Pb T1 Sn Mo, Ny Co,Cr Mn
Ag B according to the present estimate {essential ones
ralics) Traces of gallum were found 1 most lungs of
bismuth 1n 21 samples of gold 1n 72 samples and of thal
hum 1n § samples

In Tipton s sccond series of 24 autopsies from another
{western) part of the Umited States (259) the findings were
quite stmlar for the essential metals although there were
somewhat less copper and zinc m most organs and
molybdenum was largely confined to lver and kidney
OF those now considered abnormal cadmium appeared sn
Iner and ladney 1n the same concentrations a3 1n her firse
sesies but a large majonty of other organs were lacking 1n
this element There was much less aluminum 1 aﬂbm.
3";‘ but lung (23 mg /Kg) and utsnium was found 1n
only a few bodies except for lung where s concentration
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{266) ‘Theze were 4 hadneys and Iners 3 lungs 2 spleens
and 1 aorta heart sntestne and muscle In contradisunc
won to adult tssues hidneys and Iivers and lungs con
tamed po tuanum cadmium or tin Alumunum was ot
concentrated 1 lung although 1t occurred 10 amounts ot
0310 mg (kg m most tissues less than that of adults
Trtamum was found 1n only one body m ntesune had
ney and muscle Nackel occurred 1n one other ladney and
Iser un was 1n both spleens and the sample of muscle
and aorta On the other hand boron was 1n all issues but
ane ldney and hiver chromium and silserwere ubiquitous
1n adult concentrations aswas lead but in smaller amounts
than sn adults Organ speafiaity as determined by coneen
tration was not found consistently ¢

In the bodies of 3 older infants and chuldren (7 weeks
10 months and 2 years) there was no titamum Nickel 1m
traces was 1n 1 ladney tin was found 1n all tissues as was
lead while silver occutred in 7 of 12 specanens Cadmium
was pretent 1n the 10 month-old kidney (065 mg /hg)
and 1n the 2 year-old (2 75 mg /hg ) but not in the 7 week
old one The essential metals were found n distnibutions
and concentrations similar to those of adults Manganese
was if anything more concentrated zinc less so a“hxle
copper was comparable showing an affimity for Iner
Molybdenum was 1n all hivers while cobalt was present 1n
only two
w}t: v.“f:“l‘m !il‘cv:lm;\u of these obsenvations, and 1n view of

the following further conclugions can be

drawn 1 Tuanum nickel and cadmium are not essential
w mfant e but accumulate with age 2 Al
choruum sifver and lead enther quahiy as essentaal trace
metals or pass through the placental memprane Obviousk
wamom nmckel cadmmum and un do not so pa Y

£
Analyies of 20 sultborn intants fave esentially sumlar resaye
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was lower (28 mg /hg) Likenise lead was somenhat less
frequent, being in all Iners, hidneys, Jungs pancreases
bones, aortas 1nd adrenals but nussing 1n a few to mary
samples of other ussues Chromium and sthver were also
absent 1n one or more samples of each tissue and were
found n lower concentrations, winle mchel was quite
uncommon T on the other hand, was widespread
through most samples There was less galium, the same
amount of bismuth and much less gold

New elements added to the analysis were barum found
m all samples of lung bone adrenal aorta, gistromtestinal
tract and thyroid nd 1n most samples of the other organs
cesitum n half the lungs (8 1 mg /hg) ron m all tissues
mn lugh concentrations especially spleen (280 mg /bg )
lung (210 mg /hg ) and Iver (170 mg /hg ) lanthanum m
1 third of spleens strontum 1n every tissue (004020
mg /hg ) wath much (20 mg /hg ) mn bone and vanadum
n two thirds of the lungs (027 mg /kg) No anumony
arsentc berylltum mobjum, ruthemum, thalltum or 5%
conmum were found

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

Trace Metals 1n Infane Tissues We can gawn some de2
as to which metals are essential for life and wiuch are not
by examining the tissues of babies Analyses of 2 St Lowss
stsllbirths and 2 babies Ining 12 hours were revealing



Troce Metols and Dutase 183

Some of these metals accumulate with age 1 Amezicans
others do not In Table XXII Chapter V are shown ex
amples Gbvowsly cadmum titamum nickel and tinan
a1l tissues and alummnom m lung wcrease from liedde or
none 1 mfants to Telatnely higher concentrauons 3t
older ages The stmiing examples are 1n cadmium and
ttanm

Trace Metals in Tassues from Unaviized People In
order ta ascertun more defintely what trace metals are
essential and what ate not 2 small number of tssues from
Alncan naties 1a little contact with Western Civlization
were obtamed by Dr Perry from Uganda and analyzed
by Dr Tipton (266) The ages ranged from 18 months to
over BD years there were three under 10 and four over
40 None showed any evidence of atherosclerosis n the
30tta or elsewhere even fatty streals were notseen The
causes of death were several 6 pauents dhed of acute i
fections No age trends m essential metals were apparent
as 15 the case with Amencans The interesting findings lay
m the absence of those which might be guessed 1o be pro-
ducts of Western Crvilization  cadmum (in only one kid
ney) mckel and un and the much smatler amounts of

ster lead chrommm and posstbly ttanwm (Table
XRXVIY .

Conclusions Therefore 1t becomes apparent that mickel
chromum ¢admium lead silver 2nd an are not essential
elements but sesults of awviluation a conclusion which
could be drawn from the analyses of childrenss tissues only
for cadmium nickel and titanium The posstbility of these
$iX elements found 1n Araenican tissues bemg toxic musnt
therefore be conndered Common sense excludes sibver
becanse of 1ts low concentrations In addion we cannot
mile out the possible essental natuse of alummmm
banum swontwm and for Yong of vanadwm and u
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amum We can add to our list of possibly  toxic metals
bismuth and cestum

Are these extraneous elements biologically actne or
snert? Could one or more of these abnormal elements dis
place an essenual metal and thus lead to metalloenzyme
mhibition ot combie wath suifhydryl enzymes and 50 10
acnate them (Table NAVIIR 1€ 5o the possthility of1n
mbition causing dysfunction leading to disease 15 con
uderable

METALS OF POSSIDLE BIOLOGICAL SIGNIFICANCE
IN THE FIRST TRANSITIONAL GROUP

It g that the 1 and nearby metals
m the periodic table are those with most biological ac
avity an expression perhaps of thewr structures (267)
QOther than the known  essenpial trace metals of the first
ceansitional group four mught serve 1n metalloenzymes
but have at present no known funcnion 1e  twamum
vatadivm chyomium and mickel Vapadium i3 found 1
all of the amumal phyla 1s cancentrated from sea water by
tutiicates 25 an essential oxygen catrier (268) 1s requared
by aspergiilus mger (269) 1s concentrated 1n certamn mush
rooms (270) was probably an oxygen carner m petrolenm
forming ammals and appears 1n concentrations of about
18 mg {hg s all plants dry weight (27 1) The case for st
having a function 1n mammals 15 good While chrofmura
sumulates plant growth s present m all vegetables m
concentrations of 10 10 1000 v/hg dry weight and 15 1n
many husman tisues evidence fo~ 15 essential nature i
doubitul Nuchel 15 probably not required by mammals
although plants contain traces The Tole of treantiam 15 not.

koown although 1t 15 found m almest afl human adult
lungs Those concentrated ym et organs way be of

n causing diseases

more sigmificance 1 metabolism or
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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

titamum and chromizm had no effect (275) Manganese
cobalt and hibited the oxd

of gysteine
10 1ts sulfonic 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 /hg dry tissue for
vertebrates {268) While 1ts occurrence may be a chance
contamunauon unuersal presence and three valence states
(Ve Veos Yooy qinth an ability to release energy similar
to phosphorus make 1t hilely that vanadium may be essen
m{] Tngton found 1t only 1n the lung

anadium 1s a powerful sumulant to monamun,

(Table \\111) Only cobalt of the others tested :xc}'::i:;
this property to much less degree This phenomenon
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than those widespread n smaller concentrations {chrom:
um, tin, mchel) We can supply our six rules of thumb
to each

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

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

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

by suraving rat lver (From Curan G L. J Brot Chem 210765
194)

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 acd 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> 10 103 y/L.
(mean <G486) hypertensive urine less than 005 to 44
7/L- (mean 0 88) Treatment did not change the means
stgmficantly (067 10 071 /L) nor did hydmlazne or
EDTA cause a consistent loss

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

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

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

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

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

Chrommum Although found n all lungs of nfants and
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yier while sts absence i many adults suggests that 1t 18
ot necessary after full growth

" ;lumuu:ryn 15 almost absent from plant tissues although
3t Tepresents seven to eight per cent of the earths crust
(256) Amimal uissues with the exceptions of lungs and
lner are sud to contaw less than plants (07 to 15
mg /hg n the dog and 05 to 33 mg /kg n the rat)
(278 279) aithough a former study showed considerable
amounts @ human bewags (bran 25 heart 21 liver 08
Yudney 10 and spleen 07 mg [hg) but less than were
found by Tipton et al Salts have been put into baking
ponders can be absorbed from cookng vessels and canming,
processes A conssderable amount of investigation 25 to 50
years ago indacated the lack of toxicity of alummnum which
15 fed 1 antacad preparations to patients The lavge amount
found 1n lungs probably comes from snhaled aluminum
stlicate from dust Having only one valence state 1n spite
of uts prevalence 1n the earth 1t has not been shown to
have any essental Tole 1n human metabolism although by
our criteria 1t cannot be excluded as an essential trace
metal

Scandium and gallrum are found 1n soils. The traces of
gallum 1n human lungs probably have been inhaled since
galhum 15 present wn all aluminum minerals Both are
telanvely unreacuve compounds with only one valence
state

Comment 1f one were forced to choose a smgle trace
metal to undo the harmful effects of degenerative cardio-

vascular diseases vanadium would be that choice for the
follow1ng reasons
1 Vanad stimul oxidase thereby
pn:ibably increasing the destruction of pressor vasoactiye
and cerebroacuve amines and affecting by £Ts10n Y
(FPETL eT
by (Tahle %X111y ¢
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Nickel While found m all plants and ammals tissues
1n traces, 1t has no known function (256) It 1s almost cer
tamn that this element 15 not essential for mammalian
growth and development There 15 frequent exposure m
processed and manufactured foods especially hardened
vegetable ouls (Chapter VII) where 1t 1s used as a catalyst
(contaning 0012 mg /Kg), and from corrosion of
mickel vessels No ncrease was noticed i human tissues
after the second decade until the seventh Therefore, al
though present 1n small amounts we cannot state whether
or not 1t 1s doing harm, although 1t probably has httle
direct action It did not affect the enzyme systems of
terest to thus discussion and 1s ustally wnert n others

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

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

Silver Like tin siver 1s widespread occurnng in every
adult Jadney and bran and 1n almost every other sample
examined (225 of 258 specimens) (231) There was no
tendency for accumulation with age and almost every
young tissue contamed 1t 1n adult concentrations (266)
It was 1n all unne (08 ¥/L. range 02314) hypertensive
urine contamned httle more than did noymal (14 +/L.
range 0 346) Exposute to silver 1s constant 1 our so-

ciety there 1s ittle or none 1n plants Because of the small
found 1t 18 doubtful that enzymatic inhut (on

copper enzymes) 1if present 1y extensive enough to cause

metabolic disorders *

YTead There 13 lead 1n all human tissues at birth and
during lfe This toxic metal accumulates especially 1
bone and liver As far as 15 known 1t 18 not an essentral
< of any hving getting mto food mamnly
from the use of 1ts compounds on plants and from vessels
i which food 15 manufactured transpotted or stored
Shell fish may absorb lead from sea water contaminated

with dranage from factories and animals from sprayed
plants African tissues had hutle

A knowledge of the coordiwation number of 2 metal

chelate and fts periodic group allows a reasonably umm: ‘;\;Pl;d‘::cig
mcthod of predicung displaceoent of 2 known essentsal metat and fn
auvation ot 13 enzyme Conversely by inathva.aon atudies unknown
meuts on metalloenrymes may be predieted (Table %XV) cadmipm and
mescury displacing ane gold sidver mickel displacing copper tunguien &
Phang molybdenum More banc <hemcap tnowledge will I P "
Accurate predictions, 24 10 mote
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2 Vanadm unsaturates fatty acids on phospholipids
and oxidizes the double bond (274)

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

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

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

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

METALS WITH POSSIBLE HARMFUL EFFECTS

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

Tt There 1s no evidence that the metal 15 essential
for life (256) It 1s not essentsal for plants Little 1s knownt
of sts action as an antt enzyme It was present almost
all human adult American nissues and an the spleens of
wfants, older children showed quantities comparable ©
those of adults The mean normal urinary concentration
was 322 y/L (range less than 05 to 100) the mead
hypertensive concentration was 893 y/L (range 09 to
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canse pulmonary fibrosis (from mhalauion) (282 285) 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

threomoe 33 umes The amount of cadmium in the unn
e Was 1n the samq
range 1233 yg (L. (averay .

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

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

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

speafically ainhubited the renal tubular reabsorption of these amino aads,

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

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

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

Cadmuum  The hugh renal concentrations of cadmmuim
in American adults 1ts absence n infants and mn Afncd
native tissues focuses suspicion on this metal as an euo
logical agent 1n chronic disease Since cadmium can dis
place ztnc on merciptalbumm (243) 15 a Inghly potent
imhuibitor of sulthydryl enzymes (of which Coenzyme Axs
an example) and at least one witamin B, enzyme, 20
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are no good examples) we could expect on the 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
peptidase car sucaiuc dehydrog 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 zing hined

* A probable source of abnormal trace
o tals 1n some
‘wrater areas i an the cotrosion of hot water heaters it 204 20t
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revised mn 1949 The maxunum impunties allowable
are (per cent)

Total
Lead Iron  Cadmum NotQuer

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

* It shall be [rec from aluminum

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

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

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

“The source of cadmmm which does not occwr 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 8 parts
per mullion of arsenic in man much of itin hayr 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
umnersal mmport Mercury appeared m a surpnisingly
large number of lidneys analyzed by Gnffith et al from
pauerits with congesuive heart falure who had spposedly
never recerved diuretics contaiming this metal {260)

Card; lar Impl Al and strontium
were present in all samples of Amencan heart muscle
These metals plus lead and un were found 10 211 aorras
Inkidney there was the additional metal cadmuum 10 haver
these five and silver In adrenals were the same six and
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contawners 1 whch they are piped, prepared or bottled
Lemonade made 1n galvantzed pails has produced acute
gastroenterttts The widespread use of carbonated acidic
drinks (“"pop ) . this country 1s a possible source which
has not been explored 5) Acidic foods prepared in zinc
Iined contamers, especially vegetables, can absorb cadmum
and lead

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

Cadmium 1s widely used for washing machmes electnc
cooker parts and refrigerator trays It 1s absorbed by weahly
actdic foods, sugars (jam) wmne tomatoes, fruit frut
juice 1ce cubes (from acidic water?) coffee cooked food
gelatin and attacked by lactic succmic citne and tartanc
acids Posstble sources of contammation besides gt
vamized zinc and cadmuum plated vessels, are solders, st
msectiades The stmlanity of known sources of acute
posonsng and those of zinc are remarkable and suggest
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presence wm large quantiuies and 1ts Jower affimty '1[‘?\‘ sm:;
protems than other metals with a higher EDTA me .
stabslity constant. Of course excessne quantities of mcmd
obey the law of mass action and can be partly remove
minor quantsties cannot until better chelators are de
veloped for fatrly 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 concevable that the continuous ingestion of infinstest
mal of these e el present 1t nataral
foods leading to thewr very gradual accumulation 1n the
Usskes may contnbute to the processes of senescence
proportion to the degree with which they are combined
with ussue proteins (apoenzymes) and the extent to which
they mhubit or distort enzyme action 1n such combinations
(250) While this may be true 1t 15 more likely that many
of the diseases common only to our Civihzation may be
catsed by the 12l metals c 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 reliesed
mat keast one instance by EDTA 291)

A logreal thexapeuuc regimen withm the hiots of pres

ent-day vision 15 a concerted effort at removal by 1elatvely
P chelatots followed by repl

P of \
metals so removed Generalized defictency states of the

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

':lnetal\ l‘m‘\c\.er probably ean cause as much disorder as
0o Inttle When deficy
oo chaiencies are vecognized they can be

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

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

CLINICAL IMPLICATIONS

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

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



Chapter VII

SOME MECHANISMS IN
ATHEROSCLEROSIS

INTRODUCTION

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

Atherosclerosis can occur without diastolic hypertension
Severe degrees of the disease 1 the aorta causing loss of
elastiaity produce systolic hypertension because the pipes

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

pecially 1n Chuna (8 313 440)

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

p y d 15 the quency of arterio-
sclerosis m North Cluna The anty of artenoscleross 15

proved by the scores of middie aged patients dying from
all sons of duseases showing hardly any selerons at autopsy
Extenstve artenosclerosis certanly does occur 1 North
Chvra bt the Yiekened medastic aorta with the widely

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

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

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

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

Intnnsc () Quanutauve and
Time % Intimal % Qualitatne Alter X Blood = Atherosclerons
Derangement  ation of 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

Vnfilirate the walls of arteries under hagh pressure espe

cially 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 1n the arm but 1s
frequent 1n the leg where the hydrostatic pressure of the
blood 1n the upright position 13 added to the blood pres
sure (318) These lestons are believed to be the result of
pressure causing dep of luble chol or 1ts
esters subintymally exther by foraing them 1nto the vessel

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

2 Intimal Injury 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 1 amimals (323)
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uleerated mtumz so frequently found 1n autopsies 1 the
Western part of the world, 1s decidely rare here This ex
plams why the genuine angma pectons syndrome, and
also the picture of coronary thrombosis with myocardul
mnfarction are only rarely encountered Durng the past
two years we saw three possible cases of this dsease i the
combined matenal of the common and private wards the
outpatient department, and the very busy emergency chme
of the hosputal, although in every doubtful case repeated
electrocardiograms with four leads are taken and scrutt
mzed with utmost care However mn December 1940 one
classical example of coronary thrombosis with typical
findings at the autopsy was observed The ranty of coronary
thrombosis 1n North China 1s the more stnking because
the increase of the frequency of this affection 1n America
and Furope 15 apprlling Even in diabetes mellrtus exten
stve artersosclerosis must be infreguent 1 North China
because diabetic gangrene 1s as rare here as senile gangrene

‘It 15 dafficult to give an explanation of thus charactenstic
feature of geographic pathology One can, of course, fall
back on the equammuty of the Chinese, but the differences
1 nusrition of Chinese and Westerners may give a better
explanation  Arteriosclerosss begins as a fatty mfiltraton
of the intima of the vessel walls Quantitative and qualita
tne differences exist between the lipoid content of the
Chinese and the forexgn diets as has been mentioned before
The Chimese diet contains only small amounts of chol¢
sterol but considerable guantities of unsaturated aids
espeannlly of hinolesc and hinolemcacid It 15 certamn that the
average cholesterol content of the blood of the Chinese 15
Iower than that of Westerners and tius gives perhaps at
indication why the tendency to hpoid infiltration of the
vessel wall 15 so much smatler among the Chinese
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metal interference (with decarbexylases for example) that
sm lnver by margnal concentration of vitamin B, exessne
saturated fatty 2ad load and possibly metals There 1s no
evidente for a generalized deficiency state except for the
Iigh madence of dandruff 1 the population beheved by
some to be dependent upon vitarmn B, and fatty acad
imbalance

$ Trace Metals The synthens of cholesterol and fatty
auds by surviving Tat liver can be influenced by metals
of the firgt transitional group (Fig 18) Chromium and
manganese have a pronounced enhancang action 3 anadium

dep one (248) Vanadum also p unsatura
n of phospholipid fatty aad and oudauon of the
double hond opposed by manganese (Table XXXVI)
There 11 no enidente however that chrormum 1s waph
cated 1 the hypertensive process In Amencan tisuey
hepatic chromium 15 much less concentrated than man
ganese a known hipotropic agent (231 259) (Chapm-
Many metals directly affect oxidation of unsaturated fatty
acids sn wtro Hydrogenation to harden or saturate them
1saccomplished commercially mainly by copper and nickel
sizeable quanuues enter the far during processing (256)
Cadminm  however nhibuts at least one vitamn By
enzyme DOPA decarboxylase (Chapter V) although st
does not affect hepatic synthesis of cholesterol 1n the tat
(331) Obwiously we need to know much more about the

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

a
tio

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

Subimntimal * mjury’ from biochemical alterations in the
mucopolysaccharides of collagenous tissue sesults from
pyndomne defictency 1n the monley (325, 326) The
changes found resemble the earliest lesions of athero-
sclerosts (327 330) * It 1s possible, therefore, that a cond:
tioned vitamun B, deficiency not only affects the enzymes
concerned 1n protein metabolism resuiting n hypertension
(Chapter V) but also imitiates the artersal lesions 1 whiclt
cholesterol 1s deposited

It should be emphastzed that the vitamun B, deficiency
postulated 1 this discussion 1s a local, conditioned de
ficiency state and not a generahized one, and that 1t imolves
enzyme systems 1n hidney and Iiver but not necessanly 11
brain blood forming organs or skin The complex Schuff
base of pynidoxal and ammo acids 1s a strong chelaung
agent, for example, and could form a stable chelate with
several abnormal metals Generalized deficiency of vitamint
B, 15 accompanited by low blood pressure and shin mast
festations sumilar to seborrheic dermatitis and ariboflavino
sis A local deficiency in hidney could be mduced by mat
gin1l concentrations of vitamin Be and especially trace

* Ranehart and G g state A lesions develop rgY
Iarly 1n the thesus monkey subjected to prolonged pynidoxine defioenc?
The 1l lesion 15 ed by the of 2 muanous
substance 1n the mtima and to a less extent n the meda of the artenes
mvolved This material exhbits the metachromatic staining property chat
actenstic of J ted with the accumul: of this
cellular prolf oceurs and g
fibers are formed Studies of human artenosclerous mdicate that baneally
sumlar sequences are seen m the evolution of the human disease ‘The
morphologic features of the experimental vascular fesions and thos¢
occurnng 3n man are ssmilar The possible role of pyndoxine deficency
10 the etiology of human artertosclerosis remains to be determined (32)

and elastic tssue
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examme the possibilities we can ook, at factors of sus
picious 1MpoTt N hypertension whuch could concenably
snfiuence the develop of chol 1 g ath
erosclerotic plaques 1n arteries

There 15 no good evidence that the blood cholesterol
1s hugher 1 Amencan hypertensne than 1n normotensive
people Therefore the ancrease 1n the rate of progresnion
of atherosclerosis 1n hy pertension 1s probably largely dueto

lar filsratson p causig deposition of liprds
thraugh the muma (319)

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

wself meo possible schemata derwved from expesimental
and climcal data both 1n hypertension and 1n fatty acd
metabolism

yme continually obrrudes

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

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

SOME. COMMON DENOMINATORS OF HYPER
TENSION AND ATHEROSCLLROSIS

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

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

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

THE ROLE OF FAT AND OTHER LIPIDS

Let us review modem 1deas on the pathogenesis of the
Tesions other than the faciors already discussed Most of the
Tecent nterest 10 the subject has centered on fats Quite a
case can be made for the role of cholesterol which sslargely
carned by hpoprotemns as a srong hmk an 1he cham of
reacuions leading to the formavon of plaques the subject
has bhad sts ups and downs since 1914 bt probably s
here to say As Axchoff so aptly putst  From plasma of
low cholesteral content no deposttian of Tipoads will ocenr
even though the mechanical condinons are fasorable
{327)

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

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

One further factor which may be common to the two
isorders 1s 1 pyndoxal deficiency Olsen and Marundale
were able to produce chronic hypertension 1n young Tats
by desoxypyridoxine, an antimetabolite for vitamn Bs
(194) While theirs was a generalized deficiency state, 1t



Mechanusms i Atherosclerosts 213

he populations with high values Just because 2 dusease
s common does not make 1t or any one of 1ts measurable
parameters normal

Considerable information comes from studies 1 other
than Western countries (Table A3AIN) 1f these values
for blood cholesterol be cotrect as there 1s little Teason to
doubt the normal Tange 15 120 to 160 mg per cent
Iigher values may be ascribed to dietary nfluences or
their cone That and an mncreasing

standard of lving may affect blood Lipids was well shown
by Toor ¢t al m therr study of recent immigrants to Israel
compared to immigrants living 20 years or more n that
country (338) (Table XL)

In Table XLI are shown some wide variations in total
cholesterol and other lipids 1n blood done by amalyuc
methods which are considered quute accurate from various
Western countries The vamations are unexplained Page
et al tned to cheek the difierences between their analyses
done 1n New York (339) and Boyd s done in Ontano (340)
they state  our results for cholesterol determuned 1n the
presence of the other lipids are likely to be low rather than
high For the fact that our normal cholesterol values range
50 much higher than those of Boyd (in Ontario) and of
Gardner and Gamnshorough (in England) we therefore
lack an explanation We can find no source of error for
our results and none 15 obvious for theirs” Since Royds
normal subjects were taking the standard high far diet
customary m this country (340) 1t 13 possible that an en
vironmental factor not present in England and Ontanio
but mfuenang levels 1 New York was operating

Effect of Blood Levels of Total Cholesterol Most i
testigators believe that coronary atherosclerosis does not
oceur 1o any appreciable extent when blood cholesterol
¥ low Furthermore some reyversal of atheromata 15 1n
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acid esters of cholesterol regardiess of the length of the
carbon 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
ency was for 1t 1o fall (Table XLI1) Surpnsingly enough
the sodine numbers of blood lipids was found to be much
tugher 1n Chinese (8) than i Amencan pauents (Table
XKLL probably a seflecion 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-
Testerol These are complicating parameters whose sig
mficance 15 unclear Their relations are shown 1 Table
XLIV heye has sud At the present tme (1901} 1 1s
enurely unjustified to atnbute to G measurements any
special virtues beyond that for sumple cholesterol measure
ments for the prediction of atherosclerosts or the estyma
E;c::c of the activity of the atherosclerouc process  (351)
d\mg::s:i 1;?°Pr°‘cm 1ts solability and ats physical
e however may have atherogenic properties

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

do something to the process durectly o
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ferred an pauents dying of debihtating discases (341) with
depressed blood lipids In the monkey, both sitamin B,
deficiency and elevated blood cholesterol are necessary to
induce atheromata, levels are gher m deficent than m
normil monkeys fed cholesterot ($24) Swnce not ounly
cholesterol, but other suspended particles wilt fileer
through mtact innuma (342, $43), the blood level 1s the
obvious fctor in determiming whether or nat this sterol
1s deposited 1n the lesions There 15 no evidence at present,
however, to mmplicate vitammn B, in the synthesis of
cholesterol

The deposits m the aortc plaques are mamly estenfied
cholesterol (316, 344 347) Schoenheimer found that there
was a steady wncrease with age of both free and cholesterol
ester extractible from the aorta as atherosclerosis de
veloped The proportion of free cholesterol to bound
cholesterol, however was relatrvely constant (225 to 319
per centy showing no age trend, while cholesterol ester
calculated s oleate trpled at older ages with advanced
lesions In other words although the aortas contaned more
extractable fat, the cholesterol esters i atheromatous
aortas were relatnely greatly increased Most of the esters
were oleate palmitite and stearate, with small amounts of
umdentified unsaturated fatty aad esters There was also
a marked ncrese n aorbe phosphorus and lecithn with
atheromata and a decrease 1n free hexosamne (433)

The Nature of Cholesterol Esters Cholesterol 1s a very
mcoluble substance how 1l of 1t 15 transported 1n blood
15 not known but most 15 carried by lipoprotens Esters
of stearate palmitate and oleate are found 1 human blood
and tissues (348) Cholestero] linofeate 15 constderably
mote soluble and hinolenate much more soluble than 15
the stearate ester Solubility n tissues and nssue fluds
may be of considerable importance Although all fatty
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acd esters of cholesterol segardless of the length of the
carbon chamn melt at higher than body temperatures the
lowest 1s for oleate (44 5°G) and linoleate {42°C) com
pare stearate (82 5°C) and palmitate (90°C) (348) There
fore vamations 1n solubiity and meinng pownt may de
termme depostion of these esters an the lesions Solu
ikitees of the cholesterol esters of f-lipop belteved
to be of atherogenic ymportance (350) are not known
Since pynidoxal 15 concerned with hepauc desaturation
of di and tn unsaturated fatty acids to tetra and hexa
forms (339) this coenzyme could nfluence the type of
ester Expenments 1 our laboratories however have
farled to show that vitamint B, rasses the 10dine number of
plasma hipids when given for a week or 10 days the tend
ency was for 1t to fall (Table XLIT) Surpriungly enough
the rodine nurbers of blood liptds was found to be much
higher 1n Chinese (8) than in Amenican patients (Table
\LIIf) probably a reflection of therr ugh unsaturated

fatty 2a1d diets
Other Lipid Substances We have not conndered the
phospholipids of plasma nor the chylomicrons contaiming
neutral far nor the hipoproten fractions which carry cho-
lesteral These are complicaung parameters whose sig
mficance 13 uncleasr Their relattans are shown 1n Table
LIV heys has sud At the present time {1901) 5t 15
entirely umustified to attnbute to G measurements any
specual virtues beyond that for symple cholesterol measure
ments far the predicuon of atherosclerosis oy the estyma
uon of the actnaty of the atherosclerotic process  {351)
The type of lipoprotemn 1ts solubihity and 1ts physieal
‘Th:ml@[nstls however may hase atherogeme propernes
b!o;s; b ;rge ;;lolcc?les transport lipids and steroids
P a‘:) erclore an increase 1n glipoproteins may
cthung to the process directly or andurectly but ar
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TABLE XLIV

CoxMpaRIsoN OF DLSIGNATIONS OF L1parroTEINS SEPARATED
BY Various TECHNICS®

Cohn
Ultracentrifuge Electra Method Barr;us:
phorests Fracton 19 | & £9¢¢
Soltent Denssty
1063 121
{Gofman | (Lewis Green &
etal) Page)
Symbol
St ~Sin
20-100+ >70
10-20 40-70
SRS,
3-8 25-40 Beta Globulin | ¥ 111 c
1-3 20-25 Atpha—2
2-8 Alpha—1 ‘ v vVl [ A

Note that the use of a solvent density of 1063 does not permut ajpha 1
hipoprotein to undergo flotation It 1s not certain which Cohg fraction €0t
tains the lipoprotein 1dentified ultracentnfugally as alpha 2

* From Furman (352)

best, these molecules are secondary invaders or cartiers
and probably are not as directly concerned with patho-
genesis as 13 cholesterol and 1ts synthesis 1f the total
amount of cholesterol to be carried were low there would
be httle or none to be deposited The nature of the fatty
acds 1n phospholipids 1lso may be more 1mportant 1
atherogenesss than the total quantity We must go deeper
1nto first causes than a consideration of carrier components
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11 the blood What they are and what they ate made of 18
catest 1mportance

OE';'Teglrnpo;srom:s carry steroid hormones cholcste'mcl1
and sts esters, carotene of viamin A a tocopherol an
acetal lipid (contaming hydroxyl groups) (352 303 387)
Most (75 per cent) of the free cholesterol sn serum 1510
the ghipoprotemn fracuon as 15 the estenfied fraction (73
per cent) whle less (55 per cent) of the phosphorus 13 1
this fraction Barr found somewhat lower values mn §-
lipoprotesns (354 355) Thus nerease 1n the cholesterol
phospholipid ratio pected to be of atherog ng
mificance means 1n terms of hipoproteins that with rela
tuvely less phospholiprd than chol 1 the -hipop
fraction will be increased i the proportion of 1135
Gofman finds that particles of the S¢ 1020 classes have
weight ratios of cholesterol to phospholipid as high as
113(326)

Exogenous Cholesterol There 1s no evidence that a

diet ¢ bl 1 (up to

. of chol
10 Gm per day or the equvalent of four eggs) nfluences
the level of blood cholesterol (357) Feeding healthy vol
unieers (3a8) or patients (359) up ta ten times that amount
causes wsignificant changes in plasma levels * Actually at
200 mg per 100 ml blood there 1s about 8 Gm i ar
culation with an additional 3 10 4 Gm 1n kver and a con
siderable amount m other tissues While exogenous cho-
lesterol probably lide aftects plasma levels 1n man the
reverse 1e  Testnetng the dietary intake to very low
values does decrease plasma levels since al] dietary cho-
festerol 15 contained m fatty foods which therefore need
Tt is possble to Block some
et by s ot 5 et o e o T

astna chalestesol
\l’mm P erol however 38 enber insigmibicant, or sigmicant 10 a very
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TABLE XL1V

COMPARISON OF DESIGNATIONS OF LIPOPROTEINS SEPARATED
By Vartous Tecnnics®

Ultracentrsfuge 5;::‘:’ F’;%;‘Z‘:dm Bg%ﬁ:”
Solvent Denssty
1063 121
(Gofman | (Lewss Green &
etal) Page)
Symbol
St ~Sin
20~-100+ >70
10-20 40-70
3-8 25-40 Beta Globulin | T UI c
1-3 20-25 Alpha—~2
2-8 Alpha—1 wvvl A

Note that the use of a solvent density of 1 063 does not permit alpha 1
Iipoproten to undergo flotation It ts not certam which Cohn fraction con
tans the lipop! dentified ult: fugallv as alpha 2

* From Furman (352)

best these molecules are secondary invaders Or carficrs
and probably are not as directly concetned with patho-
genesis as s cholesterol and its synthesis IE the total
amount of cholesterol to be carried were low there would
be little or none to be deposited The nature of the fatty
acids 1n phospholipids also may be more ymportant 1n
atherogenesis than the total quantity We must go deeper
1nto first causes than a consideration of carrier components
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usually contain unsaturated fatty acids This 15 not true of
fish ols whuch must be largely unsaturated or short chan
because of the low melting point essential for mobihity of
the ammal at low temperatures Actually fish fat contains
several very long chan unsaturated faty acds

"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
housewives do not like to buy 1t the melting powt 15 low
2) For many years segetable fats (unsaturated) have been
commercially hardened often by a copper or meckel cata
Iyst m order to provide shortemngs or margarine which
are solid at room ures 3y The ¢ ption 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 their tissues part of the fat in
gested This has heen demonstrated 1n all mammals but
man Pigs fed very long chain high melting point fatty
aads may crack in the cold Unnatural fats (odd numbered
carbon atoms ot optical 1somers of natural fats) can be
recovered from the bodies of antmals to which they are
fed 1 amounts from 10 to 25 per cent (348)

2 Cholesterol esters can be formed of the type of fat
m the diet Thus steanc or even unnatura]

euers of cholesterol can be recovered w, en a specific fa
este: m be vered wh
&) 2 specific fat

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

Type of Fat Ingested The weight of evidence 1t present
1s 1n favor of the idea that a diet high 1n fats of animal
origmn 1s atherogenuc, while diets contatning adequate but
relatively smaller amounts of vegeable fat are not Al
though there are many types of fat 1 both animal and
vegetable sources, the number 1s somewhat Jimited by the
digestibility of the fats with higher melting pownts Natural
fats contamn an even number of carbon atoms and are
usually found as triglycendes, the lengths of the chams
vary from 4 to 24 Some are saturated, some contain one,
two three or four unsaturated ethylene linkages Ob
viously an enormous number of possible combnations
can occur fortumately, m nature they do not (Table
ALIVY

The melting pomts of the saturated fatty acids are
directly proportional to the length of the carbon chain
short cham acids bemng hqud (348) Lqual length un
saturated acids have lower melung pomts Solubihities
are directly related the saturated acids being less soluble
1 water and alcohol Furthermore, the specific gravities
of saturated fatty acids are Jower than therr unsiturated
refatives

Insofar as 1s Rnown there 1s no difference between
glyceryl trstearate obtaned from anmal sources and that
derived from vegetable the fatty acids are dentical Fully
hydrogenated hinolenic acid becomes stearic acid What
then are the differences? Unless vegetable oils contain
some esoteric product which counteracts the atherogenic
influence of amimal fats we must look to the composition
of the fats themselves In general anmmal fats have more
saturated fatty acids than vegetable fats while the latter
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uswally comtasm unsaturated fasty acds Ths 15 not true of
fsh orls which must be largely unsaturated or short chatn
because of the low melting point essential for mobihty of
the ammal at dow temperatures Actually fich fat contains
several very long chamn unsaturated fatty acids

“There are three habuts argely common to the US A
and some European tountnes which tend 10 tane the
dretary wmtake of saturated fats (202 $48 360) 1) Swce
1920 ammals fattened for slaughter have been fed high
crbohydrate diets 1n order 10 Yay down a hard far Meat
from anumals eating unsaturated vegetable fats 1s oily and
housewises do not hike to buy 1t the melung pornt 1s low
2) Yor many years vegetable fats {unsaturated) have been
commercially hardened often by a copper or mickel cata
Iyst in order to provide shortenings or marganne which
ate solid at Toom ures 3) The ¢ ption of
mik butter and cheese has mcreased mull, fats conmtan
shorter chain saturated fatty acids and are beheved to be
atherogeme (306)

Relatzon of Dhetary Fats to Cholesterol Why does an
excessne ntake of hard or saturated fats cause athero-
sclerosis® The following anformation 15 known

1 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 fatty
actds may crack 1n the cold Unnatura) fass {odd numbered
catbon atoms or optical 1soters of natural fats) can be
Tecovered from the bodies of amimals to which they are
fed m amounts from 10 to 2 per cent {348)

2 Cholesterol esters can be formed of the type of fat
\n‘ the diet Thus steanc or even nnnatural fatty aad
:z ;:; (t; sc)holuteml n be recovered when a specific fat

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

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

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

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

2CH,CO0H  CH,COCH.COOH CH,
- -

Aretic Acetoacetic H}C CH.COOH
od Aad 7/
RN
COOH
3 Hydroxy 3 Methyl
élu taric Acd
E UNKNOWN
- \CSC-—-C — INTERMEDIATES — SQUALENE
C/ [Terpenes?}
UNKNOWN y ESTENOL
~ INTERMEDIATES —  pe Y BROCHOLESTEROL
— CHOLESTEROL
Fic 19 Possible path of chol h Entirely hypoth

! Y
In Fat
cal intermediates are enclosed in brackets (From Langdon
Metabolsm, V A Nagjar ed. Baltumore Johns Hopkins Press 194}
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TABLE XLV
.
Couposttions OF Cory COTTONSEED OuvE Ons A\p BUTTER

Corn Cottonseed  Olire Butler

e

Todine number 103-129  90-110 7:_—19;) gﬁsj
ds (%) 12-18 21-32

%&:!!d rots O 21-49 19-36 6426 2811

Lincleate 3461 34-56 413 R

Lwclenate 029 L] g M

Arachidonate 0 0 - ’

Squalene (mg %) 28 I3 5 0

Ergosterol + 4+

Sitosterol + + 0

Stigmasterol 4‘- s

Rate of enzymic bydrolysis

Tocopherol (mg %) 87-250  83-110 3-30

* After Deuel (338) and Eckey ($47) Conteats vary with cimate soil
and see

cholesterol has been shown to be squalene a hydrocarbon
with six double bonds having the empiuncal formula
CyHu (362) Squalene 1s found m the unsapomfiable
fraction of several but not all fish oils and only one plant
ol oline ol (041054 per cent) Other vegetable oils
contain only very small amounts (peanut o1l 0 07 per cent)
Animals fed labelled squal ynth 1 50
umes as eficiently as when given labelled acetate (362)
Squalene 1s not converted to fatty acids as 1s acetate An
other precursor of cholesterol 1 provitamin D, or 7-dehy
drochalesterol widespread n f00ds but 1 small quantities
Effect of Vanous Fats on Blood Cholesterol Levels in
Man One can gain some information on the relatianship
of the type of fat ingested to the level of cholesterol in
plasma by human expenments 1 which chetary fat was
markedly imcreased (Table XLVI) If these Tesults are
valid an examunation of the table points at once to specific
dietary factors or the Jack of them which alter cholesterol

chol
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TABLE XLVI
DIETARY FACTORS ALTERING PLASMA CHOLESTEROL Iv Man®

Factors Causing Increased Levels Factors Causing Decreased Letels
High fat intake Low fat intake (386}
Starvation Scurvy
Low carhohjy drate intake Vegetable fat (Diabetics)
Vitamin B deficiency Soy bean o1l (446)
Vitamun B, deficiency (monkey) Sunflower seed o1l (448)
Olive ol Nuts (363 365)
Cottonseed o1l Corn o1l (367 368)
Butter (368) Bram extract (366)

No change caused by
Obesity
Cholesterol intake (357)
(moderate)

* After Deuel (360) and others

levels m man Vitamin B deficiency starvation low car
bohydrate mtake lugh fat ntake olive and cottonseed
oils and butter move cholesterol values in the same direc
trofn, up while specific factors appear among those re
ducing 1t Because corn and olive otls act oppositely we
must look to differences m content of specific factors 1
these two fats

The outstanding difference appears 1n the hnolenc
content which 1s absent 1n olive and cottonseed oils* and
1s present to the amount of 0 6 per cent of corn ol This
essential fatty acid 1s not found m butcer unless 1t 1s fed
to the cow 1t was present m one sample of American
human fat and serum (348) (posstbly influenced by diet)
but was not found in one German (348) 1s m some lect
thins and cannot be synthesized by the anumal (Table

* Oyls may vary n ther atherogenic properties possibly because of vart
ations i essential fatty acd (linolenate?) content (440) Olve il consumed
1 Spain 15 usually adulterated with soy ol
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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 Linelentc 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
The cholesterol lowe;

sprte of these farg
cholestero} 3¢ fell
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contams arachidonic acid also has been reported to lower
cholesterol (366) The common denominator of the effects
of these various conflicting dat1 appears to be 1n the trt
or tetriethenord acids simular to Jinolenic and arachidonic
(367 369) (Table ALVIIT)

TABLE XLVIH
Foops CONTAINING LINOLEIC LINOLENIC AND ARACHIDONIC ACIDS®

Lanolere Lsnolente Arachidonrc
(C, 2 double (Cua 3 double (Cro 4 double
onds) bonds) donds)
Egg yolk leasthin + 04 +
Brain lectthin 0 0 +
Braia cephala o +
Laver lecaithin 0 0 +
Pig fat + 0 219
Butter fat 364 5% Fadd +
Fowl fat 213% o +
Fish 10+ % + +
Soy bean lecithin + + 0
Phosphatidic acids -+ + 0
Walnut ol 3% 3-89, 0
Beechnut o1l 38% 0 4-2 9% 0
Soy bean 52 0% 239 0
Alaltz &7 5% 20 8% ¢

* After Deue] (348)
} Only when fed to hens
** Only when fed to cons

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

® The practice of fasting by some religrous groups dunng one day a
week and the Lenten season may have Jogic in terms of essenual fatty aad
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pyndoxal and Trace Metals The amount of vitarmin Bs
1n the dies has 2 definute influence on essenual fatty acd
metabolssm 10 ammals Vitamun B, deficiency and essén
taal fatty acid deficiency i rats sesemble each other grossly
and each factor will partly allesaate the other There ave
however fundamental dafferences in enzymes i the two

TABLE XLIX

Couranson of Essenmat Farty Acto avo Pymioxoe
Denctenctes ™ Ras (384)

Essentse}
Furctyn Organ Fanty Pynidoxsne
Aud
Respiration. Laver Increased
Cytochrome oxidase Laver Tneseased Increased
Sucanc erdase Laver No Change  No Charge
Phesphate estenfication Laver Decreased Decreased
Glutanue dehydrogenase Liver Decreased Decreased
Butyne dehydrovenase Laver Decreased No Change
Suctimc dehydrogenase Liver Decreased No Change
Glutamie decarboxylase Bran - Decressed
Arachidomc synthesis Carcass Decreased Decreacd
Texaenoic synthesss Carcass Decreased Decrensed
Graneate vxdation Carcass - Decreased

conditsons (Table XLI\) Apparently vitamn B, 1s essen

ual for & g partly d fauy acds such as
moleic further to synthesize arachidonic and  metab-
ohnng hnolenic to hexaenoic 20ids Lanoleic s a precursor
of had and linol of the } acds (349)

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

#ian Orthodox Church eat nothung of amimal ongin durnng Lent Advent
and on Wednesdays and Fridays and use ods Zegh s fmofenie and Roman
Cacholics by custom supply themselves with adequate essential fatty ands

o0 ¥ndayy and dunng Lear but do not restner
e e e 10t other anjmal fats Moham

Yawy duning Ramadan In terms of de
bptd thexe religons hatiy probak savpaly
oot e s Probatily do no harm 1n maimaiming or re

numa,
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In deficiency of this coenzyme, liver fat becomes more
saturated (370)

Snell believes that vitamin B, as a coenzyme contans a
metal for acuwity (215) If so, the interrelattonships are
obvious although whether or not such a metalloenzyme
acts 1n the fatty acid cycle 15 not known The only one of
these enzymes containing a metal 15 acyl Co enzyme A de
hydrogenase which uses copper

Some further nformition may be obtamed by the use
of metal binding and chelating agents n lowering blood
cholesterol  Calctum disodium ethylenediarmume tetraace
tate (EDTA) 15 a good cholesterolytic agent an man (Figs
20 21) sometimes lowermg values to the Indian  normal
(180, 371, 372) In rabbuts (373) and rats (374) fed cho-
lesterol however, 1z raises blood levels above the controls
and 1n rabbits but not mn rats 1t prevents deposition of
this lipid 1n the Iiner Because EDTA 15 not metabolized
1n the body and diffuses reachly (250) 1ts sparing effect on
hver but not on blood levels must be related to removal
of one or more trace metals EDTA also raises Itpid syn
thesis by rat Iiver while another agent 8 hydroxquinolme
lessens 1t (375) EDTA causes marked loss of subcutaneons
and depot fat (376) suggesting that a metal 15 mvolved m
fat metabolism and synthesis Hydralazine another metal
binding agent also lowers cholesterol i man (180) (Fig
22

)Comment These mdirect but guite suggestsie data are
provocative of thought when viewed 1n pathogenetic and
therapeutic terms Obviously normal cholesterof levels
are lower in some countrres than 1n others usually m
those less touched by Western Crilization IE we could
teduce our own to these normal talues by mterfering
with the processes which raise them to abnormal levels
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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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we would expect hitle ot no atherosclerosis especially of
Our CoTonary arteries

There appears to be something In certain but not all
segetable fats which lowers blood cholesterol markedly 1n
man while animal 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 1E that 1s so Europeans
and Amencans may be suffering from a relanve essential
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diabetes controlled on 45 units of wnsulin a day worsened to the
pomt that 1t needed 55 units possibly a result of pancreatic loss of

une (From Perry

H M Jr and Schroeder, H A J Chromic Dis,

2520 1955} A M Hydralazine gisen 1n small doses appeared to
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Inumal Injury due to Tncreased Saturated
X %) Viamun B defiaency over Unsaturated ood
b) Excessine hypertension ) Fauty aad esters of X Bl = Atheroseterosls
©) 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 vitarun B, deficiency and its possible
relation to trace metals has already been discussed The
plasma hipids under ¢ 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
wnseluble 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 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 actds 1n function
g tissue (brain and hiver)

Effect of Sex For some unk Teason 1
Women are quite smmune from cotonary atherosclerons
The disorder howeser becomes as frequent in women
Pause as in men Corona;
normotensive menstruating  woman w?, 0;;1::{1 “:;
tremely rare although cases are now aj y
&ree of aortic atherosclero, P s e de

s13 however shows lutle sex
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fatty ncid deficiency There may be very litle Jmoleme
1cid 1 the Amernican diet Pynidoxal 15 concerned with
the utilizatton of essential fatty acids and a defictency of
one may enhance a deficiency of the other Furthermore,
trace metals can be mvolved since they affect fat synthesis
and may be concerned m vitamun B, enzymes although
their role 15 possibly of only secondary importance
The differental effects of metal chelating agents must
be expluned( Let us assume that 1n the livers of human
beings there 1s a metal (chromium, for example) which
stimulates the formation of cholesterol and fatty acids
orametal (copper for example) which depresses catabolism
of Iipids, 1n additton to the normal metal (manganese
for eximple) EDTA because of ats lugher 2ffinicy for the
abnormal metal removes 1t allowing synthesis to revert
from an accelerated to @ normal_rite or catabolsm to
ruse 1tself to normal In the 1nmmal fed cholesterol how
ever there 1s no abnormal metal affecting synthesis there
fore the normal one 1s removed In that event the synthesis
of cholesterol in Irver might be lowered or catabohsm
rased preventing rccumulation of endogenous cholesterol
m liser but allowing exogenous cholesterol to remun 1
the blood The latter would be the case 1f storige and
synthesis were relited The differenuial effects of EDTA
and 8 hydroxyquinohne m the rat can be esplamed by
different affinitries of the two substances for metals the
former bung the stronger chelating 1gent That two an
tagonistic metals may nfluence n enzyme system s well
Lnown for actomyosin (Mg and C2) wd has been proposed
by the Bernheumns for hpid metabolism (Mn and V) (274)
These various factors can be subsututed in Friedmans
schema to include a more defimitive but much more hy

pothetical one



Mechanisms in Atherosclerosts 237

fuctations can occur (377) A pessistently fugh level 18
atherogemc a2 momentary low 1evel may not reflect the
true state of affairs 1 terms of mtimal exposure ‘There
are conflictng opimons and data but the opposing views
can be Tesohved by that a) chol 1 levels
fuctuate and unless consistently elevated values may be
meanmgless 2) when a patient 18 sich the levels fall
3) the full lesions of atherosclerosis develop only after
longed constant or t } hol

hyp oler

: In this chapter we bave spoken of trace metal 1mbal
ances conditioned witamun By deficiencies and essential
faity and deficencies We have emphasired that these
deficiencies are relative condiuoned and local to ohe 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 administration 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 stmultaneously 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 15 known The ab-
normally gh cholesterol levels 1n blood should be Te
duced by dietary influences and chelating agents of pos
sible Elevated dsastolic pressure should be controlled at
normotensive levels Under these condstions some Te

absorption of plaques which
ot Plaques which are not too scarred might he
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difference (855) These differences cannot be explained by
grass differences 1 plasma lipids, cholesterol or phospho-
hipids but lower concentrations of beta lipoprotetns higher
ones of alpha ipoproteins and lower atherogenic ultra
centrifugal lipoproteins are found in women The admin
istration of estrogens to men alters these values to those
of healthy young women, while methyl testosterone acts
n the opposite direction Estrogen shifts an apprecable

amount of cholesterol caried by beta hipoproteins 1m0
alpha lipaprotemns while testosterone does the opposite
The same sex immunity to coronary diséase s found n
chickens Although estrogen 1s carried m blood by lipopo
tems this phenomenon 1s unexplained on a mass action
basts by the small amounts admmstered

Clearing Factor Heparin will _clear _hpemic serum
both 11 viwo_ and sn vitro {444) Apparently this anticoagt
Iant alters the physicochemical structure of chylomicra so
that they become soluble These large fat filled partcles
carry almost all dietary cholesterol The rates of clearing
are faster in young women than 1n men and slower m the
aged Therr relations to atherosclerosis are not known

CLINICAL IMPLICATIONS

At present there are ses eral available methods for lower
mg blood cholesterol mn man Because the pathogenests
of atherosclerosis 1s a mult1 valent one the process must
be attacked at dufferent levels Obtaming a permanently
lowered cholesterol level in blood might allow cesfation
of the deposition of cholesterol in plaques with probably
some absorption 1n the presence of an altered gradient
between plaque and plasma Practical methods will be dis
cussed m Chapter IX

‘What the level 1s at any one instant of a hfetime of ex
posure to atherosclerosis 1s relatively ummportant Wide
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3 Yschema due to orgame 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 mamn
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 st or has not If he has severity vanies widely from
shight to marked Therapy should be applied when both
panent and physiian want to control the disease If
therapy 18 not applied the responsibility rests on the

physician that the dusease 15 not doing or gong to do
harm

EVALUATION OF PATIENT FOR DRUG THERAPY
N The first question to be answered 15 Has the 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 Telaxation 1t sy
geststhe prehypertensive state ¢

The
R second guesuon 15 How severe or sustained 1s the



Chapter VHI

PRACTICAL METHODS FOR MODERN
THERAPY OF HYPERTENSION

INTRODUCTION

ON THE BASIS of the various hypotheses and findings
outlined m previous chapters and using the potent
drugs discussed a practical method of controlling excessive
vasospasm m man can be outhned and the therapeutic
Iimats of a long term regimen can be predicted While the
use of this regimen requires care and precautionary meas
ures, 1t 35 no more difficult n fact much less so than 15
the comrol of diabetes melhtus Some simple but basic
rules need be kept mn mund, which any practitioner of
medicine can follow The results are often hife saving m
severe cases

General Rules | Vasospasm alone 15 being treated In
no case are the results of atherosclerosis (coronary and
cercbral artertal narrowing the loss of aortc elasticity,
renal arteriosclerosts) being reversed as far as we Anov,
although there may be slow changes with time Therefore
the most strihing results will be seen i cases where the
effects of vasospasm are the greatest (hypertenstve heart
farlure cerebra} edema), and the poorest m cases where
the effects of atherosclerosis are the most advanced

2 In all cases where two different factors are con
tributing to the generalized vasospasm two dsfferently
acting drugs must be used When only one factor 18 operat
1ng, only one drug 15 necessary In severe hypertension two
factors almost alnays are functioming

288
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primary otganic renal diseases adrenal dysfuncuion or
e

Em:;:m:‘:ijaough workup evaluation of the cardic
status requires a study of the symptoms electrocardio-
graplic traang for left vemtricular hypertrophy stramn
patterns or old ryocardial infarcuion and yoentgen of
Auoroicopic exammation of the heart In actual practice
only signs of 2 previous coronary occlusion are important
indications for cautious therapy but physicians ate often
granfied to watch enlarged hearts slowly ‘become smaller
and 2bnormal elecirocardiographic tracings vevert ta nor
mal under continuous therapy

Renal status 1s evaluated most eastly by routine un
nalysis and the mtravenous mjection of phenol Ted (PSP)
with unne s Y d 15 30 and 60 after
mgection The test 15 amaple 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 {Reabsorptson of PSP by bladder
wall has not been ruled out) Adequate hydranon s es.
sentral {or accurate values The urnary concentration test
is mmpractical on an outpatient basis owing to difficulties
m resticting the amount of dietary water If the 13-

runute PSP excretion 19 less than 10 10 35 per cent azo-
termia may be suspected

Retinoscopy 15 essential m al} cases The appearance
of exudative or hemorrhagic retimtzs 15 often 2 Ppoor prog
nostic sign making wreatment mandatory "The best method
for grading fundal changes 1 thay of heth and Wagener

“fn 2 senes of 39 mediea) students pagred for the test with bladder
STPIY the I5munute excreuon was 3»5 per cent with badder full, 309
E«nt The x;;m:) values with bladder initially empty were | munutes

Per cent 30 manwrer 202

vt Pe¥ tent 60 munates 17 per cent with a
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hypertension now? This can be answered only by repeated
measurements of blood pressure sometimes complete bed
Test 1s necessary to rule out emotionally induced vasospasm
The examining phystcian must be aware of the mano
metric reflex, ’ a psychosomatc response by vasospasm to
the wrapping of the cuff about the arm (4) He also must
keep 1 mind the wide spontaneous vanations of blood
pressure sometimes seen 1n hypertensive mdividuals (388
37, 36)

The third question 1s How much harm, if any, 1s hy
pertenston doing or has st done? This can be answered
marnly by physical exammauons and simple laboratory
tests, bearsng 1n mind the sharp division of what changes
are atherosclerotic and what are the results of overwork
and vasospasm Systolic hypertension 1s not caused by
vasospasm but by hard artertes or ynereased cardiac out
put, cerebral thrombosis and coronary occlusion are not
directly hypertensive in ongm

The fourth question 15 How rapidly 1s 1t progressing?
An accurate history and clinical judgment supplies the
answer, often only after many examinations

Office Practice While partinl answers to these questions
can be obtained m office practice one can do better by
a hosprtal work up (400)

The date of onset of hypertension should be determined
if possible in order to get an 1dea of the rate of progres
sion The date of discovery may be less important The
effects of hypertension can be evaluated by mquiry mto
the cardrac status, dyspnea being the earliest symptom of
msufficiency and renal status by polyuna and nocturia
The approach to the patient 1s divided mnto three parts
a) estumation of the rate of progression b) estrimate of the
present status m terms of secondary organic damage and
) snquiry mte possible defimite etiologic factors such as
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5 External compresston of the renal artery
a Tumors of the pedicle®
b Aneurysms®
6 Diminunon of the calibre of the renal artenies
a Congemtal malformations hypoplasia®
b Atherosclerosis, with atheroma of the mamn renal
artery (common)®
7 Disorders of the uninary tract
a. Obstructive dusorders
(1) Lithuasis®
(2) Hydronephrosts {usually infected)®
(3) Pyonephrosis
(4) Congenital malformations®
(5) Prostauic hypertrophy*
(6) Utenine prolapse
(7) Pelvic tumors (fibromyomata)®
b Pyelonephnus (common)®
8 Venous obstruction
2 External compression of renal vein
b Congestive heart failure*

The following 1ntrarenal diseases must be considered
1 Inflammatory vascular lesions
a D d lupus erytt
b Polyartenius nodosa®
¢. Syphhs
d Thromboanguus obliterans
2 Inflammatory renal lesions
a Glomerulonephnus®

The following endocnne diseases can wfuence hyper

tension

1 Hypophyseal tumors and hyperfunction®

2 Adrenal cortical and medullary tumors and hyper
plasia®
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(389), mn simplest terms 1t means Grade I, spasm, Grade
11, spasm and sclerosis Grade III, spasm and hemorrhage
and/or exudate, Grade IV, spasm, hemorrhage andjor
exudate plus papslledema Cases between grades are nat
urally encountered
The lability of the blood pressure can be tested by
gving  tetra ethylammonum chloride (Etamon) intra
venously, thus blocking sympathetic gangha This drug 1s
not to be given 1n states of renal insufficiency excreted by
the hidney, 1t may be retained and the patient may suffer
from postural hypotension for several hours
Intravenous pyelography and repeated cultures of the
urine are essential for revealing the presence of chronic
pyelonephritis 1f active low grade mfection 15 present Esti
mation of the numbers of bactena per ml of urine (colony
count) 1s of more value than merely finding organisms
The following renal condittons usually discovered by
pyelography or aorhic artersography, can influence hyper
tenston unfavorably by adding a renal factor to a neuro-
genic one The list was modified from that of Braun
Menendez et al (148, 393, 394)
1 Reduction of renal parenchyma
a Polycystic hidneys*
b Renal tumors (rare)
¢ Hydaud cyst of kidney (rare)
d Traumauc lesions*
e Hypoplasia*
Perinephritis, healed*
Complete obstruction of main artery or branch®
a Thrombosis and atheromata of the renal artery
b Emboh to the renal artery clot or cholesterol*
Intermittent occlusion of the renal artery
a Renal ptosis*

L)

S

® Personally observed
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EVALUATION OF GENERALIZED VASOSPASM
IN HYPERTENSIVE STATES

Tt 15 of hittle more than acadermic InteTest \xhal: the u:
derlying pathogenetic factors in a state of severe ypmtbe
ston may be extept when chromec pyelonephntiy can
treated with anubiotics {often with hutle success) or 1¢
currences of glomerulonephntis prevenied by '.mnb\uilm
designed 1o abort upper respiratory tract infections Italso
matters Little what the type of renal discase contributing
to the vasospasm may be pyelonephritis glomerulonephr:
s secondary arteriolar nephrosclerosis or even polycysuc
disease What do matter are the relative influences of neu
rogenic nephrogenic or adrenocortical factors n causing
the vasospasm for the Telative amounts of different drugs
sequired will diffier according to the amaunt of renal
sschemia present Therefore 1t 15 a good plan to group
cases according to several stages of the disease dependent
upion the amount of vasospasm one finds and 1its lability

The degree of lability of the vasospasm 1s the factor
which determines these stages Comphcauons such as
cerebral vascular acaident and coronary artenal occlusion
€an becur mn any stage mild severe Or normotensive as
they are caused not directly by vasospasm but by an asso-
cated disease atherosclesosss The faet that this other
disease can be influenced by the sev ety of the hyperten

Sion 1e the vasospasm has ltttle to do with therapeutic
auned at s Theref,

classifications
based partly upon atherosclesouc damage are \ahd for

Purposes other than the chorce of drugs or procedures
such as prognostic implications and for surgical nisk One
would not use the most potent drugs s a patient with
fhemplegia or congestve heart farture who extubited
severe atherosclerosis and mild hypertension  one would
use them however 1 a patient with severe but asympra-
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3 Ovaran tumors*

4 Toxemn of pregnancy*

5 Tesucular tumors with hyperfunction*
The followsng nervous lesions can contnbute to hyper
tenston

I Certain tumors of brain*

2 Anuety states*

3 Expanding mflammatory lesions*

4 Cerebral vascular lesions*

Hospital Patients For further evaluation, the patient
should be examined 1n hospital both for the purpose of
determiming the labilsty of blood pressure and for mitiat
ing treatment with ganghonic bloching agents Blood
pressure 15 measured every 4 hours by the nurses and 1
charted The sodum amytal release test 1s performed
(02 Gm sodimum amytal given each hour for 3 hours,
blood pressure being measured hourly during the mght)
The ability of the kidneys to concentrate urne also can
be measured by giving the patient a dry diet and no flunds
for 12 18 or 24 hours the last specimen shows the maximal
speaific gravity corrected for protemuna or glycosuna

The obvious disorders causing true or false hypertension
must be ruled out before starting therapy Pheochromo-
cytoma 1s a rare disease requiring a high index of suspt
ciom, 1t can be suspected by using phentolamme (Regitine)
ntravenously without prior sedation Regiune can cause
acute hypotension and renal shut down m azotemic states
Measurement of catechol ammunes i urtne either by bioas
say (390) or chemical determnation, 1s a specialized pro
cedure done only 1n a few medical centers Coarctation of
the aorta 15 unusual palpation of the femoral arteries or
abdominal aorta will usually show s presence as will
roentgenograms of the nb cage
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Sertous secondary atherosclerotc complications may or
may not be present 1f 0 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 sesere 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
}lydmlaunf (500 ™g or mote per day) are essential for
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 1regular ganghonic blockade
Therapeutic Tesults are good 95

per cent surviving §
years with considerable eventual reduction 1n dosay
ges 1n

Stage IV corresponds to Pereras
or what 15 more

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

Tee sub-
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matc dristohic hypertension and retimitis without sertous
cardrovascular damage having yet occurred

We define normotension as levels below 140/90 mm
Hg It 15 at this diastolic level that vasospasm becomes
shightly excessive Definitions based on higher diastolic
levels in older age groups pay lip service to the prevalence
of the disease, avoiding realities Actually n the absence
of vasospasm the diastolic pressure falls shghtly as athero-
sclerosis develops whle the systolic rises

Prehypertensive The blood pressure 15 shghtly above
140 mm systolic or 90 mm Hg diastohic at times but falls
with relaxation There are no signs of secondary damage
Chrome pyelonephritts or hydronephrosis, however, may
be found 1n young individuals (891)

Stage I compnises patients with elevated levels of blood
pressure duting a physictan s examimation but normal or
lower levels part of the ime corresponding to carly stages
of Pereras uncomplicated asymptomatic phase (892)
Admission to hospital and frequent measurements by
nurses combined with dagnostic procedures lower them
to normal, often dramatically (400) Renal function 1s
excellent and there are no findings suggestne of secondary
damage Emotional tenston 15 present and continuous
Reserpine will effectively control about half of these cases
in the remainder small doses of Itydralazine (75 to 200 mg
per day) may be necessary We do not advocate the use of
protoveratrine or available blocking agents 1 these ind:
viduals, for thewr wrregulanity and mtermuttency of action
may cause hypotensne symptoms A sery longacung
ganghonie blocking agent however should be effecuve

Stage II comprises patients with elevated levels of blood

pressure at all nmes except under heavy sedation (sodium
amytal) It corresponds partly to Pereras symptomaticun
complicated phase and partly to his complicated phase
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more theoretical benefits of dimiding the dose ot of using
dowly absotbed increments such as are dispensed 10 roMme
modern capsules than there 1510 dading the dose of dign
talis It has been our practice to use 10 mg per day for
1 month Teducng st then to 05 mg and further redueny
1002 or 01 mg stowly of excessnve sedavion appeared
Tt such 2 mald ants hypertensive drug 0 most cases that
1t should not be depended upon 1f signs of cardiovascular
damage are present lts many side effects are histed
Chapter TII nasal congestion being the most prominent
2nd paranoid depresuon with swadal tendencies the
most dangerous Ths latter  side effect  places 1t among
the agents indirectly hazardous to hie the self satsstaction
of a physician ystng, st 1 severe and malignant stages who
1 afrad to employ move patent measures also makes 1t
less directly hazardons At the frst sign o} mcreasng

anxiety ) tension and
agitation 1t should be disconunued for aguated paranod
depression may develop (70 72) In our expenence reser
pine 1s not a very valuable agent for hypertension except
izf‘ ; curious kind of sedative with many side effects (Fig

Reduction 1n dosage. will often allewiate the usual de
pressuve effects ot the agent and may reduge the number
of mightmares but nasal stuffiness can be most ahnoying
Epsstaxis induced by the drug usually necessitates discon
tinvation The tune tested sedanves are the only alterna
tves to replace reserpine if 1t cannat be used

We have seen four patients whose severe hyperiengion
was cured for seve-al months i that all drugs but rese
e were stowly discontinued dunng 2 9 § years Ino ¢
an uleer developed o two ynactne vlocts became a u“e
one having 2 massive hemorrhage and petfaration m\; :‘nct
pancreay teqmnpg pareiat gastrectomy 1 the fourth
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stages {a) early, in which hemorrhagic and exudative ret
InItis 35 present but pot marked (Grade III to 1V) and
renal function 1s reduced but adequate, (b) severe, m
which retmitis 15 advanced (Grade IV) and renal function
15 borderline, and {c) azotemic 1n which nitrogen reten
tion has occurred The diastolic pressure 1s usually 130
mm or more and fixed and albuminuria 1s usually pres
ent Lach substage carries a different proguosts, 3 year
survisals of treated patients being roughly 100 per cent
for (a}, B0 per cent for (b) and 50 per cent for (¢} withot ‘/
frank uremia Ganghomc blockade plus adequate doses
of hydralazine (500 1o 1000 mg per day) are essennal for
reversal of the stage In general control of hypertenston
15 easter to achieve and 1s move even than with patients
n Stage 111, reduction of dosage 1s the rule after 12
18 months except 1n azotemic mdividuals The systohc
pressure can usually be mamtamned at or near foxmer
diastolic levels

SPECIFIC USE OF DRUGS

Use of Reserpine Reserpine 1s given 1n one dose a day
usually at mght (Fig 23) Smce the effect of this drug is
cumulative (although the drug atself 15 not), there are no

ongp
L) ¥
oy
ey X vc}"%
kY dony ooy

YOHIMBINE RESERPINE
Fic 23 Cheoueal structures of Yohunbine and Resexpine according
to Schlititer et al (442)
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mose theorencal benefits of duading the dose or of using
slowlv absorbed increments such as are dispensed 1n some
modern capsules than there 15 1 dimding the dose of dign
talis It hat been our practice to wse 10 mg per day for
1 month reducing 1t then to 0 3 mg ang further reducing
o 025 or 1 g stowly of excessine sedauon appeared
1t 35 <uch 2 Tuld ant hypertensive drug 1n most cases that
1t should not he depended upop 1f signs of cardiovascular
damage are present Jts many side effects are lited 1n
Chapter 1§11 nasal congestion being the most prominent
and parshaid depression with smadal tendencies the
most dangerous This latter mide effect places st among
the agents indirectly hazardous to hfe the self satisfaction
of a physician using 1t in severe and malignant stages who
15 afrard to employ more potent measures also makes 1t
less direetly hazardous At the first sign of increanng

TeT\Ousness amiety nsomma  emottonal tension and
agitation 1t should be d d for d d

P
depression may develop (7072) In our expenence reser
Pifie 1s not a very valuable agent for hypertension except
as a curious kind of sedative with many sde effects (Fig
24y

Reducuon 1 dosage will often allewiase the asual de
pressive effects of the agent and may reduce the number
of mghtmares but nasal stuffiness can be most annoying
Epitavis anduced by the drug usually necessitates discon
unuation "The time tested sedatives ate the only alterna
tites €0 replace yeserpime 1f 3t cannot be nsed

We have seen four panents whose severe hyperienmon
Was cured for several monihs in that alf drugs but reser
Pine were slawly discontinued dunng 2 1o 3 years In one
an wicer developed 1 tmo snacuve ulcers hecame active
one having 2 Massne hemorrhage and perfotation into the
Panciea sequinng partial gastrectomy 1w the fourth
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stages (a) ewrly, i which hemorrhagic and exudatne ret
s 15 present but not marked (Grade I to 1V) and
renal function 1s veduced but adequate, (b) severe,
which retmzus 15 advanced (Grade IV) and renal function
is borderhne, and (c) azotemic, 1n which nitrogen reten
tion has occurred The disstolic pressure 15 usually 130
mm or more and fived and albuminura s usually pres
ent Lach substage carries a dufferent prognoss, 3 year
survivals of treated pauents bemng roughly 100 pex cent
for (a), 80 per cent for (b) and 50 per cent for {c) wathout \/
frank uremia Ganghome blockade plus adequate doses
of hydralazine (500 to 1000 mg per day) are essential for
reversal of the stage In geneml, control of hypertension
15 easier to achieve and 1s more even than with patents
m Stage 111, reduction of dosage 1s the rule after 12 to
18 months except it azotemuc wndiiduals The systohe
pressitre can usually be mamtamed at or near former
diastolic levels

SPECIFIC USE OF DRUGS

Use of Reserpine  Reserpine 15 gnven wn one dose a day,
usually at night (Fig 23) Since the effect of this drug 1s
cumulative {although the drug 1tself 1s ot} there are no

2%
exytios Hy00a:
ot ooy

YOHMBINE RESERPINE

Fsc 23 Chemucal structures of Yohinbine and Reserpme according
to Schhutler et al (442)
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serlous mucous cohtis and proctitis with ulceration and
bleed d and d Because reserpine pro-
duces x:m::c parasympathetic overactvity it may be con
tramdicated 1 such individuals ¢ and complications such
as these must be watched for

Use of Protoveratnne One can begm this agent
doses of 0 2 my three times a day increasing by 02 mg
per dose until nausea or vomuting appears (395) The
dose causing hausea 15 then reduced by 01 or 02 mg
and the others gradually increased to the point of nausea
The emetic eflect appears within an hour after the dose
often sooner Wide swings of blood pressure occur with
a mse at mght This agent cannot be given effectively
every 4 hours as tolerance soon develops only to disap-
pear with a few hours rest To be completely effective

These

stimulate sp 1t p nBuences
ate Blocked fn GRe tomatic Rervous pathway the tympathetic perhaps
excesive outflow through the other the parasympathetic, has led to gastro-
ntestinal disorders The patient 13 determined to develop a psychosomane
disease when we do not allow um (ot usually her) to have one kind he
gets another Reserpine may thus be an accessory euologic agent

been on treatment for 2 years with a fair yesponse hus prewreatment
tevely ranging between 200 and 250 systolic and 130 and 150 mm,
Hg drastolie Congestve heart failure had duappeared without drugs
or dietary restuictions Note the d d take of t

chloride tequired when reserpme was added the average level of
Blood pressure appeared to rise at end of the penod. GC. same
2 $4-yearold man with severe aottue atherosclerous who after 1 yeaz
achicved onlv 2 fair yesponse from imtial levels of 203 to 240 systolic
483 120 o 140 mm. Hg diayiohic. He prelerred to maintam his blood
Pressure at levels hugher than normal and to vary his dose of hydral
;zzdr:; unh: dsastolic p;&iur; was only slightly elevated Note the

m average dail
Plood pretmns whi 'y dosage of both agents withour change

Testrpine 10 mg 2 da 2dded. Control

524 been previously inareased on ewo o s oy ose
ccastons by adequate d

(From Schroeder H A. Am J Med 17540 \95% ¥ o
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Fic 24 Effect of added reserpine DB mean weekly blood pressure
levels (each 35 measurements) and average daily doses of hydralazine

ffected by reserping

(5968} and hexamethontum chionde (Cy) as a o
th severe bemgn hyper
{Serpasst}y 10 mg per day 1n & patient wi e e had
e
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to judge accurately the effective dose of a ganghonic block
ng agent without knowing the level of blood pressure
1t 1s most difficult to grve increasing doses to maximal
effect without overdosage unless the patient 1s under care
ful supervision of blood pressure and symptoms ‘There
fore 1t 15 our pracuce to begin ganghonic blockade by
drugs n the hospital not only for conventence sake but
also ta achieve greatest benefit We know of only one way
to give oral ganglionic blocking agents effectively (Fig 26)

1 Blood p s d by ©
every 4 hours day and mght and chatted

2 Initial dose 15 grven every 4 hours if the blood pres
sure 1s above a chosen level usually 140 mm systolic It
15 not grven if the blood pressure 1s below that level
Slightly higher omit levels are used in the cases of
atherosclerotic or azotemic patients 150 to 170 mm Hg
Inpitial doses which are usually safe to give to patients with
severe hypertension are Hexamethonum chlonde 125
mg. Pentolinium tartrate 20 mg  ChIoTondamine 10
wg Mecamylamine 2 5 mg

P nurses

3 If the desired normotension 15 not achieved each
dose 15 raised by increments amountng to the 1nitial dose
daily unul 4 o § days have passed Thus each dose given
every 4 hours will be Hexamethomum chloride 500 to
750 mg  Pentolmum tartrate 150 to 200 mg Chlonison
damune 50 to 75 mg Mecamylamime 15 to 20 mg By
this ume ntermattent normotension should have been
achieved (In order to change intermuttency to more even
control hydralazine must be added at this pont (Fig 27))
fach dip m systohic pressure guves the physician confi

dence 1n the lowest levels tolerabl without card
acadent

tular

4 Doses are then
grien on a shding scale dependant
on the level of blood pressure If normotension upd:sn-ed
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protoveratnine must usually be supplemented by hydrala

zme (Fig 25)
Use of Ganghionic Blocking Agents It 1s impossible

AN GAT NALIGNANT MYPERTENSION WITH KITROGEN RETENTION

‘s B‘ R, W o)

80
180
g, 1404
120
100
s04
L Jden by e Wy
% 0 kY
Fic 25 Example of poor mtial control of blood pressure by wsuff
cient doses and excellent control later i a pauent wsth malignant
hypertension and rensl msuffinency who also suffered from partal
asymptomatic ducdenal obstrucuion Hypertension of 10 years dura
uon had become severe and grade IV ocular funds had developed
She had suffered a minor apopi stroke He chionide
mduced ntenmitent subtotal obstrucuon and somstng and was
poorly tolerated after 2 months After the amtia} evcellent response
a grade of only a fair response was achuered on farge doses of hydral
azne 1 year later blood pressure slowly returned to control levels
The additson of protoveratnme caused a sharp declme to lower
levels the later addition of reserpine (serpasil) produced normotent
sion Each point represents the average of 150 measurements Ele
vated nonprotein mtrogen in her biood of 40 mg per cent (Sormogyt
zine method) had fallen to 16 mg per cent an abnormal eectrs-
cardiogram had become normal and her ocular fund: had cleared In
our expenience the effect of these two additional agents i severe
stages 15 unusual This case ss iltustratnve of the pomt that control
of hypertension 15 possible m almost all cases (From Schroeder
H A Am J Med, 17 540 1951)
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e accurately the effective dose of a ganghionic block
:gg]u::em wuhcuz lnowng the level of blood pressure
It 1s most difficult to give increasing doses to maxumal
effect without overdosage unless the patient 15 under care
ful supervision of blood pressure and symptoms There
fore 1t 3s our practice to begin ganghomc bloclade by
drugs m the hospital not only for convenience sake but
also to achieve greatest benefit We know of only one way
to give oral ganglionic blocking agents effectively (Fig 26)

1 Blood p 15 d by comp nurses
every 4 hours day and might and charted

2 Ininal dose s gwen every 4 hours 1f the blood pres
sure 1s above a chosen level usually 140 mm systolic It
1s not gven 1f the blood pressure 15 below that level
Shghtly hugher omat levels are wed in the cases of
atherosclerotic or azotemic patients 150 to 170 mm Hg
Imtial doses wiich are usually safe to give to patients with
severe hyp are H h chloride 125
mg Pentolmum tartrate 20 mg_ Chlotisondamine 10
mg Mecamylamne 2 5 mg

3 If the desired mormotension 1s not achieved each
dose 15 Taised by increments amounting to the initial dose
daily unul 4 or 5 days have passed Thus each dose grven
every 4 hours will be  Hexamethonum chlonde 500 to
750 mg  Pentolinum tartrate 150 to 200 mg  Chlonson
damme 50 to 75 mg  Mecamylamune 15 to 20 mg By
this time intermittent normotenston should hase been
achieved (In order to change intermittency to more even
control hydralazine must be added at this pomt (Fig 27))
Each dip m systohc pressure guves the physician confi
dence in the lowest levels tolerable without cardiovascular
acadent

4 Toses are then gnen on a shding scale dependant
on the level of blood pressure 1f normotension 15 desired
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the full dose 15 guen 1f the systolic pressure 18 0veT 140
mm hat the dose 1f between 140 and 130 mm  one fourth
the dose 1 130 and 120 mm  and none 1f 120 or below
Higher omt levels 10 mm apart ase used wn athero-
sclerotic and azotepmc patients perhaps 150 140 and 130
or 160 150 and 140 depending upon where the diastolic
pressure has settled or whether the azotenma has lessened
orworsened Measurements are then made with the pattent
seated 1 order to take advantage of some postural hypo-

MB # 43 NEUROGENIC HYPERTENSION

03y
L)
o |
orsy £
o, Z 4
* A e,
2060
no Hosp l Ont Patiart
20
oty

T —rr—r—y-

U 3 ™ n-,r ﬁ;:—
Fic 26 Examples of adequate control

f blood pressure by
adequate doses of i blocking ap Fhed area pomea
mu‘; b“mmoc.g)z:ihomc blocking agenss (hatched area pentols

d hydralazine (solid black 5 3
@se of H | 1n hospital control k) s e
f‘;l:: e:u!ﬁc;u-mly (oPadntve ot sion ﬂ}_fg: ;;:::l e
0 of six Diastol; d
F 1C
‘:ng;nb::ni inéitase in blocking agent required to mzma:‘;d::;;t
Yoy ugu:;! Hexamethonyum chlonde (Cy) was used at first 1o
o ote autamatically decreasing doses when block
Sg7en on a shiding scale Each point 1s mean of 35 ocne
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E D # 48 SEVERE BENIGN HYPERTENSION

) e

o
200 Hospital ! Out Potnt

160

120

80+ T
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Fio 27 Examples of faslure of cantrol of hypertension by ganghonie
blockade (pentolinsum C,j alone E D Although normotensiosn w2s
achieved 1n hospital pavent died of mabgnant kypertension i May
1955 Hydralanne should have been added to achueve controf T P
Hydral {5968) was disc d because of late toxicyy Al
though mahignant hypertension was feheved and did not recur
ganghome blockade with hexamethomum chlonde (Cg) failed 1o
d lic nor High systolic pressures were neces-
sary because of postural hypertension tesulung from drug and sur
gical sympathectomy Each pownt 15 the mean of 150 measurements
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tension Standng pressures are avarded The mght dose1s
omitied leaving exght howrs of ununtesrupted sleep

5 Parasympitholysts should be treated A mghtly lasa
tine and magnesium citrate 1f the bow ¢ls have not moved
by md morning will usually promote 2 daily eracuation
1t 1s smportant to prevent distension of the mtestines (404)

Precautionary measures against obstruction of a hallow
wiscus already partially obstructed should be taken Ab-
dominal scars prostatic hypestrophy, frequent rhimitis,
are warming signs of possible trouble from this source
They ate usually less severe than the disease being wreated
When the drugs cannot be tolerated protoveratnne can
be substituted with good results Surgical sympathectomy,

of course does not carry this hazard Prostauc obstruction
MAY TEQUITE SVIRETY

Use of Hydralazine This drug ls’mﬂ%ﬂml always
in conjuncion with exther ganghomc blockade (Fig 28)
o_r_am‘mﬂ_der agent acting on nerves (423) Because
of mitial side reactions mamly attmibutable to its any
histamunase action which are lessened with nerve acting
drugs 1t 15 begun at doses of 25 mg every 4 hours raising
the dose to 50 75 and 100 mg every 4 hours on 3 sncces-
sie days It 1s given with the blocking agent Thus 500
mg a day 15 the usual dose 1m severe hypertension we
haie had to guve as much as 10 Gm for short intervals
These large doses may cause hydralazine disease 1n 10
per cent of patients after 6 months In general larger
doses are guven for greater nephrogeme components to
the vasospasm smaller doses when the neurogemic com
ponent 15 large It 1s unreliable when used alone (189 396)

High fever aching and malasse appeanng during the
first few weeks of admimstration of hydralazine requires
discontnuation or marked reduction of desage Fortn
nately such sensitive idsvaduals are Tare Angma pectors



256 Mechanisms of Hypertension

3y
‘e
-
[N
o
ool
i
N
o
w
w0
. ey -
|
wa W “ z = kY 5 ¥

ED «#48 SEVERE BENIGN HYPERTENSION,

“ ) e

]
2001

N

Hospital ] Out Patient

16D

[tde]
80 F—r—y T
June'54 uly Avy
Fi16 27 Examples of failure of control of hypertension by ganghonic
blockade (pentolintum Cj) alane E D Although normotension was
achieved sn haspreal patient died of malignant hypereension m May

1955 Hydralazine should have been added to achieve conuol T P
{5968) was d d because of late toxoty Al

Kydral

Hy

though malignant hypertension vas reliesed and did nov zecur

gang blockade with h chlonde (Cg) faided to
d 2 High systolic pressures were neces

sary because of postural hypertension resulung from drug and sur
gical sympathectomy Each point ts the mean of 150 measurements
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can be made worse (ot relieved) by hydralazine A compro-
mise partial control of hypertension by neurogenically
acting drugs plus perhaps restriction of dietary sodism
may provide some measure of vascular safety which while
not wdeal may Iengthen Iife In our experience patients
with severe hypertension are Tarely intolerant to this agent
when it 13 first given

Hydralazine disease appeanng after 6 to 24 months of
ingestion of fanly large doses mecessitates tno courses
Stopping the offending agent entirely results 1n return of
bypertension 1n these pauents the mortality rate from
hypertensive causes 15 10 Pper cent Large doses of ganglt
ome and hypothatamic blocking agents with or wathout
protoverurine usually fal to control the hypertension
adequately wide swings from high to Iow levels take place
datly This suwation ss about the most difficult to meet 1n
therapy and we hate no solunon Low salt diets or thio-
©yanate might be used sodum azide has been valueless
(Fig 29) Closely relat
Qused recurrences of

lated ones haye been relatns ely worthless

suall
dition (397 399) (Fug 30y wally fatal con

© second choice 1nvolves m,
dose and g,
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Fic 28 Example of effect of pentapyrrolid b (hatched

area) as compared with that of hexamethomum chloride m malig
nant hypertension quite resistant to the latter Upper Curve The
patient suffered from Leriches syndrome proven by previous op-
eration which probably extended a year Iater to invelve the right
renal artery as shown by contrast aortograms Each point 1s the av
erage of six measurements made at four hour mtervals dunng his
hospital stay (Dec and Jan) and of five measurements as an out
patent (a Tepresentative month Feb to March 1s shown) Large
doses of hydral have been d While the result can be
considered only farr the patient worked full time on 2 railroad
section gang without symptoms and his grade IV ocular fund: cleared
He dred of urema 2 years later Lower Curve Poor contral of
blood pressure in 2 patient taking adeq; doses of I h

ffi d after two years of good

chlonide and doses of hy
control Each point 1s the average of 85 measurements Pentapyrrolt

dimum bitartrate apparently altered a poor response into a good one
Such 15 not always the case -
~
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creased the pavent and s yecord are evaluated if yela
tine NOTTOLENsIon 15 NOL COPSISLEN and the fuctuations of
pressure much less marhed the dase of one or the other
agent 15 adjusted npward antsd 1t 1s mamezined Maamal
(but unusual) smgle doses of hydralazme can be a8 Jugh
25200 mg  of hexamethonnTh dhlonde 10 G of pento-
Tnium bistirate 300 mg or more of chiorsondamne
100 my and of mecamylamine 20 my

Before discharge measurement of blood pressure with
the pauent seated causes the amount of ganghione blodk

HD P J6 SEVERE BENIGN HYPERTENSION

" ang
ah—- 3@

te'R

LY oA L Moy Kty
l::“igmfzx'ﬁmx of hydnl;u;; (collagen) disease with specya) yefer
pressure an: culty of achieving control
bydralanne {See also Fig 2 5 NN
g 27 1H I Cantrof of systahe noy

:l:: tmmle by garglhen. blackade when f\ydrzlum:gg‘;s‘)‘s:a‘:
No\:frm hum azsde (NaNg} had no demonstrable effecy, 3 W
T, A“ ur;;)rmmnsmn wheq hydralazine disease was ance estab-
o :1 " \:; dcunummg pyndazme (13050) did not affect blood
mmm]‘ o u’mr hd sodm 2zide W G represents the second choice
e mx;\‘;ng ‘hydralanae i very much smaller doses, LE, eell
Ry sappeared several times n blood while thu yas dan:
ch pownt

h
the mean
ng upon the tme scale

was
16 35 or 150 measurements dcperf;
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the patient s situation be potentially precarious Discovery
of a substitute for hydralazine which will not cause this
phenomenon 1s the only solution to the problem (Fig 29)

Combined Therpy with Ganglionic Blockade and Hy
dralwane Hydralazine 1s given regardless of the Jevel of
blood pressure when the two agents are used together It
disappears rapidly from the blood At the end of the four
day pertod during which the dose was progressuely 1n

WG o 54 SEVERE BENIGN HYPERTENSION.
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1ng agent automatically to adyust aself as postural dcﬁcctl:s
occur The usual result of omusion of the nght dose

3 nige 10 the mormung resting or basal pressure The
patient 15 taught to take Jus own blood pressure fine times
a day before each dose and record 1t on speaial charts He
15 amstructed on the actsons of the drugs and their side
effects He Jeaves the hospital on the same schedule which
was dessgned to prevent both hypertension and hypoten
sion By keeping 2 daily record trends can be observed
which are invaluable for efficent therapy In our chinic
we examme 2 patient one month after discharge from

hospital and then at 3 to 6-month istervals if he 1s dong
well Pauents seldom ¢

plain of the inconveruence
which takes about 15 munutes a day but they do object
to the cost of the drugy

Treatment of Crises In hypertensive cnises (pulmonary
edems cerebral edema toxemia of pregnancy) requining
patenteral admumstranon two hines 20 mm apart are
drawn across the graphic chart 2t the level at which systolic
prestute 15 to be mamtamed After mual lowening of
biood pressure by a small dose of a blocking agent blood
pressure 1v measured every hour and a2 subcutaneous 1n
jection of the fall effecuye dose grven if 1t 15 above the
upper line half the dose 1f berneen the hines and none if
below the bottom Lme Changes 1 total dosage must be
made often The second day the two hines are drawn 20
mm fower Thus a pauent with encephalopathy (wet
brain) may have hus pressure reduced from 300 mm Hg
10220 (0 200 mm the first day 200 10 180 mm the second
€21 and 180 10 160 mm the thisd day Usually aral meda
Quon becomes possible long belore this fime The pres
sure must be reduced more drastically when there 15 pul
monary edezzz We prefer parenteral ganghionic blocking
#8010 parenteral hydralazine becawse of their shorter
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Frc 30 A woman aged 56 had rapidly progressive hypertensive vascu
lar discase without of but with d. of
renal function When she was given a diet containmg 05 Gm of
salt (rice diet) obligunia developed 14 days later Tlus development
was rapid and the patient complained of nervousness apathy loss of
appetite and weakness Her intake of fluids remamed high m spite
of the obvious overhyd which was developmg Plasma chlonides
were low as was sodium and an attempt to severse the ohiguna by
the use of ntravenous hypertonic saline solution was to no avail
She died of utemia (From Schroeder H A. JAM.A4, 141 117 1949)
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actions wath less tendency to produce prolonged hypoten
ston In cerebral edema 1t may be necessaty to avord
cerebral ischemia, as mdicated by increasing coma by
reducing cerebrospinal flurd pressure

Tolerance to the Action of Drugs No toletance seems
to develop when both types of drugs are used correctly and
contmmuously On the other hand, tolerance 1s common
when therapy 15 intermuttent, an unexplained phenome
non In the larger sense 1t resembles bacterial resistance to
anubioties given 1n less than therapentic amounts

One of the most difficult situations to meet 15 1n the pa
tient whose blood pressure has been lowered successfully,
only to have the drugs discontinued because of undue
alarm at side effects or the consequences of normotension
(mental depression malase, lassitude weabness) The
hypertension which recurs immediately 1s much more
resistant to therapy and requires much larger doses of
drugs after a few days than 1t did ymtially, sometimes 1t
seems 1mpossible to treat (Fig 31) We have encountered
no ressstance . fresh  untreated cases the secrel of suc
cessful therapy 1s continuous therapeutic pressure While
we cannot account for this phenomenon 1t 15 commonly
observed and hazardous to the patent Many hives have
been lost by nervous and eratic therapy (Fig 32)

Changes Occurring with Time I the dose of the grnglt
omuc blacking agent automatically falls to negligible quan
uties (1n 6 to 18 months) by reason of sustained normo
tension the dose of hydralazine 15 then reduced to four
umes a day, three umes a day twice a day and finally
halved at 2 to 6 month intervals Reduction m dosage
1s made very slowly (Fig 33) The amount of reserpmne
1s halved sn a month or two tf drowstess appears and
then halved agan unnil symptoms disappear (406)

What to Do If a Patient Is Not Domg Well The p2
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RS

R

Fic 31 Mediation and vita) signs dunng hospitabuzation of a 52
yearold white male with hyp and pre

aotemy The upper bar graph indicates the dauly dose of auto-
nomic blocking agent, The open bars represent oral pentolinium
tartrate (po C;) The hatched bary

7 r pento-
hnaum tartrate (im C,) and the sobid bars tepresent parenteral hexa
methonum chlonde (im C,) The potency of oral pentolinum tar
e that of h

chlonde
bowever the scale for intramuscular pentolimum tartrate has been
expanded 1o allow for s

greater effect. The lower bar graph indy
cates oral hydralazne intake per day Daily blood pressure averages
are shown each value being the mean of at least & and often as
many as 24 readiy,

g taken with the patient 1n a sting posinon
The suppled area to the left indicates the Ppre treatment range of
blood pressure The line

schematic re

graph at the bottom of the figure 18 a
Présentation of the vital signs The solid line shows the
mﬁu" i degrees centigrade which was below 87 5 except for

tcessary once escape has occus
Py H M §r ONeal R,
™ ey 1957 )] K5 and Th
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Fic 32 Example of logic of using both ganglionic blockade and
hydralanne (5968) Nether drugy was effective alone 1n Jarge doses
Hi } {C,) pentol (C,) or hydralaune fasled to alter
course of mabignant hypertension unul combined therapy was begun
when elative normotension was achieved These records were made
n hospital and all readings are shown Obviously 1n this azotemuc
patent (NPN 76) with heart farlure deach would have been the
outcome had only one drug been used or had both been guen i
wnadequate doses

tients who do least well on combined therapy are usually
men 1 the sixth decade with atherosclerosis, and not, as
mught be expected those 1n mahignant stages Certan mnd1
viduals, however because of a too early reduction n dosage
or becanse of a dosage schedule sufficient for the hospital
but wmsufficrent for the stresses of active Living continually
show hypertensive Jevels reaching as hugh as 180 or even
200 mm Hg systohe during one of the five measurements
a day Several choices are open a) I'he dose of one agent
1s mncreased for a month If not successful, the dose of the
other agent 1s sncreased b) Protoveratrine i amounts 1o

sufficient to cause nausea 1s begun c) Dietary salt 15 1€



Methods for Therapy of Hypertension 267

stricted moderately d) The pauent 1s readmitted to the
hospital and sestabilized ¢} Pheochromocytoma 1s sus
pected m patients whase blood pressures fluctuate widely
and cannot be controlled Reduction 1n dosage 15 not pos
sible for those who keep themselves moderately hyper
tensive even 2fter 3 years Those wha do best are those
who attan and mamtain normotension (Fig 33) (406)
Jo P34

-
o

L]

Fic 33 Rlood pressure
wale with mzhp rand cral medica

first, (From P, H
13355 96y 0 0 M I
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RESULTS EXPECTED

Since this monograph 1s not primarily concerned with
a report on the results of therapy, only a brief resume of
what can be expected with adequate therapy can be gien
The long term effects have been published (401403 93
168 405419) In general, those which could be predicted
from an understanding of the disease occur, several un
expected and unpredicted effects appeared as well

1 a) Heart Eatlure due to left ventricular strain which
accounts for over 50 per cent of the death rate 1s virtually

M § 47 MALIGNANT HYPERTENSION WITH KEART FALURE FOR TWO YEARS
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Fic 34 One of the first four panents to recewve ganghonic blockade
(he h C,) and hyd: (5968) Severe left and moder
ate night tided heart farlure disappeared 1n three days grade IV fund:
regressed digitalis was d 3 and salt was added to her dret
(in N ber 1951) She subsequently became slappy 1n her habis
omitted her drugs from ume to ume began to complain of dyspned
and hemorrhages reappeared in the ocular fund) Hypertension was
lager controlled on larger doses of drugs and she remamned symptom
free From being mnvalided, she has been able 10 work full tume 1
her own restaurant for five years as long as she keeps her blood

pressure down
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abolished this within 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 diminishes or
disappears When caused by pre-existing organic renal dis.
€ase 1t remams at lessened quantities

2¢In dividuals mtrogen Te-
mams static or diminishes unless imtial values are over

about 60 mg per 100 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 ar miore (Fig 85 36)
2 d) Ocular fund; revert to normal Hemorrhages are




268 Mechanisms of Hypertension
RESULTS EAPECTED

Since thss monograph 15 not pnimanly concerned with
a report on the results of therapy only a brtef resume of
what can be expected with adequate therapy can be gnen
The long term effects have been published (401403 93,
168, 405 419) In general those which could be predicted
from an understanding of the disease occar, several un
expected and unpredicted effects appeared as well

1 a) Heart failure due to left ventricular strain, which
accounts for over 50 per cent of the death rate, 15 virtually

IM. $ 4T MALIGNANT HYPERTENSION WITH HEAAT FALURE FOR TWO YEARS
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Fic 84 One of the first four patients to seceive ganghome blockade
(hexamethonum Cg) and hydralazine (5968) Severe left and moder
ate right sided heare failure disappeared mn three days grade IV fund
regressed digitalis was discontinued and salt was added to her dict
(n ber 1951) She subsequently became sloppy 1n her habus
omtted her drugs from tme to ume began to complain of dyspnea
and hemarthages reappeared in the ocular fund: Hypertension Was
later controlled on larger doses of drugs and she remained symptom
free From being mnvalided she has been able to work full ume
her own restaurant for five years as long as she keeps her biood

pressure down
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Fic 36 Medication blood prewsure and mitrogen 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 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 disd with polyoysiic fudneys Pyrexia and malawe were the i
113l symptorms 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 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 hydralanne every four hours, His stung
blood presure a1 home averaged 169/80 mm. Hg (From P

H M Jr and Schroeder H A. Curculation 11105 1956)
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Fic 35 Medication blood p and duning

hospitahizanon The solid bars represent oral h;dr:dazmc The open
bars represent oral mecamylamine (Imversine Sharp & Dohme) Each
of the points on blood pressure curie 1s the average of at least s1¢
and mstially as many as 24 determmations Al were made with the
pauent supine In addition to the medication shown 513 mg of
lar he h hloride were ad d on No-

vember 22 without any effect on the blood pressure
Except for probable pyelonephritis 10 years prevously followed
by the discovery of lugh blood pressure thus 45 year-old Negro police
man was essentially asymptomauc unul 6 months before he entered
Barnes Hospital His imitzal complaints were progressive asthenia and
increasingly frequent periods of syncope associated with vertige and
blyopra Urinary frequency and dyspnea appeared bat Jater
finally nausez and vomiting became frequent There was hemor
rhagic reumtis wi I papilledema and By Al
though cardiomegaly was present the lung fields were clear to percus
sion and auscultation and there was no edema There was &im
plus albumnuria only 100 ml of blood contamned l(;

drurra and 3
of hemoglobin Both elec diog and g o
the chest ndicated left ventncular enlargement The decrease
and blood p. following the of oral mec

Jagune and hydralazie therapy 1s ndicated in the graph This
man was discharged from the hospital with a regular diet without
digutals and with no symp except Iyop ferable to his
hypertenson or to his therapy returming to work 3 weeks lates
(From Perry H M Jr and Schroeder H A. Circulanion 1 105
1956 )
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absorbed 1 2 to 6 weeks soft cotton wool exudates disap-
peatin lto 4 weeks papiiledema slonly regresses 10 410
12 weehs and hard waxy exudates and scars shunk to
nothung 1n 1 to 3 years

3 a) Atherosclerouc complications are less frequent In
from | to 6 weeks angina pectons usually disappears al
though rarely 1t becomes snitially worse

3 1) The madence of coronary occlusion appears some-
what lower (after 3 to b years) although this disease ac

1 1 el

=2 pm ol By
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p \__/‘/\
S ea 5 3 TR
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Fio 31 Two direcuons of progress :n azgtemm and malignant hy
pertension Upper The condtion of G B 2 54 yearold man has
been static or improving slowly and he has been able to return to
full occupation Control of blood pressure has been deliberately only
fair 1n order to av0id further azotemia which has varied from 48 to
1 mg per cent NN (mean 59) Middle That of M C. has
::mme:. l::lv na’;x;‘ or improved sightly weight and health have
creased, Lawer
ot oo Tha ;Iglf,L T 48 yearold man improved at first

rogressed 1o death, Pycloneghy
found st aucopsy the Yadneys topether wei,hed 105 G+
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absorbed 1n 2 to 6 weeks soft cottont wool exudates disap-
pear m 1 10 & weeks papilledema slowly regresses in 4to
12 weeks and hard waxy evudates and scars shnnk to
n 1 to 3 years

nolshx:)g:“hcmsc]yemm complications are less frequent In
from 1 to 6 weeks angina pectons usually dusappears al
though rarely 1t becomes wmtally worse

§ b) The inaadence of coronary occlusion appears some-
what lower {after 3 to 5 years) although this disease ac
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Fic 37 Two directions of progress in azotemsa and malignant hy
penension. Upper  The condivon of G B, 2 54 yearold man has
been static or improvsng slowly and he has been able to return to
full occupanon: Contral of blood pressure has been deliberately only
farr 10 order 10 avod further azotemia whach has vaned from 48 to
72 mg per cent NPN (mean 59) ‘uddle That of M C. has

remained faly static or improved slightl,
oned fautly siatic or & ![: zhtly werght and health haye

T 248 I
but arotemaa later rapidly pi T e paproved at £t

rogressed to death. Pyelonephrius
fonnd atautopsy the kadneys together wes hed lDaPém. P =
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counts for a major part of the mortality in treated patents

3 c) In 3 to 5 years the mcidence of cerebral hemor
rhage 1s markedly lessened 1 those pattents who have suf
fered one tttack

3 d) Alson 3 to 5 years the incidence of cerebral throm
bosis 1s considerably lowered, but by no means abolished

4 a) In patents for whom treatment 1s considered
mandatory, continuation causes increased life expectancy
while discontinuation results mn early death (Fig 37)

4 b) When a patient has survnved 6 months of therapy,
his chances of surviving 5 years are excellent

Surgery This monograph 1s not the place to discuss the
pros and cons of surgical sympathectomy an operation
which has definitely altered the outcome and prolonged
the life of many pauents (420, 421) In our experience
drugs fathfully taken and properly adminstered have
been of constderably greater value than surgical sympathec
tomy for the following reasons 1 Cases too far advanced
for surgery and unoperable cases with azotera can often
be salvaged 2 All patents can be treated regardless of
the stage or degree of vascular damage 3 Fatlures after
surgical sympathectomy can be salvaged when hyperten
sion has recurred and become severe 4 The mortalty
rates of the most severe cases 15 considerably less than
those following operation

In actual practice no pattent should be demied the
chaice of drugs or surgtcal operation when hypertension
1s domg harm When a patient 15 unwilling or unable to
take drugs regularly surgery should be urged in sutable
cases We must remember however that surgical sympa
thectomy even the subtotal variety can never block as
many nenves as does adequate ganglionic blockade There
fore, 1n cases resstant to ginghonic blockade surgical inter
vention can be expected to fail contrariwise cases re
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sponding well to ganghomic blockade alone can be ex
pected to Tespond to surgery even though the usual
lumbodorsal sympathectomy only removes 50 to 60 per
cent of the nerves Operation therefore does not become
the method of choice when medical measures fail for the
opposite holds true 1¢ drugs will work when surgery
has fuled 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 hypertensive patients the mor
tality 1s hugh  Left ventnicular weakness and farlure cere
brovascular acadents angina pectonss and myocardial in
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
Tate 1o 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 StRO1CAL
SvaramiecTomy Ususl Mepicar Meastzes anD Caeso-
TEERAPY (PER CENY)

Swthe Smathwack s Whiie 5 Author £ Serrer
— Serus (420) Sertes 421) Ages 34-76
Gk Ao Ars 3y Ages 3060 Chematherapy

Medal Suepal  Medwol Surpeal  Stopped ,f::,d
1 10 3
11 33 12 12 ?
m 58 19] 84 2% k13 3

N v 87 52 100 2

otermia  (100) t (100) 1 100 s

. t:{(ou Patients were 40-60
1 Not sutable for operation because of high Overative martabity
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pauents Chemotherapy properly mamtamned definitely
decreases the mortahty rate mn 4 years to a pomnt well
below these figures (Table L)

Nephrectomy also can alter the course of hypertension
when 1) unilatera] renal disease 1s present 2) hypertenston
15 early and not far advanced, and 3) the function of the
opposite hidney 1s excellent When the hypertenston has
produced artertolar nephrosclerosis mn the good Lidney
removal of the offending one will naturally not result 1n
‘cure  Cases favorable for nephrectomy are rare *

Bilateral adrenalectomy 1s mndicated only 1n cases ex
biting evidences of adrenal cortical hyperfunction Begter
diagnostic methods for overproduction of spectfic steroids
may allow better selection for surgical therapy

* When any surgical operations are indicated panepls Jong treated by
drugs will usually respond by strict normotension without drugs for one
to two weeks after which hypertension will recur This phenomenon has
also been séen after severe 1nfections gastro-enteritis and rauma Appar
ently the ability of the penpheral vessels to respond to trauma is altered
by these drugs for some days



Chapter IX

A PRELIMINARY APPROACH TO THE
TREATMENT OF ATHEROSCLEROSIS

sviousLy, control of a patients hypertenston will
do no more than rehieve cardiac stran prevent
further nephrosclerosis prevent cerebral hemorrhage and
tehese angma pectons Theoteucally it will slow that
part of the rate of progression of atherosclerosis which
18 dependant upon an elevated blood pressure Since
atherosclerasis 1s probably Teversible (443) at least'in so
far as cholesterol-contaming plaques are concerned {and
possibly calaification (422)) treatment of the whole patient
and his diseases b | for prolongation of a
e potentially shortened by cardiovascular damage There
fore an outhine of the method we have used 1s given here
the method 1y olves practical measures based on theoret
cal approaches of most promise Since 1t 18 most difficule
to measure alterations n this disorder for the better ar
worse unul massive acadents occur only time will tell
1f the results are favorable
The senal measurement of Lipoprotein fractions n
blood 15 a procedure confined to the larger specalized
centers Total plasma cholesterol however 15 readily
measured 1n most hospital laboratories Based upon the
assumption that lowered plasma cholesterol will 1n part
prevent deposition of esters in plaqucs one can attempt

to lower these values by using some of the mfuen
ces &
cussed i Chapter VII N

217
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\/I‘ he method 15 based upon three mfluences 1) remaval
of some trace-metals, 2) a diet low 1 anumal fats but con
tatning adequate vegetable fats, particularly hnolenate,
and 3) the proviston of an adequate amount of pyridoxine
For 1t 15 the possible effect of these biochemically and
metabolically interrelated substances which can contribute
to the disease (446)

METHOD
I Diet As discussed in Chapter VII, the most important
factor 1n the development of atherosclerosts probably hes

TABLE LI

List or Foops 10 Be Avoinen as HaviNG & HIGH SATURATED
Low UNSATURATED Farry Acip CONTENT (348)

Food Reason for Avordance

Fats

Coconut Short chasn saturated

Margarmne Hydrogenated s egetable ois

Palm Short chatn saturated

Cocoa Shart chain saturated

Hydrogenated vegetable oils and frymng Long cham saturated

fats

Lard tallow Long chain saturated

Butter cream cheese whole mulk Short charn saturated

Hydrogenated peanut butter Long chan saturated
Protesns

Pork and pork products Manly saturated

Fat meats® Maunly saturated

Sueethreads Not ravestigated

Domestic goose and duck Fattened not investigated

Processed meats of all kinds Contamn much fat

Hamburgers Contain much fat

Nore The Pure Food and Druy Admmstration requres that all proc
essed foods be labeled carrectly The Isbels should be read and those foods
containsng ¢ hydrogenated shortening  hydrogenated vegetable shorten
wgs ot pure meat products should be avoided

» The fat meats are beef i roast corned beel and tongue lamb lomn and

shoulder and mutton
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1@ the kind of fat 1 the Amencan and European diet

From 30 to 40 per cent of the caloric 1ntake comes from

fat munly 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

8 Atherogenic 1 anunals

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
an beet lamb and veal Most animal fat 1s low 1n
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Imoleate and hnolenate There 1s fat 1n muscle fbres
of cattle force fed on corn before slaughtering
Legumes, such as peas, beans, Iima beans soy beans
and 1ts products Their fats are largely unsaturated
§/ 1 mulk and fat free buttermill. Butter cheese, cream
and whole milk contamn principally shortcham satw
rated fatty acids, butter rawses plasma cholesterol
Cereals
Some breads use hydrogenated vegetable otls for shorten
mg
Eggs Yolls are fatty Fry or scramble 1n soy bean ot
Meat soups only if all fat 1s skimmed off at scebox
temperature
Most canned soups contamn butter, cream or fat
Salad dressings made of soy bean oil
All nuts, cspecially walnuts Seed oils contamn unsatut
rated fatty acids
Curd cottage cheese and other fat free cheeses
The two vegetable oils should be used for shortemng
lDeep frying should be done only m corn or preferably soy
bean o1l
I Vitamuns The second point of attack hes i the daily
use of pyridosine or pyridoxal, deficiency of which has
caused the early lesions of atherosclerosts in ammals and
which 1s low 1 many processed foods About § to 10 mg
per day 1s more than adequate
III Trace Metals Excessive amounts of certamn trace
metals ;m American human tissues may be concerned 1n
cholesterol formation or the metabolism of fats Qne.tabler,
05 Gm, of Calcum Versenate (EDTA) twice a day, ot
another similar compound, may chelate and remove these
metals In some people, this substance alone will lower
the cholesterol level mn blood (Table LII)
Calctum  If calcium deposits are demonstrable 1n blood
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TABLE LU
CrANGE 14 Prasua CHOLESTEROL WITH Orat EDTA (1 0 Gu /DaY)

Cowrdl  Cig g5 Intwrral
Pahents Sz Age

Major Diaguosis
mt 71 mp ) (weeks)
W H. 1) 93 -5 »n Antiza pectons
RMD & S s —150 35 Perioheral vaseular dusense
18 9 70 76 - 40 4 Arterial bypertenuon .
BB @ d 283 - 16  Coronry ocsturion, convilesces
GH @ 45 a2 =36 35 Aognapwtors
G S ¢ 49 237 -3 L) Arterhal bypertennon
ES d kil 225 -1 3 Arterial hypertension.
ES d 4 10 418 4 Asgina pectatly
HD & &3 189 -4 B A gina pectoriy
RS P 17 -3 12 Angina pectoris
1B 9 59 13 + 18 4 Arteria) hypertension

H
&
1

vessels and symptoms or signs are present the method
of Clarke Clarke and Mosher for remowving metastatic
calawm may be used (422) Tnsodwm EDTA, 50 Gm
1 500 ml 5 per cent plucose solution 15 slowly infused 1n
tfivetiously over % to 6 fiours The patient 15 taught to
slGw the nfusion at the app e of unusual sy
Strangely enough hypocalcemic tetany does not appear
under these precautions lonized calaum salts and calaium
chelated to proteins and peptides at 2 weaker stability
constant than 10 6 (Log k. EDTA) are probably removed
the strongly chelated caleium mn bone 13 probably not

An mjection 1y given 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 15 ad
munistered

RESULTS EAPECTED

In Table LYY are shown changes 1n blood cholesterol
levels usng calowm disodium ethylenediamine tetra ace
tate (Calcium Versenate) in doses of 10 Gm per day In
Table LI are shown the changes produced by thus agent
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with diet and vitarmn B, added Ingeneral the cholesterol
changes ate downward although 1n some cases they are
resistant to all three forms of therapy Some depressed
values ¢hd not nse when EDTA was discontnued an ex
pected result of trace metals were being removed
All patients with angina pectons were rehieved of at
tacks of pam ether completely ot partly in that they oc
curred less than once a month No electrocardiographuc
| changes m the direction of normal were observed No
signs of hepatocellular damage developed
Comment While untnied for penods long enough to
evaluate these results on the disease there 1s hittle doubt
that cholesterol values can become quite low by ths form
of treatment Changes in the degree of atherosclerous are
difficult to measure but rough estimates of improvement
m_the disease can be esumated especially when it has
advanced far enough to gne local 1schemic symptoms In
the cotonary artertes telief of angina pectoris 1f it 15 real
and not tmaginary suggests resorption of plaques In the
orta lessening of the widened pulse pressure suggests a
Teturn of aortic elasticaty In the legs relief of claudication

indicates umprovement in blood fiow In the cerebral area
bol of minor p }

and paralytic episodes
indicates reabsorption of plaques Some changes may be

expected 1 time except for a retumn of aortic elasucity
Therefore 1f degenerative cardiovascular disease 1sto be
treated as many predisposing patameters as possible must
be altered favorably Today these hie in blood pressure the
health of vascular 1ntima and the lipid esters of cholesterol



Chapter X

SUMMARY AND INTERPRETATIONS

than those for reproduction Metabolic processes
may have one or two alternate routes but Nature does
not provide dozens of methods by which defenses of 2
single function are maintamed, by wiich digeshon and
combustion of a single substance proceeds, or by which
homeostasis 15 mamntamned When an alternate pathway
such as an anaerobic one, 1s substituted for an oxidation,
malignant growth may result It 1s proper, therefore to
look at the many and complex mechamsms which Man
his ermatic searchings has partly uncovered and try to
unify them toward simplicity m an imutation of Nature
To do this we must depend upon evidence, mn part factual
and 1n part theoretical, delving nto chemical causes
Psychosomattc 'While the psyche may affect the soma,
the reverse 1s also true Realization that some areas of
cerebral function may depend upon the valence of mitrogen
1 certain configirations, that one primary amine mediates
one area of the brain and another can affect another and
that the anatomic chemistry of phospholipids may mfluence
healthy function, has opened up 2 wide field of 1nvestiga
pon 1to the causes of mental derangements
The psychic manfestations of arterial hypertenston,
when not due to organic cerebral vascular disease, are
\ pest explaned by the effects of primary mues produced
\by \ntermuttently or permanently wschemc kidneys These

284

NATURE 1s not prodigal with biologtc functions othe
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snclude e 1 tension anwety, ex
cessive drve men ousness and the diencephalic blush The
blush 1s induced by istammne and resembles that seen
with excessne 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 defiiency 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
serotomn has a predilection 13 apparently sumulated more
than 1s the antenor the chemical mediator of which is not
knovn Cornco-hypothalamic actraty 18 increased as a
result of semancally formed pnimary amines Neurogenic
Vasospasm causes neurogenic renal 1schema

Renal Renal dusturbances dependent upon 1schemia

produce humoral vasoconstrictor substances Trace metals
both normal and abnormal are

micled Two mi
pathways may be considered etabolic
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‘é‘ Anatomic causes of 1schenua usually depend upon
ntrarenal parenchymal disease, atherosclerotic narrowing
of renal arteries, or arterial and arteriolar nephrosclerosts
secondary to hypertension When the ability to react to
stress by vasospasm 1s combined mt one mdividual with
organic renal 1schemua, hypertension becomes permanent
The first two renal disorders are anatomic accidents the
last 15 cansed by hypertension
Anatomic or interntttent functional ischemia produces
enzymatic disturbances mn the hidney The espected bio
chemical alterations resulting are
vA Reduction of axidative deamnation of amno acids
capable of anaerobic decarbovylation The results in
the hidney
a) Less urinary ammoma formed per mol of bicar
banate (theoretical) Ammoma from glutamne
however would continue to be formed anaerobi
cally
b) A change of pH 1n the cortex to the acid direction
(found)
¢) Substitution of sodium for ammonia m order to
mamtam acid base balance m tubule (theoretical
but logically inferred)
The urmary results
a) Unmary NH,/acid ratio reduced (found)
b) Acid urmne (usually found)
¢} Sodium loss (found)
The expected remote results
a) More primary amunes n blood (found)
b) Release of remin (found 1 acute states)
¢) Sumulation of the adrenal cortex to production
of aldosterone 1n an attempt to prevent excessive
sodium loss (found) Ammals (and human bemgs)
might therefore eat a hittle more salt 1n order to
compensate (found 1n rats)
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o

Remm 15 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

a) Hy : 1) 1s formed 1n Dlood at first
perte (angotor
through the physical release of remn (found)
b) With tme renmn uself 15 no longer released into
blood but continues to act tn situ {not proven but
renin disappears from blood) Perhaps yemin 1s
slouly modified into a hat duff
enzyme
Hypertensin 1 or 1ts analogue formed m kidney 1n
active on blood vessels becomes actnvated erther
1) through decarboxylanon leaving an active ter
mnal NH, the decarboxylase bemng n blood and
kidney ot 2) through acuon of a speaific peptidase
splting off one ot two amino acids and leaving a
termimal ~NH; In thus Iatter event the peptidase
would necessamly be 2 mauganous emyme The
second pathivay 15 the more logical one as peptidases
are 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, monamne
oadase acts on both hypertensin and pherentasin

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

proteolytic
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d) Pherentasin 15 _actually human hypertensin II, the
amino acid content of which could m}paicd to
differ from that obtained from bovine, horse, or hog

V/, globuln (unproven but very hikely)

\II' Enzymatic_disturbances somewhat different from
those resultng from organic renal ischemia may be caused
by_the_ accumulation.of abnormal.twcemetals, notably
cadpum  Cadmium 1s a nephrotovic substance Mercury
and cadmum ave the only metals which can readily dis
place zinc on a specific chelate being m the same periodic
group, having the same coordmnation number and making
the same shaped complex The expected results on renal
acid base equiltbrium

A Inhibition of carbonic anhydrase by displacement of
zing (probable but not pro;en)

1 More acid 1n urine
2 More base needed to neutralize acid 1e am
monia or sodium

B Inhibitson of decarboxylases by displacement of zinc
on pynidoxal enzymes causing a Jocal vitammn B
defictency (one decarboxylase hknown to be mhibited
Zmnce displacement logical but unproven)

1 Less decarboxylation of ammno acids other than
glutamine

2 Less prumary amimnes formed

3 Less ammonia available for urine

4 Sedmum wastage
C Inhibition of transaminase a pyridoxal enzyme which
probably contains a metal (unproven but possible)
1 Less transammanon from glycine, aspartic, glu
tamic and other amino acids as a source of urinary
ammoma (transamunation not proven to be 3
source of urinary ammonia)

2 Sodwm wastage
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D Ammoacduna (found) either because of pracess B
or interference with tubular reabsorpuion by snhibn
uon of a carnier metalloenzyme probably contaiming
une

The net results would be cortical acidsty Jess urinary
ammonya and sodium wastage the same as those found 1
organic renal 1schemia but appeanng by somewbat &t
erentToutes Primaty amines i blood, however would not
be elevated (Fig; 38)

I cortical acsduty 15 the sumulus for the action of remin
bhypertensin I would be formed 0 sty and released 1nto
renal venous blood where 1t would be converted to hyper

} tensin 11 (pherentasin) by achion of a specsfic manganous
\ pepuidase Thus both organic renal 1schemia and cadmuum
' an cause the same end results Naturally Tenal sschemsa

|2ccompanying gemc oy ph 1ton
would call 1nto action pathway I
Therefore trace metals can be mvolved 1n the hypo-
thetical pepudase probably i which converts
hyp 1 to hyp I m oxidase
which wnactivates

i m the decarboxylases and amine
oadases which are concerned 10 the hypertensie state
and even m tyvowmase (Copper) which tan wmact
vate notepmephrne epinephrnine hydroxytyramine and
tyramme }

Therapeutic Note Drugs or procedures whick block
hetic nerve smpulses Wil

yep t only the neuro-
genic portion of hypertesion Drugs of procedures whch
3) act to dilate vascular smooth musgle B} 1ncrease enal
plasma fow or ) nactivate hypertensin IT or gherentayn
\:‘\\\ :oumtxz:r the replirogetic portion of hypestension
- ‘En?wn mactivators are metal binding or chelaung

The actions ot fydralazne aze fourfold
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d) Pherentasin 1s actually human_hypertensin 1, the

ammno acd content of which could be expecied to
differ from that obtamned from bovine horse, or hog
/. globulin (unprosen but very likely)

JI Enzymane_disturbances somewhat different from
those resulting from orgame renal 1schemma may be musgd}
by._the_accnmulanan af-abnommal tracemetals, notahly
cxdmuum  Cadmmum 15 2 nephrotoxic substance Mercury
and cadmmum are the only metals which can readily dis
place zinc on a specific chelate being in the same penodic
group, having the same coordination number and making
the same shaped complex The expected results on renal
acid basc equiltbrrum

A Inmbition of carbonic anhydrase by displacement of
zinc (probable but not pm;en)
1 More acid in urme
2 More base needed to neutralize acid, 1e, am
moma or sodium
B Inhibitton of decarboxylases by displacement of zitc
on pyndosil enzymes causmg a local witamn Be
deficiency (one decirboxylase known to be inhibited
Zinc displacement logical but unproven)
1 Less decarbosylation of amunio acds other than
glutamine
2 Less primary amnes formed
3 Less ammonia available for unne
4 Sodium wastage
C Inhibition of transamnase a pyndoxal enzyme which
probably contuns a metal (unproven but possible)
1 Less transamunation from glycne asparuc, giu
tamic and other armno acids as a source of urinary
ammonia (transammnation not proen to be 2
source of urinary ammonia)
2 Sodium wastage
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1 Decarboxylase mhuibon with the result that renal
amino acd metabolism 1s further supprnscd and therefore
less pnmary amune 1s formed

9 Monamine oxidase sumulation with the result that
those primary amimes Which are formed ate owidszed mote
readily These include pherentasin or hypertensin 11

3 Hvpertensin and pherentasin are both directly 1n
activated exther through carbonyl inkage or what s wiore
probable temoval of a chelated trace metal necessary for
the integnity of the peptides

4 Constricted vascular smooth muscle 15 dilated no
matter what causes the constricion by some unknown
process which could be dependent esther upon carbonyl
or sulfhydryl binding or upon metal chelation

Inadd
o many hydrandes

Adrenocortical  Renal sodinm wastage {or need as in
heart faifure) probably causes adrenal cortical production
of aldosterone (theoretical but logical) This steroid prob-
ably sennitizes blood vessels to circulating vasoactsve amines
and sympathetic discharges through sntracellular sodium
poussium alterations (proven only for DOCA) Most casey

of hypertension exhibit secondary aldosteronism because
of renal sodium wastage

1snhibited a reaction

Primary aldosterorusm by sensinnng vascalar smooth
muscle to normally arculating vasoactne amines and
normal sympathetic tone can produce a moderate degree
of hypertension with normal renal plasma flow Cases of
tns nature are not unusual This type of hypertension
while bemgn can slowly develop 1nto 2 more sersou:
variety with congestive heart favlure the usual end xesu\xs
m(’;’[‘}i:r:ﬁcuh}:‘ Note While deetary salt restnetion may
b ough sodium 1055 to negate the sensining effecy

oothcal sterords and salt on blood vessels 1t stumulates
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@ Cholcsg:_ml,has,a,pr:dﬂcmon_im,mnkmg.unmu
Tated E;tgy 261d esters When insufficient unaturated fany
aads ase avalable for esterficaton saturated fatty acids
are used These esters are quite nsoluble and probably
have lower speafic gravities Posubly breakdown metab-
olum or excretion of cholesterol 15 more eanly accom
plished when esters are unsaturated than when made of
saturated long chain fatty acids

These two 1deas are highly speculative The mechanism
of lowering plasma cholesterol by essenual faity acuds 15
not understood

Factors which may nfiuence the deposttion of cholesterol
esters 1 sub-ntymal spaces are

C Phyncal-Inmtraantenal pressure  and changes of
pressure {fdrbulence) ar bifurcations of major vessels
(Found)

D Metabolic~Pyndoxal definency cautes subanumal
Iesions 1dentical microscoprcally to  pre athesosclerouc
Tesions observed 1n ammals and man (Found)

a) Pyndoxal 15 necessary for the mtegnty of the muco-
polysacchandes of sub-intimal ground substance (Inferred)

b) Pyndosal affects fatty 204 metabohsm by promotng

the syntheus of essenual fatty 2cids from less unsaturated
ones {Found)

© Exp

) pyrdoxal defi y and essential acid
deficzency are quite simlar n signs differng only 1 a few
base enzymatic disturbances (Found) Vitamun B, will
partly yelieve essennal fatty aad deficsency essentuat farty
acds wall partly relieve vitamin B, defictency

"The biochemscal merrelationships of three of these 1n
fluences are

1 Pyndoxal usually requires a m,

etal for enzymatsc ac

ity One abnormal metal {cadmium
doxal metalloenzyme Yo b2 pm
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the adrenal zona glomerulosa to overactivity The result
secondary hypesaldosteronism with salt depletion

Atherosclerosis Treated hypertensnve patients no longer
die of hewrs fadure or senal farlure when treated soon
enongh They die of the effects of 1therosclerosts In order
to prolong life, both blaod pressure and blood Ipids must
be reduced

Factors whach may affect cholestesol synthesis or de
gradation and therefore atherosclerosis are -

A Trace Metals T Chromium mereases hepatic syn
thesis (in rats) Vanadmm depresses hepatic synthesis
Manganese may be the normal metallic meduator of

synthesis
\‘2(\ EDTA lowers cholesterol levels in man moderately
or markedly, almost surely by chelation and removal of a
metal from an hepatic enzyme concemned i synthesss or
catabolism

B Essential Fatty Acids Fats contamng linofemc acid
{and possibly arachidonic acid) lower plasma cholesterol
1 man even when given In excesstve quantizes Fats not
contamng hnolentc acid rawse plasma cholesterol The
mechantsms are not hnown but two can be hypothecated

i Squalene 15 a probable precursor of cholesterol
Squalene (G,,Hso) can be considered as a highly unsatu
rated C,, hydrocarbon chat with 6 extra methy} side
groups and double bonds at the 2, & 10, 14 18 and 22
posttions ot 4 carbon atoms apart Linolentc acid (Cis) has
double bonds at 9, 12 15 posttions and arachudonic aad
at 5 8 11, 14 posictons or § carbon atoms apart It would
be mpossible to use any combrnation of ethylene groups
from these two acids 1 the structure of squalene Degrada
tion to acetate and subsequent synthests would be required
No one hnows much about this matter, except that squalene
markedly accelerates synthests of cholesterol
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apphication of therapy present and to come Rapid 1m
provements are expected

Reduce blood pressure of hypertensive patients 10 3
mean level of 140/90 am g (or as low as tolerable) and
keep 1t there indefinstely Two drugs are usvally necessary
mven frequently Tegularly and carefully one should act
on nenes and the other on vascular smooth muscle

0(9!.0\\ er plasma cholesterol ta 120 ta 160 mg per
100ml (or about the same Jevels in myg per centas systolic
pressure 151 mm Hg!) This can be accomplished slowly
m some individuals and soon will be snmost by

a2} Metal chelation probably removing from liver an
abnormal trace metal affecting synthesis Chelation and re
moval of metastatic calcium 1 blood vessels can probably
be accomphished when deyrable

) t based on Less total fat to about 20 per cem of

de Less anymal fat especially saturated fatry

€} Enough pyndoxine or pyridoxal Probably 5 mg per
day 1s more than adequate This coenryme 1s given for
logical but untested reasons

1t 15 2 Jong step from a lowered cholesteral to absorp-
tion of plagues but the asumption 15 Teasonable

There are enough ideas now under expenmental ob-
servation to strengthen the belief that atherosclerons 15 a
Tesersible dusease at least tn so far as the fatty and calarfic
deposits are concerned Artertal hypertension 1 man can
be controlled mdefinitely and someumes resersed Ap-
‘p;lll:a:on of therapy to both diseases 1n the same individual
‘ﬁeyc ue;ccl:;wd t0 Teverse in part the lethal and disabling
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2 Pyndoxal affects unsaturated acid synthesis by pro-
moting further desaturation to essential fatty acids (lmoletc
to aracludonic linolensc to hexaenoic)

3 Pyndoval lowers plasma cholesterol 1n monkeys de
fictent of this coenzyme and fed cholesterol v

4 Metals affect synthesis of cholesterol and fatty acids

5 Removal of unknown metals lowers plasma chol
esterol in man

6 Feeding essential fatty acids lowers plasma cholesterol
n man

An hypothetical schema to mclude these mfluences 1s
seen 1 Figure 39

EDTY Integrity of subinoma
Cr++ Abnormal
Acetate Frave Cholesterol sunthests Punidoxal +Me*ta—e**
At
Ve Desaturayion

Saturated Fatty acid # Chelesterol transport — Esseatial Fatty acid esters
esters

Tuto arteries Cholesterol excrétion
or catabolism

The stalicized influences are inhibitery

Me**=Trace metal

Iic 39 Hypothetieal interactions of metals essenual
fatty acids and pyridoxil

Therapeutic Note Thus 1t would appear that thera
peutc tools are now available to control or treat cardio
vascular renal diseases quute specifically Whle these tools
represent first approximations, they are powerful enough
and practical enough to be effective 1n any individual who
wants to be treated and 15 willing to give the nme and
energy to doso Since cardiovascular renal diseases account
for over half the American death rate, considerable 1
crease 1 our national longevity can be expected from wide
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apphication of therapy present and to come Rapid 1m
provements are expected

Reduce blood pressure of hypertensie patients to a
mean level of 140/90 mm Hg (or as low as tolerable) and
¥eep 1t there ndefimtely Two drugsare usually necessary
given frequently yegularly and carefully one sheuld act
on nenves and the other on vascular smooth muscle

‘(L])Lm\:x plasraa chalesterol to 120 1o 160 mg _per
100°mL (or about the same lesels n Mg per cent as systohic
pressure 1s 1n mm Hg!) This can be accomplished slowly
1 some individuals and soon will bean most by
a) Metal chelauon probably removing from hiver an
abnormal trace metal affecung synthess Chiclaton and se
moval of metastatic calawm n blood vessels can probably
be accomplished when desirable
t based on Less total fat to about 20 per cent of
ake Less amimal fat especally saturated fatry
eral dairy products and pork are avoided

<} Enough pyndowne or pyndoxal Probably 5 mg per
day 15 more than adequate This coenzyme 15 given for
logical but untested yeasons

It 15 a {ong step from a lowered cholesterol to absorp-
uon of plaques but the assumption 13 reasonahle

‘There are enough 1deas now under expenmmental ob-.
servation to strengthen the belief that atheroscleross 13 a
reyersible disease at least 1 so far ax the fany and calarfic

deposits ase concerned Artersal bypertension m man can
be controlled indefinitel,

y and sometimes reversed A
}::a::n of therapy to both duseases tn the same mdmdu‘;
Y be expreted to Yeverse in
prhaiosig e 11 patt the lethal and disabling
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Thss book has attempted to give an orientatron from
biochemical abnormalities to clinical findings and spectfic
therapy as the only sausfactory way to explam a disease
and 1ts control As usual i screntific medicine, much mere
needs to be known than 1s known but the directions for
research are clear
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groups of patients as regards the clincal course the prognosis the sursnal
rate and the incidenco of coronary vascular aceidents

SCULTTLI R Concerung Dr HoORLER 8 question on the hepann ticat
ment of hypercholesterolemia I think that heparin has its indication only 1
cases with essential hyperhipaemia and in cases with very massive and very
severe disturbances of fat metabolism We could not find any good cffects in
cases with hypercholesteronaemia and with those of a fanlial type I thinh
this 1s very important to know VWo admimstered 100 mg as a depot for ono
weeh over a period of one year When not using o depob preparation we
administered twico a week between 100 and 200 mg of hepanin which 1s below
the effective dose for coagulation But if I may repeat we only saw good
results in thig small number of cases with essential hy perhipacma

W ath regard to the question of Dr Hoop we ntend 1o reduce our tets
from 3000 calories to 2300 and wo give hugher calorie diets only for persons
who aro workin, hard If we apply diets with 2300 calorics we allow about
40 ¢ (cc) of ol 20 of fats and 20 to 30 g of ludden fats i the food It 1s
worthwhile to reduce diets and to reduce werght mn paticnts with coronary
attacks

To Dr Corter Ve do not know very much about the metabolistn of
bt h unsaturated fatty acids in correspondance to the saturated oncs I do
not believe that there 1s a strct antagonsm between theso acids According
to American investigators 16 18 correct that the unsaturated fatty acuds do
enhance the excretion of bile acids but one docs not know 1 which way
theso substances are affected ind I think 1t 1s1mpossible to use a dret — vour
second question~-w hich contains only dfatty acids Itis b
t lcast 10 Western Lurope Nobody willcat1it and Tamsuroin \mericaitis
the same There are only small groups of phrenctic dietetic scets who use
these dicts .

Now the third point the p value of I and Lipop
I think that the diagnostic value of ipoprotans and cholesterol n cardio
vascular discase 1n coronary disease 1s very slight but not their pathogenotic
rpmificance T think 1tas teue that lugh values of lipoprotews and cholesterol
are harmful to the vessels

Cortit Iagree with you
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1> everywhere bewng undertahen with fajth  tonsciention ness
det and cntieal t

While tahu

ng part 1n these dicusions over the past few davs
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us whenever we try to tackle a problem as vacb as thay of Sy
ten ron Sinee ho doubt all of vou at sonte time o oth  will have
fallen 1nto one of the-e traps perhaps you wall permit me to meption
afew

To begm with there are the ditficulties of method These aris
for caatple when we endeavour to determme adrensl hormont
concentrations in the uring or in the Llood The diotus 10n which
followed the papers by Dr GEnpst and Dr SCuwarsz struch me
s bemg very instructive m thia connection The same reserations
hate to be made when analysing repn or hyperten in It would

e & good thing if i future when confronted with div ergng, results
wthors werc to carefully com

tiecver why thesr Snding,
17et their results
Aaother pitfall cohssts m scemn.
', only ont detaded facct of a
problem wathout considering 1t 1 relation to the whole Modern
myeligations ars of such complenty that one 13 often cumpedicd

pare thewe technuyues and try to
4 da not tally befare procecding to tter

Prote mterestin,
her 1007 15 b s 0N 13 tempted to exagyerate

riance » i
the cneral prchug @ instead of trymng to ipteyrate them nto
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Often it 15 dufficult to determine the causal connections between
two phenomena obserscd at one and the same time as for example
m the case of hyperaldosteronuria and hypertension or arteriolar
necrosis and mahiguant hy pertension That the problem of artcriolar
neerovs now seems to have been partly solved 18 due to the fact
that it 15 possible to reproduce this lesion i ammals by rawsing their
blood pressure and to prevent its development m hy pertcnsne
patients by means of ant1 hypertensive therapy On the other hand
there 18 nothing to prove that essential hypertension 1s due to
hyperaldostcromsm  In the absence of c\perimental proof and
clscal arguments, 1t mght equally well be supposed that the
hyperildosteronuria 13 secondary to the rise in blood pressure

T am quite conynced of the importance af eapenmental proofs
n arrving at a correet interpretation of a Liven set of chmeal facts
but 1t should not be forgotten that phenomena obseried or pro
vohed i the rat the rabbit or the dog cinnot always be translated
to human pathology Dr GRross has nightly emphasised haw casy
1t 18 to produce hy pertension inrats On the other hand wo all hnow
how comparatn ely un<usceptible dogs are to artertosclerosts Thus
the fact that a hypertensive dog shows very littlo tendency to
nephro angiosclerosis does not mean to say that m man the vaseu
lar lestons encountered are not partly due to elevated blood pressure
Agamn  the fact that rats treated with salt and corticosterowds
develop hy pertension and nephroselerosis 1s no proof that essential
By pertension i man 1s caused by an adrenal disorder

However tempting 1t 13 wrong to mterpret a chronic metabolic
or hacmodynamic upsct on the basis of <hort term evpertments
An pspenment by 1t very natore s of hinuted duration Now the
cffcets of a drug may be quite different depending on whether the
results are deternuned 1mmedately after a single intrasenous
mjection or after months of continuous treatment We have scen
thrs in conneetion with the action of hypotensive agents on renal
funection and duning the discussion following the paper by Dr rets
Though 1t 15 true that chlorothiazide begins by redueing the cardiac
output 1t ultimately leads to a deercase 1 peripheral resistance

Junally another grave danger to be guarded against 13 that of
considering an hypotheas as an estabhshed fact Science would
hardly be conceivable without hy pothescs Every rescarch worher
has to fall bach on them once ho 15 1 possession of & certam number
of cyperimental findings since only by fornung an hypothesis can
he oltain <ome 1dea as to the logical direction in which eoncentrate
Ius efforts Nevertheless cvery hypothesis must be abandoned 1s
soon as 1t no longer tallics with the objective findings The survaval
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of a mutaken hypothe 13 constitutes a scvere handieap to ~Qent! fiad
re earch As for fsulty hypotheses that bave been <ot up as dogma®
suffice 1t to say that they doom alk effont 1o $rustration
Theso few remarks of mune are so vhysons that thes no doubt
strike yon as superfupy ¥ should new hie ta turn to a few pownts
which the pos few davs discussions have perhaps helped to
danfy
T was partscularly pleased that Dr Prenzrna and Dr Prar?
had sn oppottututy of pving us ther pants of vivw Tithout
wibung ko Tepeat the srguments yo bave already heard 1 have
the wapression that w the end there was some mea ure of recont
aliation between diverging conceptions and ihat at amy mate
seversl tm_under-tandings were cleared wp Dr ProaZrna ad
itted that kis hypothesis wa open to ecttam enbt Tas and n
so domg ndiwated that be was prepared to take secount of them
Perhyps Dr PLATY 13 night 1 suggesting that the mathematical
method of analysis employed 15 not entirely satifactory Morcover
Br PrerernnG agreed that a large number of dilfferent populations
might be wvalved rather than one homogeneous popuistion
The vesed question of salt the adreals and hvperten wongave
neeto an extensive exchange of views There 15 hardly any duagree
ment on the whole as to the fact that hyperalde uru&;n m
may possibly pany esseptial b But opinions
differ voncermn,, 1he interpretation of this sign and the importance
tg be attached to 1t My own feeling 13 that it 1s pmba\,\‘p: o
dary phenomenon and does not indicate the presenca of N;J “c
':;lt;:;lc i‘e‘:‘xioc; Tfhe same app]xlcs to the by pernatriure 13 ac:uma:g
of every actiology However
oo B0 D Sl Dt L e
Unfortunatels the “ba?e q:;c 1:;00 ¥ 1he ronun bypertensn ot
founties oty od o th tecbmqumnus];d wIB;PI;mtrd by the unur
b ts il nave demssod great profi § m sure that the speta
ther nan ave & bette yits than this colloquiam and that
direction 1 which to purste ther s(ui’e 8 240 23 1o the
alm_;‘:)mg of ses and the snags they mu.t
© papers read by D BEcrcaAs)
10 & most wefal D and Pr Mouaez gave mso
discussion on the definition, of mahgnazi hiy per

gnosis ard whsolute
wleas on the subject While we all a‘;;;:::::lls]\er had bus wwn
prevence of hygh b JOr importance to the

0ol pressure sid
® wde Dy snd
pa lslim some of us painted ous thay Pi;:;; ° “r‘:: Grade 1V retino
postuzs Evsential Hpertension & mght 1o alnent
2,
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in certamn patients m whom other signs and symptoms (deterio
ration m general condition massive albuminuria) mdicated a
diagnosis of mabgnancy By contrast Grade IV retinopathy
may exceptionally be encountered in patients in whom the blood
pressure 1s only moderately elevated

On the other hand there was unammous agreement on the
necessity of ad g vigorous hypot © treatment 1n all
cascs of severe or malignant hypertension although Dr WiLson
stressed the shortcomings of such treatment from the theoretical
standpoint We were all impressed by Dr SCHROEDER s results
which have been largely confirmed by other authors However
1t appeared that one problem — that of arterioselerosis — has yet
to besolved From the work undertahen by Dr PiacE and Ius team
1t 13 evadent that certain patients with malignant hy pertension
treated with apparent success by means of hypotensive agents
succumb to vascular complications of the athcromatous type or
subintimal fibroplasia Nor does 1t seem that hy potensive therapy
has any sigmficant influcnce on the slow progression of bemgn
nephro angiosclerosis

As to the chorce of and indications for the various antihy per
tensn e drugs 1t 1s generally agrecd that the saluretics and guanetlu
dine constitute the major acquisttion of recent years The mode of
action of chlorothiazide still does not scem to have been defimitely
clucidated Darenthin (bretyhum tosylate) has disappomted most
of those who have used 1t Nevertheless wo have good reason to
be satisfied with the progress aclhieved by pharmacologists during
the last 10 years That s why Ishould Iike to endorse the optioustic
views eapressed by Dr PLUMMER and to conclude these remarks by
quoting lus statement to the effeet that  The hope for further
Wfe enhancing drug therapy secms bright indeed

Gentlemen 1t 15 tune for us to part I sincerely hope we shall
have an opportumty of meeting 1gain 1n the not too distant future
and of resuming our discussions whero we have now left off

Tho editors acknowledge with gratitude the valuablo assist ince
ofMir H D Puices M A Dr W Hatzinark Miss 8 R Nararu
Miss B PrriFer and Miss U STURZENLGGFR
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