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PREFACE

Tits sympostum on Iypertension hid its onginan o sug
gestion by the late Professor H Rasmussen of “orway
Just before tus untimely death he proposed that a conference
shiowld he organized for discussion of hvpertension {rom the
epidemtological pomt of view As DProfessor Pickenng
mentions n s Opening Remarks this progect has ot heen
sbandoned but 1t 1s proving difficult to arrange and 1n the
meansiule with Professor Pickermg s myaluable help the
svmposum of which tlus volume contains the proceedings
has been hield as a complementary discussion to the one
e

A word about the Ciba Foundation must be added here by
way of explanation to those to whom this book serves as an
ntroduction to its actrvities It 1s an international centre
tstablished as an educational and scientifie chanty under the
faws of England It owes 1its nception and support to its
founder Ciba Itd of Switzerland but 15 admuustered
mdependently and exclusnely by ats disinguished Butish
irustees

The Foundaton prosides accommodition for seientific
worhers who visit London from abroad orgamzes and
Liolds 1 symposia d (i1 conjunetion with
the Institut National d Hvgene) + post graduate medical
exchange scheme between Fngland and Irance arenges
miormal meetmgs for discussions awards an annual lect\:rc
Mup  assists international congresses and other scientific
societies 1y building up a hibrary service in speesal fields and
senerally endearours to Live ad in all such matters as may
promote international co operation in scientific research

Leading research workers from different countrses and mn
different diseiplines are invited to attend the sympewa or
olloquin  The size of the groups 15 however sery stnetly

v
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Irmited an order to obtamn o free conversational manner of
discussion—although the basie timetable of the programme
1s strictly observed  The smallness of the groups necessartdy
means the exclusion of meny other worhers active and
mterested i the subjects discussed, and therefore the
proceethngs of these conl are published and mnde
available throughout the world

It 15 hoped that the papers nnd discussions m this book
will prove not only informati ¢ and stimulating, but will also
give to readers a sense of partipation m an formal and
fricndly oceasion
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CHAIRMAN S OPENING REMARKS
G W PICRERING

1 aot sure that the first thing vou sould like me to do v
to express our appreciation to the Ciba Foundation for arrang
ing this meeting and for allowing us to meet 1n this Inghly
agreeable stmosphere to discuss these matters of common
interest  But 1t 1s not only for that that 1 think we should
thank its Director Dr Woltenholme e has arranged
nearly all this Symposium and I have been astomshed at
fws remarhable and detailed knowledge of the whole field
of the subject about which we are talhing

There 1s no need I think to stress the importance of the
problem of hy pertension and its effects on the cardio vascular
system  The problem could have been approrched from two
points of view from the functional point of view or if you
ke the point of view of applied physiologs
purpose of this Conf or from the emd giesl pont
of vien and 1 have the Director s permission to mention
that he has 1t 1n mund to have a future Symposium on tins
second aspeet of the problem

Twenty two vears ago when I started to work on hyper
feasion having been tramed as a physiologst and working
in aJaboratory which was given to the phasiwalogienl approach
the laboratory of Lewis 1t seemed to me that this would be
a relativelv simple problem to solve ANl 1t needed was the
appheation of the expenmental method and phy siologmeal
principles  Ttis rather sad tolook atat again after twenty two

vears and see that I have to count my self amongst those

who do not know the answers to most of the Uestions
#eask Ve know of course th e b et

at 1t 1s possible to produce
hypertension 1n the expenmental animal by a \ar’;eh of
means  But I thnk it 1s ol 4

n that particular vanety which
1

which 15 the
\
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NEURAL 4MD HUMORAL CONTROL OF BLOOD
VESSELS

IBVINE H PAGP
H
Titar an taternational conference has been entled to discuss
aeural and fumorsl controls of the Gireylation 1s proof enough
of the station tys topte hus attamed  The field has des thoped
I a trafy infernibional way such names as Abell, Dale
Fihott Fournesu and Lannon occur smong the early workers
n thiy trustful vineyard Ve who have come Yoter have onr
fenard now 1n the hepefits of this present associztion and
hospitalits  for which we thank the Trustees of the Liba
Foundation snd the scientific perceptiveness of Dr Prekenng
and Dr W olstenholme
1 am 104 that I am not intended to document the topie
but rather fo express the Viens activities current nterests
and aspirations of our group st the Cleseland Chme  The
aim n brief 15 to prevade 2 settang for discussion rather then
2 manusenpt to moulder 1 the archives
Those aspeets of cardiovascular repuiation with which I am
most concerned can best be set in thewr place by ssuahizing
the problem as & whole  Thus 1 have tned to do by an
tagonal d which mdicates the controls of tissue
perfusion function in & dvnamuce equbbrum  This concept
1 regard a5 unportant tecause it seems that the problems we
face ate mote realistically soluble in tevms of altered equilibna
than by any one of » vanely of monmstic approaches
For thus reason e have been particularly oecupted with the
*problem of vaseular reactaty 1e  of the response to a
vasoachis e agent and the factors whickh miodity thus response
T ot meshaabon Fo b oo iy oo
e, tesponse of the tissue to n drug ot proce

dure 1s at least as tmpurtant as the nature and quantity of the
W wps o 2 !

2



2 G W Tienenine

15 produced by scetion of the earotid sinus and depressor
uerves that we bave even the remotest nppreesation of what
the mechamsm of the hypertension nctually 15 I beheve
1t 15 sl true to siy that m the hyvpertension myented by
Goldblatt, whom we are extremely sorry not to have with
us here today, we do not know the answer, and I think
perhaps the same 15 true concernuig the hypertension that
follows nephrectomy 1 sty this, spealang at 415 pm on
the 27th of July 1 hope that at a correspondmg time on the
30th of July T shall be able to revise these opntons

Tt 35 not surprising, 1f we hnow so hittle about the mechamsm
of hypertension m the animal, that we know cien less vbout
it i man, even n those relatively well defined conditions
1 wlich the hypertension 1s ssociated wath lewons m the
hadnev which can netually be seen under the microscope and
with certmin disorders of the endocnne glands which agmn
are perfectly obvious  Perhaps it 15 not so surprising that
that much more elusive and intangible phenomenon, essentind
hypertension, we should be cven further n the dark  So
that thus problem of hypertension prosides 2 challenge to
clinictans, biochemmsts, pharmacologists and phy stologiste
and T take 1t that 1t 1s our purpose here ang now to try and
acoept that challenge to pool our iders and kanowledge, and
see how far ve can get
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some tume o ehat chrome artenal hy pertenswon by means of
cerebral sschemia m dogs  Each new mnduction of 1schemis
caused only a trancent episode of hypertension et entually
a pomt was reached where mcreased 1schamia was lethal
However we went on to comhine cerebral 1schemia with
repetitise strmulation of the floor of the fourth ventricle—the
Jatter was achieved by mmphinting a tantalum wire and
subjecting the ammal s head to an mductotherm at ntersals
after the operation—and the tesult was o persistent neuro
gemie hypertension of moderate seventy which was abolished
by section of the spimal cord at CO
The hypertension which follows section of the carotid sinus
and sortic depressor nerves 1s sumilar  The blood pressures
of these ammals are often inereased to Jevels of 300 mm Hg
and over the hypertension can be relieved by total sympe
thectomy or abohshed by high spinal cord seeton  Increased
cardiac output due to cardiac acceleration was once beliey ed
o be the major factor in causing this increase m artenal
p;cssure However 1t now appears that the disequibrium
:m:ycm&:\eth{:lc;:emml extends to the arteries and arterioles
when cardloaci:clem“:::: ‘sp ﬁ::;:: (:ll‘!c(; ‘:'grdnc e e
P cCubbin and Pige 1951)
esponses of these dogs to tetraethylammonium
chlonde (TEAC) are of particular interest to me they
demonstrate the concept of reactivits validate the view that
inx‘m sorbie n:;xrogcmc th" {:’cn‘cnsmn 35 duc‘ to msplaced
i
yield some msight into the problem of hyptrtenston ‘::lll| !
beings  Brelhy stated ntrascnous njection of stand. r‘(;"lmn
doses of TFAC causes 1p these armals deep bref] ey
:;pum\ :hdeprcssar responses whereas HE’ norma% 3‘;;:3:;:;1{:
ogs with renal hypertensio
tresponsts are fo“om by lp‘:e;::ti’spr;l:g;ritc depressor
mpections (Page and McCubbin 1941 19,22 O peeane
sself acts pnmanly by blochade of tmn‘h Lo diug
& mpath smission through
ympithetic gangha the responses in the dog with &
hypertension indieate s ught be 2 with neuropenic
predicted  that these
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tstonulus  The technique used m most of our evperiments
consists 1 obserying the changes which occur m an animal’s
arterial pressure after admmustration of o variety of vase
active drugs  Obviously, varous mechinisms ean participate
in these changes, such as eardinc output on the one hand or
pertpheral vasoconstriction en the other, when changes of

THEMST AL

AEURAL @F5y BEAGTIVITY

TISSUE PERFUSION

VOLUME
pressure / rexisdaonce

ELASTICITY

canpirc vascuian

ouTPUT carine
VISCOSITY
Fio 1 Interrclation hip of vanous factors controlling lissue
perfusson

reactivity can be shown to occur speafic and complex
methods of analysis must be used to determune their nature

Neural Factors
Nenrogente Hypertension As has been shoun by clectricaly
shimulation, certan areas of the bram isfluence the level of
arterial pressure  The sygmfieance of these acute responscs
remams obscure  Because of our mterest in the problem of
chronie hypertension Dr Taylor and I (1951) attempted for
+
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this form of chimeal by pencx‘\\smt; ‘:‘\:-c the expenmental
o sympathecto!
d‘sle;:sn;z:‘::;l ze:go ;\‘gu:nl Z‘ha‘;gt Destruction of the spnal
cord from €6 caudally 1f the ammal or patient sun:'\gs n
relatise well beng <harply increases responses to test doses
of noradrenatine sdrenadine and banum chiorde \-f:spons::‘ei
ness to angiotomn 18 unafected or only sl htly enhany ;
sensitivity of the vagal cardio inhibitory reflex v greatly

wet
e ta

Tree 1y

Fio 3 Response to TRAC before and after section of the
bufler nenves

augmented In brief this form of neural ablation induces o
defimte pattern of reactivity change

Section of buffer nerv es induces a different senes of changes
Thus as McCubbin and I {1902) showed section of the carotid
sius nerves, when preceded by seetion of the vagus depressor
trunk and admumistration of TEAC greatly enhances the
Tesponse to t espopsiveness to line
seeotorn and Pitresun are nat proportionately inereased
sympathectomy prevents this effect of buffer nerve section
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gangla are transmutting a vast show er of s asopressor impubses,
the responses are deep because these smpulses hnve become
the major determmants of the blood pressure Jevel, they are
repetitively obtamed beetuse these gangha, supercharged as
it were from shove, resist the blochade which, m other
animals, supervenes after repeated TEAC dosage  As con

I1a ¢ Responses of a renal hypertensive dog  (Both hidnevs
weappel i cellophane Unsnasthetized  blood  pressure
52 mm Hg)

(1} Adrenshne {2} “oradrenaline (8} Bstum chlonde

4-5) TOAC & mg kg (B} Adrenabne () “oradrenahine

}64))’1'[ AC (16} Banum chlonide {113 Remn (12-53) TLAC

14} Adrenatme (15) Remn (36)TY AC {17} Banum ehloride
{no 0.8}

werns chneal hivpertension the pomt of interest hies m the
fact that o minority of prtients show repetitsy ¢ decp depressor
responses to TLAC, whcrens the majarity do not, the response
pattern of those who do this corresponds to that of dags with
sino aortie hivpertension and suggests that ypertension
these patients 15 also primanly neurogeme It 1s hoped that
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Y
{epress avane ovidase sctivity, although t\\lst would ::;;e\ ssrc‘x;te
sodium nitropruss
o apply to lstamme banum or
h\pgshis\s was tested by measuring responsis eness ;o nolx;
adrenaline seratomn and angiotontn before and after ndmun w
ration of drugs which 1n tuo or wuiro were hnown

Fi6 4. Refractorness in s normal dog
of 30 per cent carbon diond

resulting, from inhalation
e

(1) Nitroprusside  {*) \drenahne (3} \Oradrenaline {4)
Sodwan azde (5} Banum chionde  {6) 30 per cent earbon
dioude (1) Ad b d

)
(10) Barum chionde (11) Sod um azide  (17) \itrof russide
QA3 pIL 6 03 Air guen. (14) Ldrenabine thurty fine minutey
fatet” (1 ) Noradretline (16) Sodium ande ~ k xclunon of
both carolid sinus perves altered thus pattrm insizificantly
{From Pege and Olomsted, 191 Ciseutation 3 801)

nhibit amine oxidase  Among these ephedrine gave shight
tation of resp to drenaline but dwsapp
mgly amphetarmne had either no effect or even wnpaired
the responses and a tlurd ngent Marsalid {1 somicotimy1 2
tsopropyl hyvdrazide phosphate) cleatly decreased them
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Curiously, the effect on angiotonin responsiveness 1s not as
great when hexamethomum 1s substituted for FEAC

Thus, under specific situations, diserete neural ablations
result in hughly charactenstic chianges in reactivity  But the
complesty of the problem and the sensitivity of the
mechamsms mvolved 1s iltustrated by the fact that enhance
ment of angiotonn response by buffer nerve section 1s only
observed when TLAC 1s given by a defimte schedule of
repeated doses, when either TDAC or hexamethomum i
gven by slow infusion, the augmentation wlich results
resembles that seen after cord section regardless of the state
of the bufler nerves Thus 1t seems likely that we deal
these situations with the mnteraction of sclectne neural
mechamsms of vascular regulation, therr existence has only
been yisualized and their nature 1s not understood

Another aspect of the neural control of reactnity 15
demonstrated by cousing anwesthetized, curanzed dogs to
mhale 15-80 per cent CO (Page and Olmisted, 1851)  Thev
respond by o moderate decrease of nrteridd pressure, st this
pomnt the abibity to respond to adrenshine or noradrenahine 1s
either greatly impawed or sbscat responsiveness e be
restored or the onset of refractormess prevented, by gangh
onic blochade or by ablation of the paravertebral sympathetic
gangha

These examples of alternted responsiveness show that neural
regulation of cireulatory fanction 1s exercised in large part by
mechamsms which control and bt and do not exclusively
worh, as we have been accustomed to think, by means of
exeitation  The hmited data avalable prevent any very
speaific conclusion, they do suggest that those mterested m
circulptory contrals shauld concern themselves with the
mhbitory as well as the exaitatory aspeets of ncural regulation
mdeed by analogy 1t seems lihely that crculatory neural
contrals hke other peural funetions nect by a system of
egmlibrating ‘ feed baeks’

One of the more attractive explanations of the sensitizing
action of the blocking drugs has been that they somehow



'
\rursL anb Hotorar CovTroOL 9

depress amine onidase setwity although this would not sc';lm
to apply to stamme banum or sodwm mtroprusside  The

ness {0 nor
hypothesss was tested by Tmeasuming responsive
remal

and ang] before and after adminis
wn to

n tiro were hno
tration of drugs which 1 tizo or ¢

Fio 4 Refractonnessn a normal dog resiting from intnlation
of 80 per cent carbon dioide

n ?)} A ® [

Sodim ande  {3) Banum chionde {B) 30 per cent carbon

dioxide (1) Adrenaline (8] ) \at e

¢
{10) Barum chionde. (11) Sodium azde (1) \stroprusside
(3 pH 8 83 Alr guen. (14] dremaline thirty five munutes
Tater (15) Noradrenalme  (18) Sodnum azide - Lxclusion of
Voth carotid sy nerves aliered thus pottern msigmificantly
(From Tare and Olmsted 19 1 Ctreulation 3 501}

mhibit amme oxidase  Among these, ephedrine gave shight
n of re e to noridrenaline but 7
mgly amphetamme had either no effect or even lr;lpaucd
the Tesponses and & third agent Marsalid
woptopv! hydranmde phosph

(1 1somicotinyl 2
) dearly & a

them
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Thus, mhibition of amme oxidase actiity would not seem
to be the reason for the post TEAC augmentation

The mmportance of autonomic nerve function m vaseular
response to 2 Vvasoactive ngent, 1s exemplified dramatically

116 » The effect of 30 per cent carbon dioxide on vascular
reactivity i a sympathectomized dog (Mo 1828)
{1} Adrenaline  (2) Noradrenaltne (3) Banum chlonde (4)
I\:tr‘oprussxdc (w) Sodium pzide  (6) 80 per cent carbon dioxide
d: AN 1 Ad:

(10) Nor
adrenaline (11) pIl 6 80 (12) Air = (13) Adrenahine  (13)
Noradrenaline  (1.) Adrenaline This shows the relative mamn
tenance of responsiveness even after a very severe fall in arterial

ressure and the perod of supersensifivity when carbon dioxide
18 withdrawn quickly followed agmin by normal or reduced
reactmity (1 rom I age and Olmsted 1941 Cireulation 3 801)

m the case of scrotomin  This drug has usually a biphaste
depressor pressor response 1 the dog n the cat the response
1s purely depressor as it 1s also m the dog with ncurogene
(sno aortic) hypertension  Blockade of autonomic gangh
with TEAC or hexamethomum causes the drug to exert 2
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purely pressor action (Page and WeCubbin 1;75')) 1?“::"
response to serotonn 15 an index of yasoconstriction resutting
ervous setivity,
(m'}n}: Arugs which block the achions of the sympathetic
nervous system more penpherally result m stil another
pattern of seactnaty  Rembine Priscoline and the Benzo
diovanes are presumed to mterfere with the humoral
duat drenaline and Jrenaline ot the myoneural
junetion  Such blocksde agmn exemphfies the speafioty
and vaved mature of chinges jn reactinity  These agents
reverse the mrsponse to adrenghne and bt the pressor
sesponse to noradrenaline but do not affeet pressor responsue
news 10 angiatomn and Pitresin  Serotomn s affected
wregularly by adrenergie bloch  Under certain econditions s
detion may be transiently reversed from pressor to depressor
To sum up, a sarets of neural activifies influence not only
the Jevel of arterial pressure but also and with some speo)
finty responsiseness 1o vasosctine agents (Page and Tevlor
1950}  These effects moy depend en one and the sawe setion
sarou fy exerted  The data at hand emphasize the impor
tance of considering not only the amount and kind of vrso-
exeitor which mav be present but also the amount and hund
of response which 1t wilt exaite the concept 13 proposed that
the whibitery as well 85 the exertotory properties of central
nervous function must he considered 1 assessing the nature
of drug action  In a world of cats and neurogenic hyperten
snedogs seratoun would be classed as vasodepressor 1n the

wld of reahty we find that ws properties depend on the
responsiveness of the reeipient

Humoral Gontrols
The ref hip between the of } ! suby
stances the calibre of blood vessels and their Teactivity has
been under study for many years  The bnlhant studies of
son Euler of several Enghish physiologsts and Peter Holte
wumbrated by Walter Cannon have uncos ered much of the
mystery of adrenahne and voradrenaline

Niture s exper:
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ment m ths field, the phreochromocy toma, has demonstrated
to the chmewan the havoe that a disequilibrated humoral
system can produce In spite of the relative sumphaty of
the chemical structure of the adrenergic agents progress n
this field has taken a good many years The structurl
compleuty and small amounts of other potentialhy sigmificant
humoral agents probably account for the fact that we hnow
so httle about them  And, fortunately or not, Nature does
not co operate by estabhishing tumours which will secrete
angiotonn, serotonin, cerebrotonin, erther alone or i com
bmation

Rener, Renin Substrate, Angwlomn (Remn  Hyperten
sinogen, Hypertensiny  The study of the renal pressor system
began when Tigerstedt and Bergmann showed that extracts
of hadney were pressor when mnjected mtrasenously mto dogs
The substance respansible for this effect was termed renin
and considered to be a pressor substance with direct action
This concept was dispelled when with Helmer, we found that
mmtial purification of renn yielded 2 protemn misture which
did not act directly on the blood vessels of solated organs
perfused with Ringer's solution (Page and Corcoran 1918)
These muxtures were then found to become vasoconstrictor
when perfused 1w the presence of plasma  The substance m
plasma which made the mactive renin aetive was tentatively
called, “renin activator ' (Kohistaedt ef af , 1940 Page 1040)
untif further studies showed that what had occurred was an
enzymatic nteraction of renin with a protein substrate and
the formation of an ultrafiltrable pressor substince which
was directy vasoconstrictor  The substrate was termed
renin substrate and the pressor product of the reaction
sagiotomn  Eduardo Braun Menendez nccomplished 2
similar demonstration at the same time, and he and his
associates termed the substrate hypertensmogen and the
product of the reaction hypertensin (Braun Menendez ¢t al
1946

Af.)the tume we both probably had the notion that saientific
nomenclature was an ordered system and that each m his
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fulfilled the rules snd regulations whle the

2&,“\‘2&“8:“1“1 them e hate both learned that th(cl
rules of nomenclature seem to be mostly self made and
although we now laugh st the tangle we created we vegret
the dfficulties experienced by medical students in assumilating
this termmology Unfortunately the tnivial names will
persist for whle it would be destesble to use chemieal names
1t 15 unlhely that anvone ever will these matenals pre too
complex  Eten as concerns simpler compounds while
5 hydroxy tryptamine may Teplace serotonin and enteramine
nexther adrenahne nor noradrenshine ate referred to by ther
more mformatrve structural names and  Regqitine’ 15 more
convement than  2{MN p tolyi N m hndroxvphem vmino
methy 1) imidazolme

The clue to the nature of the renal pressor system was the
demonstration of Tenin substrate  lowever ths matenal s
not yet available 1 pure form  Some years ago with Plentl
and Davis we found {Plentl ef al 1933) that most of the
renin substrate of plasma oceurred m the alpha 2 globuhn
Green 1 our laboratory has since prepared a concentrate
of this matenal by fractionation of plasma with ammoninm
sulphate at <anous pHis One gram of tins concentrate
yields on tncubation waith remn 20 to 30 mg of a peptide
fraction which corresponds 1n activity to 6 mg of the purest
angiotonm yet prepaved  This small yield testfies to the
probability that the substrate content of the concentrate
wust stll be relatively small i relation to the other proteins
it contamns  In bref all we hnow 1s that remin substrate 13
probably an alpha 2 globulin that st 1s formed n the liver
(Page ¢t al 1941) and as Dr Helmer will tell s that its
formation 1s mfluenced by the adrenal cothicostermds

A sigmificant advance has been made the preparation
of renm 1n that Haas Lamfrom and Coldblatt (19:3) have
i 5o o pa e Uttt
revenls two ot crectraphoretic analysis

D and the est d punty of tk
matenal 15 about Go per cent  Thes matenal \mz;n\cr 11:
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much more homogeneous than any which has huthert

avatlable  Thus, the studies done to date on renin and

substrate, on their interaction and coneentrations in blot

tissues, have all ultimately to be rec exammned by n

enzyratic methods as purer reactants come mto our

Muany early elums and eounter claims ean be put aside
judgement suspended unti eonfirmation by exact me

possthle

Thus, with an impure substrate and an ympure enzyn

15 no wonder that the isolation of the complex product of
mteraction has not gone on apace  Angiotonmn has beenn

m my thoughts for the past fourteen years as, under ano
name but just as elusive, 1t has been m these of Dr Br
Menendez  Our group meluding my former assoen
Helmer and Plentl made great advances in s purtficats
only to be outstrnipped by Edman i Sweden, but Edn
stems to have lost interest mn the problem  Our presc
colleague Bumpus, has recently prepared an angiotonin th
18 s nearly as the companson ean be made, more than twi
as active per milhgram mtrogen as Edman’s best

The fasemation of sangiotomn hes partly n sts abahity 1

mimie most of the hemody namie changes of essentin hypes
tension  Unfortunately pending better methods the mos
that can be said 1s that it seems to he present 1o iNCreasee
econcentrations in the blood of some renal hypertenssve ammal
and of some patients with advanced hypertensne disease
Howeser mn this connection one should heep m mund the
pomt made above that under approprate conditions of
altered neursl function responsiveness to angiotonsn 15
grcu.tly mereased  Consequently it 1s possible to envisage 1
situation m which normal or presently unmeasurable con
centrations of this agent mught effcet 2 large and persistunt
merease mn arteral pressure  And once the new equubbrium
of arterial pressure had become established the enhanced
sensitivity to angiotonin which set the proeess m motion
mught very well disappear Admittedly the atvation [
envisnge here 1s complex and hypothetieal I pomt it out

o
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portly becauité t&us field \: one 1 which oversimphfication 13
sy and disappanting

bogi::!?yvm this mﬁﬁchoﬁ some mention shou):l be made
of the demonstration by Masson Corcoran and Page (1921

1952) that admuustration of reniy to rats pre treated with
salt and deoxycoricosterone cortisone or hydrocortisone

zesults ta difftse saseular lesions which do not appear m
non sensitzed Tats  In parhienlar  the syndrome which
occurs 1 rats pre treated with deoxy corticosterone nndd salt
has & supeshanl resemblance to cclamptogeme toxmmes of
pregnancy and 10 view of the hnown associahions of this
disease with sodium retention on the one hand and renal
damage on the other may hoyve o defimte chneal imphieation

The mect of tion of renin and salt
1 the cstabhishment of these vascular lesions 15 unknown

The lesions are smpressive {kig )

Cerebrofomn  About eighteen years age 1 found o strong,
pressor substance m the flwd removed from the cercbral
ventuicles of patients and ammals (Page 1935) It was not
regulazly present but is demonstration led us to seareh
further for sasoactive sgents of central nersous ongin - After
making a nusmber of necessary chan,,es in the usua techmques
Tavlor and I finally developcd a procedure for perfusion of
the isolated dogs head that has implemented this search
{Taglor ef al 1951 Taylor and Page 1902)

1t seemed blely that the demanstrstion of posstble vaso
sctive properhes in the central nervous system mght best
be accomplished under conditions of strong central stimuln
tion  Electrical stimulation of the central end of the cut
Vagus nerie 1s known 1n normal anzsthetized dogs to et
2 large pressor response This pressor Tesponse 15 generally
ascnbed to reflex svmpathetie stimulation wath  adrenal
Ei‘::rga;lmhﬂrge However 1 now appears that several

partiespate m this response and so many have
now been demonstrated that it hecomes hard to 1solate and
quantitate each separately

Barreds  Jimenez Diaz and Molina (1947 1918} attnbute
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at lenst part of this response to neurogenic actisation of the
extrarenal “remin” they find 1n vessel walls, more recently,
they attnbute the response to liberation of noradrenahne,
also from vessel walls the distinction, 1f such 1s intended,
between this mechamsm and the well estabhished fact that
noradrenaline 1s relensed 4t sympathetic nerve endings, 18
not yet clear in my mind  We shall look forward to hearing
their current views and information on this pont

Tavlor and 1 have found that, under certamn condihions,
strmulation of the central end of the eut vagus results i
pressor responses i the body after cord section has elimmated
the possinhity of sympathetic reflex discharge e attubute
this aspect of the pressor response to the hberation by the
bram into the bload of 4 pressor substance which, pending
identification, ean be called cerebrotemin 1 state the name
reluctantly, smce what we have to deal with 15 a phenomenon
and not a substance, still, to give 1t & name 1s both fashonable
and convensent

The cerebrotomin response 1s not attnbutable to release of
adrenaline or noridrenhine, since drugs which minint or
reverse the pressor activities of these amunes potentiate the
response to vagus shmulation  Nor does 3t seem attrbutable
to mechameal expression of blood from the constricted vessels
of the bran to the circulation of the body, since adrencrgie
blackade prevents vasoconstriction 1n response to sympathetic
stimulation  Apresohne (1 hydrezinophthalazine), winch
has hittle effect on r to noradrenal adrenahne,
Pitressin, romn and angiotonin, prevents or reverses the
cerchrotomn response 1 preparation of med verntrum
alhalods (Venlowd) acts smlarly  winle protoseratrine 18
mactive i this respect  Nesther hypophysectomy nor the
establishment of renn tachy phylaxis prevents the response
However, the partimpation of DPitressin i the response has
not been wholly exeluded, since this materal occurs n the
iencephalon as well as the postertor hypophysis

Little more 1s known concermng this phenomenon  Qur
present and necessanhy tentative conclusions nre that cere
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brotonin 1§ & pressor substance of mudbram ongn “h\c‘h
differs from ather known pressor substances with the possible
exception of Patyessin - N0 data ave 21 ailable as to its na!ur;
ar physiologieal funchion nor have we vet identified 3t wit
the substance found a number of years ago in \entreular
fluid  Clearly thisssa fertile area for further investipation
we hope that 1t Wil soon be possible through the jout efforts
of our group and our Spanish colleagues to delineate clearly
the several mechanisms that rasse arteral pressure when the
brain is stimulated by passing an electric current through the
vagus nerves

Serotomn  Thos 15 the last of the “tomns  which I wiil
discuss I have been plagued for years by its occurrence 1n
drawn bleod 1 winch a nctor would tably
appear and disapp it Ty fused the search for
crculating vasoactne egents while 1t wterfered also with
micely contrived attempts at organ perfusion

Qter the course of several years we had developed the
techmique of perfusion of the rabbit ear to a pomnt where 1t
could be used n semu quanttative assay  Consequenths
when Green and Rapport joined our group the rablut ear
method was used in the resolution of the problem The scrum
vasoconstrictor was 1solated 1 1846 as the ereatinine sulphate
complex and its structure partinlhy deterrmned 1987
(Rapport Green and Page 1938a ) Two years later the
complete structure was reported {Rapport 1949) as 5
hydroxs tryptanune this matenal was synthesized by Hamhn
and Fisher (1901) and others soonafter The pharmacologicat

activities of the natural and synthetic serotomin we found to
be 1dentical

Thelate Dr & Rerd of Melbourne was certamly among the
first to add sub 1y to the ph meal hnosledge of
serum vasoconstnictor he gamned a considerable msight into st
n spite of the fact that he was forced to do most of s work
with impure preparations

A quite different but very productive a

pproach was that of
Erspamer who a number of yedrs age prepared acetone
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cxtraets of tissues and found in the gastromtestinal troct and
spleen of mammale and m extricts of octopus & weahly
vasonetive matenal wineh he ealled “enteramune”, and
provisionnily dentified as a polyphenolic amine  In viw
of lus widehy dsfferent approach it 3s not urpnsing that none
of us suspected that serotonin ond enteramine were the same
substance under different numes

DNow that identity has been estabhished, Lspamer’s studies
{Frspamer and Boretty, 3953, Frspamer and Ghiretti, 1951,
Frspamer and Asero 1952} and ours (Twerog and Page,
1853) show that serotomn 15 widely distnbuted It occurs
m venom, clam muscle sihivary gland of octopus amplubisn
shin mammalian mntestinal tract and spleen  Recently, we
hnave found relatinely Ingh concentrations i dog, eat and
rablat bran and concentrations 1dentifisble by clam heart
assay and paper chromatography wn normal human and dog
ursne  The amount normally present n unclotted blood
must be very small, nssays of human blood, like those on
extracts of mammaban kdnev and heart are complicated
by the presence of & substance which impairs the responsive
ness of the clam heart preparations

The fict that <erotonn forms complexes with creatinine
and that 1t 1= widely distnbuted i musele and nerve tissue
suggests that 1t may be an important hink between muscle
and nerve function  Dr Twarog found that st occurs in the
byssus retractor of Myhlus edulus and believed that it mght
be the physiological relaxor of this smooth musele from
contraction induced by acetvicholne or electrical stimulation
A mammalian counterpart of tins s found mn dogs with
experimental neurogenie hypertension, m these  vascular
smooth muscle brought mnto contraction by vasomotor
impulses 1s refaxed by serotontn injections

However its part 1n mammahan phystology s stiff unde
aided and 1ty pharmacology complex  As McCubbin and I
found {Page and McCubbm, 1958), the degree of pre cxsting
vasomotor tone largely determines whether sts major
effect 15 pressor or depressor, climination of neurogemc
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tone results 1N pure pressor Tesponses 1 cats vabbats aw
&

Other cardiovaseular properties of this ngent are !h:;; 1; ;i
& direct vasoconstrictor that st eliats a von Bezold
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Fiz 7 Companson of hypatensive action of serotorun and
TEAC i a newrngenie hypertensive dog with fund leg perfised
with blood of & donor ammal Top tracwng is petfusion in leg
measured by my manometer inserted into curewit between
punp ond 1 Bottom trarmy s srtenat pressure of body
sure of donor anmal not remrstered
(1) Sevotan 0. 0 003 mg direetly tato leg  { ) Serctomn 0 06
mg intabodsy (3} TEAC™ o rmy, Ag fnto body (1) Serotomn
0003 mg into leg (o) Section setatic and femorsl nerves
6} Seratorun © 003 mg into leg

action and transiently blocks mmpulse transmussion through
sympathetic ganglia (Page and MeCublin 1953}  These
vanious actinities eontnbute to the complexity of 1ts effect
on artenal pressure  Typieally m normsl dogs 1t elicits o
vapd depressot followed by & sharp Dressor res)

M o

ponse (Fig 7)
%
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the mtinl depressor phase 1s attributable to the von Bezold
reflex and ganglon blochade and the pressor phase to its
vasoconstrictor action, the subsequent, more prolonged,
depressor phase of the response 1s attnibutable to its peripheral
action n reducing neurogenic tone and relaxing smooth
muscle (Page, 1952) The response i normal cats 1s purcly
depressor, and differs in this respect from that usually observed
m dogs and man, while 1t resembles that seen 1 neurogemic
hypertensive dogs (Ig 8)  These differences prompted

Frc 8 “ormal cat showing depressor response to serotonin
with reversal to pressor after Ik AC and after pitlung

(1) Serotonin 0 03 mg  (2) Nordrenaline 2 o up  (3+4) TL AC
& mg fkg  {v)Serotomn 0 03 mg  (G) Noradrenaline 2 o pg

recovery from TCAC (7) Serotomin 0 03 mg (8) “oradrenaline
2, ug pithed (9) Angiotonin  (10) derotonun 0 03 mg

exammation of the responses of a number of hypertensive
patients to the drug the responses vary widely from depressor
to pressor, the more common responses resemble those usually
scen 1 normal dogs wlile some patients show the depressor
responses which characterize inereased neurogenic tone 1t 15
hoped that further chimeal correlation of these responses may
uncover some of the mechanisms of human hy pertension
Serotomn has also respiratory effects (Douglas and Toh,
1953 Comroe, 1952) which differ between speeies n eats at
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causes apneen and m dogs hyperpnaea os it docs nl;)o |‘n
man {Page 192) These do not contribute amportantihh to
on artenal pressure

ns\“:'i}‘:\t: 1t has beenx;ugq&\ed that serotomn 1s antidiuretic
and even an antidwretic bormone Corcoran del € reco and
1 have been unable to d trate that 1t has sim

antidretic or renal vasoconstnctor properties i normal
dogs mven serotomn by mtravenous fuson  Under these
conditions 35 def and the d observed
m eflectine renal plasma flow filtration rate or unne flow
are attrhutable to hypotension as such  Mild depressor

P to ly d with moderat

transient renal yasodilatation rather than vasoconstnetion
Of course wyection of a large dose of scrotonin espeennlly
when grven subcutancously mght well imbate a chan of
events which would result 1 relense of antidiuretie horraone
such responses howeser, can have little to do with its place
i mammahan physiology  Perhaps shill 1ts most obvious

role 15 that of s local vasoconstrictor at the site of blood
coagulation

Frspamer and Ssero s obsersabion {1952) that the smooth
musscle shimulating properties of acetone evtracts of intestng
are due chiefly to serotonmn has been confirmed by Dalgliesh
Toh and Werk (193] However ths association 1s comph
cated by the smooth muscle stimulant found by von Euler
and Gaddum {1931) m aleohel extracts of intestine and braim
which they ealled substance P It now scems that serotomn
and substance P are not dentical (Pernow 1923} and that sub

stance P15 probably a polypeptide  Detarls of thus diseussion
1 must feave to others

e prepared some

Yyears ago a protein extract of lung winch
destroys d o

at rates corresp g to those of firt
order reachions (Rapport Green and Page 1948¢) Tissue
extrets whieh destroy seratonin hasve also been prepared by
Frspamer ¥t remarms to be demonstrated that the enazy

matie degradation 1s speeific that it may be due to amme
ovidase has heen sug ested at least w15 rapidly oaidized
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by this enzyme (Blasehko, 1952) By clom heart assay,
we found that st 1s rapidly wnactivated when infused nto
animals, even during the mfusion, httle can be demonstrated
m distant bloed, vanable proportions (3 to 20 per cent) of
mjected serotonm appear in urine

Udenfriend, Clark and Titus (1958) have found hydroxy
tryptophan 1 normal blood and have demonstrated an
enzyme in hidneys winch spectfically decarbovylates thus
ammo scid to yweld serotomn  Its association with bloed
clotting and blood platelets 15 not apparent from this scheme
of its formation  As to its degradation product, the most
relevant analogy 1s the demonstration (Ewins and Laidlav,
191d3) that tryptamine 1s degraded by the Iiver to mdolencetic
ae

VDM and VEM  WiileIhaveno first hand experience
with tius problem, I have followed 1t from its meeptson with
wnterest  Chambers and Zwexfach developed a method which
measured the reactivity of the small vessels of the rats
mesoappendix to adrenahine  Shorr and Zwefach Jater
applhed the method to an extraordinary vanety of expen
mental situations and arrived at an elaborate systemization
of the vascular reactions taking place  You are all famhar
with the attractive formulation and 1t has reccived wide
aceeptance m both the chnteal and expermmental hiterature

It 15 no secret that I have been somewhat dismay ed by the
uneritreal acceptance of these iteresting theories  To e the
problem rested on whether (1) the rat mesoappendix test was
suffictently quantitative to allow the confident fgures whick
were given, (2} whether the changes 1 reactivity were
specific to one substance such as VD M or ta a vanety of
substances, {8) whether it 15 justafied 1o reason that changes
n reactnity m one vascular area may be translated into
terms of artersal pressure w the entire cireulation  With the
finding that VDM and ferntm were identical 1t was to be
antiipated that the admimstration of this substance ssould
lead to profound vascular changes  As you hnow this has
nat proved to be true
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artenolar and capiiiary beds s most desteable
an?i?:%:;:::; method wilt be found to make it objectively
The current subjecti e defintion of end po\n'ts by obsert :mt()ln
under the pe while dnpp d on the outside
of the vessel leaves much to be destred  There ate so many
factors which can influence reactiity, that st w ould be
surprising 1f only # speafic ¥ DI or ¥y BM wereamy olved
1t remams to be shown that the test can be used as & quan
ttatine measure of the refatne amounts of these two hypo
thetical substances and that this can form the basis for
eluerdation of the mechamsms n shoch and hypertension
Toputit bluntly Tbelieve theory has well outrun expeniment
the pyramd 15 Teshing on Ws point Tather thn ats base the
pomt bang the wadequately explored and d ted
mesoappendix test
pathetic re evalustion

Tat
The problem needs coreful and svm

Reactsvity and Organ Systems of Unhnonn Mechanism

Apart {rom the ncural controls of reactinity thete remamn
other organs which hase both broad and selectne effects
on ts function  The first of these are the hidneys

Thesc have for years been hnown to it responses to
renm and angotomn  MeCubbin ind 1 {18a4) have found
that the 3 vesp 1o Temn and ang which
oceur after nephrectamy are not related to exeretory remal
function but to the presence of wtact hidney tissue  Thus s
an ntcresing homeostasts n that the hidneys seem to
regulate responises to the very substances they form In
contrast Lo 5o wany ovher aspects of the study ot by pertension
netther the nervous system nor the sodsum ion patticipate
m this speet of renal funetion

'Tlu Iner scems to have a mueh fess selective influence
Page 1950)  Reactiuts 1o most vasopefive substances 15
wmpawed o lost soon after hepatectomy 1 ass of reactivity
15 usually ted with 4 o m artenal
“ince many vasoactive agents are Pr

esurably conjugated or
wmactivated m the hver 1t might have been supposed that
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hepatectomy would increase their effectivencss The fact
that the reverse 1s true suggests that the liver adds something
to the blood which 15 essential to normal muscular contraction

The thyroid gland seems «lso to be concerned 1n reactvity
In dogs at lenst, severe chrome hypothyroidism depresses
vascular reactivity (Page and McCubbin, 1932b) the mecha
msm of tlus response 15 the more obscure in that admimistra
tion of desiceated thvroid further impairs and does not restore
responsiveness to vasoactive drugs

Nather the pituitary nor the gonnds seem to have distinet
wfluences on reactivity  Adrenalectomy without replace
ment therapy results in a transient augmentation followed
by =« progressive decrease 1n reactivity to renin, while angio
tonn responses persist although they mav be impaired this
difference 1n response could be explained s a result of defi
cient renin substrate  Reactivity to other vasoactive agents
1s not much mmpured by adrenal falure Except as the
adrenals may participate 1n formation of remn substrate,
their influence on reactivity n general 1s relatively non
specific
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Picxenve T should Lhe to start this o
1seussion by ashim
::;’eut‘;h:“ x;::m\wt, “‘);mh ‘wasg y our first pont ![a{e you xsna‘g::s\:::
h“*mmms; outself s to any eltetation 10 reactivity sn human

FAGE-Yes 19 the shde that T showed (Fig 3) roughly 10-15 percent
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of the hypertensive population responds by a repetitne fall i blood
pressure to tetracthy lammamum chlonde (TEAC) That 1 what we
call the chronie response pattern  Yn other words instead of show
mg an mmhiel depression followed by « reversal to & rse m blood
pressure, these neurogemic hypertensne dogs alwnys show s fall m
blood pressure A certmn pereentage of hypertensiie paticats show
exactly the sume thong 1t will be mteresting 1f we can show that
those people yespond to total sy mpathectomy ¥ weuld hke to pomt
out thiat some of our associates here hiase neardy rumed our chance of
this—we cannot persnade people to Le sympatheclomized any more
stmply because they want to be treated with hexamethonium instead
It mahes 1t sery difficult from the scientific point of s1ew  Does that
answer your question’

Picwsiring Parthy  You havent any evidence that these patients
behave in other ways as though their hypertension were neurogenie?

Pacc No  Curiously enough they are not the group we have
desctibed as the hyperensive diencephalic ssndrome  Lhts syndrome
along with the one we evll ancestral s only circumstantial evidence
m fyvour of its being of neural ongin Examination of the patents
shossing thus chronte response pattern with TL AC does not suggest any
espeeial hvperactinaty of the nervous system m other words they do
not show the emotianal disturbances and exaggernted sctivity of the
autanomue system that we formerdy regarded as betng charactenstic of
the neurogemic hypertensine

Hrimer Could you use the Amyial sedation test?

Psar Not neeessanthy 1 doubt if there 1s anything speafic about
the Amytal sedation test  In friet TEAC o hndrosvtryptamune and
a few others ke Alstonine among 2l the drugs thit we hae trzed on
piticats are the only ones that show & diffeventral response from narntal
Veratramine 35 useful th dags with esperimental by pertension but it
has some dangers connected withats tse such as produciag convulsions

Picr orinG I you were trymg the reactinsty to a spearfie substance
and were testing 1t by measyring the hlood pressure would you take
the absolute response of the blood pressure or would you tike the
response of the blood pressure 15 a pereentage of ity untnl 3 Yue?

Pror I would prefer the absolute response if ¥ had to chioose actually
11 35 the patter of response wineh chiefls interests us It s a et that
the height of the blood pressure need not defermme the degree of
response  In renal hypertensnes for example most depressor and
pressor drugs  1ve the same absolute £1lt ot rise cen i a normatensise
Lontrasting with these the neurogeme hvpertensive gnes o mueh

eater fail with some depressor drugs but not with others 1t 1s thus
differentiad that we nre using to try 1o clssify obr hvpertonsine patients
We have I think clear evideace that patients who apper much the
same on ehinucal exanunation are quite cifferent m the pitterns of there
response to different drugs I hehese tfusas the rerson why there pon ¢
to the sarious therapentie agents 18 so v red 1o different patients
In short we worh from the patterns determuned in anumils nath known
forms of hypertension to the patients m whom it s unknown



GrspraL Drscussion o7

hat
xr What gbout renal hypertensive human beings~cases v

Vh::::ans Tyt assumed wete cases of venal hvpertension  cases of
chrome rena) disease”

1 4": £ ¥or imstance chrome Drght s disease’

T Yes

‘l":m They sho ¢ a normal patiesn ‘but T hope sooper or Jaler we
shall be able 10 dewmonstrate some abpormality 1 am sorn 10 sav that
the response 10 single injections of angiotonin seems to be quite normal

PiaTT You Yove tned them with repeated 1nyections o TLAC do
thes all show a normal pattern?

Pacr les so far g3 we hate gone T should ndd that Ahe pattem
for instance with TEAC can be altered by the salt content of the diet
con.equently 1t 13 necessary 10 be aware of the trestments the patient
18 tecening

Paros There 55 & pomt 1 the pharmacologs of TEAC T should Lle
to make  1ou &d not mention the way that with biggsh do<es
aawnaly 1t can prodace a secretion of adrenaline and noradrenaline
T won ey therefore whether the distinetion between \our groups may
be potiung partieularly neurogemic but mas Bie i the ability of the
amynal to buld up & secretion of adrenaline or noradrenahine whieh

wagld then conceal ganghon block or sometbing of that sort  1lnse
yuu controfied that?

Yaor The problem you bring up 11 8 most intetesting one  Onr
earls woth with D Tavfor suggested that large doses of TRAL eaused
Rherttion of noradrenaline and adrenahne I suppose you have i
fund that the transient ganglion blockade by those substances might
he at the bass of the response pattern in neurogeme hvpertension
Tdont know whether @t ts true o not but 1t Sees ta we & ceny dis
cerung suggestion  Unfortunately af we block, the action of nor
adremline with B mtne e hypertenson 15 difficult 1o mamlan
The best T can do for you 15 to say that when [ elieit tackvpinlaws
with smphetarune then the chrome response pattern to TF AL dis
:grpean Do v ou suppose amphrt::mn;w I (‘iom'l; what we are suggesting
much the sume pattern a5 TCAC eits

14to~ You really want g transient ganglion
(Iu‘} adrenaline praducing activity gl on blockar agent. fres of
EARt \[)g)
e ‘zn“m J“a’,‘ﬁ» T su gest that diy dro-ergotamne mi, bt answer part
Pacr It sheald bot unfortunatels it d =
abn nes not  PHO-179 oftea
b i\’h?\ﬂe‘ :“ n':‘uch &realer resparrse o the neurogenic hyvpertenay ¢ than
Taes MENENDE? 1 have repeatrd Dr Page s
0 & expenments mn
rat and 1t behn ts ditirently fram the doy, and \\j? cat m-;m:‘a];

arimal & wathed hy
Faag Pamhed \YPOLenmon  and %o o

nly agree with Dr Braun Menendez that sertoney (s
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merc?wt wle  But m view of what T Disse shown 1 would say that
babiy the depends on tts abulity to tleck peripheral
tone The unpredictabilaty o! t: led us to suggest
amplibanie  as a term deseniptive of sts qchon on the circulation
Brauy Menranez ¥ mean repeated injection of serotonin ta the same
ammal  You give one two injections with a pressor effect then the
third injection gives hy potension then hypertension agmin and so on
It may depend on the Jevel of blood at the af mject
I have done the expeniment m anaesthetized and in non aneesthetized
ammals

Pacr T think that 1s beeause the vasomotor tone changes Ve swould
say that v the neurogentc hypertensive anmmal in eats and even i
dogs under some conditions the tone 1s fugh and that the tone 1 one
of the cluef determunants 1n the response ehotted  In the pevrogenie
hypertensive seratonin geies a fall—when the tone 5s hugh it gires a
fall If the tone 15 abolished by scetion of the cord by pithung or by
TLAC er hexnmethomum then 1t gives a rise

Braun Mext vorz ¥ have not checked that

Tatan Y ou saud in y our paper thnt hey hs
tn responsiveness  You did ot s1y how Jong it took for that to develop
aithough I helieve you have published thus

Pace I takes shout 3-8 hours sfter the hepatectomy and X suspect
that 1t depends a great deal on the shall with which the hepatectony
15 done, because we found that as our shilf improved the refractoniness
Qeveloped more slowly

Paron_ Starting at about & hours and Loing on progressisely?

Pacr Yes although the onset and rate of development vary greatly

Binag Did you try partinl hepatectomy?

Pacr: Partial hepatectormy in our hands does aot do snything  Wie
tned 8 vancty of partial surgieal heg and also acel of
the hepatie artery after an Lok fistula wluch we found very difficult
to perform so as to produce hepatie schenua W hen we did manage 1t
it sitd not do anything that scemed speesfic but the antmals wese of
course very sich wihych fught liave ohscured a more definite revult

Hriirr Did you try mjury of the Inver with chemucal substances?

Pacr Yes carbon tetrachionde poisomng of 5 rather extreme degree
does produce 1 but it 1s not very satisfactory  The lesion 15 so variable
you get some effect but it 15 not n very conuvineiny expenment e
used 1t m our published report merely as supporting evidence for total
surgieal hepatectomy

Pranr Dr Page is the effect of the hepatectoms duc completely 1o
redaction of portal blood flow? Doaes removal of the vascera or the spleca
supply the effects?

Pace No 1t does not

von Butrn I was wondering whether Jarge doses of sntisympathetic
substances swould ittt that nse in blood pressure I ash beeause
Dr Solero 1z o de Janewro using onc of Or Boset s very effectine
sympatholytics found that on stimulation of the central end of the
vagus he could still get 5 yise s blood pressure even when myected

¥

A d
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o effect Lsing bigger doses he founed that bothy
'.'ﬁffu"m“’.ff ;Ki\l’:ngus timulation and carotid occlusion disappeared
mx'*‘f?f?“fxlﬁnx yhat 15 3 vers relevant entiesm,  The problem of
blockade 13 a very difficult one o elat it very large nmmtmk are
required 10 some cases practicaity yietatating tye woral  Facther
1f the anumals are not m good condition you do nat grt & good response
1o have stressed the pomt that it is not slways easily reproducibie
Angrestation wath TEAC and the blockade with Apresolne—almost
a spearfic blochade—strongly sugpest a pressor substance wath unusual
quabities T lunk we would all seee that the experuments ss they are
done are pretty taumatinng  If we could work under conditions in
which there was less traums 1o the brain and 1o the whole stmal
maybe we would get more eastly reproducible resuits

Pickenine., Maght T ask another question about that last proy olng
side (Fig 6) which you showed us”? What happens to the artemal
pressure of thase rats? Is the matenal you showed us the same a3 the
fibmned Ahat you get in the fbrinoid lesions of malignant b pertension”
And 15 1t confined to blood vessels or does 1t occur elwewhere®

Pace. The lesons are almost identical with those of mahmant
hypertension It 13 teresting because Masson Corcoran and I have
recently shown that such different adrenal steroidy as DCA and cor
twone ot fydrocotisuns senmitze 1o the destructive achion of Tenn on
blood vessels The matenal in the vessels 1ooks like fibunod and has
the stamng gualities of  and s larpely confined to blond vessels
But when necyoss of the blood sessel begns 1t spreads out for instance
1n Jesions of the myocardium, The fitrinoid materal seems to be of
blood ongin much as though from plasma that had been extruded
T:* "5’“"":"652 dramatic widespread and assorated with & massyve
edema when

13 used 83 sensitizing agent  fut the same type of
vascular fesion occury after hyd: freome Joprint of

y without

wdena  The binod pressures of the grumals have nob been entireh
satisfactonily because the anmumal s taid o also cedematous mahing 1t
very dufficuit o measure Glood pressure except under anesthewa
}rl‘)"lvmagstmn vé;:m degree 15 doubtless present in many of the apimuls

condition fas many of the qualities of toxama of

tathe convulyions Tome thcseq emonstrats evtraosd e\e?
properties 6f remin not suspected hefore Exen il 1ts pressoract:

ot 1o be the cause of the elevation of Moo pressune sn some. Farns

of hypertension—which I am not prepared to
grant—its vaseulotaw
tﬂ:\s are not, to be ignored 1a the @tiology of mahgnant by peneunsumﬁ

EpineEay T3t assoctated with severe i
TacE Yey they have severe pmum‘mapru\emuru beforehand

Lepinemay Before the lesions or after the les;
10087
ksl:ol;\';&v?;uh:l: :)s;“:.ime hard to sav- they deselop it along with the
s eoniah oes very rapidly within twenty four bours 1t 3s 5
GovaERTs May I ask bosw much Yo
how much renin you have to guve to \‘l?:; nt:;lcost:mnz occtate and



80 GeNERAL Discussroy

PacE 'mo35 my pellets of DCA were implanted  About 0 ¥5mi of
remn was given daily n three subcutaneous mnjections  One tenth mt
of thus remn gave a nse of 85 mm g n a dog wnder pentobarhital
anesthesta

Gosarrrs That s 4 Jarge dose for 8 rat  Tius 15 the trouble wath
many esperiments on the rat that when you translate the dosage to
:l\h'xt we are aceastomed to see i homans, it corresponds 1o ternfic

oses

Pacr ¥ think we all recogmize ond I tnied to pomt aut 1 my 1afh
that these thungs sometimes smack of bang soentific  tours de force
and yet 1 most eases sse have no choice but to do scute experiments
to pawt the way to the chronie ones more nearly minuching Natute s
own  You can argue that you get the lesions n human beings sunply
because 1t is & provess that 1s going on and on  they are getling small
amotiats of cortisone or hyd and snindl ts of DOA and
small amounts of remn day 1 and day out It doesn t worry me too
much on that count

Hrywans Tt scems that it 1s quite diflicult to compare the reactions
mn blood pressitre of the normal dog and the dog deprived of hus smo
aortic presso receptor mechamsms

I the normal dog, imections of hyper or hypotensne drugs induce
also compensatory reactions to hmit the rise or fall of arteriyl pressure
Fhese compensatory reetions are absent m the dog deprived of hus
smmo aorhie mersation and the blood pressure responses sre quite
different  the starting level of the arterial pressure 1y also an am
portant factor n the msponsnencss and the pattern of resctisity
toogen compound The blood pressure Ievchis lugher in the debiuffered
antmal thin an the vormal one Could not these factors mtetfere wm
saur experimental conditions?

Paur Lamafrud Prof Heymans that T did not mahke myself qute
cear I think your pomnt 1s very well taken 1 have tned to wdicate
thrt our evidence shous & basie dufference m the patiern of response 1o
sueh drupgs as TLAC and to hen hvy
15 elieited  TDAC doesn t just cause o little more of the same 1ction as
1t does 1 pormal do,s  Lhe whole tvpe of response changes  The sumo
3 true of scrotonin and other drugs  But interestingly enaugh the
response 1o many other vasonein ¢ drugs 1s hittle changed 1 or example
noradrenatine and angrotomn behae pretty mueh as m normal dogy
T'uen some depressor drugs do not Jower arteral pressure to a much
greater degree thaa ta norml anmab slthiough the startin,, paat may
he 290 moy Iy, wnstend of 120 1hen 1s much more specitiests of acuon
1w at least MeCubbin aud I would hwe suspected Tt 1 this specificsty
skl holds for hypertensiye pitients as wedl 25 the by pertensnie dogs
we hope will tielp us classify pationts objectively




LOOD
SOME NEW ASPECTS OF REFLEM B
PRESSURE REGULATION AND HYPERTENSION

C BEYMANS

Tr 1 known that the aortic and carotid sinus nerves not
only provide the means of phy swlomeal regulation of blood
pressure, byt are also the reflex bufler or moderator herves of
the systermc artemal pressure  This reflex regulation of
blood pressure occurs through the sction of the artenal
pressure itself on receptors located 10 the vascular wall of the
sino aorhe areas

Expeniments by hoch (1931) Heymans and o workers
(1932) and Haus, and assotates (1949) have shown that
arteral pressure Joes not act direetly on the sino nothe

prors but mdstectly by g the wall of the artenes
where the smo aortic receptors are located

These expennmental observations suggested that the state
of contraction tone tension angd distensibility of the artenal
wall of the smo-aortic areas could play a role m the mecha
msims of reflex regulation and homeostasis of artenal pressore

Tins suggestion has been investigated n a series of expen
Ments in order to exsmine the mfluence on artenial pressure
and on the reflex regulation of blood pressure of changes in
tension resistance to streteh snd distensibdity of the smo
sorlie veovwlar wal)  For fs purpose drwcs known or
supposed to contract or to relax the artenes wefe apphed
locally to the carotid s1us and aortic pressoceptin € aress

Experiments
Carotid Sinus Area In dogs anmsthetized with
morphine chlotalose the vagr soctic nerves were cut m order
to bt the reflex regulation and homeostasts of artenal
Pressure to the receptors of the carotid sinuses  The systemie
at
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blood pressure was remstered with a mereury manometer
from a femoral artery  The reflees of eargbd smus ongm
were chated by clamping and unclamping both common
carotid arteries  The drugs were apphed to the nalls of the
artertes of the carotid sinuses by mjection of 2 to 4 ml of
ther solutions mto the space smroundmg both earotid sinus
areas

Experments by Ieymans and co worhers {1950, 1951,
1952, 195%) showed that ndrennhne, noradrenaline, dineetyl
ad 1 thiosulp} acid, svnephrine,  ephednine,
hydroxyphenylimine propanol  (Aramine)  hydroxytrypta
mune (serotomn) and vasopressin apphed loeallv to the cwotud
sinus provoke & marked refles fall of the systenmue arteriad
pressure nd a reduction or suppression of the hypertensive
rcflexes normally provohed by decrease of mtracarohd sinus
pressure

The phenomenn mnduced by loeal appheation of the drugs
to the artenal walls of the carofid sinus are due to s stimula
tion of the carotid smus pressoreceptors Indeed section of
the earotid stnus nerves when the arterial pressure has been
lowcred by loeal appheation of the drugs provokes anwm
medrate and very marhed nise of the svstemue artenal pressure

g 1 represents the curves of 4 typieal cxperiment with
noradrenaline

Locad earotid sinus appheation of adrenolytic drugs such
as N {2 bromo ethy}l) N etinl 1 naphthalene methylumune
hydrobromude dshydroergotamine, crgotamne, dibenamine
and hydergine, supprusses or reverses the effects of locally
apphed adrenshne and noradrenaline to the earotid sinus
areas {(Hevmans et ol , 1951 1932 1953 De Vleeschhouwer
and Mt 1953}

It should be mentioned thet Ievmns and eco workers
(1988) and Momz de Bettencourt (1935) had shown erher
that adrenalme lowers the threshold of the ewrobid sinus
pressoceptors and Palme (1936 1944) observed that local
appheation of adrenabine to the carotid sinus arcas of therablnt
hare and dog, prosohes a fill of sistemic blood pressure
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Sectron of the carotid sipus nerve wduced 8 nse of n‘:\(‘e‘rx
pressure thus showing that the pmsoceptm—; “ gre s\x““‘\‘ el
tion ol adrenal
Dalwe however sttnibuted this ac
d‘:m stunutation of the pressoceptors behsving as chemo
tors
ccglzurer {1019} nlso observed thet loenl apphication of

ket ~DBlood pres ure from femora) arte Yag
w1 g Sosotemnaes 7

11-2) Clorapine anit unclamping of common tarot) srtet
1, by lowers

[ypettensne reflex radured ng wntracaroti] sinus
ressure

P (B tween ) 202 1) Local spgfication of 2w pg
noradrenshine 1o earotid suws areay  Fiell of systemic Artenal
gﬂﬁ\ﬂ! from 140 to 20 mm Mg {11) About ten Tanutes afler

(34} Clamping and unclamping of common carots§ arterles
o hvpertensive vefler

(o] Section of both carotid sinus
nerves  Nagked hypertension trom k0 1o 300 mua }ig

adrenalime to the carotd snus of man iduces o full of
artennal pressure  This author also attributes the action of
adrenalime to a stimulation of carotid sinus chemoceptars
Qur expenments further showed (Hevmans ef 2l 1950
1031 1922 1953] that drugs such as papaserme and benzyl
fmidacofine 10 doses which will zelax emootn museles when
applied locally to the wall of the arteries of the carohid smus
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induce a reflex nse of systemic arterial pressure g 2
represents the curves of a ty preal experiment with benzy
dazoline

Landgren, Neil and Zotterman (1951) confirmed our
observations on cats with adrenaline noradrenaline and vaso
pressn, and also showed that local carotid sinus application
of these drugs elicits a very defimte mncrease 1n the presso
ceptors’ impulse traffic  Sodium ntnte admmstered locally
to the carotid sinus areas eauses, on the contrary, a marked
reduction of the pressoceptor fibres’ activity

ARSI

Te 2 Dog-—Blood pressure from fumoral artery vag aortie
nerves cut

(1) Clamping of common carotid arteries  (2) Unclamping of
common carotid arteries  {3—4) Local application of 0 25 ml
1 per cent benzylimidazoline to carotid sinus areas  Rise of
systemic artenal pressure from 140 to 2,0 mm Hg (5 6)
Clamping and unclampng of common carotid artertes

Our experiments (Heymans and Delaunois 1951) demons
trated further that adrenaline and norndrenaline acting on
the 1solated earotid sinus preparation of dogs nduce a con
traction of the carotid sinus arteral walls, an merease of thewr
presstre response and a decrease of thewr distensibility

From these and the previous experimental obseryations
1t was concluded that drugs contracting the arterial walls of
the carotd sinus increasing their ntrinste tension and
decreasing therr distenstbility cause a stimulation of the
receptors of the carotid simmus nerves Tlus stimulation



a
Restes Broon Pressure RicttaTion >

nduces Teflextv a fall in the systeme attenal pressure m;d
Jeaseases ar suppresses the hypertensie reflexes normally
provoked by decrease of blood pressure In the earotud ssnus
Drugs relaxing the artenal walls of the
carobid sinus and mnereasing thew dis
tality decrease the stimul of
the pressoceptors and thus induce o e
flex nise of the sy stemic wtenal pressure
Landgren {1952) concluded from lus
expenmentson thesolated carnhid sipds
preparation of cats that local apphica
tion of adrenaline eauses a contraction
and 3 decrease of distensibihty of the
carotid sinus wall at low intrasinusal
pressure ranges, but wn increased disten
sihility 1n the regron of the physiclomeal
ntrasinusal pressure curve (80 to 180
mm gy
Qur expenments on dogs [Mevmans
ctal 1903b) showed howeyrr that the
same cweulatory reactions induced b
foeaf carotrd smus sppheation of nor
adrenaline oceur tn o at different
phystologieal or non physiological intra
simuasal pressute vanges  In the<e expen
ments a method (Fig 3) was vsed by

means of which a constant pressure masy * ?

be mauntained m hoth carotid sinuses 18, 3 Duygmam of
and int: | pressure s may :‘:\\,\;M e oy carold
also be ehcited

Yssomntor centres  { {

Fi, 4 represents the results of a (cfimé:m\ﬂ‘ :m':mm

tsm’cai expenment showing that Jocsl  $#aaus batioon fy caros
of

or b to the ;I’d mnus (o )Cun:::’l.'n
carotid snus areas when a copstant in $oo camtid artery {8)
trasinusal pressure of 200 fagometer for recording
200 twm Yz 15 i
preveure ja balloe
maintained induces a reflex fall in the  camtud sinas l?)nT‘;":
svstem ¢ arbertal press coppeeted with pressyre
rtenial pressure from 360 to “qeriaT

4
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induce 2 reflex rise of systemic artenal pressure  Ing 2
represents the curses of a typieal experiment with benzyhm
dazoline

Landgren, Nel and Zotterman (1951) confirmed our
observatrons on cats with adrenahne, noradrenaline and +aso
pressin, and also showed that loeal carotid sinus application
of these drugs elieits a very defimte mcrease in the presso
ceptors’ impulse traffic  Sodwm mitrite admimstered Jocally
to the carotid sinus areas causes, on the contrary, a marked
reduetion of the pressoceptor fibres’ activity

MARIAY

Fic 2 Dog —Blood pressure from femoral artery vagi aortic
nerves cut

(1) Clamping of common carotid arteries  (2) Unclamping of
common carotid arteries  (3-4) Local application of ¢ 2, ml
1 per cent benzylimidazoline to carotid sinus areay Rise of
systemic arterial pressure from 140 to 220 mm Jg (5 6)
Clamping and unclamping of common carotid artertes

Our experiments (Heymans and Delaunois 1951) demons
trated further that ad hne and noradrenaline acting on
the 1solated carotid smus preparation of dogs, induce a con
traction of the carotid sinus arterial walls an mncrease of their
pressure response and a decrease of therr distensibility

From these and the previous experimental observations
1t was concluded that drugs contracting the artenial walls of
the carotid sinus increasing therr mtrinsic tension and
decreasing ther bility cause a stmulation of the
receptors of the carotid sinus nerves  This stimulation
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markedly mereases the Astensibality of the aoria over most
of the pressure cane {0-200 won Yig

As our previous expenments ([feymans and Delaunos
1051) on the 1solated carohd sinus preparation were performed
at low intrastnusal pressure ranges 8 new senes of expeniments

oEXTOAN 6%

SALLSIL TR WEOUCER 234

Fic § Apparatus yeed S
for
e o o s egion 15200

\;\a{;ﬁ;\!‘:;?\ed (Heymans and Delaunots 1258) at dufferent
trasin ;;;ssm& vanges  The f{ollowing method {Fig 5)
pos, vs ﬁnﬂﬂ'}t efferent artenes of the carotid sinus are
g na o ; cephahic end of the common carotid artery is
8§
o pressure transd
oud sinus the segment of the common carohd"z;:el;&a:::
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100 mm Hg and « suppression of the hypertensive reflexes
provoked normally by lowenng intrasinusal pressure
Emmel and Smith (1952) have demonstrated on isolated
perfused segments of arteries of dogs, that adrenaline induces
an mcreased pressure response due to contraction of the

Fic 4 Dog—Carotid sinuses prepared according to method
shown in Fig 3 Rlood pressure from femoral artery (AT )
I’tessure m venous balloon and carotid sinuses (51 )

(1-2) Lowering ond raising intrasinusal pressure  Hypertensive

and hypotensive blood pressure reflexes  (3) Local application

of .0 up noradrenaline on each carotid smus wlile mamtarming

constant intrasmusal pressure at .00 mm Hg  Fall of systerme

artenal pressure from 160 to 100 mm Hg (4 5) Lowering and

raising intrasmusal pressure  \o Tesponse in systemic arternal
pressure

arterial wall  Alexander (1953) measured the pressure volume
diagrams of solated segments of the thoracic aorta 1n dogs
and observed that local application of adrenalme produces a
marhed constriction of the aorta at low pressure ranges
(0-100 mm Hg ), but no sigmficant change in volume at gh

pressure ranges e concluded however, that adrenaline
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traction increasc
These expertments dex:lmr:stmie th;:ft L:on T iy of the
of pressure Tesyx an
-\1\:;\"\& wall of the carotid sinus preparation are prod ohed
by novadreniline at different constant internal pressure
Tanges

The same obeery aons were made with adrenaline

Benzyliudazolne mduces on the contrary, 3 decrense n
internal pressure and pressure response due to a relaxation
and mcrease of distensibility of the caratd sipus artenal
wall (Fig 7}

These expenmental obseryations gne further support to
our conclusions that drugs inducing a contraction of the

140 mm Hg

0

0o

40

w 4 $2

. Ve e
b37d Action of benzy imidazoline g pressure response of the
1solated carotid sinus preparation
{51 1) Benzslindazolme 1 concentration 2x10  followed by
» decrease of internal {res nre-respanse.
carotsd sinus wall decrease their distensitality incrense their
resistance to stretch and thus merease the stimulation of the
pressoceptors by the ntrasinusal pressure provehing a reflex
fall m the systemic artersal pressure  Drugs relaxing the
carotid sinus artenal wall tnduce the opposite teactions and
thus cause a reflex rise mn the systenue arterial pressure
Aortic Aren  Experiments by De Vieeschhouwer Mirtim
and Calbaus {1853) m our laboratory showed that local
pph of ad or drenalime to the aortic arch

pressoceptive area also provokes a reflex fall in the system
Ylood pressure {Fig 8)

Summary and Conclusions
The different senes of expenments show that the state of
contraction and tenston gnd thus the resistance to streteh
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the pressure transducer are filled with 6 per cent destran
solution at different constant nternal pressures of 10 to 200
mm Hg The mternal pressure response vanations are
registered by means of a mirror galvanometer connected to

200 mm Hg

140
P T 2

240 mm Hg

T

L R T T T R T R S R R S T S

Tie 6 Action of noradrenaline on pressure responses of the

wolated carotid sinus prepiration  at different satrseusd
pressute ranges

(\t 1) “oradrenaline 1n concentration - x 10 * followed by a

mise of internal pressure responscs (At 2) Washing out with

Tyrode solution and return to previous levels of internal
pressure responscs

the pressure transduccr  Different drugs were added to the

oxygenated Tyrode solution m which the 1solated earotid

sinus preparation was immersed
Fig G represents typreal increases of pressure responses
induced by noradremmline at different constant levels of

ntrasmusal pressure
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DISCUSSION

Pioresine Supposing that we envisape some mechanism such as you
suggest as the chuse of esential hypertension how can we find dut
whether it 1s 5o or notY years aca Kissm Rottschild and I tried
to find out to what extent the earotid stous mechianysm still was active
™ palitnits with essentia) hypertension  We compressed the common
carotid low 1 the neck belaw the sinus and reconded the changes w
blood pressure and pulse rate Ve rompared that with pressure on the
femoral artery which we took to be an artery of roughly equal size
and alia with pres ure on the peck  Both those gave nses of blood
pressure. hut the nse through compression of the carotd attery was
greater The reflex did worh in essential hypertension but the erux of
&:‘:’w\m&; vrth&u( l)lg sue of the sesponse? Ig there in man any
wa n LU gL W

b g& At mcél ud rg\:ﬁ ::fm‘*n) n atoch the sinus iy respondin,

Hevuans In patirnts there 15
control of blood pressure

B!

vo really abpective method for the
g [} of the
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of the arterial wall where the smo aortic pressoceptors are
Iocated, are the primary factors affecting these receptors which
regulate and moderate reflexly the systemic arterinl pressure
These findings emphasize the fundamental role of the bio
logical conditions of the sino aortic wall in the reflex regula
tion and homeostasis of blood pressure, and suggest that
decrease of tone and resistance to stretch of the sino nortic
artenal wall could be the primary mechamsm of hypertension

e —— ——————————————tt———————

Fic 8§ Dog with morph

(I A ) Femoral artenal pressure (At 1) Section of both carotid

smus nerves  (Between I and II) Local application to sortic

arch area of 5 ml 1/5000 noradrenalime (11) Arteni! pressure

decreased from 203 to 100 mm Hg (At 2) Section of vam

aortie nerves mduces nise of artenal pressure from 100 to .0
mm Hg
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o show that local applicition of neradrenabive 1o he lat\:::l\x;m\\
of the presso teceptor areas wnduces 8 deerease of arterial

Brin YWithregard to the hypertension produced by different pharma
colomeal means 8 cunous medibewtion of serstinty 1o the mroth'l
s oeclusion refiex has been found (Ban 15 J 1037 Hel o ol
feta 5 160 Mischer 1 1001 Irch ant §harmoendn €5 548}
After imjection of rerun the acclusion Teflex 15 greath, suymented In
contrast to thus the pressor Teflex 1 practicalls abalished or 15 greatly
Srmymahed sfter an elevation of blood pressure produced by adrensline
The nfusion of nordrenaline results i a st hit aummentation of the
pressor teflex to about the same svient a5 w the normal vanation of
blood pressure  [enin thus seems to fiave some special action on the
reflex. mechantsm of the earohd smus Vs effeet baine the opposste of
{he action of wyected adrenaline 8 hicther the pomt of attach 14 central
we do not know

NEn. I 1t tot Tather dangesous 18 we the catati] occlusion test as
2 test of smus nenve sensitnaty®

Bers One e Dir example aho use fuoch s set up 1 perfusonof
he isofated sinus with netves intact and about the same relationshipy
will be found

CanpLy Can Prof Hesmans tell us what would happen if vou put
1he carctid sinus 10 a httle box and apphed prrs ure to it from outst e
50 that 1t 18 compressed althou b ite solume 1s not tamed  Ts1t posaitle
to do that?

ilevaans We did pot perform such experiments for techmeal rensons
Compression of the catotsd sinus from outside may indeatl alsn stimulate
aene fibres  But experiments by hoch and our obweryations show that
Iawening the pressure in the cavatid sinus under off mot. g mduces o
deformation of the arfenal wall towards the interior and provohes s
stumutation of the presso-receptors amd a reflex docrense of arterial
Pressure just as1f the mternal pressure in the carotid sinus were raned
#deformung the artenal wall towards the outside  These ohiservat) s
show that the presso-receptors of the earotid sinus are resporpding ta
the deformation and tension of the artern} wall tnduced by pressure
and not o the pressure Wself

Canvum Thes respond to streteh but if vou make the mus]
& 50
that & cannot be stretehed then thev don L rovpond?

153 uars The tension and 1es) tance to stretel of the
artenial wall
nre indeed nbre unportant than the deformati 1y of the arters) wall
f 1'( the mmg)man af the caroid sinus teceplory
sopLy vou cannot tell us wh:
‘MININ e oo can ell us what 1 ould happen 1f you apply the
{5 vy Aceording toexpermentat gheen atior
s by Hauss Asteroth
?gg(::::[ulzmgvr ncrense crs! pressure from 1nude does not mmulalc.
o anl
“an of the entad wions artenn) wall are counteractes r:;‘ﬁf;fﬁ:m
¢ Jasrint From the clinieal standpont yaur explana
T oller patients Lut 13 15 defficult to eonceive it o
men with bvpestension

tan I8 vers gaod
praing an young
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eommon carotid arteries indures a yise 1 systerme blood pressure but
we ewnnot sty if the reaction 1s more or less marked than normally

Neis There ys 8 paper by Kezds in the Archies of Internal Mecdane
m January of tlus yeir (193] he injeeted procatne mto each carotid
smus 0 normal individuals and 10 hypertensise patients and measured
the systohc and diastohe response and the heart rate  In the essential
hypertensive patients he found that there was a considerable response
and he supgests (aithough 1 does not seem to follow from the records
he gives) that the rise 1 rather Jess m essential hypertension  Ius he
ascribes 1o decreased  stretchabiity * as he calls it of the carotid
smtts wlich 1s therefore daing rather less work nt a lugher mean pressure
than would be the ease 1 the normnl wdividual

Presrrang Vias he anesthetizing the nerve!

MNEL Yes he was myecting quite Jarge amounts of procaine into the
vicimty of the carotid bifureation

Picr Isnt that the work that was done in Volhard s iboratory ?

N tes

Pacr That 15 on meredible prece of worh T don t understand it at
all  In the first place how did he get any normal human bemgs to
altow both thesr crrotud sinuses to be wngected?  In the sceond place
han do you myect the etrotid smus i normal people? The thurd thing
15 the rises 1 bload pressure were phenomentyd and with an mjection
anly on one side

I He did twe sides in hus bast paper

¥ sor Two sides would secem more ltkely to give a renit than one
but certainly these results wn human beings sre quute unlihe any de
buffering 1n dogs—fascinating if truet

AriL And thet despite the fact that the aortic nerves ate still intact

Pacr Fhere 1s another pece of work—Y wonder what you think
about it~—1n which the distenstbthty of the 1solated carotid smuses w4s
measured  Hypertensives ssere said to be less distensible ¥ was un
impressed with the type of controls used

fluran [ wonder whether an electrophy swlogeni approach would
be posstble?

Nrin I should thank perfectly possible  If we took renal hypertensive
dogs for wstance it would be very simple to do action potentinl
recordings from the carotid smus nerve wself

Hirter It would be less hazardous than the expenments just
desenbed

i s uans Since i chocat essential or sensd by pertension the biood
pressure rises to o higher level and remuns there at scems that the
bulfer mechamsms of artenl pressure ave not working normally  This
thsturbance of blood pressure honicostasts could of course occur at
different peants  Lut as expenmental observations shaw that such a
disturbance shifting the blood pressure to a lugher level occurs of the
tenwion and resntance to streteh of the «ino aortic arten o wall (where
the receptors of the buflcr nerves of bload pressure are located) are
most that this cowld be the pomiry meehimam of

decreased we suf
hypertension Indeed prelipunary experiments on renal hypertensive
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Parow So that when a muscle contracts 1t pulls on the nerve ending
and exates it

Heyyans de Castro showed that the artenial wall of the carotd
sinus has 8 peculiar anatomical structure 1t seems quite pos ible that
the receptors the contractile elements and the connective tissue are
n series

Frovee To what extent do changes 1n the electrolyte composition
of the fiud perfusing the carotid sinus have an eflect on 1ts response®

Hewaxs At the moment we have onhy applied drugs to the artenal
wall of the carotid sinus

Nes With regard to changes i electrolyte composition f you drop
the calepam level to say 4-5 mg 100 ml. you get a noticeable snevease
in sepsitivity and tice tersa if vou increase the caloum but Y dont
thunk, that these effects are important physiologicall

Prover Do changes  sodwm and potassium soneentmation have
any effect®

Nrir. Potassiurma of course 15 & very powerful stimulant but I havent

tried the effect of small changes of potassium concentration such as
may oceur m the intact orgamsm.
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Hrywans Would 3t not, be posuble that m young hypertensne
patients the biologienl condations of tension and resistance to stretch
of the arternl wall are abo deerersed®

Manring VWeth alteration in the vessels?

Hrvmans It 15 quite possble that before anatonucal alterations
ocour i the sessels changes i the bolome ! condition of the arteral
vesselsmay occur  Information concermng the mechanisms and factors
mrolved i the maintenance and regulation of the winmsie tone and
resistanee 10 stretch of the arterzal wallis very scarce Qbservations by
Cannon snd Baeq and by Schmterlow showed that the arteral wali con
taups adrenahine and noradsenaline  One may sugest that they may play
& rle 1 the regulation of the tone and distennibihity of the arteral wall
where tie receptors regulating and mamtumng blaod pressure are
Joeated  Other factors may of course alo be mvolsed

Pazan Y our eyidence scems to imply that the receptors sn the catotxl
s1nus are 1n series wath contrietile clements 1 the sinus It should be
possible to see this tustol afly  H1sat heen looked for?

Heymans I dan t thnk bistol
3\ tn the biologreai o
changes are present

NriL de Castro clas that the endings are solely i the adventitia
and that there are no endings 1 the medza  Palme (1943) and hoster
and Ischermak 1n sbott 1963 clawmed to find endings w the media—
bat tiss Jatter work was done of course belore we had any hnowledge
of the physiglogieal function of the sinus remon

I e examine the electroneurogram of 1he sinus nerve {cut centrally)
before snd after the Jocal appheation of adrennhne to 1he corresponding
swus there 1s an obvious wn the & 7 discharge  Thie
oceurs despite the fact that there 15 no alteration  the mean artetial
pressice following such application because the sipus nerse 1s cut and
reflex effects are thereby prevented from occurning  The smnus wall

nfter application of adren~line and the merease of baroceptor
dhseharge winch 18 particutarly well shown by the small baroceptor
fibres suggests that these nerve endmgs may be th Serres with the
mauscle fibres of the medis  The histologats must grie us o Ut of kelp
there ¥ should svy howeser that if T perfuse the catotid sinus with
«olutions ¢ d hine up to ¢ tions of 10 * I eannot

the action p hisch 1 any way and of I shmulate
the sympathetic supply to the sieus wall wiuch undoubtediy eauses &
contraction of st that does not modifs the reflexes which are produced
So I should pot have thought that actusl changes of contraction of
musele n the wall of the sinus such as mught oreur i physiologieat
eircumstances woufd be important  Of course degencratue changes
that occur mn the medm mpht sery well sffeet the changes of
stretch

Paor May I ask what you yueant by msenes P

NEin, T take it to metn muscle fitire and then nerve ending enbedded
10 connevivse tissue then pnother musele fibre et arranged crrcviorly

n the arternal wall

c give us about
it of the arteral wall f no anatonueal
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with & normat blood pressure  The first of these consists of
that petiod prior to the des elopment of by pertension m\m:t
overt sign of sichpess Eaen ot this stage it becomes app rel

that one 15 not deating solely with an acquired condition the
frequencs of a famly lustory and of family groups “‘;“ an
unusual tendency to artemal hypertension lends woight to
the sigmficance of Lereditary patterns and the concept that
some fundamental defect renders certun wdwvidualb more
susceptible than others  There 1s considerable evidence
ponting toward vaniitions in pressor Tesponse and dusturb
ances sn salt and water metabolism m patients with essential
hyy a5 compared 1o norml subjests  These melude
differences 1 vaseular yeacttaty (Hines 1951) m the effeet
of deoxycorticosterone on the blood pressure (Perera and
Blaod 1947) n the degree of wo, ht Joss and duwrests follow

ing salt withdrawal (Perera and Blood 1916) and m the
exeretian of sodwum after thwesanate admmstration {Pines
and Perera 1942} Thomas and her associates utihzing the
test of taenty four hours of salt restnction found that =
certain percentage of normals behaved 1n similar fashion to
uncompheated hypertensnes {Thomas Howard and Isascs
1949)  This group showed a Ingher madence of fanultal
hypertension overnutrition  ligh normal blood pressure
or \ascular hyper reactiaty than dd the group which
responded normally  Mhe story of onc patient has been
reported 1 whom 40 wnerease w artenal tension follovang
deoxycorticosterone fas nell as the failure to Iose weight
under the stmulus of ngd salt restriction} was evident prior
{0 the appearance of the cievated hlood pressure of hy per

tensie vascular disease (Perera. 131} 1 urthermore three
of 25 young normals given deoxt corticasterane four of 2o
placed on salt restriction and seven of 25 recetnng thio

anite reacted as did patients with essential hy pertension

Will these bivper reactors des elop the disease? It has already
been determined that they ate more hlel to have o positine
family history  These obsers ations fase the posubibty that
a0 sbnormal blood pressure mav be byt a mamfestation of




HYPERTENSIVE DISLASE WITHOUT
HYPERTENSION

GIORGL A PLRFRA

IN the state of Vermont they tell the talc of the lost
traveller from the ety Ie stopped for directions at o smill
farmhouse and recenved the wsual mstructions  ‘the nght
turn after crossmg the bridge bear left at the fork, then look
for a wlite house with green shutters with 4 watering trough
and a horse with 2 lamc foreleg *  The farmer paused suddenly
ind remarhed  To tell the truth 1f I were gomg to [ I
wouldn’t start from fere ”

Whenever one deals with hypertensive vaseular disetse
attenpion 1s focused immediately on the clevated arterisl
tenston  It1s after all, the direct consequence of the inereased
perspheral resistance—the physiologieal explanation of the
disarder The sphygmomnometer has become one of the
most popular diagnostie mnstruments from its rather erratic
readings many phvsicisns follow the progression of the discase
gauge 1ts prognosis, and fmally employ the blood pressure
measurement as 4 defirative mde x of the efficwy of virous
procedures and drugs

1 wonder sometimes whether this 1. the correct avenue of
approach  Should we heed the fumer s adviee and mahe an
entirely fresh start fram another direction? If there are
other roads thev must not be sgnored And so I propost
that any consideration of humoral and neurogenie factors 1n
hypertension should include all the evidente even the
possibility that 2 disease ean cxst m the absence of its
puneipal manitestation  that manifestation from which 1t
dertves 1ts numne

Dunng the hfetime of a patient with hypertensive vascular
disease there may be as many as three penods assoemted

48
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size or alterations in renal function duning such a

‘p“cril‘:st '.these may be due afterall to the pre-existing orgame
disease or be the sequel to a drop artenal tension or
differcnces m cardiae function  Howeter 1 six instances to
date (three after a myocardial infarction one after a cercbral
thrombosis two after sympathectomy) we have seen papill
cedema and retinopathy appear dunng this period of sustamned
normal Hlood pressure when 1t had been absent prior to the
episode  While hypertension was apparent all of these
patients had documented essential hypertension with sub
sequent protenuna none of them had evident complicating
of intracranm} disease on chimcal grounds they were all i
the early malignant phase of their disease two have died
with confirmation of the diag of the Jersted phase
with artenolar neerosts  Examination of the ocular Sundi was
made through dilated pupis by a single observer with at
least three observations before the episode and one two weeks
or more after during which interval no papilicedema hemor
rhages or exudates were seen It has been suggested that the
h of \ hyp 3 closely related to
blood pressure levels particularly to increases above some
cntical level for each patient (Pichering 1952)  There 1s no
doubt that levels of arteral tension are generally—but by
no means alwass—higher 1 this stage of the disease and
that drugs sodwm restricted remmens or surgical procedures
which lower the blood pressure are assocated usually with
reression of retinopathy  Nevertheless, the appearance of

papilleedemna and retinopathy m the absence of hypertension
poses further d miolied

)\ gz the mech,
relating to hypertensive

These chmeal ohservations

vasculay disease withont hypertension require further docu
mentation and provde few answers  If some metnbolie
disturbance precedes the anset of an elevated blood ‘pressure
and 1f sbnormal responses persist when previously-existent
hypertension hias been removed temporanly, then attention
must be given also to mechamsms other than those related
prmanly to artenolar vasoconstrichion  If a complication
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hypertensive vascular thsease and that further sexrch be made
for some disturbance 1n advance of the first outward sims

The second period without hypertension 15 one which may
occur at any time after the appearance of hypertensive
discase At least 15 per eent of uncamplieated hypertensty e
patients, relaved and rested i bed, will show temporary
decreases 1 artenal tension to values less than 140/90 mm
of mercury in from one to twenty one days  This mav take
place even after twentv or more vears of sustuned disease
Loohed upon generally as a phenomenon of the early phases
of the disorder, and commonplace at tlus stage, 1ts frequency
even after long cstabbshed disense has been overloohed
What of these subjects during their period of rest? Is ther
disorder—with 1ts possible humortl and neurogeme com
ponents—shll present?  If vascular hyper reactruaty eusted
beforehand, 1 the expenence of our group . has been found
that thev retmin therr abnormal pressor patterns Unlike
normals, the wddition of large amounts of sodwm chlonde
to the diet of mndicidunls whose I pertension has disappested
after rest will produce an eleyation of blood pressure  Sim
Inrly, the dady admimistration of 5 10 mg of deovycorticos
terone acetate subentancously will be followed by & prompt
rise m artenal tension  We can only conclude that the
transitary reletse of generalized arteriolar constriction does
not obliterate <l signs of an associated nbnormahty

There 18 yet 8 therd period i winch hypertension may
vamsh  The majonty of patients with hypertensn e sascular
disease will suffer eventunlly at varyng rates and with
varable areas of imohement, from organte compheations
referable to the heart or blood vessels  Some will sustamn a
mvocardial infaretion 2 cercbral vascular neadent, or as the
result of the progression of thar disorder be subjected to 2
bilateral thoracolumbar <ympathectomy  Anv of these
events may be followed m a small percentage of cases by
weehs or manths during which blood pressure values remain
withm the normal range  One cannot interpret the develap-
ment of new thrombatic or occlusne phenomena or changes
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ormal At least the majonty of the salues
berc;‘n;:l(el‘::'cmd :1‘:;:: nl;mml Lintts and 1t would be diificult o assume
that the taean blood pressure could be anvitung but loser than the
blood pressures obtamed before the mr?,pl|fal|n;, factor
at do you call normal
?“vcl\g\‘:\ﬂf‘::—huur pgrposes diastolic values Iess than 90 were
tegorded ns normal
Ll?m:s May I ash you Mr Charrman whether vou thind that the
thy 19 due 1o the Ty hugh blood pressure? In othee
words do you think that the vascular lesion 1 itself 15 due Just to
stretching of the vessels by ncreased duastolie pressure?
Pickering T have alwavs thought that the l’ctlnopa{h\ 1% 0 con
sequence of the vaseular d b with hy
&nd that the focat lesions the hzmorthages snd exudates were probably
due to focal disturbances 1n blood flow probably due to organic artenal
fesione. And [ have caosidered that the papiliaedema and retinal
adema were o qf of the level of it Al pressure which
was also probably 1n patt detesmuned by the lesel of artertal pressure
But of course these cases are flat aganst it so far as they go
Wisow Dr Perera did you measure the CSF pressyre in the
patients who developed papiiledema after the blood pressure fell to
normalt

Perers No we did not

Pace. Prot Tichenng youmeasured the cerebrospinal flui 1 pressure
didnt you In a senes of crsed® Taylor Corcoran and I found manv
cases with renal hvpertension and many with malignant hypertension
with notmal cerebrospinal flmd pressu:

Tt We have found the same that although the cercbrospmsl
fluid pressure 15 very often elevated it is by no meansalvaysso ot any
e at the time of ur observations

T'don t suppase D Perers had any opportumty of messunag cardiae
output but presumsbly the actual height of the blood pressure may
fall erther because the peripheral sesistance 15 fowered as we Alunk
happens perhaps with sympathectoms and with the use of hypotensive
drugs, or bocause eardiae Sitput fall There may surely be a very big
difference 1n the P vascular n those two
T 15 & question winch some day oupht to be investigayer

i r.krn\\ ¥ie drf nct measure the cardie cutput

ACY Mahignant hypertension without retinopatiny by &
whole questi>n of how vou define mahgnant h)%enemu:': g:hr‘sjllc’al‘l'ye
L?W,w nex urm]lhxt retinopathy but wedontseeit Ve dont
1t beeayse we feel that the
e el diagnosis 13 not Ju tified 1n the ahsence

In other words we exclude it by defimition 1
seen enses of lemorrhagic ecrotizing atteroy e

litiy proven at aut

;v‘nhout reinopathy or better who have never fiad. g¥ndc 4“::“:\2;1;\:}:;’

p :ahr::i eu nnbn( rou'm sermmany patients in whom the eyegrounds hiave

BMnuhi?: ut sutopsy evidence still showed the presence ot necrotizing
Piogenr

NG Not proven at auty
i P Ps) but mn some of the Sudneys we
5
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can develop after the disippearance of hypertension, at
feast m the nceclerated phase, then we must re evaluate our
concepts of pathogenesis  We must sk ourselves whether
the mere lowening of blood pressure by whitever means, 15 1
sufficient therapeutic objective  Note the disappearanee of
headache and the mprovament w retwopatin winch may
follow syvmpathcetomy ey en m those evses in wineh by perten
sion 15 not modificd  That the magorits of methods of
apparent therapeutic benefit also lower the blood pressure
may be only a partial reason for ther effcetiveness  In faet,
the resultant deerease m blood pressure may be an assoerated
phenomenon and one mught ruse the question that these
therapies operate primandy on some ncurogenie or other
basis Perhaps the rond truvelled by those wath by pertensive
vascular disease does not always start, progress or even
termnate with ngh blood pressure
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DISCUSSION

Piexzmne T thind you smd it n the coses you desenbed at the
cud af vaur talk although the blood pressure was norl papilledema
and retinopathy appeared  Did renal function deeline and after that
did some of them show artenolar nteroses?

Pioira Onby two were followed untsl death and these tho did bave
progressne renal dumage  Autopws in one revenlcd exterstve artertolir
necroses  In the others the observations were made over a penod of
months and we do nat hive complete d sta on cleges e renal funcion

uning thit periad
¢ ch%u yu\mm’lho retinopathy was ilateral?

Prarna Yes One cw rane the question that there mivy have been
unrecarded periods during the day when the blood pressure might fise
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rdio-
Jood pressure alone and tall that hypertenswe ca
:::mle‘:x‘ d‘:gc:se ihéll)t 15 & mstahe almost childish m nature  1f :ved use
the term  essential hypertension unguardediy we Ty be including
all manner of hy with different mech And I am sure
you are nght that there are vascula Jestons W}lhoullh\wr:;ns;c::l
Iy But I couldn t accept for mstance the
?l?\:&m\(d e'qwnm'ema \n o hyp up entirely d':gerc‘l‘lt I‘ro;n
some tpes of essential hypertension I don t beheve that the early
wnoep!‘flmt the hypertension was due purely to mereased cardine
output 15 correct  Fot mstance i€ you tse ngents that slow the heart
n the neurogeme hypertensive the blood pressure does not go down to

normal whuch 1t ought to do if it were due only to an nereawed munute
output  The

does have an

inerease mn penpheral resistance

Perera Did you measure the cardiac output or did you assume the
output change from the pulse rate chan re?

TAGE te measured the output Actually doing the measurements
of the output agamn has not shown very much of an increase

Fiover In what way was the blood pressute measured in these
patients with papilledema and retmopathy?

TERERA For the purpose of ttus study we have used both rasual
and what we ¢hoose £o call resting  values of blood pressure By the
Yatzer 1 mesn multiple blood pressure readings taken in the mormng
with the patient lyng relaxed in bed the lowest systolic and diastolic
pressure recorded

Froyer They are all recarded from the atm not a needle i the
femoral artery

Perers The usual sph od only

FLOYER When a rt has what y ou mught call malignant hypertension
1t becomes Wl and may have fits” 1€ you hall it at that time and look, at
the tissues vou find a Jot of acute artersal lesions surgesting s sharp
nise 1n blood pressure  When you mensure the biood pressure  either
on the tail or on the foot with or without anmsthesia you find fre

quentlhy that1tis submormal  \ow the amma? 19 in a shocked state and
1 iimve always imagined that these

Tow blood pressure read:
due tothe fact that there 15 2 goad de: 3 s ool

al of vasoconstriction in the vessels
above the point of measurement  Is 1t Fossible that in ‘patients there is

Yasoconstriction of the artenes even with a Ing artery like the brachial
urt‘:r\ \\h\l‘;\ renders n readimg by sphy gmnmﬂnom:{u avahd?

ERERA ¥ agree that such a posubihty exists  And yet many of ug
have the problem of tryng to explun the few patients who after let
I'l‘ N ;m nn m\oclnﬁzlxl infarction without any apparent complications

n & normal Tessuze for lon;
evidence of shoch or ln?]‘ure 7 Fenods thout any outward
Frover ¥ am thinkme of the

it
Idema and normal bloed p,mm}’a tents you deseribed with papil
Tereny The

emisode observations were made many weeks after the acute
Froves With the papilicedema sull progressing?

cuff was empl
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have removed we have found mecrotizing lesions i the absence of
papillademn

Pirena 1 hane scen antopsied cases of malignant  hypertension
€hat had not presiously been found to have retmal cwudates or
piptiedema

Pacr And the reinopathy never appenrs?

Terira Not while under obseryation

Pact Ve cxamine the evegrounds routinely every weeh and st s
amaring 10 me how few now we nuss It ean he 115 i toxome, of preg
Bnancy that thes come and go dwappear and reappenr T suspeet that
@ gaod many of them are missed simply beeau ¢ thry are not examined
Toutinely I am stlt dubious about these ranties  Not that I'm con
vinced that it 1s the hesght of the blood pressure tint canses neerotizing
arteriofitis

Picrrrine T wonder 3f anybody else has had any expenience ssrmlar
fo Dr ferery m tins matter?

Grovrvay T am i complete accord with Dr Pereras ssewpamnt
Although the eases that he veports are rare and exceptions to the
general rule they cmnot be sgnored  Qne must certamly take s broader
‘sew of hiypertension  than s usually done and not use this term as
synonymous with an elevation i blood pressure as has unfortunately
Been done by climetans as welf as by cxpermmentalints  Tor enample
so enlled  neurogemse hypertension  mduced expenmentally by re
moving the buffer nerves sn the dog resembles nether the diserse 2
1 1 encountered clineally nor the dsorder 2s it ts wduced by sanous
mampuittions of the hidney sn the expenimentat nnimaf - Jt1s true that
n  neurogenie hypertension  the blood pressure may often be clesated
but the hremodynamies of tins condition are entreely dufferent fram
what s seenin renad hypertension  and the morphologicsl alteritions
observed 1 renal hypertensy are not en t i the dog with

neurapeme hypertension The use of the term hypertension  or
preferddriv - hypertensise cardios aseular diserse  should e hoted to
2 very spedfic nnd definable chment and experimentat sy ndrome and
nat used to designate every obiserved elevation i blood pressure  There
has been a tendency to consider anvtlung, that ruses the blood presure
as 1 possible cause of  hypertension and amythn,, thet lowersit asa
i 1 theray agent m the t of the dinewe Ity tobe
emphasized that 1w addtion to the rise m blood pressure obseryed
hvpertensive cardiovascular diseasc there are defimte patholagiead
changes which are evident not onby 1 the blood vessels but n the heurt
and smoath muscles of the body 1 hiere are spearfic effcets of the disease

There 1s also a well defined h emodynamte pattern and other alteritions
1n the orgamsm all of which combined characteptze hypertensive cardio-
vasenlar diserse 1 addition to the tise 10 blood pressure  The Intter
1s only one mamfestation of the diserse it may be present under a
variety of other condittons and ns Dr Perera has indscated mny
under certain conditions not be present 1 the hypertensive patient
por m the hypertensive ammal

Pacr I would ngree with you

that 1f we become preoceupied with
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assocation that rannot be demed o
mff:;;:nx'f“;’oﬁ,‘&aﬁ;?amm mbapestensnes Wat provehes
we sugmeated rate of artemosclerous 1 the avernge hypertensive

canriot answer
’“'i'ﬁ;‘:i Tt you ses many tases of caronary thrombosis wathout
any hypertension?

“.!r’mgz:z Disz There are cases i whieh 1t Is not posyible to dnmtn
tate climeally between penartertis nodesa_subacute gxomm\unzpﬂn
b nd walignant byperteosion m the renal phase T thunl, this 18 n’:’
1he expenence of Prof Platt The sbsence of hypertension mclines the
disgnosis towards panartertiis  Fahr reported wﬂ;e ng::ﬂ 3:“:;;‘*:“
of diffuse nephnitis without hypertension and sugyes ¢ posaitality
of ehrrunation 1n the urme of the hypertensive substance

Prate Yes we have seen papilleedema m penartentis nodoss » good
any fupes but only with severe hypertension a duastolic pressure of

140 or sometlung of that kand  The exceptions to the grnera) chinics)
rufe that you do not get papilledema unless the diastolic pressure is
about 146 9r Oter Are geen 1 progressie cases of renal disease  There
you will see 2 retinopathy develop wnth topsulerably Jawer blood
pressures diastohe pressures of 110 115 120

Wazsox T feed that we tend to take oo reading as evidence of the
pattent s blood pressure whereas of cousse 11 15 pnly evudence of the
biood pressure at that time  But 1t 13 not uncommop to find what looks
Hhe paplicederaa when the blood pressuse 1s not excestively fugh
tiunh the reason 18 that when papilicedema has been present for some
tme the appearances permst eten when fhe malignant phase has
temporanty subsded Ay wiew 15 that we should pay much more
attention 1o the phase ehazacter of malignant fiypertension  We are
seeng 1t more and more a0 ats g2 Y stages It 1s a phasic condition in
whith @ peniod of malimant hypertension With obvious papiiedema
may be followed by 8 quiescent phase 1 which there may be o albu
mumurta and the papiliedema to one whe s gecttstomerd to looking for
¢ wery regularly does yu fact subsyle but fean o5 appearantes that the
n0n expert would stll e31] papilledema  The physiological cup 18
obliterated the marmns of the i may be a Iittle obscured byt the
vessels g0 steaight sorose the dise and very ofien new vessels form
the blood pressure may 1n thry stage be stabuized at & lower level That
o course would not explun the appesrance of papificedema for the frst
time under conditions of normal pressute  Mere perhaps the
possibility of & transient phase of very high blood pressure 13 unportant.
e hnow that an oxzma of preprancy @ sud fen detachment of the
retina may occur and the patient become Bling although when the
Ulood pressure 1s taken it may not be excessively bigh But there must
have been ov st any rate § think 58 Righly probable a phase of sudden
*asoconstriclon duting that pennd  Cerlainly m the expenmentay
snmal Inere gre vanous observations which are extremely difficalt, to
waterpret W one assumes that the blood pressure has never risen abose
the recorded vafues Ya auf ongnal work we very oceastonally observed
Vet TecToliing anenolitis m ammals i which the blood pressute
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Prrera Papilleedema was not evident ot feast two weeks nfter the
acute episode and only appeared at some time thereafter

McGienare So long as these patients were not 1n a dy g state the
sphy gmomanometer readmgs from the braclual artery are vahd 1
dont th‘mk‘ vou ean explun that awny I have also seen the appearance
of at qute mod, ly elevated levels of blaod pressure
We all know that wathout any treatment at olf papillcedems will
oceasionally subside and disappear  So it looks ns though 1t 15 & super
added episode on the course of hypertension and provided the patient
survives long enough it can subside spontaneously It 15 certamnly the
ensiest manifestation to ameliorte by any type of hypotensive treat
ment  Duke Elder (Textbook of Ophthalmology 1940 3 2718} states
that once retimtis has subsided 1n hypertension 1t does not recur  Can
anybody telf me shether that 1s an ncceptable pencralization? We
think there 15 some truth 1 it 1o that the retmatis does not return m
the searred areas

Presening I have met that statement but it s not night At any
rate T have scen nt least one patient who had a fullblown albummurnce
retimitss duning one of her and that subsided after the
pregnaney Of course that 15 the commanest example of the natural
subsidence of onc of these retinstes  She later went into the malignant
phase and deseloped papilledema she got no exudates but she did
have quite definite papallacdemsa

McMicnart But no exudate no true retinttis

Pacz: I mafraid the retimtss has 2 very unhappy way of reappeanng
I thmk it should be added that toxmmua 1s the disense par exeellente
where retsnopathy appears with a relatively low pressure Ve have alt
seen patients with blood pressures that were practically normal with
mathed retinopathy so there s no doubt that 1t appears 1 the abserice
of any marked hypertension  But agun that s a different disense

Roscauemt Papiileedemsa will aceur m the course of cerebral edema
too  If you have o hugh degree of hypertension and sodium retention
then I think papillcedemn will appear and may elear quite rapidly

Juy wrz Diaz We have seen some cases sumilar to those vou have
deseribed but their mnterpretation cannot alwass be the same  Some
wsere cases of perarterstis nadoss m which it 15 possible to observe a
malignant vascular and renal preture without hypertension although
the blood pressure may be increased before or later  In other cases there
vias a true esseatial hypertension with o malignant course n which the
blood pressure feil as o consequence of cerebral thrombosis or my ocardiat
infarction often a hypertensive patient would become practieslly nor
motensive and the ECG souid show the exsstence of my ocardial infaret
Sometimes we found the chmeal preture of artenolonecrosss without
hypertension i patients with nterststinl renal scleross (py elonephntic)

Marmixt In periavtentis nodosa X have abo seen rebinopathy but
never papiiledema  Hase you seen papillacdema wa perarteritts nodosn?

Jognex Diaz No

Marrint Do you beheve Dr Perers that there is an obligatory
correlation between coronsry thrombosis and hypertension?
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some mtial retention of sodium and water but in the hvpertensives
the degree of sodium retention 1s roughly comparable to the normals
et onfy the hypertensives show a nise 1n blond pressure which may
persist after the salt and water retention has dwappeared  This obeer
sation does not exclude the possitality that there may be changes in
salt and water metabolism that we cannot detect
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tecords (usuallv ot twice weekfy intervals) showed no hypertensive
reading  As Dr Tlover says the stnte of the smmaf m these cireum
s&ance'; ispoor Tdo thiok we should pay morc sttention to the phasie

ol 1 hyp We g @ rather static wdea of
tan the past and thought that once papliedema had appeated the
condition was permanent and stendily progressive

Prrena I quite agree vwith you snd the reason for bringing these
findings to your attention 15 to ndicate that the relation of blood
Ppressure to complieations mn hypertensive disease 1s an assumption not
on estabfished fact It may become a fact but there 14 o evidence as
set to explam every sign symptom mamfestation or compheation of
hypertenaive disease on the basis of blood pressurc lesels nlone There
fore perhaps our minds stiould he open to the po sibility that there mav
be g L 1 or other mec) mvolved Tt1s cancenable
that they mnay operafe through other means 1! 1n on some mythical
sulstance which 19 pressor in the airculation or 1 the body

Witsov Don t you tlunk that once a certaun blood pressure level is
reached, the vessels may react abnormally that s to sz 8 quaktative
change an certamn vaseular fiddds may occur after the blood pressure
teaches o certamn pownt? Headache and pypilicedema may disappear
after sympathiectomy and may not return even though the blood
pressure Tises agmn 10 the neyhbourhood of the pre operatine Jerel as
youlave plready ayd Moy not $ins be due to the chnunation of bleod
pressure {fluctuations whuch preapitate sclective vaseujar spasmn sueh
aress 8s the ety bran and even w the kidney?

Ieuser Or Perera on these pre iiypertensis e ctses—your controls
as 1t were~—did you do amy renal function tests sodum clearances or
drodone clearances?

Prruna All the subjects the normals ang the hypertensives were
free of any demonstable renal discase  ‘1hey had no protemuna erther
concentrated urme successfully or exereted dye normally and had no
mtrogen retention

Limincnam Did you apply jour tests with DCA and with the
admumstration or restriction of salt sn these particular eses w o have
returned to after yp 2y the result of an wnfarey
or other happenmng?

Prrena No buf I must recall to you the patient I descrsbed i whom
there was an mmmediate restoration of the hypertension after gvang
DCA when the pressure hod fallen to normal

Lromonad Haye you alo tested out the responses to salt i these
parlicuiar cases®

Prarra e have The sdmimstranion of fuge amounty of saft
alone may restore the hvpertension

Rostanen That holds for patients whose blood pressure has be
come nrormal after a myocardial mnfarct does 1t

¥ Yes

gxr;;zg: In the patients gren DCA does the nis n blood pressure
camcide with or follow the sodium retentiont

Prrena In both nom and hyp

patients there is
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of de Molna and Wass (1:50) ‘td 1;} ng;:ml;n?‘:td\ (ké\::; :e :\':;
e there are A, sand B,

nguaé\;x;\ are of the ’gmf(est ymportance m \nwgness:({

re‘éulat\on The pressor effect of 1 agral stymulation 1s obta

with a pulse duration of 3 maliseconds though the frcq\xenlc)

may vary between 16 100 cycles per second  When the pulse

duration 1s less than 0 5 milhiseconds the effect 15 hy potensive

Our techmgue for sumulation was a5 follows pulse duration

Fie @ Effect of vagal smulation 1 hyprphvsectarized dogs

of 5 milseconds 50 cycles per second 8-6 volts stimulation
for twenty seconds

One of the problems first attempted was the possible role
of the endocnine glands 10 the nerease of blood pressure
Sattler {1840} held the wmew that stimulation of the vagus
gave nse to the release of & hypertensie hormone from the
prtustary body  In the expeniments carmed out by the whnters
however 1t was proved that the hypertensie effect of stimula,
tion persists in hypophysectomized dogs (Fig 2} The same
effect ean be mnduced after removing the adrenals hidneys
and liver 1t 25 not therefore connected with the actiaty
ofan¥ of these organs  Howerer the effect no longer appears
consistently alter cutting the cervieal spinal cord and s
greatly 4 by g the splanch

nerve (Fig 8)



INTERNAL SECRETION OF THE ARTERIAL WALL
IN BLOOD PRESSURE REGULATION

C JIMENEZ DIAZ, P DE L4 BARREDA, and 4 F DE
MOIINA

Avtiouc many facts are hnown concerning the pathology
of hypertension, present knowledge of the physiological

Fic 1 Effect on the blood pressure of simulating the eut end
of the vagus nerve at the nech level (dog)

mechamsm of blood pressure regulation 1s not suffient to
explain the mtiopath of the d In man

Some years ago we began to study possible factors i blood
pressure regulation (Barreda and Jiménez Dhaz, 1947,
Jiménez Diaz et al, 1948, 1953) Our experiments were
carnied out on dogs and were based on the increase of pressure
brought about by stimulating the central end of the vagus
nerve sectioned at the level of the neck (Lig 1) In the dog
the vagus and sympathetic nerves run side by side n the
neck together with the carotid artery  Thanhs to the studies

.8

—
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SECRETION O

Fie & Trehnique of crovsed cvreulation In dogs

Ew 5 Dhod preswms of dogs wih mossed circulation
teearded sumultancously  The ywe of preswure ceraooned by
vagl stunul t10n 0 Doz A 18 teen almest Bt once snth Tecord
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In the hght of these f1cts we think that stimulation reaches
the nerve centres and runs by sympathetic mnervation
towards the arteries

A further step was tahen when we were able to prove for the
first time that ths ty pe of hy pertension may be passed on to
another dog by means of ~ crossed cireulation (Fig 4) Asis
seen n I'ig 5 under such circumstances by pertension 1n the
donor dog s seen to appear quickly m the recipient dog  Such

t ¢
Exe- 12 =9y

—

e seg L sep.

Fic 3 TFifect of v 1gal stimulation before and after cutting the
cervical sympathebhic nerve (dog)

a transfer was confirmed mn nearly 40 per cent of our expert
ments Vwhen hypertension was not transferred 1t could
always be proved that the recipient dog was only slghthy
sensitine to noradrenaline and to direet vagal stimulation
This transfer was subsequently confirmed by others (Binet
and Burstein 1949, Taylor et al 1901) The fact that such
a transfer may oceur proves that on stimulation there 1s
released nto the blood stream a substance whicli does not
ongmate from the organs excluded above  Vhen this
substance eirculates throughout the body hy pertension oceurs
If this observation 1s not earried out with extreme caution
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SecreT!

Fic 7

Fic 8

Fic 7and & Stmulation of the vaous nene 1n Dog A still
produes a Llood pressure nise 1n Dog 13 alter elmination of
lxmody namie factors
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some objections may be rased against it, the chuef of which s
the possibihty of increased blood flow through anastomoses,
beeause of the elevated pressure in the danor dog In order
ta avoid thss possible source of error the following two
additional procedures were used

Fio 6 Crossed osrculation in dogs using, & mediiting pump
10 reguiate blaod flow

{6} mserbon of o pump between the two dogs (Fig 6)
Under such condstions the transfor of the hypertension
can shil be shown (Fig 7)

(3} Using flow regulating devices 1 both anastomoses 50
that, the crossed orculstion being apen the pressure
curves of both dogs mny be parallel  Under such
condstions 1n winch the hemodynamic error 1s ehmn
ated, the tronsfer 1s hcwise seen to oceur (g 8)
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{ “sphit dog expenment The areulations
e two hal es sre independent

Al

Fic 9b and ¢ D31hod pressure in two halves of the eirculation

1ma sphtdog expenment Vapal stimulstion (Jb) causes a

nse 1n both ¢ Teulation  but the Injectien of dibenamine (pe)
1nto one circulation abolishes the nise in 1t alone

Tio 92 Disgram of
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The fict that blood pressure changes are mdependent of
volumetne factors may be confirmed 1 crossed areudation
expermments if the rceipient dog 1s “dibenaminized ’, shmula
tion of the vagus n the donor dog produces no effect mn the
reeipient and the ijection of adrenaline produces hypo
tension

In the hight of these ¢xperiments the transfer of hyper
tension 1s a proved fact that points strongly to the releasc
of 4 hypertensive substance into the arculation  Early n
our expertments we held the view that the place where such a
substance 15 produced and from which 1t ¥ released 15 the
wterial wall itself  In order to confirm thus view we carried
out what we ealled the ‘ spht dog”™ experiment A& diagram
of this 1s shown i Fig 92 The orculation 1n the antenor
half of the dog 15 sustained by the heart and 15 completely
independent of the posterior hnlf, whose crrcutation s main
tamed by means of a pump at constant pressure  [his
mdependence can be proved by mjecting dye stufls or adrena
lne  Under these conditions 1 the flmd creulating through
out the postenior part of the dog 1s oxygenated blood or a red
blood cell suspension yagal stimulation 1s scen to induce
by pertension not only 1 the anterior but also m the posterior
part {(Fig 9b) and the effect can be abolished by dibenamine
(Fig 9¢)

Taylor, Page and Corcoran (1951) confirmed most of our
findings However they contend that the active substance s

mn mternal seeretion of the brain and not, as we believe, of
the artery  The results of our spht dog experiments,
however cannot be explaned 1n this way since m these
experiments the postesor part of the dog recenes no blood
that had previously gone through the bran  faylor and s
collcagues also sometimes observed hypertensive cffects of
yagal stmulation after the spimal cord lid been seetioned
We sometimes obtaned thns result i our standard type of
stimulation expertment but the mse was of a very different
character, and webeheve that it wasdue only to hamodynamic

factors We were unable to econfirm their fundamental
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{Fag 12) Ammn ersionof theeffect wasneverseen and thcn‘fore
we coneluded that the rcleased substance was noradrenaline

Fic 11 Hypertensne ellect of arteral wall cxiract n the
normal and coeain

Vith extracts of artenal wall 1 noradrenaline effeet 15
sometimes seen but much more frequently adrenaline 15
present whereas the mam substance
ssolated from blood plasma dunng vagal
shmulation ss noradrenaline By means
of paper chromatography we could 150
fate from the artenal wall adrenaline
and noradrenaline defining 1ts amount
by von Eulers method which utilizes
the effects on the fowls rectal ceeum
and the blood pressure of the cat
Nesertheless the exact amount in the
plasma has not as yet been esimated
by us accurately perbaps becaunse of
the low content of aur extracts

Raab (1943) proved that epmeplnine
and related substances were present in
the artenal wall  Schrmterlow (1948)
venfied that the effects were those of
adfenaline and noradrenaline n sucl, NN
extracts  Gaddum and hwiathowsht Fic 12 Effect of vagal
(1939 chserved 4hot suymolation of

stimalatian . didveoary
inzed dog
uvr sms o
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expeniment using an 1solated head perfused by the blood of
another dog, to which we added the cutting of the cervical
cord 1n order to avord any action on the arteries  In these
conditions the results in nearly 40 experiments were negatine
(Fig 10)

In our opmton 1t 1s therefore, beyond reasonable doubt
that the hypertensive substance 1s produced by the arterial

Fig 10 Isolated head of dog perfused with blood from another
dog 1 which the cervical cord hns been cut Mo ni e of blood
pressure occurs in the hiead on stimutation of the vagus nerve

wall  We observed that some cxtracts of artersal wall were
hypertensive the effect being inereased by cocaimizing the
preparation (g I1)  Our concept of the nature of thus
substance (wlich we imtully called arterine) was mfluenced
by the expertments with dibenamune which according to the
work of Nickerson and Goodman {Micherson and Goodman
1947, Nickerson 1949), abolishes adrenergie stimuli possibly
by rendering the effector cells msensitise to adrenaline and
sympathin Ve were nble to venfy that i dibenamimzed
dogs vagal stimulation no longer gives nse to hy pertension
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To sum up the stmulation of the nﬂcrm\{l;cncﬂs:ﬂ:li
results wn the release from the artenl wall ]u \)}:: fensve
substances mawnly notadrenahne  This 1€ :‘l\icmnal et
panied by a changem the enzymie actity of the s

== 8.} values
A After stmulation or injection

Mao CE MAQ CF g &t
Yagor dulos Malas
Companson af the mono-ammne-0x1Lase (MA0) and
chol nesterase (CL) aetnaty of arterial wall extricts {Lpa
abdomioal aorta) before and after vagal stonulation sad We
inyection of noradrenaline abd sdrenakine

Fr 13

Vve suggest that the artery 15 not a simple container but an
actinve organ the mechanism of essential by pertension would
then have to be considered from the different standpoint
of a morbid condation resulting from arterial dysfunchion Tt
15 Ithely that the conshitubional basis of essential h 3 pertension
35 dysenzymicstate  ‘The active role of the arterial wall
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sympathetic mnervation m the rablut 1y followed by the
production of a substance whose colour reactions 1 the ear
vem correspond with thase of adrenaline Cannon and Lissack
(1930), working wath artenal extracts, hayve obscrsed hyper
tensive cffects wineh are anerensed by eoemne and reversed
by ergotoxine  Peart (3949) has proved the presence of nor
adrenahlne m the blood cmerging from the spleen after
stimulntion of sympathetie mnnervation
It 15 daffienlt, s yet, to ascertun whether such substances
are produced i the artcnal wall itself or simply stored there
and afternards released  Carr, Bl and hrantz (1902) hae
shown the presence of ATD ase wn the arternal wall of the dog
This finding 15 extremely sigmficant as it 1s now established
(Bulbring, 1919) that wrenahine mav be produced by methy
Ition ol noridrenahne by the suprarennl tissue m the pre
sence of AP In addiion Thompson and Tiehner (1051}
have confiemed the presence of Amine onidise m the artenal
wall  Such enzymes ewise adrenaline to break up and thes
presence m the s and metitating membrane has becn proved
by Burn {(1952) We werc encouraged by these findings to
study with Villasante, the mononmine oxidase and cholin
esterase activity of extracts of the arterial wall m rabbits
and dogs both under basal conditions angd after stumulation
of the vagus ond mjeetion of adrenaline and nordrenihne
The wverage yalues obtuned are shown in g 18 The effect
of adrenaline 15 not stnking but those of noradrenahne and
vagal stumulation are very sumiar
The reasons why we are mchned to suggest that nor
adrenaline s formed in the arterial w il itself are as fotlovs
(1) The suppression of hypertensne effect s our spht
dog” cxpenment, when the posterior half 15 perfused
with sahine
) The greater content of ndrenaline than of noradrenalmne
111 the rrienal exiracts
(3) Thepossibhty of demethylntionof adrenahne by tissues
i the presence of choline, 15 was shown by Tochett
(1952), this process s totally snhibited by dibenamine
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1 to the previons pormal lev el 3f 1 e Wlocking with dibens
::;x:;;\;::; mp\ﬂ!cm)o\t see a bipha 1o elteet et hapoe and t?[xen
hypeetensen This dendnattes that 1 the effect of vagus stimulation
vou huse taw hactors Brst wenase of adronahine {induced by dibenx
ne) and then seretion of some substance sumilis 18 noradrenahine
swhose #lfect 15 arppressed but nob mterted b dibenamint Ty M Ahe
dosape s sulBicient. Thistulb tances seeteted grenf ndrenale plantary,
Tadneys and lver sre sll ectupal .

Heymony D you remote the adrenal plands s the donor dog’

Jostvee Prax ves and the transfer of the hypertensne substanee
persists It nat only persists but if you dibenamnize the reeyjuent dog
20d sxoie Lhe donor g1 thw fime thos the shmulation inrtrees the
Bood pressuse i Aie dondr you obtuwm nesther an fncrease DOT 8 e el
siom effoct 1 the donor Fherefore this substanee cannot be ndrenalins
g must be noradrenslue

Hevaavs A goen awount of divcaamine may Indeed invert the
eftect of adrenaline and block the Ivperteam e affcet of poradrenshme

Bamaeps o beeause we control the block in the danor dog belore
the conneetinn 1» extabhished between both dogs

Jimexez Disz Ve cannat make the rastake of wnfluencing both dogs
woth dibenavmne beesdse the wyzetian of one ot the ather 1 made with
the crosed crcdlation closed comsmunication between the tus
dogs 1s only opened when we ascerinn whether e elfect 1n the Injected
dog 35 sufhcent  Then we Jeave the crossed enrculaton free for some
muutes aud do the experments the other dog cannot be dibenaminized
0 under thirty munutes

Teyxans Before conchudim, that a yasap) 13 released
% the srtenad wall other possibalities bane { 1hinh to be

exeluded
such us brmodvoamte mterfirenecs and the presence of accessory

adrénal tissue

Why should the vasopressor substance not be refessed at the sym
puthielie endings im the small blood vessely and other svmpathetic
tonervsted tissues® Ase wour evperunents not relsted to the lhembion
of following the A

h nerses? Ladony
“es expenments! datn chowing 4
e evpene gy that such Iberation seally occurs in the

Bannrinn Perhaps you hase not goven sttentr 0 our s
\:]reptmtmn e whaeh the lower o vufxlmnz IR (»gt\‘h; dngts &7;‘!';?
;n of the oreulstion i the othee fwlf w whet sre tncloded the
9r k':ens!ﬂ ¥remember vou gave mp the same sugpestion some Yeqrs nga.
T ere are et o estipotors for instance Dr 1 2ge who alsn find the
r;\!eg t\ypmni‘smn Persisting after remen o) of the sdpemals
. ss:ru»bs 4t mhete fre the evpevimentn) data shywng that thiy
o s?hnanvk-;- 1 veally coming from the artetrs wall?
“w’; K e ylsted head of o dois 15 perfased from e Freutation of
s &; m\\;&ﬁ\l& jry::: eenteal end of the vagus sympathetic
Tiee of blood pretre & "y T Some expetunents wduce g shight
Jnttwez Dz Aer e:‘ fhe donor deg
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m regulating blood pressure 15 o question which deserves
continued attention
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DISCUSSION

Ifryaans Lapenments i onr laboratory hive shown that stimu
Iation of the central end of the vagus nerve in totally sy mpatheetotured
doy,s no Jonger induces s mse of blood pressure  Phe efferent pathwass
of the reflex rise of blood pressure provoked by central vagus stimultion
arc therefore located 1n the sympathetic  No release of & vasopresaar
substance from the head could be obeerved after stimulation of the
central end of the vagus sympatlietic nerve 1n dags

May T ask Yrof Dz of he hs performed expenments stimulting
the ccntral end of the va,,us in dogs after removal of the adrenal glads!

Jiufniz Diaz Yes we reported expenments i adren stectotmzed
dogs  {ie hypertension after stimul itton of the centeal end of the Vagus

ieratsts of course with the same mtensity  VWe found nho that total
sympathectomy abolishes tins hypertension  Thas we tank that the
efferent patineny 15 1n the sympthetic but the fiy pertension s ncdated
notonty and not mamly by theadrenals IT nswereported you stimulate
the yagns n a dibenaminized dog you obtain first hypotension and
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spleen there

yane been of the oxder of 0 1-0 g [ whule 1 e vascuir
would be somethung lhe 2-bug i ShomR T T E] (it the
seguons the amount of such substanee 18 vers hge
big preries ther hese artenies contamn the

hre 1 abo one stber q“cg‘“:n:kc vln\l; 1tselt or whether they are
‘mps‘:mm';: o5 T thur in Schrmiterlow s experiments it s qute
bound 1o the ne the number of

lovn that there 15 a good correlation between

2:?\‘:5 :ltn:::\strﬂlrd Tustologiently and the amount of pressor 5::):;31‘\::‘
¥ tlank that fits 1 very well with the ather experience “ch T s
that these catechol amines mosth norudrenaline are due e
presence of postgnghomic sympnithetie nerves wiaekh we hnow ean!
Targe amounts of noradrenatme
With regard 1o the adrenal glands 1t 15 quite obvious from cx!
periments 1n man thal gher complete adrenalectomy the “cnlm\‘o
noradrenaline 1n the urine 1s unaltered while the adrenaline practiealiy
disappears That woull secm to show that the noradrepshne m"nrs
feom anothes source presumatily the adtenerpe nerves T think that
would scvoynt for the artion which 14 the same kind as in CannAns
erpenments where he shrmulted the svmpriletic nerves and there
was o certam overflaw of sympatiun acting on the blood pressute of en
the dencrvated heart

1lerrer Ylave you tard wminlesl artery extros®

von Tuirr Ve have tned plictnta but did nnt find anything at al}

BFrv Ve have compared 1n the cat the mfaence of various drugs
with adifferent pomt of attach (Mmely a sympatlucolvtic  Regmitine
8 ganghorue blochin, sut d de a phthalazine dervn
e Apresohne  and  secently isofated alhalowd from Rewcolfn
serpentina Heserpme  or  Serpasil ) on the blood pres ure nse
produced either by stimulation of the central end of the vagus or for
companson by adrenaline or by norsdrenaline Al thiree blood pressure
increnses were of aboyt the same magnitufe  After sympathicolytic
drugs there 1 2n mbutution of tus blood pressure Tise wineh §s smstar
1o an mhibition of the noradeenaline hlood pressure effect wherens the
offect of adrenahine »s reversed  Duaring the ganghiome block there ¢
akso an mhibition of the effect of the stimufus but 1n contrast to the
svmpatlucolylic an sugmentation of the effect of adrenaliné and
noradrenaline Thus we can confirm that the eff rent pattesay Tons i
the sympathetic system st can be blacked by both svmpathicotytics
and ganghome biocking dram “aw \presaline aots tn s samenhat

diflerent manner as the effect of the stimulus 19 inhibited 1o 8 my
greater extent than Yhe #ffect of drenalin ok

adrenaline or \!
med Wechr 19 3 83 330) This we thunk e ok
findings that Apresol

Tather confirms Dr Page 5
ot AT fahihits hat sy iy the effect of
stmulation, of the central end of the vagus alth
sympathicolvtic effect 13 prescat too s althongh some penpher)

In conitrast to the eftect of these three dru,
es the Rowvolfia alhaloid
?emc\sﬂ has no sympathucolytie and o wanghionie blotking activity
n spate of this Serpasil intubnts the lond pressure (nereases due to
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IIrymans I the blood pressure of the donor dog s Tow stimuiation
of the eentral end of the vaLus sympathehie nenve of the perfused head
may mduee some nse of pressure m the donar dag Rat thus 19 & purely
hrmody nanue phenomienan ot ohed by the v wocanstnichion mduced
in the perfused head by stimulbion of the sympthetie  Hie same nise
of pressure occurs i the donor dog 1f the artertil connections between
donor dog and perfused he id are elamped ¥ agree withy our conclusions
that stimulttion af the central end of the vagus sympathetie nerse
does not release a vasopressor substance m the cephalic crreulation

Banarps ¥ agree with you about your resuft—but that 15 no objec
tion to our research

Irywans X shll think that these observations are an objectton ta
your conclusions Wy do the arteri 2t walls of the cephalic areulation
not relense 1 1 wsopressor substance after strmufaton of the sympathetic
although necording to your eonclusions other arterial areas do 1t?

Jiuf N1z Diaz We welcome your entiesm But se hase made an
addition to the experiment devssed by I'nylor and his collergues and we
out the cervical spinal cord under these conditions we never obtain an
ncrease of blood pressure 1 the donor dog By cutting the spinaf cord
we abohsh the secretion of the substance in the sympathetie mnervated
artenes of the head Ve thought wndeed that the posttive resulls of the
other authors eould be expluned by the secretion tn these artery walls
as you suggest  But under our conditians with a sectioned spimal cord
that 13 no longer possible and indeed 1t was not possibile to abtain any
hypertensive effect

vox Turin X thank some of our experiments mu bt throw o hitle
hight on some of the contraversial pomnts here  Fo Degn with the 1ist
one that not all arterial regions seem o be able to telease the same
amount of pressor substance T tlunk that s true Beewse apparently
the artenes of the head and espeesally the brsun do contam much lesy
noradrenalme than the rest of the body I for instance one muohes
extracts of the bran for noradrenaline one finds quite small amounts
There 13 one exception which has been shown by Marthe Vogt that
there is & lot of 1t in the hypothatumie regron. but that 15 2 small region
and the oversil action 1s quite small - Afso I think 1t 45 estalilished that
extracts of atterics do contun sympithonumetic amines  If T under
stood Prof Doz correctly  the extracts contaned quite considerable
rmounts of adrennline and yet the effeet on the recipient dog was one
of noradrenakine I could not quite understand the sigmificance of thit
Tut the fact 1s that if one makes extracts of nrienes sy Lipe arteries
fike the mesenterte artery or femornl nriery of the dog they do contain
a certnmn amount of adrenaline but on the other jand that amaount
secms 1o decrease the more carcfully onc prepares the arteres the more
care in making these extracts the Jess preseor substance 1s found in
them and the less adrenahine  So 1t seems to have something to do
erther with nerves runming on the outside of the artery or with chra
maffin cell groups in the artery wall orin the vicimity of the artery wall
Usually extracts of the Inrge artenes contamn relatn ely small amounts
Ve s ¢ recently made extraets of vanous dog prieries and the amounts



DRUGS ANTAGONISTIC
TO 5 HYDRONYTRYPTAMINE

J I G4DDUM

A prue with a speaific antagomstic action to 5 hydroxy
tryptamine (5 TIT) rght be valuable 1n vamous ways It
mmght throw hght on the physiologieal function of 5 1T 1t
mght md the identification of 5 T 1n tissues and fachitate
myestigations desoted to other pharmacologieally setive
substanees 1n tissue extracts 1t might even be used 1n thera
peuties I propose to guve an account of o search for such
0 antagomst camned ont by B Fingl 11 Hameed and mysell
duning the last year or two (Fingl and Gaddum 19,3)

When a comparativelv large dose of 5 11T 15 apphed to
wsolated deum from a gumea pg the resulting large con
traction does not last long but the muscle relaxes while the
5 HT s still in the bath  Such muscles still respond normally
to histanune or substance I' but not to tryptamine  An
excess of tryptamuine 1n the bath causes a simlar speeific
desensitization of the mustle (Gaddum 1903a) These facts
have already proved useful 1n the pharmacologieal analysis
of tissuc extracts (Eeldberg and Toh 1923) but antagonists
which themselves have large effects arc clearly not perfect
antagonists and a number of other substinces have heen
studied

Speafic antsromsms between drugs are commonly due to
competition between them for the same reccptor in the tissues

Cius fact became generally hnown among enzyme chemsts
and pharmacologists about 1930 (Clark 1937) 1t became

hnown to bacteriologists ten years later and has often Jed
to the finding of corap

among the ch \}

relatives of active dmgs  We have therefore studied 2

number of synthetic substances which hke 5 HT contaun an

wdole nucleus  Most of these were made speasnlly for tins
75
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stimulation and augments the pressor response to ndrenaline and
noradrenaline (Experientia 1953,9 107) As there 1s no sympathucolytic
and no gangliome bloching aetinity but o block of the stimulus which
comes from the afferent side nn interruption must have taken place
between the afferent and efferent sides of the reflex are It thus seems
unneeessary to assume that a speeial humoral transmittor substance 1s
released when the central end of the vagus 1s stimulated I don t know
whether Prof von Luler will agree

YoN 1 uLrr Lrgotoxin does the same doesn t1t? It blocks centrally

Brin But it blocks at the periphery Just as much

JiMr N7 D1az Qur expenience of the content of adrenaline and nor
adrenaline 1n the artertes measured by the same method as Prof von
Tuler s was that there 1s & very vanable amount of adrenaline and nor
adrenaline depending first on the regon the artery was taken from and
sccondly on other conditions that we cannot as yet ascertain The rela
tion between adrenaline and noradrenaline s also yvanable but in general
i the artery walls the proportion of adrenaline 1s much greater than
noradrenaline about five times more adrenaline than noradrenaline
On the other hand 1n the airculating blood there 1s about five times
more noradrenaline than adrenaline  Ilns makes us think that perhaps
the artery can synthesize noradrensline—that 1s only a suggestion but
13t 15 possible  Tn adrenal tissue 1n the presence of choline and without
ATPase 1t 1s posuible to demethylate adrenaline and form noradrenaline
We speak only of the arteral wall but we are not wn a position to sy
where 1n the arterial wall 1s the site of production
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adrenahine  Ergometsine hos little or no antagonistic action
either to 5 T or to adrenaline

These results may be ummarnzed by saying that severnl
athalods derned from erpot are esen more achise a5 anlago
nasts of 5 HT than as antagomsts of adrenahne  On the other
hand some other drugs which are hnown to be powerful
amtagomists of adrenaline appeat to have hittle or no achon
\gawnst 5 HT  For example piperotane {F 933 ppenilyl
methyl benzodioxane) 1n o concentration of 107 {1 mg )
abolished the effeet of adrenahne on the rabbit s ear without
causng any change i the response to 5 HT

These expenments are stillincomplete  They have alrendy
proved hefpful 1 the pharmacologieal analysis of tissue
extracts They have told us nothing defiate so far about
the physiological functions of 5 HT  Thesr results obviously
cannot be apphed yet to therapcutics Our most actne

tag prod porary madness n very small doses
1t may be possible to find an antagomst to 5 IIT without this
cffect on the bran  On the other hand 1t 15 possible that the
5 HT 11t our brans plays an essential part i he eping us sane
and that this effect of LS D 15 due to 1ts niulntory netion
on the & UT w the brawn  Tf this 18 s0 1t may perhaps he

difficult to wmbibit the =ction of 5 HT on artenes without
cIMsINg SNty
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purpose by Messts Glaxo  Several of these substances are
active and speaific antagomsts, but the most actis e substance
we have found so far 1s lysergie aeid dicthylumde (I S D)
which we one to Messts Sandoz  This alkalod wluch 15
made from crgot, has powerful effects on the human bran
mndoseof 1 pg perhg (Stoll, 1947) Tysergme acd contams
try ptaming as part of 1it« molecule T SD 1n a concentrition
of less than 1 sn 100 milions (10 pg /1 ) mlubits the action of
51T on rat's utcrus while leaving the netion of earbacliol
unchanged {Gaddum, 19530) Tlus tissue was found by
Lrspamcr to be pirticularlv sensttive to 5 IIT We find that
1t 15 also particularly switable for the detection of specific
antagomsm

Tlowever, LS D also speerfienlly minbits the vasoconstne
tor action of 5 IIT on the perfused ear of a rabut  In one
expeniment, for example, after o few prcimunary trials, the
ear was perfused with o solution contuming I §D an 2 con
centration of 10 ug /I Tlus mlubated the response to 5 T
even when the dose of the Intter was inereased over 300 times
At the same time the response to adrenaline appenred to be
somewhat mereased by the LSD  The antagomstic effect
to 5 IIT developed slowly during an hour or more, and
disappe ired 1n an hour when the ear was once more perfused
with a solution containing no LS D

Several other alkaloids from crgot have been tosted
Dihydrocrgot umine 18 hnown to be an active antagonist of
adrenaline e have found it very active as an antagonist
of 5 1IT, though not so active or specific as I SD When o
divect companson was made m the same rabint s car with
control doses of both adrenaline and 5 T 1t was found that
dihydrocrgotamme was more active agunst 5 HT than
agamst adrcnahine Under suitable conditions 1t was possible
to diminish the response to 5 11T winlst Jeavmng that to
adrenaline unaffected  but shghtly Ingher concentrations
abolished both responses

Ergotammne atself has similar properties to dihydrocrgota
mine, but 18 rather less active agunst both 5 UT and



5-103 DROXYTRYPTAMINE 18 VERTHBRATES i}

Normally the titration data may be considered sufficientls
accurate when the 5 hydrox tryptamine content exceeds 0 3
4g per w1 m serum and © -0 3 pg pes g in tissues Lor
smaller amounts af a hadroxs tryptanmine other substances
Lnown as well as unknown, can cause disturbing interferences
e can reveal the presence of these substanees by Blochang
the § hydroxytry ptamine Action » 1th hibenwnime oF Sramine
Gus man Tesults are summanzed 1 Thbles ¥ 1T and 11
[he first two tables Mlustrate the 5 hydroxytn ptamine
(5 11T} content per ml of serum or prr g of fresh tissue the
Tast the 5 H'T content per kg body waght

Fos comparatus e purposes some data are given on the » BT
content s the ttestmal tube of Asaidians n the shn of
Amphtbuns n the hemolymph the gut and the posterar
sl ary glands of Octopods as well as 1n the hy pobranchil
body of Hurex trunculus

Table T shows that 5 11T s present n gastrontestinsl
extracts of all the Vertebrates studicd with the exeeption
only of some groups of ¥ishes {Teleoster and Cyelostonata)
fn these groups the gasteo wtestimal mucosa 3 notenously
lackeng, 1t typieal enterochromaffin cells whieh we consider
to be the site of production andjor deposit of 5 hydrowy
try ptamne

This substance ¥ also present s extracts of \sadin
wtestie (presence of enterochromaflin cells) larking
thiose of Uetopod intestine (absence of enterochromaffin cells}

Tre » RT content varies conspicuously from one ammal
>Pectes to another and 1n the same speeses from one sechion
to gn]nlthu- of the intestinal tube

il more conspreuons species difforence

ss Table 11 dearly shmvsp m the 5 1;'!11‘ ?o:(r: :0 é’m o

Afso the individual vatmations eze & o s
e hete s p orale very

tmportant wnd it seems quute probable that the serum 5 T

e ‘C‘; 1s by n\o means constant i a sigle mdnidual 3

o preliminary researches it
older persons con(n{ns a little Jess .:rill\;‘s:(s\'::at g of

persons that of younger



QUANTITATIVE ESTIMATION O
5-HYDROXYTRYPTAMINE IN
GASTRO-INTESTINAL MUCOSA, SPLLFN AND
BLOOD OF VERTEBRATLS

V ERSPAMER

Tt biologieal titration of 5 hydrovytry ptamme (entera
mine, serotommn) has been earred out on the 1solated, atro
pimized cestrous uterus of the rat  This test object offars
the following advantages

(a) Conspicuous sensttivity to 5 hydroxytryptamine  The
uterine horn usually mves good responses down to diutions
of 110 160~260 mihon

(b} Neghgible senitivaty towards many other active tissue
or hormonal products  Interference by acetyleholine,
histamine  adenosine compounds, callicremn, vasopressin,
angiotonn, tyramme, octopamune, adrenahine noradrenahne
brudyhimn and pepsitensin may be practieally ruled out under
our cxpenmental conditions and for the materials we
exammed Morcover, substance P of I uler and Gaddum,
tonards which the rat uterus shows 8 moderate sensitinvaty,
does not scem to reprisent 4 source of crror of any im
portance

(c) Prompt regression of the spasmogeme cffect after
washing out with fresh nutrient hquid, and rapd recovery
of the onygmal reactnity that is to s1y abscnce of tachy
phylaxs

(d) Sausfactory agreement withun certan himits of couyse,
of the reaction to the dose of § hydroxytryptaummne  The
error does not eseeed 10 to 15 per cent

{¢) Bxcellent resistance of the uterine smooth muscle

The results obtuned by us agrec very well with those
obtamed by other rescarch worhers (Reid 1952 Teldberg
and Toh, 135%) with other test objects

"8
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Table 11
8 Ifydroryiryplam ne contend oa base #
A vmal wpecsc Serum lug mL} Spleen sue (2 43
‘Megn colue Rang Mean calue Rang
Tumans
e 007(3) {00500 - -
20-23 y ears ol 3 01 (14007020 — -
60-90 years old ©09(18) | 0 03-0 15 — —
18(0fos260) T80() 61s-801
g:art 213{5) 01-323| 460(2)( 4=p~4 00
Sheep 08(4))036-143] 380(4) 1 43-0 B0
Hiorse 041(8) 10208 176¢8)| 123260
Ass om(3|o20dr{ B10(1) —
Ho 0.5{511014037) 1.3(4 08227
Doy 0210001003057 130(7{ o6120,
Cat 380 ())120740) §40(4)) 5743049
Rabb t 3530111805,71 1260( 4) |16 40-2 50
Gunea pi,, 0" 00?0 X | 1OB{7}{ O ot bs
Rat BT losTa | ~soqan) —
Mouse 1 43 (10 — 1 80 (10) —_
Hamster 037(3) {03,040 ~ —
Urchas 181(Y) 0752178 180(3) ) 08 2,5
Bat (Rhinol phus 3 56 {16)
fervum ¢ puenum) - 18 90 (16) -
Hen ;208126360 19545(7) | 86018
Guinea 1 en " 66(3)) 20033 -~ -
Turkey on(31000013 —_ -
Duck 118( — 41001 -
Pigeon 033(7) {0180 40 -— -
Sea 069( 1) - - -
Stork 003{1) - — -
Tropid motus natry 041 {37} - 0 16 (37) -
Testud grocea oo - ao1(1y -
Rana eseulenta 0 18 (40} -~ -
Bufo bufo bufa o (m)) - 0860 -
Seytharhinus eamcula | <0 o2 ( 5 -
Soflberh atelaris | <0 0y ) el =
opedomameraia V<o) = |29 08( 1) =
Ang lla vulpary <0 0s( 5) = <00 5
neq vul ang <D D4{ g — <0 05 ( 8 -
Imiurus catys <0 0. {17) - Wi —
Petromyzon planen | < o, (42 -~ —
arom o mannus | <0 03 ( 1) - - -
Octopus culg rr <0033 -
PUS marropys <0 01( 3) -
Fledune moschatg <0 04( 3) _ -
! parentlones s W mar be of moei e !

|
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In spite of the fact that we hrwve sound re 1sons for belicving
that serum 5 HT onginates from the entevochromn(fin cells
the 5 LT content of serum shows no red vtion whatever to that

of the digestive tube

Table ¥

5 Hylroxytryptam ne cantent (paty

Angalla tfgarie (5)
Tastea vulgars (1)
Preiromyron planert (4)
Tethiwm plicatum (114}
Ciona inteshinalis (1455
Ouopus vrlgnras (1)

I tedonr moschata (1.}

Speciey an 1 ot mber oF
specimens "
Stomach Smofl intest n:’ mt':, ’SM
Dog (3) 520 870 430 | 28
{at (3 0 45 D88 853 ) 11
Rabint (3§ 4 900 8o | B 0 37 | .70
Guinea prg {1} 140 5 00 3 40 oy
Rat (10} 140 3 3 00
Atoust (10} 98, ic0 310
e Jig 1 60
Uschin (3} 4 30 trre 3 A e
£ton (o} 396 4.0 4
Prcon (3) | § [ ES
Dach (1} 316 410 } 360
Tortoise (1) 3.0
Toad (15) - 20 P L
Bombinator  pachypus
a5 3 00 P R
Seylhorhimus  tameuls
0 60 e 60
Seyltiorh stellans (2) a 39 P e
Totpedo marmorata (1) 13, P . ettancd
Amurus catus {17} 0 301} 0«3,0_(;,<0 40(1) >

IR 01} ) B
e 0} BO{D] o ey

Duseaglassuy prelus 410~ 430
Bnmbgbmlof pachypus Sk - T Wws
Iyla arboren 80-110
Bufo maureiantcus ne
Dcopus rulgans Tost sahwary ginds 420-512
I tedone moschaln kil
Afurer tranculus $fypobrancinaf body R0 200

~Stomch body
4. Stomach pyloros

$Prox mal balf of \he v wall intestin
= Drstol halt af the gmall ntestine



£-T1y DROXYTRY PTAMINE 1N VEITE BRATES

A =3
ez2s z2 §%
gZ2288 £% a3 8
3 EEEEI L 2% 5
slirnprpEsesssasyy e o8
wosmae gg 2%
amnn ax H
BEERIB By | =2
LR
3 on1moe om
M peaImAn
2~ SREL Ak
N R R R e
HN PSRRI
B 254293 Fisg
"
R PO
RN wxeras xs
PERSH arzoer o
21EENon (2
2157 comess cane
Bl TRy Bre
- oran o7%
~ E}
- - 2
ee 8l ma g
2er2ne o
TgEetz 2 -
3 LETLT Sy g
hahdntodal Lol T2 b T V-2 1) =
TEEARIArgeragney . 3
5 3
s -
——

x Iy i
- -f 8%
= RN
-g.2 FEREY
Eci2 Yo i3
19 Sa 5:

I ter
bt
Lrchun
ert,
Dack
S S

Y e



82 V knsranzr

The contrary may be sad for spleen § HE, whose close
relationshup to serum 5 HY 15 bevond question 1t ss probable
that the substanee found in spleen has to be conwdered
as of thromboeytie ongm exclisnely, bemng presumably
encloscd 1 phagocytized  thrombocytes or thromboey te
fragments

Amphibtan shin may contain enormous quantitics of 5 111
or related hydrovymdolathvinmmes, with quite normal levels
of serum and gastro imntestinal 5 II{ It 15 probable that
shan 5 HT has nothung to do, m regud ather to ongm or
to physiologiel sygnificance, with the other Jounliz tions of
thus substanee n the imphibiins

The data collected m Table I offer for the first time a
preture of the tot:l 5 11T content m the body of several
unmd speeies, wncluding the common laborttary speetes
and ttlustrite the percentage distribution of the substinec
i gastro ntestmal mucosa blood and spleen

We consider these data hhe those on the dutrbution of
5 111 w the ammal kingdom, of considerable wnport ince m
the mterpretition of the bologienl sigmifleance of the entero
chiromaflin cclls and of thewr seeretory product  When teving
to explam the function of § I E, the wide distribution of ths
product amongst the Vertebrates and the Ascidians should
always be hept in mmnd

Morcover, 1t 15 guite obvious that amongst the many
biological actions possessed by 5 3, the only ones wineh
arc to be tthen as posstbly  physiological” are these pro
sohed by doses smaller than the tetal § HT content i the
orgamsm of the exvperimental ammal

These contitions secm to be fulliied by our hypothess
winch considers 3 T as o hormone designed to cantrol the
function of the hdneys and, more particularly, intrarenal
hemodynamics (Lrspamer and Ottolengly, 1953)

Our powt of view 15 strongly supported by the following
obsery ttions

(1) The antiburetic action of 5 hydroxy try ptamme s &
consequence of an afferent vasospasm, appears n the rt
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% andSara & (19o1) Rat J Plarmacol

E:ﬁ:::::ﬁ W and Ton & C (10.7) J Physiol l}‘?d&f-‘ 1 163
Heerer 50 (195 ) Cibe Foundahion Colloqua on Fudormint

Ren G (190 ) J Fhysiol 118 43>

pPISCUSSION

t 15 1o be congratulated on s very olgectine
p:s:i:mg:\ “fli‘";‘,“ im:p\\m\ed subject. {should od 1 that De Twarog
in out labosatory has used the T enus fhieart in measunng the 5 hydroxy
tryptamine content of vartous organs and gencrlly seums to “im“m:
what Dr 1 rspamer hassaxl  The sensitivety of thus greparation o 10
molecular of » hydroxytryptanune J beheve you told me that the mat
uterus was 1 200 mlioh how that compares T don thnow but peobnbly
the rat uterus 1 a httle more sensitare I might ad 1 that our measures
ments m the bram showed 0 1-D 30sg sa there 13 8 fairsh amount
1n Braom of dog and b 25 compared with serum our figyees e
serum were 0 141 § pgr su the brun contains as much as serum docs
Anather paunt 13 that the urine contam a Tar amount of it as weil
U you wfuse wtodrovytryplamine sboat § pet cent ot appears in
the urine the rest seems to be non recoverable  § shoul Ladd that there
18 atfenstin the § enna heatt o vertun amount of Linching: some of the
organd for imstance the extricts of heart show a small blochade from
substances assoctated witlh the serotontr 1n the extract sn we are not
100 gute that the hzures are slways correct We were unalbile to detect
any in plasma which may mean that there s only n very small amount
present or that the method 15 not sensitive enough ta preh 33 up

The only thing I woull diagree on 1s the question of the effect of
this substance on the fadney  Dr Corcoran s expenments were almost
Gnuformiy negitive 1 the sense that hie found potiung to suged ary
speaific effect of serotopm T have not the shghtest idea why there
should be this disagreement wnd § thank 1t will probably come out
when all the figutes are hnown on the clearances  He has tnfused ¢
wnjected st subcutaneously 4nd exeept for the panfid effect of the
serotomn he did not gt any stihing eflert 2ither on the dmretic
Tespanse or 1 changmg clearance 1 atiems don ke o hase serotonn
admimstered 10 e, ¥e ¢ ¢ 1t 10 small amounts os o mea ure of
neurogente tone n wan

Luspaten I kase buen expenmenting with the molluse hieart sinee

186 1 agree with D7 1 27e that thss prey aration s often ¢
case 0l Octopus pnd Heter heart. fasty e to rl’xg drox‘; uylé\u:r‘:\\::?
but unfortunately I do not find 31 speerfic enowgh Or tis substance
T thunk it ray be used only s subsy b2y et ahject in the gu wntitative
vs\g::n:‘nn of » hydrovytryT taminie tn erude tissue extracts

buresis expermments on Mvdratel zats were carned o
X Iynar pennd on about four thousand groups af kmcgm!\:\;\: :::\?
S-Hydroxytryptamme his been regularly antydwretic starting fragpn
subcntaneous doses as low as 4 #8 72T hy of body weight Tlus dase
#5 ome fiflieth of the dose which aets on the systemie blood g ressure;
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after the subcutancous wnjection of as httle as 4 pglhg of
substanee  This quantity corresponds to one crghth of that
present i serum, and to onc thirtictl of that present an the
entire organism

In the dog a drashe renal vasoconstriction miy be pro
vohed by the quantity of § hedrovitry ptamine normally
present an blood (see renad vasoconstrictor effect of the fresh
defibrinated blood) But tins quantity makes up only onc
tuenticth of the total 5 by drovytry ptamine 1 the body

(2) The subcutancous mjection of the wcetone entrict
obtained from 1 ml of rat serum per 106 g of body waght,
causcs m the hydrated rat a sigmficint deerease st unne flow,
quitc simlar fo that obtuned with 1 mi of genume serum
We believe, mamly on the basts of research carred out on
ribbit serum that ths cffect may be,at least to a great etent,
ascribed o 5 hydrosytryptanmune {Trspuner and Sily 1954}

The unstrble antidmretic substance  describied by Dicker
and Gmsburg {1950) and by Heller and Guusburg (Hcller,
1952) n ot serum 15 therefore, m our opimon, identidile
with 5 hydroxytryvpt imine

{3) Only = few gronps of 1 whes, the Telcostcr and the Cyelo
stomata Iack enterochromafiin cells ind 5 hydrovy tryptamne
But, just n these groups, owing to the partieulnr environ
mental osmotie gradient and the consequent necssity for
redueng glomerulr activity  the glomcrul have undergont
marked reduction m size and cypiilinty, and m mony forms
finve disapprared entircly  leading to the formation of an
aglomerutar hidney

In sharp contrist with thut of lelrostce the hadncy of the
Liasmobranchu shiows liuge and well deseloped glomeruks
and, at the same tune, the gistio wmtestinal mucost contans
beautiful enterochromatin cefis and abundant o hydrony
fryptamine

REFLRENCLS

Dicwer & L and Givsnne M (10000 Bt J Pharmacol 5 0o
EnrepsMer V. and Ovsorunost A (19,3)  Areh anf £ harmiacodyn

93, 197
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antimetabolite potency of thus product <n the rat uterus preparation
but tafled to obtawn the sare result on the rat duresis test

Hewien ¥ wonder if ¥ might say somettung nbout the nmn\nm-h:
effectof  hydronytryptamine whieh Or I rspames mentioned hlun‘
{hete ate 150 pieces of work that hare been done on the antidiuret! ‘c
effect Of this substance 1 dogs both of thewe as vet unpublishes!
Sala and ibrahams snd Pichford have done some expenments and
both these groups of workers have found an antidwretic effect 10 very
small does  However they do not quite agree n their conelusions
1n %o far os Dr Sala thunks that with sery small doses he gets a tubular
effect shereas Dr 1ickford told me that esen with the smallest doses
she used there was only & vascular effect  So considenng that Dr

Crspimer has also found an antidiuretic effeet in rats there can be ltle
oubt about the actionof v hiyd houghit

t 1
e

perhaps not quite clear  Also you smd Dr ¥ rspamer that the doses
whueh produced the antidiuretic effect are about one fifhieth of the
amount present 1 the body  Judgang, by other antidinretie subistances
that 15 & very large amount considering that the parallel amount of
antuhuretsc hormone 1s in the regon of 10 8o perbaps one must be n
Kittle careful in deducing anythung as to the physiolomieal effects of - HT

EsnseaMen Certanly  Bat the chenucal constitution of » hydrox)y
tryptammne 1s very simple when vompared to that of the posterior
prtutary antidwretic factor Tt 1s to be expected that the bisvutheas
of whydrovytryptamine acts very mpidly starting from the widely
distributed L-trvptophan. Udenfriend and us associates succeeded
recently in demonstrating the evistence in the orgamism of two enzy me
systems whach assure on the one hond the oudation of t-tryptophan
to 1-» hydrocviryptophn {tryptophan oxdase) and on the other hand
the decarboylation of 1-hydroxytryptaphan to 5 hydroxytrypta
nne {>-hydroxy teyptophan decarboxy 1se)

It stems therefore that the storase of the latter substance in the
enterochromallin cells could be easifs and promptls renewed when

exhansted  This pomnt of view 15 corraborated by Udenfriend s ex
penments with radioaetise trytophan e e

Gaboty Is the antidretic t
tapomae by i Aty 1 effect of o hydrogytryplomine an

1BSPAMPR Yes when dibenamine 18
fven two to three hours pre
viously - When it 15 given simultancously there 13 no effect £

Hrvaans We coutd see an antidiaretic effect of seratomn in aneathe
1AGE With 5o ef

tized dops
fteet on bload pressure®
AN The dose n, b
Jected 1nduced a rise of Blaod pres:
alsa sbserved an antidretic eff R
ect wit
«u;ld be antagonized with as:-m;.c‘n 'I‘dwm(omn o T eftect
ICRERING Yyere the
o st o 7 7 D Tespamer in
Lrsrauer [n conscious rats
!'Krcn:m\(. And yours 1rof Ifelier?

Hritre Conscrons dogs in both cases T thunk
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and 10 000-20 000 times smaller than the medwun lethal dosc by the
subcutancous route

T'he opmuon that 5 hydrosytryptamine antidiuresis may be ascribed
to the pain producing, effect of the substance seems to be untenable
since 1 ml of a 1/100 000~1/1 000 000 solution of entermine pierate
daes not produce more pamn than 1 mi of distilfcd water and since
dibenimine and the sympatholytic ergot alkaloids to wlichno analgesic
action 1s attnibuted are capable of blocking the § hydroxytryptamne
antidiuresis

The substance reduces the urine flow not only m the rat but according
to Sala and Castegnaro also in the dog starting from subcutaneous
doses of 10 pg fkg body weight Fo these two experimental animnls
we have to add human beings both normal and suffering from diabetes
mspidus  Iwo eases of thrs disease responded consistently to the
subcutaneous njection of a crudc enterwmine extract of Octopus Ve
are now poing, to repeat the experiments with pure 5 hydroxy trypta
mine

Tinally T should hike to emphasize again that the antidiuretic effect
1s much more conspicuous after subeutancous injection than after intes
puntoneil or intrwvenous admimstration VWhy this occurs T dont
hnow but 1t 1s possible that 1t has sometlung to do with the uptahe and
release of 5 hiydronytryptamune by the platelets Ve have to heep in
mynd that tn the platelcts the substance is protected agunst iny enzyme
attack and 15 thus allowed to reach the site of its physioloical action
unchanged

Pacr You mught be interested m some results we have had with
5 ammoindole the one that Woolley and Shaw were proposing as an
antimetabohte for 5 HT Ve found 1t bloched pressor action i quite
large doses but strangely enough did not block the depressor actions of
5 hydroxytryptamine  As regards hypertensives we grve 10 g jday for
twenty days to a hypertensive patient and it did nothing to the blood
pressure I may say that our results did not agree with Voofiey and
Shaw for we did not get an effect by mouth in dogs  This was with a
sample of mtromndole which Woolley sent me I talked with him aboutt
and then he also found that he did not get a reversal with this sample of
material He prepared another sample and both of us hive now found
the same reversal wlich confirms lis original observation but leaves
entirely uncxpluned why one sample wluch was analytically pure
famled to act I wonder if Prof Heymans remembers that he did the

ongnal work 1 1932 n d rating that ergot: blocked the
action of serum vasoconstrictors long before serotomn had beer
discaovered?

Cappun I certainly remember that and I msorry Ididn t mention it

I nopavin Y agree with Dr Page in considering the antimetabolite
potency of 2 methy! 3 ethyl 5 amimomndole and of 2 3 dimethy( 5
ammotndole very smill  Quute recently however Voolley and Shaw
have synthesized another 5 liydrovy tryptamine analogue which seems
to be consulerably more active I refer to 2 methyl 3 ethyl & dimethyl
aminoindole ( Medmun )  We have been able to conlirm the greater
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armne mto the rat we have detected on unne chiromato.
gﬁﬁ?’l‘zg‘ lr\‘\tn 1ndole spots one ey fant probably umm:n:;:
of o hydroxytryptamne 1tselt and the other much clerer consis! ;)\,,
¢t some brethd ron pm‘\luﬂ of whndrotsiryplamine  presumably
ol acetrie aed
5“:\(;(:“%\3:?& Ts there am dlﬂcn\n;’eq n the outyut of 5 T n ¥he
riensines and of normaly’
““I‘::r(::( “‘\"S‘mnut answer that at the moment It seems that even
Body agrees that 1t 13 sntidretic exeept 08 e smphy have found
notlung rermarhable about srotomn s actions on the fadneys
TichERnG Dots 1t hase an effect on 1be thion tes?
Essraxer T have not seen any effect
Pace. Curoushy enouh when we ifused the matenal wo
anasthetized dogs 1n most doga we had o fall i pressure and the only
effect on plomeralar filtration rate Cotcoran pot dunng that me s
protybly Attnbitable to the hpotension This 1 quite different frem
the smgle mjection when you get the amphibanc effect on the artertal

sure
P abaey What do 3 ou think 1s the cause of the hypotenston® I know
that m eats ong ump cause s of the pul s arters
Fire It has that immediate effect ves But Dr Marmzz measured
the action potentials 1n the ehiary nerse produced by shocks delivered
to the pregan, Jionie oculomotor nerve and found durtag the imtiat {1
m dogs a transient blockade lasting possibly fmenty seecnds anly and
then reappeating Ve thon ht the amtia! L}l w tnod pressure was
therefore due to two things the depressor cardio-pulmonary reflex ylus
Uus tewnsient blochade There wa fater T in precsure due 10 Inlubiunn
of yasoconstrictar tone
Briv Aceoribvng to the work of Sehntider 1n the Umited States there
1s afteringechion of serotomn g actis ation of eertaun peripheri afferent
receptors for example the lung streteh receptars the effeet found heing
simlar 1 that produced by myection of teratrine  This could be taken
as 3o indheation that sergtomm has some reflex achion
{ wpotyr That effect 1ias a1vo been rocorded 1m ths countey but the
Teceplors ate probatly not sdentieal with streteh receptors * o-HT
also cuses vasocanstriction 1 portused Tongs +
Den But do voy alse have a vaseonsthetion m ailis in the pat?
Becatse with Rewn s Thermostromubr we ti1 not imd 2 marked te
(ln&\mn of llr;w{ n the pulmonary arteries after serntomin
a
TS LIS e e s
£ vox. Did 300 find Ve <ame thing i drgs T o R
Guoocx [ havent tned °
ir}l:\-:u‘\ Tt 15 Qifferent n dops
+0F Yes and the nevrognie hvpertensine dog behases e Ave
}:\::al,\:r::\ In favour of the renal potat of attack, of » by m“—t,.”,r?;
o) andPanta o & (10,35 Bt J pra, o
Callam 3 Jacel B
1 ey i h!l; ldﬂtj\g 2& O Siver \ anfSyy

gl
PAAB (U quart
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Lrspayen 5 Hydroxytryptanune 1s certarnly present in dog s blaod
in concentrations actne on the hidney vessels’ When we perfuse the
hadney vessels with defibrinated hlood they constrict powerfully 1t
has been scen by Starhng and Veroey

Iamans Defibninated blood s not nosmal bload however T«
hy droxytryptarune present m nortal blood?

Insrarur I thuk so

Hrymans Is hydrovytryptanune present tn the tieues or relensed
on_extraction?

Cannux Tean tell you somettung about that  Tn eat s blood if you
collect 5t very carefully €0 83 not to bre sk up the plstelets and then
centrifuge st the plasma contains very bttle But if you collect it sn an
ordmary glss vessel and wait two to three mmutes the plasma contains
alot Y thinh it 1s contamed i the phatelets

Pacr It s our expenence top  Platelets certunly hiberate seroto
mn and reasonably quichly too

Yrspamrr Intwo cnses of Werlhorf ¢ disense with a very Jow platelet
caunt we have found in serum & hardly detectable amount of § hydrovy
tryptamne

Hiywans s hydroxytryptanine released m some conditions from
the tissues nto the blood?

Ireeamce I think 3t must be released from the enterochromaffin
eclls mnto the plisma and thence taken up by the thromboeytes  Also
m centrifuged heparimzed hen s blood 5 hydrovytryptamune 1 con
tasned only m the wiite cells layer and T espect 1t must be the same
m ol vertebrates  I'he eircumstance that 5 hydrovytryptarmne 15 not
detectble tn the serum of same fishes passessing entertmine may de
pend upon the absence or rarity tn these species of bload cells anniogons
tn thromboeytes

Prant Dr Page inyour experiments with the imfusion of 5 Iy droxy
tryptamune jou sud that sbout & per cent enme out mn the unme
T there any evidence for the presence of 5-1IT In novmal urine? That
would perhaps answer some of these questians?

Pacr Yes theress

Prant Obvicusly the abjectsans raised about collection of blopd are
very vabd  Ihere s some evidence T think that using ealerum eitrate
as fn antseoagidant has n different effect from the use of hepann 1
certunly found that one hid to use enormous arnounts of hepann to
prevent the disappearance of serurn rictor 1 got themy
that bepann was far more unportant—:f you used much more than you
needed to mamtun aa antt cazgulant wetion—than any other factor—
than collection mto sitheoned tubies or anything else T think that the
unnary exeretion would provide much more information about its

resence in the errculation m man than collection nt the present time
of bleod

Pact We found it in the normal unne of both man snd dogs

Cappus There 1s evidence that tryptamine appears in the urine
partly as mdalercetic acid the plant hormone

Trspamrr Iollowng the subeutancous ijeetson of 5 mg kg of
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HEMICAL SCREENING METHODS
(‘DXAGNOSXS OF PHAOCHROMOCYTOMA
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i varymg chmeal syndromes obsersed 1n pheeochromo
cytoma can be grouped as follows

{1) Taroxasmal hypertension (adrennl sympathetie syn
drome)

{2} Pemstent hypertension tumching essential or mahg
nant hy pertension

(3} A combingtion of hypertension hy permetabolism and
ghycosuria and

(4) Persistent hypermetabolism or hyper,veama co
existent with intermittent hy pertension

The understanding of these widely varving ssndromes has
been helped by the demonstration that these tumours hirbour
two agents adrenaline and naradrenabne . varving pro
portions (Holton 1949 Coldenberg, Faber Alston and
Chargafl 1949}  Other variables are the rate of seeretion
of the tumours and sccondary endoenne and vaseular {smooth
muscle) ehanges

A fraction of the cases studied one third according to
Green (1916) and one fourth 1 our own senes {Goldenbery
\ranow Smuth and Faber 1950) exiubits this elassieal ty pe of
phxochromocytoma wiieh 1s charactenized by proxysms
{sometimes termed adrenal sympathetic syndrome)  They
afe comparable to the effeets of a ripid mtras enous mjection
of a pharmacologient dose of adrenadme and (or) noradrena
llmc Obsersations on cases which combine paroxysmal
)? pertclnsmn with persistent by permetabolsm or persistent

YPergly cxmia suggest that the  resting sceretion of these
tumours m1y be nat

ghgble but rather Moent to
9
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mune 1 should lhe to emplasize apam that the substance s absent
some groups of fishes the Teleoster and that just an thesc groups the
glomeruh have uadergone involution  In the Teleoster the miestinal
Taucoss 19 very mebh an cells wWineh are indistinguishable from the t preal
enteranune contamng enterochromaffin cells both in ther morphningy
and the behastour of thetr granules using the common histologieal
stunmng methods  fhese celly however wiueh we call  pre entero-
chromnffin argentoplul cells  are completely lacking 1 5 Indrovy
tryptanune  Lhev may be tentatnely interpreted as enterochromathin
cells wiuch linve lost enteramme during the evolution of the bony hshes

Why do only the Teleostt {and not the Elasmobranciat mn wiuch the
gomerub are well developed) Jark ty preal enterochromalfin cells and
5 hydronytryptamine? It seems to me ymportant

Cappun Ycs, Dagree But I feel that 5~HT may have more then one
function

Lrspamrr It 1s possible  But the distmbution of the substance
in the grumat hingdom must be cansidered when explaming the function

Cappum Yes 1t 15 important that it ocenrs m such mwmals as the
octopus

Trcarrane The question has not vet been Tully answered whether
5-ITT 15 present in tissues 8s such or whether it appears m the process
of extraction or ncubation

Pacr I tlunk the answer 18 noboedy knows

Frspamin It scems probabie however that the substance pre exists
mn the cells i a form sunilar to that present i the extracts  The spearfic
granules of the enterochromaffin cells after formahn fixation, gone
esactly the same chemical colour reactions as do an tifro § hydroxy
tey ptamune solubions treated with formabin - Morcover 1t 1s possible
by colour reactions to detect the substance alo in the fresh unfixed
enterochromaffin cells  These observations of course do not cxelude
the possibility that § hydrosvytryptamine may be looscly bound m the
living cell to some carrier substance

Cappum Tt must be bound somehow but at 1s very eastly extracted
with acctone  Fhe poution 1s the same as that of hist mne

Trsranrn Stll more closely 1 behieve the same ns that of adrenaline
and drenahine in the chromalim tissue

Pacr Ft must be filtrable also otherwise it probably woulkdn t be m
the unne

Lrsraurn Ve have also tested n prehnunary expernments the
enteramine content 1n the blood of 25 hypertensive human bemgs
There 15 no 10n of hydrosytrvp the fevel 18 normil
or even subnormal

Prcr reive Then at present we ean probably write 1t off as hrvag
nothing te do with the cruse of hypertension

Prarr It may be wrevelant to this meeting but what is the effeet of
gvang bydraxytryp t pt 7 Nodoubt that s been tried

Gappust Tdon tthink st has Ishouldn ¢ ke to gueat I resumably
to get an effect vou would have to give it ntravenousty and I havent
tad 1t intras enousds
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adrenerppe bloching agents w the diagmosis of this disease
(Goldenberg and Atanow  1950) Although the ineidence
of false negatnve tests does not exeeed 10 per cent (¢f below)
« direct method which excludes the \nnatnhty of the pharma
logieal spreferable  The d urtnary output
of noradrenaline and adrenahne m phzochromocytoma
seented to constitute anideal basis for such a method  Unnan
exeretion of adrenahne and other sympatt anunes
after ngestion was first demonstrated by Richter (1210}
The occurrence of catechol amimes m normal human urnes
was first suggested by Yoltz Credner and hronebery, (1047}
and confirmed by von Euler and Hellner (1901} The dung
nostic value of the increased umnary output of adrenaline
and noradrenaline was first desenibed by Engel and von Euler
{1940} and confitmed by Goldenberg and Rapport {1951)
At this stage the method necessitated after suitable urinary
adsorption procedures the use of a bioassay It was our
endeavour to replace the bioassay procedure by chemscal
methods switable for the diagnosis of phrochrom
and for the quantitation of adrenaline and )
The chemical methods studied 21l depend on the photo
fluorescence of reaction products of adrenaline and noradrena
hne  These substances adrenol and the correspond
noradrenotutine (Tund 19494} sre formed from adre nnlm:
and ,nomd‘rena!me respectinely  with adrenochrome and

ocy tomn
)

The methods studied m the ;ourse of
mecluded the following our work hve

(1) Prepatation of urinary extracts

precipitated n\ummlm:\y hy drcmdsc 2 rderption o
(1) Broassay
{10) Paper chiromatography
{1} Photofluorometric evaluation

) gd) Quantitation of adrenalme and noradrenaline

2} Rapid s

(sg P]\Xma::,::“g\’gﬁ gl:i:c:duw uang column adsorption
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produce pressure changes  Tlus mav well be due to the fiet
that metabolie effects are caused by much smaller doses of
adrenahine than those required to produce hypertenaion

More often phreochromocy toma 1s associated with persistent
hypertension  The ¢1sily obt uned adrenergie blocking effect
n these cases suggests that this hypertension 15 due to eon
tinnous secretion of adren dine and {or) noradrenaline by the
tumour

Correlation of elimeal and chemcal deta w this group
{Goldenberg ef al, 1950} mdicated that small tumours which
contuned noradrenaline predomunantly (90 to 97 per cent)
and not more than - total of 80 mg of this catechol amine
gwe o syndrome mimiching essential hyperfension with
unimpressive metabolie features 15 the total amount of
noradrenalime m the tumours mcereased additional evidence
of hypermctabohsm and hy pergly cmua was found although
nordrenahne caused these to n much lesser degree than an
cqual amount of adrenaline  When the predominant catechol
amine i the neoplasm was adrenaline hypertension by per
metabohem, hyperglycemia nd tachycardiy acenrred

A surprising observation was that patients with tumours
contamming large quantities of adrentline may, at tmcs
present a chmenl picture mdistinguishable from that of
essentinl hvpertensive vaseular disense, with normal heart
rate, absence of hiyperglycemis absence of mutabolic dis
turbance as mndicited by normal basal oxygen consumption,
and a negative or cquisocal response to Benzodionane  ins
suggested that persistent hypertension n patients with
pheochromocytoma 1s not due at all times to the presence
m the cireulttion of suficient quantities of noradrenstine or
adrenaling to cause hypertension by direct cardioyascular
action, 1¢ of the sort seen m the acute mfusion expenment
Thus concept 1s well supported by the finding that by perten
sion mav outlast the removal of the tumour for a vwyng
length of tume (Goldenberg et al  1950)

1t 15 thus Jast mentioned phase of ‘non humoral” Inper
tension n phaochromoey toma which hmmts the value of
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twenty four hours The other eases w tins group

:":;r;:l\ucedg t‘l?e pritter of In pertension with by permetabolism
b by emran

‘m'(}l\c“;izei‘m caleulated per single mt of extract {=100
wl unne} did not exceed G pg . the essentinl hyper
tensive group and ranged from 42-2.0 pp noradrenaline
equinalent 1 the first phecochromogytoma group These
observations facihtate the use of ¢h \] z methods

on a constant unne volume without mtroduemg 8 +olume
factor

Tn the group of parovysmal hypettension due to phaco
chromocytoma M seven cases the unnary excretion of
¢atechol amines tanged from 190-1580 pg noradrenaline
equinalent  One ca e encreted 110 g, adeenalme winch 15
far m excess of the adrenabine exeretion found 1n normoten
stves and 1n cases of essenti hypertension  1n nonc of these
cases dud severe or long lasting proxysms oewr at the hime
of unne collection It 1 noteworthy that tn one ease one
mild and short paroxysm only was observed ot the time of
u e colleetion with a twenty four hour exerehion of 1530
#g noradrenaline equivalent There was no objectsve or sub
jective evidence of a paroxysm dunng the unne collection m
three cases

If the uninary eatechol amune exeretion 1n this second group
of pheoctromocytoma normotensive between paroxysms s
compared with the normotensive group the excretion appears
four to 30 tunes Iugher 1f compared with the essential hyper
tenstie group two fo 15 fimes igher

The uninary excretion calculated per m) extract {=106ml

urne) yan ed m the parotsmal phxochromacy toma group
from %0 gz noradrenaline and 20

#g adrenaline to 100 po
noradrenshine and 100 pg adremaline e
» O{ he ll(.‘ casesdofdp:’\mnc\xmmoc) toma studied 15 proved

0 tise when studye Ioassay on t t
po it Y y on the eat s blood pressure

() The eatcehiol amine content of the

unme extracts has
been stuthed with the aid of ascending one dimenssonat paper
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{1a) The urmary extracts were obtamned by adsorption on
preaipitated alumimum hydrode, desalting wnd concentra
tion 2w vacuo (usually 100 1) These extracts were tahen up
n 0 01 N U nd guumtitited by Ioassay  (Tor detanls
of the mecthod € oldenberg, Serhn, Idwards and Rapport
195¢) Tins method 15 & modificntion of the adsorption pro
eedure of von Luler and Iellner (1951)  The urimary ctracts
were asstyed on the cat’s blood pressure aund the values
expressed as norwdrenahne equivalents

'The unnary cxeretion n twenty four hours ranged from
1341 pg  noradrenaline equivalent i the normotcnsne
group (13 subjects) and 7-100 ug nordrenaline equivalentin
the group of cssentiil hypertensive sascular disense (35
subjects) In more than two thirds of these patwnts the
urmpary exeretion was wathin the normotensive range

The 16 cases of phrochromocytoma studied showed @
varying chinteal preture  They e be subdiaded mto tvo
main groups nme cases of persistent and seven cases of
piwroxysmal hypertension  (with normal bleod pressure
between attacks) with and without paroxysms durmng the
perod of urine collection

In the first group the urinary catceliol amine excretion s
fir above that of the normotensi e and essential hy pertensive
group It ranges from 6O0-2700 pg nordrenaline equivalent
n twenty four hours  Since the exeretion of catechol ames
tn the essential hyportonsive group ranged from 7-100 ug,
with an average of 27 pg n 85 cases the differentintion
appears clear cut  If onc uses Y00 pg ns the upper limit
{only oncc encountered m our group of 3> cases of essential
bypestension) the catechol amme exerction i our first
pheeochromoceytoma group (persistent In purtenston) s & to
27 times ngher

In three of these eases, the climeal picturc was that of
essential hypertensive vasculr disease A differcntiafion was
smpossible m one of these who showed false negative responses
to Benzodwonane, Reutme and histarmme  he urmary
eatechol amime exeretion of this ease was 675 pg norwirena-
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of st o drepalme and adrenaling by differential
tion at pI 3 and pIL 6 5

u‘u{iﬂour e‘qwfnence ’thejlhﬂercntmmn of phzochromocytoma
from essential bypertensne \asewlar disease ean best be
achieved by th type of photoflurometne ev aluation of the
unme extracts obtmned by ndsorption on  precipitated
slummnum bydroxide  This method does not permt
sepatate quanhiation of adrenaline and notadreniline m the
urine extracts but 15 hmited to obtaining o total fluorescence
value at pH 6 0 using a Coleman 128 photofluorometer
and PC 2 secondary and B1 B2 and B3 primary filters The
Tghest specfic seadings for adrenaline and notudrenaltne are
obtaned with the B 3 filter which passes part of the 436 my
and all of the 105 mplne B 1 readings (thus Silter passes the
8B4 e hime) and B 2 readimgs {tius filter passes the 436 mp
Ying} are necessary to screen out non specific fluoreseence i
the urme exteacts  In phzock ytama 1 3 read are
always lugher than those of B 1 or B 2 and the ttio B 1
B 2 lies between @ Tand 2 0 which represents the ratios for
adrenakne and noradrenahne respeetively

The B 3 readings for 0 02 ml unne extract (100 1) ranged
from 138 to 163% 1 our 16 cases of pheochromocytoms
These readings do not parallel the noradrenaline equinalent
per ml values ebtained by bioassay, since the fluorescence of
adrenabine 1s four times greater than that of noradrenaline

The B 3 readmys for 0 02ml extract of 47 cases of cssential
hypertensine vascular disease ranged fram two to 44, only
five of these cases showed a reading above 30

(2} Rapud sereeming procedure for phaochromocytoma Lund's
procedure (Lund 19195} for gross 15olation of catechol nmunes
from plasma was found to be usefid as a rapid prclumnary
step i the fluorometric screetitng of unnes The differentis
:‘::‘s‘ he““em phreochromocy tomas and  essential hyper

nsnes howeser s not
was found true mn the lo:; glear eut with this procedure 53

er methiod, in cases of a posi
result procedure 1¢ (abos €) 15 used .'Ls,a cheel portive

Lund has stated that he has used s symlar procedure for
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chromatograms (James 1948, Goldenberg ¢f al, 1943} For
details of the method, we refer to Goldenbcrg and his assocr
ates (1954) By applying 0 05 m} of an acid aleoho! urine
extract to paper, phrochromocytoma with persistent hyper
tension or of the paroxysmal type can easily be distinguished
from essential hypertenstve vascular disease  The smallest
amount of norwdreniline or adrenthine easily demonstrable
on paper by the use of our mdseator 15 1 pg  The highest
noradrenabme content found 1n unine extraets from essential
hypertensives was 6 pg per ml which makes the amount
contaned 6 05 ml (0 8 ug ) mvisible on paper Urine
extracts from phaxochromocytoma with persistent hvperten
ston on the other band, contam n this series, 42-250 pg
noradrenaline or 72 pug adrenahne per ml The unine extracts
from paroxysmal pheochromocytomas contuned from 20 pg
noradrenaline or adrenalme, up to 100 pg adrenaline or
noradrenaline per ml - Of the 16 cases of pheochromocytoniy
stuedied by us fifteen were positave by paper chromatography,
m one case the extracts gave unsatisf ictory chromatograms—
this despite the fact that the noradreniline content per ml
was above the threshold of the method

(lc) Lund has studied the quantitation of adrenaline by
photofluorometry (Lund  19495) In our studies of total
fluorescence of a urine extract, we hase essentially used bis
adrenshne procedure for devclopmg the fluorescence, as
follows oudation with MnO at pII 6 1s followed by treat
ment with a sodium hydroxide ascorbic acid solution  This
fluorescence 1s compared with that obtamed without ascarine
acid  In the latter case the fluorescence of adrenaline dis
appears within a few mmutes while that of noradrenahne
disappears 1n twenty five mnutes  With the ascorbic acd
added to the sodium hydroxide the fluorescenee ts stable It
is this property which permats diiferentiation of adrenaline
and noradrenahine from most other substances i the extracts
whieh exhibit fluorescence in alkahne media  (For detmls
of the methad, see Goldenberg ¢t al , 195%) We have not
been nble to repeat Lund s {1850) method for quantitation
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of mitures of drenaline and ndrenahine by & 1
gudation at pii 3 and pH 6 5
In our exp the difle 1ation of g 1 y toma

from essential hypertensive vascular disease ean best be
achieved by this type of photofluorometnic evaluation of the
urine extracts obtamed by adsorption on preaiptated
alumumum hydrowde  This metbod does not permit a
separate g of adrenalme and nordrenahne 1n the
unne extracts, but 1s imted to obtaining a total fluorescence
ralue at pH G 0 using a Coleman 12 B photofluorometer
and PC 2 secondary and B1 B2 and B3 prmary filters The
Tighest speatfic readings for adrenabme and noradrenahine are
obtained with the B 3 flter, which passcs part of the 430 my
and oll of the 105 mp ine B 1 readings (this fiter passes the
360 mp Iine) and B 2 readings (this filter passes the 436 mye
hiic) are necessary to sereen out non speafic fluorescence 1
the unme extracts  In phaock ytoma B3 sead AT
always hagher than those of B1 or B2 nnd the mtio B 1

B 2 hes between 0 7 and 2 0, winch represents the ratios for
adrenaline and noradrenaline respectts elv

The B 3 readings for 0 02 m) urine extract (100 1) ranged
from 138 to 1193 m our 16 cases of phreochromocytoma
These readiags do not poraliel the noradrenaling equivalent
per ol values obtained by browssry since the fluoreseence of
adrenaline 15 four times greater than that of noradrenaline
N The B 3 readings for 0 02 ml extract of 47 cases of essential
yportensive vasendar disease ranged from two to 44 only
five of these cases shoved o reading above 30
(2} Raped g procedure for pherach
E’Z’;"dﬁi !LLund 1949%) for gross 1salation of eatechol amines
s “}3 o ;-‘ wa found fo be useful as a rapid prehiminary
oy the orometre sereeting of urnines  The dillerentin
v hem phrochromoeytomas and  essential hyper
o h“m]v:\ ever 1s not as clear eut with this pracedure as
it pmc:\ue in the longer method 1 cases of o posttive
T ure 1¢ (above) is used as a check
a5 stated that he has used a similar procedure for

Tund's
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the quantitation of adrenaline and noradrenalme mn plasmas
and urmes of phrcochromocytoma patients (Lund, 1952} Ve
have not been able to confirm these quantitative studies one
of the reasons beng that the total fluorescence obtained 1s
due only partly to the presence of adrenaline and noradrena
line  (For detuls of our procedure determunation of the
total fluorescence of acctic acid eluates from aluminum
oxide columns previously treated with hydrolysed urine, sec
Goldenberg et al , 1954 )

Urine specimens from seven cases of phaochromocy toma
were examned using this method The B 3 readings ealeu
lated for 2 ml urmne were found to range from 270 to 620

There 15 no doubt that this adsorption 1s less specific than
the long method (1 and 1c) In contrast to the long method
(1c) which gave 41 as the highest B 3 reading mn the group of
essential hypertension (for 0 02 ml urme extract), with 2
B 1B 2 ratio of 8 0, the B 3 readings with the short method
of the same group ranged as lugh s 110 constdering only
B 3 readings which were lugher than B 1 or B 2 and showed
AB1B2ratiobetneen0 7and2 0 A single case of essential
hy pertenston in a child showed a reading of

B1 B2 B3 B1B:
75 50 205 15

The snme urine specimen gave readings of

B1 B2 B3
20 9 20

using the leng method (1c)

In so far as the rapid screemng procedure 1s concerned  this
case 15 considered a falsc positive  We therefore recommend
that any urine sample which gives B 3 readings greater than
110 and has 2 B 1 B 2 ratio of less than 2 has to be tested by
the long procedure (I¢) Here 1s a rough screemng test sut
able for mass screening of hypertensives, which, 1 case
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of a posttine Tesult hasto be cheehed by the more specific
method

3 Pharmacologteal Tests  An evaluation of the results of
pharmacological testing in our group of 16 cases of pheo
chromocytoma shows that fale negatwe responses were
rarely encountered Qut of 10 tumour cases tested wath
Benzodiosane (Goldenberg Snyder and Aranow 1947) one
showed a false negatne response  Out of six cases tested with
Re,stme (Emlet Grimson Bell and Organ 1951) there was
one false negative of exght cases tested with histarmne one
was false negative

1t is noteworthy that the only false negatne response to
Benzodioxane m s group w1s found i a case who also
exhibited a false negative response to Regtme This patient
aho showed hvpertension outlasting the removal of the
tumour prestously deseribed by us 1 cases of phrochromoe
cytoma sith false negatne response to adtenerpie blocking
agents (Goldenberg et al 1950) The probable mechanism
o nonhumoral phase of hypertension m phzochromo
tytoma

The wewdence of false positine pharmacologeal response
5;)1 cases of essential hyvpertensive vascular discase 1s histed

low

Bemzohosane test repeated false postive responses to
Benzodioxane and Regitine were obtawed . one case, who
showed negative urinary excretion and proved negative on
explortion A second case showed a false positive response to
Benzodiovane only while the patient was tested for the first
time  The Benzodioxane test was twice negative on tepeat
and 5o was the unnarv eatechol amne exeretion

The madence of false postive Regitine Tesponses 1n this
group 1 much lngher e ht eases of essential hypertension
meluding the above mentioned case and o case of uremia
not included i ths figure
c‘;f:\:sc fm;\mlgs n:cess‘llutte < Benzodiovane test or urinary

etion studies w ol
response to Bemns eases found to exhibit a posttive
wrrostenion
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Summary
The chermieil sereening methods suggested permit an easy
ehlterentiation of phrochromocytoma with persistent kyper
tension from essentinl hypertensive vascular disease  These
mcthods also permt the dagrossy of phrochromoes toma
with paroxysmal hypestension with or without parovysms
durmg the period of unne collection
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DISCUSSION
von Lot T hve little to add to Dr ¢ aldenbery, s remarks 1
should hike 1o congratufate hum on lus results and I ¢ghnk actually he

has pone further than we have Ve are sbif sticking to the rther
1 and time broassty of adsorption snd the only

advantage ¥ can sce ts thit with the present method the eat’s bived
pressurc and the clucken rictal caeeum w the Gaddum prepamtion we
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seerns 1o be umplied by e

get a scmewhat better scpatation than S »

< also 2 quite striang agreenient betyeeen
?\?idmb"g . mfv“hm“ ﬂ‘\tm ‘s\\“ﬂ e mg\h: wnne and e the
e D tumours wluch T tlunk 15 most mtercsting becaus from the
unnnry analists one can get an 1den of the composition of the \umw\rlt
[ thunk it woulf be a great adiantage to use the screeming method for
these cases wWinch would tahe less tune Tecently we have toed wang
the ad orption en afutminium oxide wluch seeins to be a fawrhy sunple
theng just adding the alumimum oude to the hydsolywd unne fitering
Wt atter adjustment to pil § 3 and then eluting 1t with 0 20 4 \
sulphurie acid Ve get a filtrate which pfter neutralization can be
tested drrectls on the cit s blood pressure and alo on the chicken rectal
etecum which saves o lot of time especially when there 18 a senes of
sungles  But 1 admut 1t would be better to have o phatochenueal
method which does not imvolve broissay espeenally in hospitad 1bora
tores

Gounpaeirg [ would rather use the direet method wuch 15 techm
eally fersble since e rapd screening procedure takes only about one
Teur  Any pharmacological response shows a certamn degree of van

shalits  If 300 hace worked fong enougluin thus field you can evaluate
pharmacologeal tests reasonably well  This 1s not equall) true for the
practiing, phystaran who daes an ocersional test  Llus §s one of the
reasons why a direct method secms preferable

vox Brier May [ refer very tinefly

10 out last ease of pharochrome.
evtoma It was diag as essential | at the

hne and Ve Begiter ant Remodioxant tetts were both pegoine
The pati nt was considered for o sympathectomy eperatin and Just
85 3 yastter of routine ey sent down o sample 0 our labomtory where
it was shown to be a ease of phroch cmoeytoma so they had {0 operate
on the ottier side 50 to speak

Goworsprre The main objection 1o the dirgnostic use of adrenergy
Blokbing sgents 1 the Tack $had there 12 @ phass 1n pheehromoes toms
with persstent hyperten on tn which the hypertension 1s not humoral
fiol just comparable (o an mfusien of adrenaline and {or) noradrenaline
but due to a secondary We have the uny that not
more then 10 pev cent of ke cases will be mussed due o ths non
humoral phase f you test with an adrenesme blocking agent  One
Lould therelore also set up 3re masy reetuny of hvperiensives using,
Reptine whuch 1s preferable to Benzodioxane because of s mnar
side reactians but which on the oiher hand gves quite a few Tilse

€ 1t necessal

postives by the use of the \ml\ai)k m‘etﬂ'n‘od nndrz et ot the file

by exeretion studies phammacologially negative bt easily diagnosed

GOVARSRTS Which method would
NBERG The
01D '“’l)dmbmsgéd sereeang \‘Imc('dun:, using the nu’ammt(nc
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Prriry But should he send you the urine of the patient, or should
he do a Benzodioxane test]

Gowvi~ping e shonld do the ehemienl part humself, naturally

Prant I thok I can confiem Dr Coldenberg s opmion of Regfine
Regtine used intravenausly as o sereening test will produce about 2>
per cent of false positives, and you get quite a substantial folf in evses
of essential hypertension  ‘The trouble with Benzodioxane 1s that it
produces many false negatises but when it 15 positive it really means
sometihing

Gorornerrae Benzodiox ine will mve a false negative result of there
5 not enough rculating i line and {or) adrennlme present
In publieations of singfe f2ise negrtine enses of phochromocytoma the
drg has becn blamed for the fature of dingnosis Tt 35 not the dru,, but
the stage of the discnsc that matters g one of our cases with
persistent hypertension there was just not enough crenlating nor
adrenaline present ot the tnne to give a positive rsponse to Henzo
thoxane or Negitne I'he classieal phannacologteal analysis of
Benzothox ane by Bover should be consulted by some of the suthors

s ant But there 1s the observation of Barerolt and I think Suan of
giung noradrennhine mfusons  they faled to ahohish the effect of

d Tan with B hovine T know that o your

publisticd ¢ e you 1w in faet done that, but ¥ don t know sshat the
explimition 18

Cowprwm e Dr Aranow wd I repeited the sime infusion expen
ments i New York and it worked agamn Ve chiscussed these results
with Dr Suan and agreed in only one respeet that we did not know
why our results differed

Prany Man must be nbout the only speeses i wluch Benzodioxane
dorsp t reverse the achion of adronalme and abolish the action of
noridrenahne~if that were true it would be very surprsing

Pagr I thunk there 15 another possible way out by usmg dimethyl
piperarinium phosphote to stimulate the production of noradrennhn
and eatechnl wmmes to get the blood pressure up and then pvng
Benzodioxane or Hegiune which will ehett a preapitous fall

CorpLapr RG  Fins 15 obviously seientifienlly an escellent method
Pt T would mather not apply 1t i patients with pheochromocyvtoms
Ifaving scen the response o histamine 1n o case of paroxysmal hypes
sension T decrded to stick 1o unnary excretion  The patient s pressitre
swent up to 500200 mm Il shortly therefter ins pulse was imobtat
able He was ternbly frghtened and so was T We were unable to bloch
the large amount of adren ling ponred ont followsng Instamne by smgle
doses of Regitine 5 mp intravenousty

11wt Many of these patients are on the verge of left ventpealar
fuiture and I Ulonk thet a rontine gving of Iustamine or spmethitg
Ithe that 15 7ither vinlent

Lace Wt that s an occanonal case only

Corpras /6 There have been two cases of desth

Pagi That s fromabuse I thank you can control most of them by
fusion of Benzodioxane ar Regitine T ve never been fnghtened by them
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Rosexment Have vou ever been {n htened by Benzodioxane
someone who hasn t got & pheochromocvtoma?

Pace Yes indeed Thats why we have gone over to Regtine

Corpevsere [ have never had a chance to be frightened by Benzo-
dhoxane effects m 2 case of essential hypertension but such effets have
been recorded by others and constitute one of the reasons T am advo-
cating the diagnostic use of urinary catechol amne secretion

Percra Do you eare to tell us sorething about the excretion values
1 some of the pitients with persistent hvpertension aftet removal of
the tumour?

Goupewsere Out of mine cases of persistent hvpertension due ta
phaochromocytoma on whom urnary studies were done four cases
showed immediate return of the blood pressure to normal four ens~
died and only one showed hypertension persisting after remaval of the
tumour Tlus case 18 bewg stulied now
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Prriva But should he send you the urine of the patieat or should
he do a Benzodionane test?

CoLpr~nere Ife should do the chemieal part lumself naturally

PrarT I think I ean confirm Dr Goldenberg s opinion of Regitine
Regtine used intravenously as a sereening test will produce about 2
per cent of false positives and you get quite a substantial fall 1n cases
of essential hypertension  The trouble with Benzodioxane s that it
produces many false nepatives but when 1t 1s positive it really means
something

Gororanrre Benzodioxane will give a false negative result 1f there
s not enough eirculating noradrenakine and (or) adtenalhine present
In publieations of single f1ke negative eases of phreochromocvtoma the
drug hns been blamed for the fadure of diagnosis It 1s not the drug but
the stage of the disease that matters eg  tn one of our cases with
persistent hypertension there was just not enough circulating ner
adrenaling prosent at the time to give a positive response to Benzo-
dionane or Remtine Fhe classical pharmacologieal analysss of
Bensodioxane by Bovet stiould be consulted by some of the authors

P1arT But there 1s the observation of Bareroft and I thunk Swan of
tiving norwdrenaline infuswons  they failed to aholsh the effect of

Irenahine nfl » B dionane I know that in your

published case you had in fact done that but I don t know what the
explanition 15

GoLvrNpLrG Dr Aranow and I repeated the same infusion expert
ments 1n New York and it worked agamm Ve discussed these results
with Dr Swan and agreed 1n only one respect that we did not know
why our results differed

Prart Man must be about the only species in which Benzodwxane
doesn t reverse the nction of adrenaline and abolish the action of
nor drenaline—if that were true 1t would be very surpnsing

Tac1 T think there 15 another possible way out by using dimethy!
piperazimum phosphate to stimulate the production of noradrenaline
and eatechiol amines to get the blood pressure up nnd then giving
Benzodioxane or Regitine which will elieit a precipitous fall

Gou s 15 ol y lly an fent method
Dhut I would rather not apply 1t m patients with phrochromocytoma
I{nving scen the response to histamine i n case of paroxysmal hyper
tension I decided to stick to urinary exeretion  The paticnt s pressure
went up to 300/200mm Ifg  shortly thereafter his pulse was unobtain
able Hewas ternbly fughtened and so was T We were unable to block
the latze amount of adrenaline poured out following hustamine by single
doses of Remtine § mg intravenousty

Prarr Many of thesc patients are on the verge of left ventrcular
failure and T think that s routine giving of Rustarine or sometiung
Bihe that 1s rather violent

Pact Well that s an occasional case only

Gorprxni i There have been two cases of death

Paoc: That s fromabuse I think you can control most of them by in
fuston of Benzodioxane or Regitine 1 ve never been frghtened by them
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ki Tt can he seen
or apunes was 70 pg S the free base

?:;rs: Table 1 tht all the patsents had an exeretion within
that lnnt following operation but two had definite sustarned
fypertension after long obseryation (W and 2 €

Table 3
Tors Twesty FOUR BoUR LEMNasY EXCREDOY OF Tressos AMIVES as
Frzz Base {66}

T Ut with wost i ked byperte sion—alioin  eque § Talles,

Comparson af Patlents with and without Persistent
Hypertension

Fssential hypertension It 1s possible that both pahents
with persistent hypertension may be cases of pre existing
so called essentral hypertension and thit the pheochromo
cvtoma was supernimposed  Sowry and bis colleagues (19:3)
have shown clerly that there 1s a famihal tendency n the
oceurrence of essentil hypertension and further that blood
pressure fises steadily wath age wn the relatives of patients
with hvpertension 25 1t does m a randofa sample of the
population  Ewidence of a familal duposition to hypertension
m our patients was not convineing  The only fister of ane
patient (W H ) had dwed from hypertension w chaldbirth
Aged "D at whieh age severe essential hypertension 1s rare
s parents pressures sere unhnown and s Yrother nged
42 had a notmal blood pressure  he mother of the other
patient (F G ) a.¢d 69 had & blood pressure of 170/10o that
of the father who died of pheumonia was unhnown It
7y be noted here that the age at operation bore no consistent
relation 1o the persistence of hypertension (Table TI) The
phients with sustained hy pertensaion, were not the oldest



PLRSISTENCE OF HYPLRTENSION ATLR
REMOVAL OF PHAZOCHROMOCYTOMA, WHERE
EACRETION OF ADRLNALINL AND
NORADRENALINE IS NORMAL

W 8§ PLART

Trrs paper 1s bawsed on six eases studied at 5t Mary's
Hospital, three of which were previously reported by Barnett
and associates (1950} and three reported hy Hatmlton and
assoeiates (1053)

As 2 result of numerous obseryations i c\perimental
hy pertension, 2 number of hy potheses hate been advanced as
to the role of various organs mn its eausation  This arnes
menly, of course from the conjunction of the elassieal work
of Goldblatt and s colleagues (193¢ 1938) on the hyper
tension produced by renal artery damping i the dog with
chmeal observation on hypertenston oceurning i patients
with hidney disease  Smee then it has been shown that m
addition to any renal factor there cust extri renal fictors of
great importance It 1s n the effort to Ik antual expern
ment il obscrytions with humin by pertension that the stud)
of ¢ wes of phreochromocy toma 1s important

Persistence of Hypertcnsion when Dxeretion of
Noradrenaline and Adrenaline has Returned to Normal

Table I shows the total twenty four hour uriniry excretion
of pressor nmunes 1s gg of free base  In this and olf subse
quent Tables the patients wath the most marhed sustained
hiypertenston arc shown with an astersk  The method of
urmary extraction 1s based on that of von Lulcr and Heliner
(1951) with subsequent biologieal assay wsmg the presear
respanse of the ancsthetized rat (Hamilton of al 1958) In
52 patients with hypertension not due to a pheochromoes
tome the lughest twenty four hour urinary exerchon of

104



o7
FLYPEPTENSION AFTER ‘PasocnronocyToMA REMOVAL 107

durmg that ime was the mamn factor “'}1‘1us (\‘ Ii‘[‘__]‘; ‘1‘1'(‘;3
. H RB an
tted since three patients (B
sslgtsroe attacks for eght four and two vers respeetin :)I\
without persstent y pestension 1urther evidenee on the

“Table 111

Thoon PRESSTRTS

4 wn
[(ukv(i‘l'" P:‘m\

210,140 (3})
201130 (1))
13,80 (3)
1901100 {4}
36, 1)

2410 1700 (14}

seventy of the attacks 15 ustrated m Table T which shows
that all the patients except ane (D R ) bad comparable rises
af blood pressure duning attacks

See of tumour and rale of unnary ezcrction of pressor
ammnes A further mdex of the seventy of the condition
rmght have been sought i the size of turnour and the rate of
urmary exeretion of notadrenaline and adrenaline sinee these
amipes might cause a secondary hypertension m other ways
than by their effects 85 pressor substances  Mere swe of
tumour hnd no mfluence on the persistcnice of hypertension
since the two relesant patients (W H and EG § had the
smallest tumours 1n our series and the smine content of the
one examined (E G ) was as low or lower than most of the
others (Table 1Y)  The ratio of noradrenahine to adrenaline
m the tumours 15 of no sigmficance erther since one of these
patients {E G ) had a tumour with high noradrenaline content
wherens cases 11 and G from the seties feported by Goldenberp
and assoerates {1090) had & hugh adrenalime content and
showed persistent hj pertension after operation
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It 15 therefore suggested that the previous presence of a
pheochromocy toma may be responsible for the persistent
hypertension, though this concluston ean only be provisional
on such hmited data

Length of hestory It mught be assumed that those patients
who hd the longest hustory of sy mptoms would be those who
subsequently had mamtmned by pertension  In none of our
eases was there anv evidence gs to the total length of time
for winch the blood pressure had been raised  In the hope
that enrdiae hypertrophy, as shown radiwlogieally, or by
forceful movement of the precordsum between attachs mght
mndicate hypertension of longer standing this has been
separately considered

No great weight can be placed on the absence of chnies or
radiologienl evidence of cardiae hypertrophy It 1s not
known whether sustamned hypertenston cver precedes the

Table 1L
Irnern or Histons

Pat nt D rat o of syt me Carta  ria gement
o of +
o 5 -

B 8 -

nB 3 -

MJ 2 +

Dh i -~

onset of the tvpieal acute attachs m this condition  The
findings shown i Table I do nat indicrte that s lon,, hustory
By leads to | tent hypertension smec those with
persistent by pertension did not have a longer history thin
those without Turther onc case with such persstence
(I G ) bad no cardiac hypertrophy vet marhed hy pertrophy
was present i one patient (M J ) without persistence
Severity of symptoms 1t could be argued that mere Iength
of lustary 1s pot of importance but that severity of sy mptoms
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U und m the spleen of exse R B Inthsyen
,E\‘m(\tez“izgch no fbnnoid necrs ¢ weve discoy cred n \hl{
patients with persistent s pertension Papidicedema relm\'\
femarthages and soft exudates wese present n both the
pstients wha had sustained hypertension (¥ Y1 and TG
while retingl hemarrhages and exudates were scen 10 tno
athers (RB and M T} (Table V) In all four of theee

Table ¥
TEHVAL DISRASE

-l
Posil R @ ual prmorrhagrs

INEREL

patients the bload uren urea concentration test and intre
1enous pyelogram were hotmal but of the two patients with
sustmned hypertension one (EG) had proten red cells
and cranular essts s the unne i the other (W I} they
were absent  Of the other potients two (BB and M7}
tad a trace of protemuna

These erude tests of hidpey function do not help n dearding
whether damage to the udney 12 plavng amv gart 1a the
sustamed hypertension of etther of these patients (11 1 and
EC ) since one (F G ) had evadence of such damage while
the other (W) had nome  These tuo patients were the
ouly ones with chnseally malignant hypertension and
particular duffercd from the rest by the presence of papill

Qd:‘md However it cannot be claimed that the presence of
g hypertension saily c1uses sust

d hyper
tension swce I have recards of 3 case of D Prunty s 133 St
Thomas s Hospal 2 gid aged 26 with papilledema and
Erass protemuna and o high exerchion of noradrenaline
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The rate of exeretion of adrenakne and noradrenaline m
the urine wos not hugher before operation m those patients
with persistent by pertension thann those without {Table 1)
Ihove abserved that the rate of exeretion 15 related as nught
be expected, to the number and seventy of attacks during the
period of urme collection, and as previously diseussed, the

Table IV
Tuaaur d1zE avp Awive CoNtenr
e A
ot e | gwemn | e
Wi 45 o -
*EG 46 20 ]
BH 200 — -
RB 1100 03 a3 3
M 50 16 40
Dh 67 24 19
31 35 g o
¢ 55 9™ 016 J

*Cagen 11 an 2 8 are from Cotlenberg ¢ of (39 0}

importance of ths frequency s of uncertun value  The
pritient with the Inghest exeretron (M ) did not have sus
taned hypertension

Seerity of signs  Smee the durition and seventy of
symptoms does not throw any hght on the persistent hyper
tension, vanation in the response of the mdividual vaseular
svstem maght be shosn by the severity of the pathological
hang tuced The d of malignant hy pertension
can be used as a cnterion of thus response  The only sure
evidence of mahgnant ky pestension ts the presence of fibrnord
arteriolar neerasis m various ergans  Clinealls  the presence
1n the eye of papiilcedema with retmal hremorrhages and soft
exudates 15 aceepted as dignostic This mav be assoented
with renal damage shown by protesm, red cells and granular
casts in the unne  The presence of fibrinoid neeroses was
looked for m all the tumours, m Ten biopsics fram cases
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the blood pressure 1n certain cases of phochromoty tlom: \‘;:1
beeause a secondary mechamsm Wwas sustanng the
pressute and that very nittle adrenafine or noradsenahine :\ns
then circulatng  In both our cases with sustawned hypesten
ston the piperoxanc test was negative Vet posiivein one case

‘Table VII

T Erevers oF INvUsiovs oF TiPEROXANE

BP wm g

{mean}

-1 15 1831125 iz
*EG 8 £.1/140 20,160
M3 20 Aoz 11018

whose pressure dropped after opcrabion (Table VII) - This
supeficrally supports this wdea but mare direct evidence s
needed

Hypolension after remaral of the tumour Tt 1s of mterest to
note that the marked drop 1 blood pressure shich occurs
witlun mnutes of refaoving the tumour 1 most eases was
present 1n both the patients with subscquent hypertension

Whatever the mechamstn of this fall and 1t 1s sumilar to that
wluch oceurs on of drenal

fy m rablsts
(Blacket ef 2! 180} and 1 man (personal observation) 1tss
capable of g the i causing t
hypertension unhke piperovane

Other Reports of Svstained Hypertension Following
Removal of Phwochromocytoma
The fullest report of sustained hypertension was that of
Goldenberg and associates (1940) and of three cases w ith a
long follow up two had shown resersal of a previously
postine piperoane test and so it could be assumed that no
functiomng tumout Lissue was present
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the urtne, who had 2 normal blood pressure mne months ofter
operition  Malignant by pertension is quite common w recent
case reports, but the only mdication and that equivoedl, of
the possible occurrence of fibrnowd arterolir neerosis ss
contamed 1n a paper by Platt and Dasvson {1950) The retinal
changes in both the cases with sustuned hiypertension soon
reverted towards normal

Patiurn of the crrewlation  Blood florw  Investigation of
blood flows 1n these patients has been limited to that through
the hand  The heat chmnation from the hand, made mau
mal by rapidly heating the body, 1s a measure of the rate of
hand blood flow after release of vasomotor tone from s
vessels (Pichering, 1036) It was measured by followng the
temperature changes of water 1 a calorimeter 1 which the
hand was mmersed, and Barnett and Jus co worhers (1950)
have shown that pitients with pheochromocytoma have a
fow hand flow  We have confirmed this 1 two out of the
three subsequent patients (Hamulton ef af , 1953) (Lable V1)

Table VI
Ataxtssrss AT Duosuvamion

Pat et Calories per 100 mt of hand per min
¥ fore operation After opera son
I 3
b 3 ¢4 83 88
nH 24 ke
M2 87 80
Dh i) 116

After operation the blood flow was normal m all the patients
and the patients with persistent hy pertension then behaved
lihe other eases of cssenttal hy pertension who have normal
hond flows  The Jowest level I hve found for the mavimal
heat chmmation in o normal subject was 60 calories/100 mi
hand{anute

Response ta pperoxane Goldenberg and Aranow (1950)
suggested that the reason why piperoxanc fmled to depress
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the blood pressute 1 certatn €ases of phmoct\mmoc) :1?::“: ‘1:::\
‘because & daty h was g the oo
pressute and that very fittle adrenaline ot noradrenshine N
then circulating  In both our eases with sustawned by per! c;zc
sion the piperotane test was negatne vet positisem one

Table VI
o Brrects ov 14rcsiows or Pirezoxaxe
BP wm 1
Case Dose (mg ) B fore
{meon)

o3 u 18z 223130
'E\! 3 /150 2,060
MJ 20

200;170 1 ofiv

whose pressure dropped after operation (Table V1Y) Tlus
superficaily supports this sdea but mere direct evidence ts
needed

lypotension after vemoval of the fumour 1t 1s of interest to
note that the marked drop i blood pressure which occurs
within mmutes of removing the tumour i most cases was
present 1n both the patients with subsequent hypertension
Whatever the mechamism of this fall and st 1s simlar to that
wlhich ocemrs on of naradrenal fi n £ibbits
(Blichet et al 1900} and 10 man (personal observation) 1t 1s

capable of overcoming the mechansras eausing, Sustaned
hypertension unlile piperoxane

Other Reports of Sustained Hypertenslon Lolfowlng
Remaval of Phaochromocytoma
The fullest report of sustamned hypertension was that of
Galdenberg and assoviates {1950} and of three cases witls o
long follow up w0 had shown reversal of o previously
Tostive piperoxane Yest, and so 1t could be assumed that no
funchoming tumour tissue was present



112 W S Prarr

Discussion

It must be first stated that no eondlusions ean be safcly
drawn from such a small sertes  I'rom the results grven, the
paticnts with persistent hy pertension cannot be dufcrentiated
readily from the other patients, but it can be stated that
neither malignant hy pertension nor any detected furm of
renal dumage 15 essential for this persistence  There 1s then
no evidence to pomnt to either 4 renal or non renal eause for
tius persistence  but merely the strong suggestion thit
phrochromocy tomn 15 resy ble for a s dary hyper
tension

Links Between Lxperimental Hy pertension and Human
Hypertenston

Trom the work of Pichermg (1915), Grollman and hs
colteagues {1951) Wilson and Byrom (1941) and lloyer
(1951) 1t seems clear that m addition to any possible rennl
mechanism there are extra renal factors capable of rasmy
the blood pressure  The only one of these whih has been
at all extensively mvestigated 1s section of the carotid sinus
nerves (Hevmans et al 1953)  Maost tttention has been con
centrated on the obsersition that the hy pertension produecd
i anumals may perstst when what 15 tahun to beits pnmary
cwwe the hidney 1s removed Grollman and co workers
(1951) 1 the bilaterally nephrectomized dog have shown
most elearly the presence of extra renal factors in expen
mental hypertension

The mmportanee of this work i relation to human hyper
tension s that 1t may cnable us to understand some of the
reasons for sustained hypertension when what 1s tahen to be
its primary cause 1s removed  One of the first difficultses
winech oceurs 1s the absolute proof of 1 primary cwuse of hy per
tension 3n man and this before ronal and non renal factors
¢an be discussed at afl  This 1s where the study of patients
with phzochromocy tomt 1s v uble, since 3f 1t 15 ecepted
that they cause 4 secondary hypertension, this may be related
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to secondary renal changes o to extra renal factors o far
we bave not enough evidence in any direction

Other Possivle Causes of Secondary Hypertension

Other priary eauses of hypertension which lead to a
secondary hypertension have been hitle studied from this
aspect 1 man but there i some wformation about them

Undlateral pyclonephritis The views on this condition
extend from those of Goldring and Chasis {1944) who do not
beheve that hypertension 15 especially inked with pyelto
nephnitis to those of vanous authors who e reported a (il
m blood pressure on semoval of an affected hidney The
tatter View has been supported by Prickenng and Heptiastall
(1953) who garve as examples four patients who had a marhed
fall mn blood pressure after remoy 1) of a pyclonephnitic hidney,
where there was evidence that the other hadnev was not
similarly affected  Thus definstcly pownts Yo a renat mechantsm
for by pertension in thest cases bt in some eases of apparently
untfateral disease the blood pressure docs not drop en remasal
of the hidney  These authors point out that this mav be due
10 undetected pyelonephnts m the opposite hadney  but this
requires pathological proof m all cases ¥t 15 rot pessible
to myake by analogy the expeniments of Wilson and Byrom
{1841} who clanmed that sn rats made hypertensne b
clsmping one renal artery the persistence of the hy pertension
after removing the clamped hidney was related to artenolar
changes in the opposite hidney

Loarctgtion of the aorta Here 1s what seems to b a cause
of hvpertension weal for studv since the duration of its
eustence 15 always hnown though the length of time Tor
which hypertension has exwted moy not be hnown  From
the pomnt of view of study of persistent hypertension the
complete removal of the stricture must be accomplished
yﬂ"{‘:j‘;‘:;‘a'i ' endence that the blood flow through the

1 Telurned 1o normal et els the reported cases of

sustatned hypertension cannot be held to support the by po
thess of s secondary hypertension  The largest series reported
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was that of Gross (1950), who believes that many fulures to
relieve the hy pertension are due to the fulure to remove the
stricture completely  Out of 80 patients operated on, 79 of
whom had rescetion of stricture with end to end anastomosis
or graft, eight had only partial rehef, but unfortunately he
docs not give pre and post operative blood pressure readings
It scems that the meidence of post operative hypertension,
if the operation 1s completely efficient, 15 very low, and from
the Iiterature 1t 1s not possible to say whether 1t truly eusts

Leclampsia  and  pre celampsia These are conditions
which may cause marked hypertension and yet, while the
primary causc remans unknown 1t may disappear at the
termination of the pregnancy  Fhe hterature 1s extremely
confusing, since some clum that eclampsin and pre eclampsie
frcquently lead to persistent hypertension after pregniney
(Dexter and Weiss, 1941) while Barnes and Browne {1915)
state that cven where sustuned hypertension exists the
cclaumpsta mercly * revealed an existing tendency to hyper
tension ” The indireet evidence 1w fax our of this far reaching
claim seems to be fallible and the whole subject throws no
hght on the mechamsms of primary and secondary hyper
tension

Cushing s syndrome duc to adrenal tumour Lastly I
should hike to mention one other cause of hypertension, m
which removal of a cortical tumour of the supra renal the
supposcd primary eause 1s followed by a return of blood
pressure to normal There are a number of cise reports n
the hteraturc (sec Hartman et al, 1953 for references)
and I have personal expenience of one such pahient who had
a carcinoma of the suprarenal cortex as the culmmation of &
twelie year lustory with features of Cushing’s syndrome
Ier blood pressurc of 180/120 dropped to 120/80 for sis
months after operation only to return to its previous high
Jevel when metastases developed I have seen no reports
of persistent hypertension after removal of such tumours
and clearly the tumours must not be associnted with hyper
plasia of the rest of the cortes—since {ull removal of the
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primary cause must be attaned 1n the follow up of such
cases it must be borne m mund that the epposite suprarenal
15 often atrophied and following operation an Addisoman ke
state may develop with a blood pressure at 1 level lower
than 1ts ultimate toeel  Therefore the follow up as always
must be long

From a constderation of these eases of phzochromocy toma
with sdditional evidence from cases of umliteral pyvelo

i lampsia and Cushing s syadrorae,
there 15 only sufficient evidence to point to « defimte pnimary
renal factor m the cases with pyelonephntis and there 15 no
evidence from the other cases of renal or non renal factors
in a pnmary ot secondary role
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DISCUSSION

Paron There 1s a pharmacologieal pomt here T showid not have
thought you would espect to pet persistent hypertension in the eaves of
phrochromocytoma beeause 1f you mfuse adrenaline or norndrenabne
expenmentally for o long hime 1t 1s quite dificult to mauntain & rased
blood pressure  Dr Peart s aware of that and has alrcwdy deawn
attention to the fict that you gt a big fll when souremove the tumotr
Now if that 1s the cnse and you have a tumour contipuoushy seereting
you might easily get a Y8 of hiol ammnes 1 the
unne although the blood pressure mise should not be sustamed  On the
other hand a patient with parorysmal hivpertension might exstly retun
o notmal sensitiaty to adrenatine  Thas has the impheation that if for
mstnnee there wos a perastent hy portension 1t mupht easily be Regitine
resistant becanse the adrenaline or noradrenaline although present
would nat be deirg much

Trarr On the pont of persistence T don t tlunk vou can compise
an infusion of noredrenahine or adrenaling os 1t has been desenbed 1
the hterature with whnat happens ta these patients  Infusions of adrenn
hne or normndrenaline hrive been carnied out at s continuous rate
Pichening, and his co worhers discasered that they could not mamntaina
Tiypertension with norndrenline very successfully the rabiats after two
to three days became very sich and then subsequently got a deop 0
Dlood pressure when the infusion was stopped  What happens when
you observe these patients chinieally 15 not ke that n many patients
1t is mnch more ke successive outpourings  Ior example one of our
pzents 1nd nn exeretion of 000 pg half an hour after an attack ond
yot at other times she nught have only w00 g i twenty four hours I
you watch the blood pressure eharts of some of these paients they are
vemarhably labile even where the blood pressure is peristently above
normal  fhey may shoot up to 3607100 they may drop to 13W/100
and then go up agun That  not hhe a continuous mfusion I hnow
of po evadence that you cunnot mawmtain sepirate dperete mpechons
of adrennhine or nordrenahine for long pertods and I don ¢ hnow that
vou neressanly fose your sensittuity to mjections of noradrenahne at
short intervals m the sune way as you do to contimuous infuston

Patox But 1 thought some of these cases had o sustained rused

‘Blood pressure
Peant Yes they do indeed
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Paton Are thes cases in which the ouput of arunes 18 sregular ot
intermittent® Sou might espect to hate a cather fixed autput

Gotpesnerc Judgm,, from our experience 1t 15 €15y in man to
mantaia byperien on at amy desired evel by 2 constant noradrenalie
nfusion Thus evadence was obtaned in ¢ases of | hiochromocvtoma
after removsl of the tumour and in thoracolumbar sy mpathertonues in
whom the blood pressure had to be mamtained by constant nor
adrenahine infusion for a penod of dys  We al o observed B tase
who was decerebirated by prolonged mitrous oude snasthesia and was
Lept alive by continuous nora irepahine infusion for one weeh  Amy
desired pressure level could be muntamed in s case Tamafrad that
Dr Picketing s vesuits obtawned on rabbits are not ‘ahd for man  In
man and 1n dogs it 15 possible to mamtun hypirtension by & constant
noradrenaline infusion up to one weeh

Prron With a constant dose?

GOLDENBFSC Yes

Prenemine This infusion <f noradrenatine what was the dose what
a3 the 11 ¢ 10 pressute and 6t the end of the weeh did & e dme
produce approvmately the same pressure as it had on the first day
and Was there any piofound fait of pressure after stoppng W

Cowngxperc Yes the fall was quite profound —the 3 1hent died
it tad been ohvious that this patient could not sutvive but he was
Lept guing on artificial tesprration and u faurly constant noradrenshinein
fusion I o not reeali the exact figures but our an esthesia department
vever wfused maore than 40ug per munute except 1 ecases of phreoclro-
mocytoma Y ou will find the same true for thoracelumbar svmpathee
tonty f vou lane to tawmtain the Llood pressure i such @ case far o
few days you can easify do it with a constnt noradeenatine infusion

THkpRING 1 should fetl happier 1f 1 knew the value of the artena)
pressure after you discontinued the infusion

Corvrnaere Tt dropped to zero when we discantinued thus infusion
It drops to zero if vou discontinue the post aperatine notadrenihing
wnfusion i cases of phrochromncvtoma who have shown persistent
ivpertensine prior to the temoval of e oo re

1k RIS Tn the case of the de

QRIS I 0 s of e St man you camnot amume
a contrc] pertod afternards in which you ca show that the pressure 16
Tuglly the same a3 1t wis before you started the mmmnpw“uw ¢

Lowprnarne Thia point was defintely

noradren Wnc infusion caused 8 preeyptous

established stopprag the
to 2070 lencly

Arop of the blood pressure
1 Aut. Surely the difference ts that
You were dealin,
p[rt[\ara\mn In other words 1t was ke o cn‘r\l—dlc&;;t:‘ \n:\i;:e '\:.h(\ﬂ
i k::‘\xlel\\:;emné;dmnﬂmlc vou dant gt the depressor cffect—the
5 up a0 stays p or days 1f s ord fus aran
5::3‘ shape These dogs extabrt denercation super scnsm\’l?g s::’t’h.}\{:.
o é‘; ?f,':fl‘;“\ I:’: (wﬁradrvmlma Wil produce much grca\ir eftects
e o ¥1n pressute when you withdeaw the drag from
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Govroryprre If you take a phxzochromocytoms with an excretion
of 2 7 mg noradrenaline i twenty four hours and caleulate the approxi
mate rate of secretion by the tumour the calevlated amounts are

o I ent hypertenston for this length of time
It 1s hard to explan the profound post operative drop of the blood
pressure 1n these cases unless you assume that the tumour had been
secrebing steadily and mamntaumng the elevated blood pressure lesel
1he same 1s true for the fact that in eight out of nine cases of phaochro
mocytoma with persistent hypertension {in this group) adrenergic
blocking agents abolished the hypertenston This again supports the
tden that the persistent hypertension in these cases was duc to ciren
Iating ad and (or) it 1 and 1s therefore similar to the
effects of a continuous noradrenaline mfusion

It s the same story as with the hemodynamic effcets of noradrenaline
and adrenaline  fhe response differs so much from species to spectes
that I would hesttate to transfer to man the results obtamned 1n rabbits

Prarr May I briefly vefer to our case that Dr Peart mentioned in
lus paper  As far as I remember the man behaved clinieally exaetly
like a malignant hypertension and that was 1n fact the dingnosis which
was made  IDis renal function was already verv bad when he was
admatted to hospital that 13 he had mitrogen retention e died very
soon afterwards Biliteral phaochromoeytomata were found at autopsy
which had not been suspeeted durng life and he did have arterial
necroses and all the appearances of malignant hypertension n lus
trssues

Pient riNg I wonder if your experience ts any thing ike mune Wie
have now had eight cases in which one hidney has been removed for
unilateral pyelonephritis nnd of these four have had very conspicuous
falls of blood pressure and four have not Al the four that have not
have etther had papiiedemt or have had artersolar necroses found m
their hidneys  Of those who have had consprcuous falls one had
arterzolar necroses and papillcdema and not one has returned to what
would be ordmanly called a normal arterial pressure tht 13 to s1y the
drstolie runs 1t about 100 or over

Pratr No I wouldn t bike to elassify mme most of which are failures
rither than successes But I would sy that the greatest success I ever
saw was 1n 1 cluld who Id papillaed and gross pathy which
completely cleared and was normal five years later

McMicnarr, Dr leart put lus finger on another very mmportant
pont when he mentioned cotrctation It scems now from experience
of tlus operation that the pressure stays gh i about half the enses
though down a little (Hallenbeck et al  Surg Gynee Obstet 92 70)
Tlns seems to put 1t 1n the class of cases i which y ou hve some factor
mechanical perhaps which sets up the hypertension and once rused
removal of the onginal cause will not necessartly Jead to cure Many of
these patients do get symptomatic relief espeenlly of the fecling of
tension and fullness mn the head T had one patient whose pressure was
first found to be Just a httle bit up when aged nineteen ~ Vhen aged
twenty six he was rejected for hife msurance because his pressure was
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when his
st hugher and 1t conted fo e bl (o 882 e opertion
coaretation was resec!
e ey benneon: B o oo o WS,
Tow I have o practiesd q\\ts\\:“r ooy tamas hat eatty
paroxysmal Tiyperten 10ns 0 v Hieal therapentic
come back topormal 1£50 18 there lthely tobeany \x.mw Iri h aml(:j e
fain from the compheated study necessary to establish the diagnost
persistent byy due to P nat 14 Wehme
GorpEssers 1 would not thunk that that 1s generaliy Vol e lt hav .
seen quite 1 few cases of phrochfomocytoma. with p(l’!i;( ent ny;‘\‘e
tension In our first séries published in 1050 out of twche cases wl
showed immediate return to normal blood prewsure seven shinyed
hypertension ottlasting the removal of the tumour I8 one cse
lasted only for three days n another for fout weeks The latter case
probably constitutes the best argument against the fdes that in these
cases a rare disease phrochromocytoma could co-exist with a rather
frequent disense essential hypertension It was A pr) of shout twehve
‘wha had tao tumours remaved and hept a welt pronounced hyperten 1on
for about four weeks then returming to normal she has had normal
blood pressure values since 1e for exght years In four cases the hyper
tension outlasted the removal of the tumour for months and only one
case has had hypertension for ten Years after removal of the tumour
By the way i two of these tases of trinsient hypeviension sfiey 5
maval of the tumour renal blood flow was normal at the time when
hypertension was still muntamed
Berv From the pharmacological paint of view one 13 not forensd 10
assume n these cases where the excretion of adrenaline and noradrena
ke 15 hugh without paroxysmal reactions that there is a substance
present 1n the body which could counteract adrenaline or noradrenaline
One could also unagine that adrenaline and nomdreniline are only
sensitizers 1o another substance or stunulus whose nature is not yet
Anawy and which produces the rises In blood pressure  In expeniments
with fustamune 1o the spinaf eat we know for example that the blood
pressure nse 1s dependent on the concentration of adrenaline and
noradrenaline present in the arculating blood becguse we pot the
biphasic tustamine seaction in the spinal cat also after bilateral
adrenalectomy when we imfuse adtenaline and noradrenaline  And this
Tutamine effeet 3 greater if a hugher concentration of these two svm
g\;\o‘u‘:g)m or ammes 19 Infused { trch exp Path Pharma! 1909

GoLoevBerG I eannot concur with tlus hypothesis Tirst T would
nat fike 10 be recorded s having definitely stated that here r;’ n‘n
adrenergic blocking agent present ia the body 1 just wondered how
one could explain the findmgs that o patient tarbountg a phyoehzo-
:\ocytnnm who does a0t shaw a blood pressure elevation for tw enty four

u;:n may ;wnu 6002 of norsdrenaline 1o hus unne

eant Cestainly these patients maintatn for quite o whil

oKmtm;\ their resistance to the pressor effects of ngn“drennhnle ¢ (;‘ut‘\::
often when their blood pressure drops you hase fa infuse extremely
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large quantities 10 mg m 2 htre of wabne and sun that i fst to brmg
the blood pressure up  They are vers resistant

Gornrnntre Tl 15 one of the reasons why [ am heatant about the
therapeutic use of adrencrpie Bocking 1 cnts b acliromoes toma
Tt s hard tnough o restore the pitient s blood pressurc fter remoal
of the turaour even if yon have not apphied ndrenergae bloch Ve had
to nfuse up to 100 pg per minute Lo mantun a good pressure Jovel

Covarnrs Ias anyone mensured the revctnaty to adrenahne n
such patients before and after oper thion?

Cowpi Nnrra The senaitnaty to ad \! and to A Vine 18
extremely Jow while the tumour = stll 1 Sou would expeet ths
beeuse the concentration action curye s o hyperbolt anid on the upper
lumb of the hyperbolt you have to ndd verv Dirge amounts of adrenaline
to get any hund of pressure merewse  This condition scems to persist
after removal of the tumaur for a certan length of tame which shows
that other faetors arc contrbutmg in decrensing the sepsitivity to
wnfused adrenafine and (or) i line 1 enses of phroel ytoni
prior to and shortlv after removal of the tumour

Govierrs Then you didn t find any differcnce m pressure before
snd after operation/?

Cownrynrne $se did find differences sn blnod pressure and senst
ity b fore and after operation  The blood pressure drop 15 immediate
the return to normal sensitivity tikes digs

Peart Yeos Itlunk that is absolutely true  An observation masde by
Barnett and Jus eolleagues on one of the other € 1ses was that one patient
who had 1normat biood pressure at the tume of measunng the mamum
hent ehimunation had a maxamum heat chmimation that wasJow  Now
this 15 very difficult to understand—is it possible thot adrenaline and
noradrenaline aireniating all the time i tins patient without hyper
tension could be constricting the blond vessels of the shin of the hand
without produeing a rise of Wood pressure? 1hat rascs the quantitaine
problem s 1t possible to nfuse noradrcnahne or sdrenaline to reduce
the shin flow through the hind without rusing the blood pressurc?
Otherwise you myy have to mvoke some sort nf depressor or dilator
reflexes to explun why the blood pressure 19 down

TIcKI MM Another possible explanation 1s that if there were only
two estimations of biood pressure before the heat chinunntion and after
31t s gust possble that it might be lugh durn, the actuat heat
ehmipation mensurement

(oiprNnira The fact remuns that o Wi h nory trenthne excretion
has been observed by us in parovysmal eases wathout any piroxssms
durmg, the time of unne collection

Prchrmng Well T take it that o paroxysm ts ane where the exeretion
passes @ certam yvalue 1o grve symptoms mn tat? fhere may be fluctiny
tions of exeretion wiich could perhiaps be rccognised f vou fad a
record of the exeretion 1n great detul

Prant We hiul ns a patient o rother mtrospective doctor who
observed during a twenty four hour persod very manar attnchs wluch
other people might not fiave observed  ‘The question of what you define
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mes rather important because they ewn well have
:‘:“ga;:&'s‘f: m\\ maght pass motice ani they my well exerete
1eg dutmng that tme
b’ﬁc‘éﬂ'ﬁ'ﬁ W‘;nls! e have fhys great concentration of talent ot alable
14 Iike to ask two elementary questions  Fiestly 18 there any rdation
ship betweeen the smount of adsenaline qod notdrenalne exereted in
the unpe and the amount infused or itroduced into the body? And
cecandly have we got agreement sbout what 1 the rite of exeretion in
tial hypertension®

es‘:;(‘ E‘.ug: We have made a few expenments on that and m the
case of noradrenalme the excretion appears to be between 1 Sand 8 %3
prr cent of the total amount snjected per tnit of time I know that Dr
Goldenbery, bias found sometarmes 8 lttle mare than that

GOLDENES RG 4 per cent using the twenty four hour excretion

vox Evren Quite recently we hase repeated that wath sdrenaline gnd
the figures are sghtly less between 0 4 and 1 7 per cent of the total
amount infused

PaTON 1 the varability suth that you can t say what are sigmifieony
changes 1n excretion o hot? The fgures you have grsen suggest &
three {old vange of venation m the exeretion

1ov CUiFe Yes thats what I should say we found  These obser
vations were all on normal subjects medical students under control
conditions

Paron People my ht tend to thunk that 1f the exeretion went down
from 1,00 10 500 pg jday then the parogysm hal passed off whereay
n fact 1t pu bt be Just ome change 0 the say the matenal was handied
by the body

¥oN ELLER That 13 quite correct and I thunkat is a very pettinent
remarh because even 1 tubjects i whom we have repeated these

expermments the rate of excretion hus saned quite considerably  So
T don t thunk one can

place tao mueh rebance on s difference of sa
frora 1000-2000 g, per day y
Qoroennere The percentage of excreted noradrenabme idectenased
with increasing speed of infusian  The percentage saned from 0 1 to
4 per cent 1n seven subjects the hihest was obsetved with 4960 e
noradrenaline wfused snthin four Bours "
1ON FLLen e had one ese of phrochromoeytoma in shieh D;
Lund of Copenhagen measured the catechof amunés of the blood ,ml;\
:::\ ({n‘:l!h:: e (:\:nd that &e urrry exeretioh of noradtenyiine
astred 1t too) was ahout 1 8
\mF\,m\ e clm AZ permun st 1 blond concen
el sxs;uv:mxc But what about the rate of exeretion in essentyal hyper

Vo Frurs Perhaps ¥ cas show youn Jrevare of that tomarrow



ENPERIMENTAL STUDILS ON THE
PATHOGENESIS AND NATURE OF
HYPERTENSIVE CARDIOVASCULAR DISTASE

ARTHUR GROLLAM 4N

TissaT the hidney plays an ¢ssential role in the pathogenesss
of most eases of chnieal as welt as of experimental hyperten
sion 18 now generally accepted, as 1s also the view that thi
process 1s mediated by some humoral mechamsm  1he
nature of this humoral mechanism 1s however, still a matter
of discussion, nor 1s there any unammity of omnton as to the
factors which bring about the defect m renal funehion which
1s responsible for hy pertenstve ewrdios aseular discase  Some
also refuse to accept hypertension as it 15 observed m the
human as bemng the counterpart of the disorder as it 15
mduced n the experimental ammad  This 15 particularhy
true of the so called “essental” or  berugn ' ¢y pe of human
hvpertension in which the kidney s observed by the usual
methods of lustologieal exammination appears to be mtaet
morphologically  The role of the nervous s stem and of the
endocrine organs, particulwrly the adrenal, mn the evolubion
of hypertension 1s also the subject of much speculition

The experimental data to be presented offer evidence which
renders untenable mamy concepts which have dommated
thus ficld of nvestigation The results however suggest
alternative explanations whick permut one to harmomze
many apparent diserepancies 1nd allow onc to aceount
adequately for the chrueal as well as the cxperimentally
abserved facts on the basis of a relatnely simple hypothesss

The Limitation of the Renal Pressor Mechanism as
the Mediator of Hypertension
The eatlier workers in this field followed an ebservation
of *Tygerstedt and von Bergmann i the lnst centur) and
122
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assumed that the elevation i blood pressure nduced by
renal disturbances was mediated by the daboration of a
pressor agent {or its precursor) 1y the hdney  Tius coneept
stll dommnates the text books and much of the Literature 1
thys fiehd atthou b severdl eruunl evperiments ful to sub
stantate 1t eg the falure to demonstrate such & pressor
agent w clwowie hapertension both m the experimental
smmal 7 well a5 1 the human disease 1t 15 only under
speaal conditions that such o pressor agent is found c¢g
wn ecfimpsia after severe humorrhage after higation of the
ureter ofter nforetion of the hadney or after complete or
almost complete ocelusion of the renal artery  This form of
fiypertension probnbly has ity counterpart i those rare
nstances n the human s which mfaretion of the hidney
resuits 1 the very rapid deselopment of a mahgnant Sorm
of hypertension wiich tan be relieved by removal of the
affected hidney  When mduced 10 the expenmental ammal
by complete or almost complete occluston of the renal artery
or by hgation of the wreter the rise in blood proesyre scents
promptfy but subsides s the hidney atrophies {¢f Frz 1)

Hypertension Induced by Nephrectomy

The Espe of mvpertension Just deserbed differs 1n many
respeets frons 1)t ebserved ia the chromic fiy pertension setn
m the human and duced expenmentally by & varnety of
procedures s olving injury to the hidney  The latter form
of hapertension which constitutes the preponderant vaniety
observed chimeally deselops slosh  requirtng in the exper
ekl animal at Yeast ses eral wecks and 1 the haman many
vears for s evalution 3t 15 not ameliorated by removal of
the defective kidnev  In faet 1t may be mduced 1n 1 severe
{nrm \l)\r nl;nhrcr:!{;'! 3 wath all the hemody namic and patho
ozical Tertures obseryed
e e en m‘a ;n fubmnant forms of by pertnsion

‘The objection has heen rarsed that the ypertension indueed
by nephrcctoms 1s a wesult of over expansion of the extra
el fnd volume  The iy ahdity of thus objectian has
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Fia 1 A compansen of the effects of nephrectoms ligatian of
the yreter and tmplantation of the ureter mio the vens casa of
the gog Kuach eurve represents the ayerage of three expenmenis
and shows the changes 1n blood pressure from the pre operatise
level induced by the shove mentioned operations In each case
the nght hudney had heen remosed several weeks prior to the
bemnmng of the exproment mdicated a3 Py O on the axis
of nscisst At this time the left ureter was implanted mta the
vena cavh in the experiments of Curie A {+ @ — ~ @) 1t was
lgated in the expeniments of Curses B (i -~} and the left
fadney was removed 1h the expenments of Cune € {O—

Tt wiil be noted that ligation of the ureter resulted in 5 promut
elevation in blood pre sure wWiuch lowerer gradmilly returned
to narmal i the course of 8 weeh  Implantation of the ureter
mip the senn c1sa induced no change r hlood pressure while
remoyal of the second hidney resutted i a geadu il but persistent
sncrease tn the arternial blood pressure which remmined elevated
until the cessation of the expenmment All the anmnls weve fed
orally & fat sugnr emulsion 3 water which aliowed them 2. ml
of water dmly Dnsensible perspiration) and adequate calories
0 yepress their noumal e of endogenous protem catabofisn

to & mnimum
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§ may be wnferred
been demonstrited {(Grotiman 19236} ond
from Frg 1 1 winch the blood pressutes are reproduced from
a semes of biaterally nephrectomized dogs which were
1 following nephrectomy by the daify mjeetion
wtravenously of 2o ml of 10 per cent phucose per hy, of body
weight avotume of flusd fess than the volume of the mscnsthle
water loss

The Deliciency Theory of the Pathogenesis of
Hypertension

The experiments just oted =8 well as others revicwed
ewhere (Grollman 1946 1047 19:3a) support the theory
that the ladney normally exerts an ncretory as well as 1its
established excretory and metabolic functions It 15 the
excluston of this ieretory function winch arcording to this
view tesults i the desclopment of bypertension by such
diverse ¢xpenmental procedures as nephrectomy the partial
occlusion of one artery or comprission of one kdney with
romoval of the contralateral ladney or myury of the hadnevs
by pasons or putnbwont defieencies  Hypertensue disease
as obstrved in the buman mav bkewise be atinbuted to o
defective incretory function winch mav be inbenied as o
con emital defect i so called famlial or ‘essentanf I per
tension or may be acquired by a vamety of means all of which
have m common only the fact that they myure or arc accom
pwmed by a defert i function of the hidney  The Iatter
group wdude nfections (vanous forms of the nephntides)
such obvious structural defects as congenstal lestons hy dro
nephrosis ete and vascular disturbances  The last naraed
may aeeqmpany 4 variety of conditions for example nephro
sclerosis the disturbances of the renal creulatson obsersed
i Cashin, s disease  disscmupated lupus periartentis cte
Despite the apparent lack of any common =hiologeal factor
w afl of these conditions one ay assame justifially that
they often induce I pertension by therr mterference with
the normal meretory aetiity of the hadnen

The Qeficeney or meretory  theory of renal function
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Just described allows one to explain n a satisfactory manner
manjy features of hypertensive disease as observed climeally
as well as 1 the cxperimental anmal, and permits one to
relegate a scemingly unrelated group of conditions to a
common underlying defect mn the hidney It 15 necessary,
of course, to exclude the relatively few instances of an
mereased blood pressure mduced by the production of a
pressor agent, by sympathomimetic agents (as in chromaphil
cell tumours) by expansion of the extracellular flud (as by
decoxycorticosterone admimstration and salt), ete  These
conditions are marhed by & nse mn artemal blood pressure
but not by the other hemodynimie elinical or pathologieal
featurcs of hypertensive eardiovaseular disease I ailure to
appreeinte this differentintion has led to much confusion m
the ficld of experimental hypertension (Grollman, 1953a)

Renal Extracts

The most dircet cvidence for the mcretory role of the
hidney 1n the pathogenesis of hy pertension would mnvolve the
production from lidney tissue of an extract which, admnis
tered as a replicement theripy would Jower the blood
pressure and counteract the other defects observed n hyper
tenston  Although clmims for the cxastence of such extracts
have been made for some years their elaboration on a large
scale has never been successful  This may be accounted for
by the relatnvely large amounts of tissue required for pre
paring cffective extracts  Many have mnghtfully looked
ashance at the claims for the hypotensive effects of such
extracts when admimstered parenterally since many noxious
agents when so administered lower the blood pressure  This
objection 1s entirely vahd and the depressor cffeets of most
renal extracts, as well as tho e prepared from other sources
must be attributed to such non specific deleterious cffects
rather than to the presence of any physiologically important
agent 1n such preparations However, the claims for a
depressor effect of extracts admimstered orally to rats can
not be dismissed 1 the same manner  In order to avoul the
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contammation of the extract by ammomum sulphate as
prepared by the method of Grollman Wilhams and Harnison
{1910) extracts may be prepared by extraction w ith 70 per
cent ethyl alcohol concentration of the resultant extrict
at 40 C ond fractional precipitation wath acetone and water
1t 15 difficult to attnbute Ahe efieet of am extract pregreed
m this way and admimstered orally to sts toxie elfees
flowever 1t must be emphasized that the yield of actve
‘matenial in terms of the amount of adney used 15 slight whicl
has militated agamnst performing the obvious expenments
required to rsolate and study the effects of the actne prnaiple

A depressor action similar to that exerted by rennl extract
is also obtamable from certam owudized hydrolysates of
manne ofs (Groliman 1935)  Study of these has also been
hmited by the difficulty i obtammng and prepaong sctine
concentrates  Preluminry studies sug, st an entity of the
asetrye agents dernved from dadney and ol sources which 1
considered simply as a fortuitous eireumstance

‘The Fundamental Nature of the Hypertensive Pracess
Much of the confusion eharactenzing the present day hters
ture an hypertension 1 a result of designiting any condition
P by an elevat;
sion  The hmutaton of th

i blood pressure as hyperten
e term hvpertension or hyper
tensive cardiovascular discase to a speaific disease enbty
with eertain definable physwalo,ical chmcal and pathological
charactensshies allows one to differentiate it as 4 sv:p:nlc
and distinet disorder and avords the obfuscation otherwise
mevitable  When the term s thus hmited to a speafic and
definite entity observed widely chmeally and s exact
counterpart which may be produced experumentally  the
above mentioned confusion may be dispelled and the

rslnh\xshed frcts harmonized nto a relatively simple and
&,\(;‘\0\&1\ toneept  According to this view the eleytion n
system‘prssaurc Tepresents anly one mamfestation of a
e lc istase insolving destions 1n many other physt

Jical functions e g n an alteration m the salt and water
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metabolism (I aramore and Grollman, 1950), m the relatine
distribution of the fhud compartments of the body {Grollman
and Shapiro, 1953}, and probably m many as yot unreeognized
alterations from the norm i

The widely held assumption thit the nerious svstem s
mnphcated i the pathogenesis of human hypertension 1s not
supported by entical observations nor have therapeutie
attempts Dased on tlus assumption proved satisfactory
Likewise the assumption lmking adrenal cortieal actinity
with the development of hypertension despite sts plavsibihty,
18 not supported by experimental fact (Purner and Groltman,
1951)

Summary

The experimental basis for the  renal deficency theory™ of
hypertensive cardiovascular disense 1s outhned  According
to thus view, hy pertensie disease as 1t oceurs spontancously
m man or as 1t 15 nduced m the expenmental womal s &
result of n defeet 1n an nerctory function of the kidney A
renal pressor mechamsm may be coneerned i cheitig an
acute nse i blood pressure but this should not be confused
with chrome hypertensive diseasc  The adrenals and the
autenomice nervaus system are also considered as providing
subsihary factors winch may mfluence but winch play no
fundnmental role i the pathogencsis of hypertension
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PISCUSSION

to-
oyou demonstrate anythung a the hlood of nephrec
mglgﬁ;—)“\;rinm\ :mma\:? ‘Supposing 0u tahe that Hood and put it
wto 31\0'}:;:: nephtectomuzed ammal doyoupet s t\S: % 0 the
Qrotistsw No one cannot demonstrate smy pressor agep bt
blood of nephrectomired hypertensine ammafs  However \oune \‘n“
demmonstrate the Presence of such an agett w anmats 10 which the
ureter hias been ligated of 1n which seyere constriction of the renal srtery
has Jed to marked 1schaymia or infarction of the hidsiey e

PrcRERTSG Have you cross transfised them tried to exehange their

bl \olurae?

whg&:.oulmood“ Yes we have guen them large yolumes of biood without
uduesny an elevation i blood pressure  Thus experiment has also been
pecformed on the hurman 1 anothey laboratory The blood of a fvprr
{ensne patient Was Cross d with &
with caveer without, inducimg any 1se 1n blood pressure 1o the latter

Hruxer Dr Stupley and Thave removed the hidneys from dogs made
hypettensive by renal sriery (L\h\x\ng or wrapping the Lidneys with
stk snd found that the élevated pressures were mamtmped until
shorthv before death

Grotimas 0w fong afterw iwds?

Herars The duration of the hypertension before the hidnevs were
remoted was from twelve days to aslong 2s five months M eolleague
Or Shipley did an exp onsutha 4 hyp

anynal that 13 worth mentioning particularly m the light of work
reported rerently by Yialert nn at the Jast meeiing of the 1 edevation of
Amefican Societies for Fxperimental Miology  Waherdn found that the
myection of serutns of haeh aatt requn titre 1ftavenpusty inte chronie
hypettensive dogs of the Goldblatt type caused a lowenng of pressure
Dr Shipley !

3 stmular ey 17 4 renal hypr og
inat had been Bdaterally vephrectomized  In this instance the high
ant: reain titre serura caused 0 lowermy of pressure  This 1< ondy one
expriment and the value of the work must be judged on this basis
Al least i thus instance fhert was ne pressor agent of recat ohgin
conetmed with mamtatung the pressure of & nephrectomuzed hyper
tenstve dog
Grotstax Yes Tagree but Xoam seephieal of the ciaims that one
can effectinely treat hypertensian tiy induting an immunity Yo repn
Hriver 1 disagree mith yau on that. Both Goldblatt and Shiptey
and 1 hase repeated Wakerdin s wo & on the reduction of pressure of
cltronse fiypertensise dogs by the mjection of laduey extracts with the
consequent production of Jugh antt renm titres n the serums of et
dogs After the cessation of the Andiey exiract injections the pressures
Teturned to the previous hypertensit e levels with a disappearance of the
;m\l tenun 10 the plasma A stoond course of hadney extract myeetions
m::md the prescuce 1 2 week or so with o production of even hugher
Bt ha:m“ W03 1 e same way as 30U pep up & toxord reartion with
& fer tection.  \s a1 83 § am concerned these experiments
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demonstrated to me that at least i the Goldblatt type of hypertension
there 13 a4 positive protemn lhe factor hberated by the kidney that could
account for the elevation n pressure

Grouustan Might not this be a non speofie effeet such us would be
obtuned by injecting any foreign protem?

Ifi tven No 1tisnot o non speetfic elfect beeruse the titre correlates
with the change in pressure

Croruya~ One would have to conclude from your espenment that
the hadney 5 essentand for eleiting the immune teactton 1 doubt of this
view would recenve support from the immunologists

Hitaunr At least the ammmal with kidneys present had o lowenng
of pressure

GroLiman You are assumung that if the blood pressure 1s 220 mm
of mercury tod vy and 1f it remans at thus level following, the remoy al of
the ludney that you have suddenly and instantancously sltered the

mechimsm ble for the of thus hypertensive state
Such an o sumption appears to me to be far fetched and most
improbable

Hrwmrn J or the time berng I support the theory of a positive factor
produced by the hudney that eley ites bload pressure % ou support the
theory tht in hypertension a £ictor 13 missing $hat prevents the nse
pressure  Our views may bot be so diverse  We botht agree thet the
htdney plays o role i the ehology of hypertension  he kadney sba s
concerned n the regulwtion of mineril metabolism  Regardless of
whetber hypertension 1s productd by elvmping the renal artery DCA
and NaCl admuntstration o by nephirectom) and yentoneal lwage
we msy be wimately deahin,, with some common metabole change
whether 1t be in electrotyte metabolism or what hawe you Ihe same
Feasomng ity apply 1o the discussion of the diffcrence 1 results ob
tamcd when scrums of lugh ants renin titre were ndmirnitstered to hvper
tensive dogs before and after nephreetomy  Before nepliwectomy &
humoral {ictor mught be present that conld affuct metabiolic processes
regulated by the hidney  The neutrabzatinn of these factors by the
antt serums coukl lower pressure  Alter nephirectomy the aniz serum
»onld be withont effect since 1t hdney regulation is removed  So
perhaps we tuve not altered the support of the clovated pressire but
hiave only changed the manner o which st 1 apphed

Brauw Minewoiz T should hike to nsh Dr Geollman af he has
measured the extracellular flmd yolume 1n the do,s w wlich he 1133
that there 1> o merease in wer, it/

Grorzaaw In the easc of the short term txpertment no arhilicial
measure vas used to protong, life  In these ¢ases any nerease @ extry
cellulyr tolume which s observed 15 sminl and represents the shhit
expansion of extracelinlar Hmad volume chructersstie of hy pertension
aq seen 1 both man and the expirmental Anuma! as his been reported
vecently (J elin frest 1903 32 312)

Brapy Mswinorz I it comes from cutrineous sourees the hyper
tension 15 more masmfest Y ou can get hypertension rapidly by injecting,
sodiim ehlonde solution for instance
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in press

sottsan 3¢ T have reported in a paper which 15 now
{ «1sz1 J Phymol 1923 173 364} 1w necessary tomi«t“mﬁ:\glﬂgﬁ
amount of fiusd Tapidly in order to mamtan an increase n d
pressure  Although & decresse sn extraceitular flad solume P“T;ml
rapid dechine 1n blood pressure 1t 18 more difticult to inerease the bl
pressure by expansion of the extracellular luid v olume

Baaus Weneanes © was talfang shout the nephrectomized dog

Grotsas Inthe nepheectoruzed dog the elevationn blood pressure
which normally peeuts will aceordingly not be endent if the anmal
depletes 1ts extracellular flud voluwe by vomiting or diarchen . Re
plemshment of thus induced deficit will an turn Cause 3 NSE n Hlood
pressure ta hvpertensive Jevels, Failure to apprecate this phenomenon
sccounts for the recent, clawns of Otbison Leonards and co-workers
Guer expantion of the extracellular flud yolume m the hypertensine
nephrectoraued dog will actually depress the Tevel of sts blood pressure
smee 1 wduces heart fature

Bratx Vespxnez But the blood pressure fs already high.

Grottaay  The imyal level of ihie 1lood pressure 35 invmatenal
Correction of 4 depleted extracellular fimd will imyanably cawse 2 nse
n the biood pressure regardicss of 1ts orignnal level  The Blond pressure
sl e ta the 1 vel (normal ot hvpertensive) charactenstue of the ammal
Frior to the depletion of its extracellular flrd volume  Ia the armumal
with @ normat fad volume exyp of thia by the
jection of flwsd w1ll result in a further nse in blood pres ure temporanly
l;u§ may i the hypertensise abo cause a decline by wnducing heatt

ure

Preserint That s with saline®

GroLuas Ringer Lactate solution winch doesn t produce any change
it electrolyte comptaition

P1GF Ur bholff w our labarstory has approached the problem trom
the point of view that the hvpertension was due to a large increase In
extraceliaar fund volurne smd § must say that at first we thrught that
wastrw  But our Tesults now confirm Dr_Grollman s that the increase
W exiraceliul s Bl volume 1x 2 relatiely mmor thing s repards te
effects on artenal Pressre ¥ xressne admimistration of electrolyte
sotutsc ns almost certaynly purments the hypertension X would hike to
sk Dr Crollman whether he thinks an wnerease 1n extroceldar fld
solume has anvthun~ ta do with or 15 a characteristic of essential
fwpertension whether he thinks the fgrures dre sufficiently Impressive
to Lm\e one believe 3t a characterstic tesion

RGLMAS The abserved Mfferences are stat;
|u;m\h nTx;d n Ahe expermmental ammal Aistically valid hoth i

sez That
- dN”em doesn £ mean very murh 28 Tegards the mechansmy of

GRoLsN ¥ ik they are sspmifieant as
1 measu:

n\e‘ans of manmtyl in the human by ulin mdk ul;e :J&‘lﬁfﬂﬁ ty
;z‘u .3:lcme sulj hate The differences are not large but they are dcf\mlg
o l:z‘\ ‘ar(;‘;%\ u}i\‘:r(']\n dl an;\ Dot implyving tat the obsery ed exyansion

e estrac i yolume 1s of fundamentat sigmificance or that

10
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1t plays 2 role 1 the mechantsm of the nse n blood pressure 1 am
merely Giting o demonstrable fact

WiLson You may sty that it 1s nst elunping of the renal artecs
which produces the hypertension but removad of the opposite kadney
But we have alwnys Worked on anmnls whach developed hypertension
after (himpmg the renal artery without ramovat of the other kidney
$Why does not thus normal ladney tissuie present the blood pressure
{rom mising?

Pratr May T supplement that? How do you explam the foy authentic
cases of human umlateral renal disexse With hypertasion m whont
nephreetomy 1as brought the blood pressure, to normal?

GrortataNy We can exploin these phenomena an the assumption that
both m the rave cises in the human eited by Prof Platt and m the
expenments m the rat eited by Prof Wikon infirction of the hidney
oceurs with the production of a pressor agent (possibly remin or angio
tomn)  Removal of the affected hadney in these eases results in an
alloviation of the hypertension I the kadnev 1 not removed the
creulaling, pressor agent may ultunatcly cau e vaseulir necrosts i the
opposite hidney ind thus perpetute the by pertensive séate

Moreover there 3s o differcnce 1n the rewtion of different speeic
Dogs rarely lise spoatancous ronat discase and henee placing, 8 of imp
on one hidney results only m A tetaportey rise w blood pressure when
the contraliteral hidney ts removed the clevation m blood pressure
becomes permanent  In the rit or ribiat on the othier hand 1o wiich
species renal infe 15 Mot the appl of o figure of
eight hyoture to one hidney or ¢ mparable undteral operations will
1 g certam proporhion of ammals result in the develdpment of per
manent hypertension

BrAy~ MeNeNDrz Y ou can put on two clamps you necd not remove
tissue to get hypertension

Groriaan Yes but shen vou apply clamps to both kidneys you
are obviousty not deabag with  undateral kidney discwe and o
assume that you nre stcrfering with normal renal function  {n the
rat and ribiit uminteral oper strun of the type we perform fatls to resnlt
1n by} crtension unless there s pre ewisting disease of the «ontealaters]
Jsdney (Hafpert and Grollran Proc Soe cxp fof N} 1939 74 364

WssoN I dont thunf thats true

GroLwmax [ agree that disease of the opposite kadney 15 not 8 pre
yepuisite to the development of permancnt hy pertension following o
umiaternt operation if one uses the procedure that you have followed
In thus case infarction of the haduey presumably results i the develop
ment of 4 pressor ag(nt whicl cattses vascular necrosts of the opposite
ladney as has been demonstrated by Foussamnt (Fr belg path, 1902
21 460

I mv)u! 1t 35 perfectly possble to put & clamp on one ren it grieny
of p rat without causing mfwetion of the kadney  Tlus kadney romains
nstologieally mdistingurshable from natml and yet the rat develops
chranic hypertension  We hue observed that imtially the opposite
Jadney 15 completely normal Lesiops certamly develop later on when
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{he blood pressure Tuses to huh Tesels !\;\u im‘u:glg‘ “\“u(\“l‘“l;n:‘c vm‘
ustologseally normal ehmped Jadney and one w i omx-\“ (h
pposite kidney nes ertheless the ammo) 13 hvpertensive ma:«e l;u\
your thesis in general nm{! h:({»c lobe\‘\-.uz\\ 1t suore this alternuan
explanation for tivs cbwervalion

“c\m:ni ﬂsn\ 1hus waencephion which Caldblatt ongnated that
the oppesite hadney was deeased to start with 1s most unfortupate
The real answer 15 that it depends entircly on what sort of ¥t colomy
you bave {(youhave n healthy mt rolom 1t s Just not 30

Grotisras I am i endire agreement with your viewpont T believe
hat we are dealing with fwo separate phenomena and s has led to
confusion In the ea e of lon made renal disease a unitaterni operation
Interferes suMerently with renal function to induce hyperiensin
YWhen & more drastic operation on the ladney such as the procedure
yon used resolts 1n Ahe hiberabion of an agent resulling vaseutar
darmage of the other kudney usuioteral operation wn the phsence of pre
eusting reatd will sadace

. Tnbothicases
the end result 15 the same 11 nterference sith normal renal function

Wusos The kme of development of the lesion 1s surely crucial to
the arguments whether 113 there to start with or swhether it develops
secondary to the hypertension

Lover Dr Grollman supposing m 4 rat you clamp one kidney and
the other rematns structurally normal  After hvpertension has persisted
sav about three Yo Tour weeks {whick for a rat 18 moderately chrome
Livpertenmion) you then remove the civmped ladney would you expect
the blood pressute to remam up?

Grarwsms Yes unless you assume that the presence of a clp on one
kidney 1s mterfering with the normal function of the contralateral one

YLoYER Yes you have frot to make that assumption that the clamped

hidney produces & functional ehange n the opposite hidney without
imtaginx

n ama e umage ocours
later alter the Qevelopment of hypertension
taozwias On the other hand of vou remose that hidney and find
H"Rt f“’) Ulood pressire remams tuh I would expect that you would be
able ) t
Yonge n the Yadne;
J1ovue Youean—1 il evpand that tins afiemoon There scem ty Ve
these two phases first of 2l & temporaty functional change m the
ul[ posite kidney during wluch removal of the clamped fadney will bring
the blood pressire down and later a permartent structural change when
w"ﬁr::émﬁl:\\oz t)h:uclar:dped ludnes the blood pressure remains up
Ted th your neph anomals 1,
the kudnen? ¥ know the hife of the transplanted kidney ls‘sh‘::rl but you
mught trancplant one and hove B for say 81X hours and then ¢k ;
and have a fiew ane. You Tught e some resphts " change
Grotosian That Tus een done by De St
with b sesuting declne i the bload g e 395 b smmpsted”
Dol bidne n} :: ‘t:xﬁocl;‘g: & nephrectomized hypecten 1ve dog nm:;
pn s comvinug pressure  flowerer { do not consider such.
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Braun Meianiz Wiy don tyou thanh it s good evidence?

Cnoristav Simply because the shoelang effect of an operation and
the presence of hieterofogous Hissue mught be the cause of the observed
dechine n blood pressure rather than any true mceretory aetaty

Brar~ M v wniz Docs it work with other oy, ws? Ifyou grafted o
feg for mstance ot 2 pancrers and it didn t bring the pressute down—

Gro11van Do we hive nnt transplanted organs other than the
Radnev  [he expenmient hins been Tepeted several times wath s rodu
tion m blood pressure throughout the btk of the trnspfant which may
fast for a week or mare

son Tuter Is there any ndication of intonic ion of the sympathetic
Beevous systent 2 these hy pertensive dogs after bilateral nephrectomy®
Ts there any alteration in pulse rate or cardiie output®

GrouMaAN The eardiic output remams normaf despite the eles itton
in blood pressure  Changes m the pulse rate are not sypmficant the
venous pressure remams pormal - Fhere 18 accordingly no evidener of
~ltezation in the sympathehe nervous system only the hemedynmue
el es eharacteristie of hypertension ensue

YoN T UTLR And what s thewr response to Crotid ocelusion®

Grotivan I have not mvestigated that

sov T Lirn Fowould be anterestrn, to see whether that 1 inereascd
or changed at i

Past T o help to answer that  We find that the sympithetie
nenvous system has no effeet  You et the same Hun, evenn dog
with the spinal cord destron ed ~response o carohid oetusion 1s perfeetly
nomal I had hoped that it was due to the sympithetic nervous system
but wasn t

Himre Your dogs develop hypcrtension n the abeence of adrenals
25 well as kadnevs dont they Dr Grollman?

CrotrvaN Yes followmg the remosal of both the adrenals and the
hadneys hnpertension stall develaps (Turner wnd Crofiman 1801 clmer
J Physiol 167 162} Such anumals will sunynve for one or tio months
without hormenn! therapy

Brau~y My ~Noi 7 Mo evtra st

GrotuMar Mo they need be pven no excess of salt but merch
mauntamed 1 8 pormnl state of electrolvte and water eqmbbnum
Removs! of the Ladncys presents the foss of clectrolyte and water
responsible for inducing acute adrenal meufliciency

i ymans T should hie to go back to tie physiolo, teal mecitams
af the regulntion of the bHloed pressure at norma) Yevd In mint
ammals the bloed pressure 1s muntamed at normad levels by the smo
sortic moderator nerves  Teenuse 1 thus mieets w1t the condition of
the artertil wall where the recepors of these moderator ferves nre
lorated phyys 1 fundamentl role and beeanse m nephrectotnized
animals hypertension is assoenited with vascut el <ions st not posathle
that the hypertension i the nephrectomred dog mighit be mduced by
a pronary alter tion of the artenal wall?

Crotrsad  Fhere 15 ho question os to the msalserent of the
artenoles the sascular necrosts 1s evident exen on (ross examination
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Hevstaxs Does restoration of normal hidriey function bring thetlond
pressure down_AWwhoush extendedd yascular te 1ons tre presentt

Grotwsus Once the Testons ¢f artenolo- or of atheroselerosic have
Leen nduced and the 1food vessels have ot thewe narmal clastieity
one would not expect a retumn to the normotensive state Howerver a
Teduction in diastolic pres ure should oceur since the abnormal eause
of an wereased penpheral resistanee has been el i In other
words we should pbsers e an increased svstolie but a normal v decreased
drastolie pressure such as 1s charicters tic of the arteriosclerolic process

TlryMavs In neurorenie hypertension induced tn dogs aftef sechon
of the sino-aortic modcrator perves the blood pressure stays at agh
levels but yascularor hadney lesions donot occur Some dogs have been
comtrolled up to eighit years after section of their moderator nerves
1ii,h blood pressure alane thus does hot provohe vascule festons but
W15 quite posaibfe thut 1n nephrectomuized dags Vascular alteratyima
and lesions are mduced which disturh the physioloncal mechanisms
maintaimng blood pressure at normal levels and thus sluft te artenal
pressure to hugher levels.

Grorrstan Yes Thave also noted the ab.ence of pathalomeal changes
at autopsy of dogs with so-called neurogeme  hwpertension of long
dyrstion  Tlus 1 evidence amunst the condition beipg hypertensne
cardio vascular disease of the type encountered climeally | consuler
stasarel chionof s alide blood presnre rather thanas Wperienann

Prrera Do you ever sce bilateril nerhrectomy fail to produce
hypettension? T am tlunking of four patients with penartentis nodnsa.
who had protemuny progressive renal damage ohzurs then anuna
:::rrxr:m and death and throughout their course had no hypertension

8l
Lrowistan 1 would esplun 3

process did not imvolve the
in t

Shoate Sumenn of 70 Tagaey ot the
TV s e have seem e e e ome casesof eyl

Iertens s tha smpatictoms s e dsret n oo
authors have reparted similar nml::g s for mam oy Gter



EXPERIMENTS ON THE ROLL oOr
VASOCONSTRICTOR SUBSTANCES IN THI
MLCHANISM OF RI'NAL HYPERTENSION IN

DOGS*

PAUL COVALRTS

Tor many years, one has questioned the possthihty that a
Ieston lumted to the hidney mght provohe and muntun a
high blood pressure  Phis question was settled by Goldblatt
who, by constricting the renal arteries m the dog produced «
permanent hypertension  Although these memorable expen
ments were done twenty ycars ago, the mechanmsm by which
the constriction of the renal arteries produces a lasting attenal
pressure 15 far from bewng understood

ity five years ago Tigerstedt ind von Bergmnnn found
that the normal hidney, when crushed and extracted with
saling, hberates a pressor and vasoconstrictor substance,
remn Some of ther expeniments hinted at the conclusion
that the Lidney when poorly imgated may hibcrate some
remin - Tanally these mvestigators proved that the response
to the pressor 1etion of remn 1s greatly marcased by nephree
tomy These early observations were repeatedly confirmed
but so far 1s the explanition of experimental ronal hyper
tension 15 concerned  they provided us with more pitfalls
than clues  Indeed when m the course of anv experiment
concernng the remal ompin of hypertension the kudney 1s
manipulated, artificalhy perfused or temporandy grofted to
the neck of another dog the danger exists that these cxpers
mental pracedures might squeeze remn out of the ldney In
those eonditions 1f the grifted hidney his heen ttken from
2 hvpertensive snimal, one mav be led to the erroncous con
elusion that the kidney “in site and belore 1ny mampulation

*Afded by 5 gront of the Jostah Maey Jr Foundstion New Yorh
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was exereting mto the blood 4 pressor substance which was
the cause of hypertension

Thus 15 why 1n 1935 {Govaerts 1910) T questioned “hc“‘:(;
expenments of this type (not excluding my own)demonstrat
am thing more than several ways to squeeze remn ont of 2
fadney [ deaded to return with Dr Vermory snd Dr
Lebrun {(Govaerts ef af 1920, 1951 192 1%03) to the
fundamentl question  does the tadney  hberate pressor
substanees mto the Blood during the course of experimental
tenal hypertension induced 1n the dog by constricting the
renal arteries with Goldblatt clamps?

In order to avord any mampulation or circulatory disturb
ance of the hidney which might cause a release of rumin the
blood was collerted by the method of vascular eathetenzation
which cardiologists use i man

As it was dilficult to reach the renal vein by eathetenzing
the jugular vein we deaided to colfect blood from the vent
ena above the mouths of the renal seins  This 1s quite an
esy procedure and can be done repeatedly on the sume
ammal  Thus the eatheter was wtroduced under local
anzsthesia into a supcrfianl ven of the hind leg and pushed
forw wrd under s ray control until the tip was close to the
diaphragm

Tafty mi of blood were aspirated to which 0 » per cent
atrate and 1 g of hepann were added  This blood was
slowly remnjected into the saphenous artery of the same dog
by usin,, a motor drven pump which g we o constant pulsatile
output {nbout & ml per mnute) (g 1)

The pressure i this mjecting system was rceorded by a
mercury manometer attached 1o 2 side tube  As the output
:’:ﬂ“i‘; clle“;np was ll\l(}:t constant the mjeetion pressure wis
oy ;n ({)lcl:li‘l]\]'; v n); ti‘he fhangcs 1n resistance mside the
wested \mev:m c:) e rvcos:“mto which the blood was heing

ance to mjection was modified

not onlv by vanations m the Ineal tone of the fi
work tut alse by changes in the 1 e Perfused net
Bl Aol it the level of the systeme artenal
perfused network Lept its anastoroses
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with normally 1rmgated regions  Therefore, the systemic
arterial pressure was continuously recorded by a manometer
connected with the right femoral artery

When the regular blecding and remjection of the test dog
with 1ts own blood had been hept going for some tune and
both loc1l and general pressures were statnhized it w1s easy,
after having collected as usual 50 ml of blood from the earatid

[N
v

6

Tie 1 (See text) Irom Covaerts and Vermory (1039) Bull
Acad V1éd Belg 18 337

artery to substitute for th it blood 1n the retnjection sy stem,
50 m! of blood collected by cathetenzing a hypertensise dog
and to sce whether there was any change in the injection
pressurc or i the general arteral pressure of the test dog
The same procedure was repeated a little later with the blood
collected by catheterization of a normal dog Inally the
elfects of renm and adrenahne were tested by addmng to 50
ml of blood of the test dog ready to be reinjected mto the
snphenous artery a very small quantity of adrenaline (2 5
g ) or of remn (the saline extract of 50 mg of dry powder
of dog’s hidnev) The test dogs, prepared as deserthed
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respanded to this small quantity of adrenabine by @ nic o§
shout 20 mm Mg n the local perfusion pressure withow!
change m the general arterl pressure  The response i;)
remn was about 20 mm Hg and was noarh cqpbn both
Incal and sy stemuc pressures

Preparation of Hypertensive Dogs

Tn order to get a condition of acule makignant kyperlension
the night hadney was remoted and one weeh later the left
Tenal artery was severedy constncted with 4 Goldbhitt clamp

Ten dogs were preparcd i such 1way  The blood pressure
at the tume of the first cathetenzation three days after the
second operation was tereased by 15 to 30 mm g the
blood urea was vers lugh (120-4°0 mg per cent}) lour of
these dogs died after four dns {one with comulnons)  The
ather wx fned for ten fo forty dus wd were eathetenzed
more than once up to thirty fine dsvs  The blood pressure
hept moing dunng ther survival Two of tham desdloped
levion of mah, nant hhpertension (hemorrhage suffusions
i gutre wd intestinal mucoss retinal haemorrhages)

Four dogs with both renal artenes constricted were nsed for
studvan., the vena earal blood i the caurse of chrome hyper
fersion . Their blood pressure sas mereased by 6 Yo 100 mm
H. and had been staving around 200220 mm Hg for
months They were first eathetenzed after hyvpertenston had
exsted fur 32 10 100 davs  The caval blood was collected
onee from 1o of them and respectss «ly three and four times.

from the other two e assays of vena eanal blood were
thus performed i the four do, s

’n Results
ie vena eaval Llood of 20 normal dogs produced no
i‘n::\'e cither sn the Jocat resistance (mean;() ¥mm My
1* or in the general attenia}
AU 11 pressure (mesn+2 9 mm

+ = Stanjsrd deviation of mean,
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with normally trrignted regions  Therefore, the systemie
arter1al pressure was contmuously recorded by @ manometer
connected with the right fomoral artery

When the regular bleeding and ranjection of the test dog
with 1ts own blood had been hept gomng for some tune and
both loeal and general pressures were stabilized, 1t was esy
after having collected as usual 50 m! of blood from the carotid

\/a\/
vy

[

Fic 1 (See text ) Fram Govaerts and Vermors (1919) Bull
Acad Véd Belg 14 337

artery to substitute for that blood in the remjection system
50 ml of blood collected by catheterizing a hy pertensive dog
and to sec whether there was any change mn the mjection
pressurc or in the gencral arterial pressure of the test dog
The svme procedure was repeated a hittle later with the blood
collected by catheterization of 2 normal dog  Tmally the
ffects of renin and adrenaline were tested by addmg to 50
mi of blood of the test dog, ready to be remjected mto thf
saphenous artery, o ver) small quantity of adremihme (2 5
pg ) or of remm (the saline extract of 50 mg of dry powder
of dogs hdney)  The test dogs, preparcd as deseribed
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On the other hand m our expenmental sesults nothing
indreates that chronie hypertension wn the dog bt be
explained by the relense of an snesensed amount of remn by
the kidney  Thercfore the hypothesis was considered that
an increa ¢ 1n reaetyvity to renn miht explan chronte renal
Ty pertension

The response to dog s Tenin was tepeatedly tested over
many Tonths m dogs which were first normal and then made
hypertenstie by constrction of both repal arteries  Remn
was slowly injected mto the femoral artery and the arteri
pressure was recorded through the needle used for the injee
ton  Such & procedure needed but 3 femoral puncturc and
was performed without any pun in unanwmsthetized dogs

After a prehmnary period the dogs were made hyperten
sive by constrichion of both renal artenes and the reacthnty
o remn nas repeatedly tested  Durnng months of permanent
hypertension brought about by bilateral constriction of the
renal arteries the mean of the responses was frequently a
bitle lgher than the mean of the responses n the previous
normotensive penod but this difference was not statistienlly
sigmficant

These expenments do not provide any support for the view
that an increase m responsss eness to remn mighit be the cause
of chronte renal hypertensian
mWhen dogs erther normal or having, been hypertensise for

to 320 days were bilaterally nephrectomized the Tesponse
to renin was enormotsly increased  That change was statisty
cally sigmficant and 1t was greater 1n hypertensive than
normal dogs
mg.:; ;“5"“ for the hyper reactivity to renm of nephrecto
gs 15 still unexplaned  Our observations show that

uremia 15 not the cause of hyper reactity  Indeed when

the mam artery of the one remaining hidney was too severely

clomped and the amimal died after g few days with urmmsa

but still having a certamn amount of Surviving renal tisue

the response to renm was unchanged dunng the period of

survival Nevertheless the blood pressure was nsing "winch
4
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The vena caval blood of 10 dogs with acute hy pertension
(three dwvs after constricting the renit artery of the one
remammg hidney ) had 2 loeal vasoconstrictor action {(mean4-
9 9mm Iig 42 2) It did not increase the sy stemre pressure
m the test dog

The same loeal constrictor property was still present m the
vena caval blood from four surviving dogs of that group
when they had been hypertenstse for ten to thirty one days

No change m the systemic or perfusion pressure was
observed when using vena evval blood from dogs which hnd
heen hy pertensive for periods from thirty five to one hundred
days  In mmne experiments of this type the mean change m
the perfusion pressure was -+2 6 mm Ig 41 9 agunst
-+0 3 mm Hg +2 2 for the controls The difference 1s not
statisticalls significant  The same may be said of the change
m general arterial pressure, the mean bung respectively
+0 6 mm IIg 2 0 for the controls and +0 9 mm g 4
0 6 for the hypertensive group

It was nceessary to mahe sure that the vasoconstrictor
action of the vena caval blood 1n the early stige of hyper
tenston was not duc to adrenaline  This question was studied
1 a sexies of experiments which proved that the vasoconstne
tor action of the vena c1val blood was not suppressed by
Benzodionane dernvatives (I 933), as was the constrictor
action of a small dose of adrenalme added to control blood

Although our observations grve no defuute mdieation
concerning the nature of the constrictor agent they are
compatible with the view that a small amount of renmn mght
be released by the hidney mn the early stages of experimental
renal hypertension  They are i Iine with those of 1aseiolo
Iloussay and Taquim (1938) Page (1940) Dell Oro and Bramn
Menendez (1942) and Haynes and Dexter (1947) who could
detect the presence of a small amount of remn i the arterial
blood of dogs m the carly stages of renal hypertension
According to Gollan Richardson and Cotdblatt (1918} some
renm mght even be detected when the hy pertension has lasted

three months
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Shotr {1048} Ins suggested that m the course of expenime !\&ul
resal hypertension the hadney liberates o substanee (Y LM)
which potentiates the 1asoconstnictor action of ndrenaline

e have done some expenments on that pomt usin? the
methods deseribed above  The same small dose of s nthetie
adrenshine (0 5 €0 1 pg, ) was added either to a0 ml of earotad
Tlood of the test dog or to 50 ml of vena casal bloed from a
hypertensne dog  Both samples were tested by perfusing
them tmto the saphenous artery network  No difference m
the constrctor effect of adrenaline was recorded when this
substanee acted either n normal blood or 1n the blood of & do,,
with acute or chronie hvpertension

These obsers ations do not support the optnion that poten
tration of crculating adrenabine by o substance Uiberated by
the Jadney might be the mechamsm of renal hy pertension in
the dog

At present we are repeating the same experiments with
noradrembine but so far our results arc rather ne atne

Summary

hen collected by catheterization without general anes
thesta or manpulation of the hidney the blood taken from
the sena cava of ehronically hy pertensive dogs 1s devaid of any
“asocomstnictor OF pressor properties  On the other hand
the vena casa) blood of dogs sn the first stage of expenimental
renal hypertension has 8 wesk vasoconstnetor property

Tl s casoconstrictor action 1s not duc to adrenglinn

Athough there 15 same possibality of 2 small amount of

renin bewng released by the Mdney when the renal artery has
b:m constricted there 1s no proof that such a smalt quantty
ol Temn s acti € on the blood pressure except \
ne%hrecmm\zed test dog ot s biatenlly
e vole of Temn ar reqy
n denvatines m chrone hyper
tension lacks a0y objective proof and thereforc mus’tp be
considered as unlihely
Fxpermental renal h
ypertenston 1 the dog cannot b
expluned by an wmereased responsiveness to xemgn )
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1s a further proof that hypertension 1s not caused by an
mereased responstyeness to remn

In a group of six dogs which had been hypertensne for
two to ten months bilateral nephrectomy did not lower the
blood pressure during the three davs whiel were the usual
duration of survival

The results of our expertments 1n the dog thus lead to the
same conclustons as the brihiant and careful expermments
of Professor Piel ering on the meehantsm of chrome hyper
tension m the riblst  Our Churman came to the conclusion
that renin nught bereleased by the hadney during a short pertod
after renal artery constriction, but that i the chrome stage
otlier factors came nto plan

On two other ponts our studies n the dog fully confirm
those of Pichering (1915 and 1950) i the rabint

(1) When the hypertension has lasted 2 long time ilateral
nephrectomy does not bring the blood pressure down  this
1s true for the dog s well as for the rabbit

(2) The mereise m responsnieness to rentn produced by
nephrectomy 15 greatest when the hidnevs are removed after
the amumal has been chromeally hvpertensive  Therefore m
the dog =s in the rabbit 1t seems that the preparation most
responstve to renin 1s a chronieally hy pertensis e ammal whose
hidneys have been removed two days previoushy

Although m the dog during the carly davs after constriching
the renal artertes & weak vasoconstrictor property may be
present m the vent ewal blood, I am not convineed that
cven at ths stage a release of remn 1s the cruse of hyper
tension  The chief reason for my persistent doubts 1s that
nearly all expertments aumung to prove that renm 1s released
by the hidnev have made use of nephrectomuzed test dogs
Mo proof has been given that the small amounts of remn
detected 1n such a w2y are sufficent to ruse the pressure of
dogs whase reponsnieness to renmn has not been mereased by
nephrectomy

On necount of these uncertanties over the role of remin we
came to consider the vahdity of other by potheses  Reecntly
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PISGUsSION

1 vew of the
Afpzsoez. Mo Qoudbt the Llood from the reny]
lg;‘:rt:;me dog has no actint on the penpheral vessel nor on mcf
Ylood pressute of the perfused amumal  But what 15 the munmal dose o
remn that would have some sction? Have you done any expenments
with punfied tenin®
GOVAERTS No

e MExEnpPz Soy0u don £ hnos 1 us Iack of sctton is due to
th?:g;me ‘gqu:-e:m or tn)the ptesence of an amount of renin to0 small
b !s":‘s::::‘\ycn?,smposc the best control would be to infuse renin into
the femoral Ve 1 ¥he Rt sach guantivies that & groduced
hypertension of approstmgtely equal proportions and then to sample
the infenor vena caval blood and see what sert of Tesponse vou got o
jour test dog

Pravs MewevDEz That 15 0 guanutatn e expenment to seesf the
preparation 1s sensitive enough to renin  ‘The methods we tse for
detecting rerun are differcnt from yours We $1d the same expenment
more or fess by tatang Diood from the renal y fin of kudnevs transplanted
nto the back” The blood was imeybated with hypertensinogen and ins
extract was njected mto the dog  We found this method sensibiye
enatigh 1o detect fenin 1 the renal venons bleod 1n acute hypertension
but 1n chronie hypertension Wwe didn t find any  That does not neces
sarily mean that no remn 5 Present 3t may only mean that the methed
13 N0t sensitrse enou,h to detect 1t

Govarsrs We found exactly the same thing

Hewrr Thereis Tthink another quantitative aspeet which may be
purely formal In a 10-hg dog 50 ml of vena caval blood represents
33 3 per cent of the blood volume So afn early hypertension vou get
a weak pressor effect with this amount one mught suspect that later
the amounts of pressor substance hive become subiminal That cannat
be excluded though ¥ don t think it mvalidates the man argument
hf\:nout:mi You m:lect bloo)z}m co%ng more or fess direetly out of the

ey and njeet st into 3 homts e

N“mye fanh: d: °mwan‘ 7 penghecd network, 50 you cn

Tssumg
from the hudney and potent enough to give an action afterat n&l&‘ﬁi
\‘:\mg:\ h;\;!:h\{;\::e syStem you could see the effect of such a substanee.
uben ths 13 ngected direetly nta & bnuted terntory athout

Hruer The vena caval blood 15 already d egree
iy dituted to some d

!ho' aﬁﬁ'ﬁ;‘u‘“ﬁn‘% ;awldh be mal’; C‘ﬂlnmtlcln;: 1t oue took renal \be‘:vz\

not say how much the

“‘; hodylh;‘a i l{ e rest of the s enous return from

+GE. Tt 1t 13 extremely important to do the hand of
tation which Prof Goyaert RN
o e e ;;:tse '?‘:;m dofe It lustrates We yoradovsest
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Bilateral nephrectomy ncreases the responsiveness to
remn and this effect 15 manimal when nephrectomy 1s per
formed m n chronieally hypertensive dog

In dogs winch had been chromeally hypertensive, bilateral
nephrectomy did not lower the blood pressure during a sur
vval of three days

There 1s no proof that i the coursc of experimental hyper
tension a substance releascd by the hidney potentiates the
constrictor action of airculating adrenahine

Our obsers ations do not support the hypothesis that durning
the stage of permanent hypertension the ischamic hadney
releases into the blood any substanec with a dimect and
immediate constrictor action on the peripheral vessels
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wechs but after mote than tan months Nembutal fowered the blood
pressuse n these 7ats 1 am wonlerng of such experiments have
been confirmed 1 the meantime Deeause although it 1s only second
hand procf 1t mught thtow some light on the mechanism of chronic
mpertenston

Traty Me~evnez 1 have repeated them but not confirmed them

116F 1 too have repeated but not confirmed them

Tickering Lookin, biek Dr Braun Mencndez on those early
abservations on the estimation of renin 1n the renal ven blood of your
hypertensine dogs have you anyttung you would bike to s1y®

Brat Meveaoez We made estumations of rerun 1n the renal venous
blood and we found inrreased renm 10 acute hypertension and no
snerease 1n renin 10 chrome hvpertension

TicreERinG hdnt you take 1t from an explinted fhudnen ¥

Baaus Sraewnez From an explinted hadney without anesthesta
We found morrover that the amount of renin present in the renal vrnous
blood was approximately the same a3 was present in arterts! Blhod
This was a surpnse to us but that was what we found M 3 £3vy to
explam tius fact 1f one takes into eonsideration the mapnrtude of thy
venal bloal faw and the relativelv slow dectruction ¢f remin i the
otgantm  Based onttis faet, we abandoned nur expeniments on ki tnes

expluntations an 1 estimated renan in the artersal blood of oyt chrome
hypertensive dogs

oo
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they have demonstrited this  The rest of us I thank are 4 httle un
certam still about the separation from the blood So on the one hand
you have evidence both old and recent which strongly suggests the
presence of angiotonm in the blood and on the other hand another type
of evidence with wluch I think most people agree that with ths
quantity of blood and under these particular circumstances you find
none  All we can s1y at the moment and I agree with Dr Braun
Menendez 1s that perhaps the methods are not sensitise enough  The
evidence simply 1sn t avaifable to decide the place of angiotomn m the
mechamism of Livpertension  Naturally with Dr Braun Mencndez we
fecl a parental interest 1n the fate of angrotomin and renin hardly to be
expeeted to be shared by others

BiNg Ias anyone tried to do studies on the flmd from the artifictal
hadney, or perhaps the fluid obtamed by internuttent peritoneal Iavage?
Y ou could gather the fluid for a long time and study the pressor action

Braus Mi~rvprz Sheggs and co workers have done 1t repeatedly
n dogs from blood or from a dinlysate of blood They recovered 1
greater amount of hypertensin from the bleod of hypertensive dogs
than from normnl anmnly

Pror The results as they are published are very clear cut

Wirson In chrome hypertension? Tor how long?

Heomer The Jongest period of hy pertension was about three months
More was found 1n earlier stages

Prarr Does anybody believe that the methods of extraction are
speaific or that the methods of assay of hypertensive substince are
specific as published?

Braun MENTNDEZ Sheggs determunes the identity of hypertensin
by 1ts susceptibality to trypsin hypertensinase boding at plI 12 ete

Prarr T should have thought that the only thing you could sy so
far was that they had extracted 1 pressor substance which in some
respects behaved like hypertensin

I thunk there 1s n further point in Prof Gosnerts experients that he
1s not really assaying remin as such but 4 minture of renin and angio
tomin  He 1s meubating remm with blood which he 15 then mfusing
1he point which anses concerns the time between collection from the
mferior vena cava of your chromically hypertensive dogs and re
mjection 1s 1t precisely the sime as when you have incubated 100 mg
of dog renin with the blood?

Got ants The tume interval 1s the same for the blood taken from
the vena cava asitis when i the controls renin 1s added to a sample
of blood There 15 no dilference exther between the time 1terval for
the blood taken from the acute hypertensine dog or from the chronie
hypertensive dog  The only thin, I can shy 1> that you get a smaller
cffect with the blood of the acute hypertensive than with the blood

romc hypertensive
OtlItllll‘(l:x:hIn 1946 ‘t’l‘:erc was a paper by Ogden and lus collengues (O den
L Colings Y D lIavlor A N and Trip 1 1016 Texr Rep Biol
Med, 4 14) showing that m renal hvpertenstve rats no blo'od prc:s[urf
depressor effect could be obtained with Nembutal durmg, the first fe
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from shoched anmals or that recovered from nephrectomized
ammals after hadney extract imjection the haght of the
sustawned pressor response to autoly sed or alcohol fractionated
Tudney extracts 15 related to thew renin content

Although 1t has not been possible to prepare from Lidney
extracts sustamned pressor matenal free from remn 1t has
been possible to prepare remn practically free from sustaned
pressor actinity Fresh hog Tadueys or cat hadneys wert
ground 1n a VW anng blendor with three yolumes of 9o per cent
alcohol and allowed to stand at 2o C for twenty four hours
The alcobol was removed by filtration with suction and the
residue on the filter was air dred  The dried matenal was
then passed through a powder il This powder was a source
of remn free of sustained pressor matena) as judged by pres
sure curves in nephrectomzed eats or by failure to recover
active sustamed pressor plasmas after injection of large quan
titses of an extract of the powder into nephrectomized cats

Whereas autolyvsis of hudney tissue prior to making extracts
and autolysis of hidney extracts prepared from fresh hidneys
produced a matenal that mves a sustamed pressor response
autolysis of the alcohol treated hadney tissue thd ot yoeld a
substance having sustamed pressor actinsty  Posmibly either
an enzyme which could convert some precursor into sustamed
pressor subst: or a g of this pl
natured by the aleohol treatment

Recently Haas Lamfrom and Goldblatt 1953) have
reported the preparation of a hughly punificd hog remn Sinee
the first step i their procedure was autolysis of the hidney
tissue 1t was thought that 1t would be of mterest to determine
whether their punified tenm wonld gve o sustamed pressor
response - Dr Haas sent us & sample containing 470 Coldblatt
d°g‘ umts per mg of protem  This matenal ehested a typical

The 1;“55:1‘ ponse 1n nepk d cats

sustained pressor principle ane
derived from the hdneys and ha& sxmxl(:r ;;Y;\:m;rcrpmtems
When smamals are wnjected o properties
relatnely erude hadog ver a period of time with
© hudney extracts the serum of these ammals

was de




THE RELATION OF THE SUSTAINED PRESSOR
PRINCIPLE TO RENIN

0 M HELMER

SurrLey, Helmer, and Kohistacdt (1947) reported the
presence 1n blood of a principle that clicits a sustamed pressor
response 1 nephrectormzed ammals  The principle 1s
released mnto the blood stream m conditions m which there 1
a dimnished blood flow and (or) dimtnished blood pressure
withm the hidneys  Although renin 1s also liberated under
these eircumstances, the elevation of pressure caused by the
mjection of sustaned pressor plasma 1s much greater than
would be expected from its low renmn content The contour
and the duration of the curve of the pressor response also
differentiate this principle from remn  However attempts
to separate the sustaned pressor material from renin m the
plasma have so far ¢nded m failure

Crude hidney extracts appeared to contam both renin and
sustamned pressor material  When such extracts were
njected ntravenously nto cats that had been nephrectomized
two days before, 1t was possible to recover relatively large
quantittes of the sustamned pressor principle from the plasma
(Ielmer and Shipley 1947) Only very small amounts of
renin were found 1n these plasmas Twenty per cent of the
renin i the omgmal extracts could be recovered from the
Iiver when the Iiver was removed one hour after the end of
the infusion of the hidney extrict  When extracts were
mjected into normal cats, nesther sustained pressor prineiple
nor remin could be recovered in appreciable amounts from the
plisma

Kidney extracts that give a pressure curse stmilar to that
of the sustained pressor principle can be prepared mn two ways
One 15 by autolysis under toluene the other by aleohol frac
tionation (Helmer, 1950) In contrast to plasma obtamed

148
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ared froro gutolysed hidncys gnes . pressor
‘r:;nf: g;ss:‘ewir 1o thot produced by sustuned prc«‘m; ph\s\;\',\)
The sustuned presset materiat may be related 1o :1 lu
Their chuef difference s that based on their ability to produl °
annotonin {by pertensin) the sustamed pressor prncip !;
eruses & greater ey aton i artenal pressute  The suct‘mnc((
pressor pnciple may be the form m which remn 15 Teiensed
hy the hudney into the blood strewm

REFERENCES
Hiaxs T Lawrnoyt 1T ond Goonears 1 (1903 41ch Blochem
42 308
O M {194 In Tactors Remlatop Blood Pressure
“zuw;x\mct\om‘utat\\e Fourth Conference p 189 “ew dork
Jasuh Maey Jr Toundation
Hsulfn [+ :F and Speey R EL (1847)  {mer J Physiol 150
3
qu‘:m O ML ond Tuben J YU Unpubhshed data

Sartex R E Heawrs O M and howistarny k C (1817)  {mer
J Physol 149 708

DISCUSBION

Prrxzrine T hardty dared to mention after Prof Govaerts paper that
YTM was cropping up  DoOW e ve got an even more intangible sub-
stanve which onty comes ot of the teft renal vemt As T undersiang it
thus substance w only w the
when you wnject 3

anmal
rraer £ didn t mean to Imply that the sustained pressor matenal
way obtamed only from the left renal vemn  In the shde shown thit was
the tase The left sepal 11 18 longer 50 1t was possible to obtun blood
samples from iis vem witheut 28 much contamination with vena casal
Blwd  Therefore in the majonty of indances greater contentrations
of pressor matenal sere ohtamed from the (f2 tenal sein than from the
night one The substance 1s onl) demanstrahle 1n the nephrectomazed
ammal with the quantities grven 2 m! of plasma One of the reasons
W& uwd a nephyectomized animal for a test preparation when lnohsng
€ox pressar agents of pos Wie mEmiicance 1n the zuatogy of hypertension
wat that Solandt crosstransfused equal amounts of Wood between
h:'(.mﬂensn : h:k g un;l r;cmm(!‘nsne dogs and found no inerease in
pressure w Ahe norma) Iz 2 sindar

Pl g nta expenment with hypcrtensive shd

ssure of the Iytter dog wa
As Braun Menendtez suggested the nephrectamuzed nn?xgml ‘s‘:i:\ z‘:x‘:gh
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neutralizes both prineiples  Serums that hase a high “anti
body” titre for renm have a similarly lugh titre for sustained
pressor principle

To determme whether sustaned pressor prineiple was
elaborated by the hdney m experimental hy pertension, renal
vein blood was obtuned from rats made hypertensive by
unilatertl nephrectomy and constriction of the artery of the
remuning hidney (Helmer and Tilden)  The plasma obtuned
from this blood w1s tested for actty ity in pithed rats wiich had
been nephrectomized eighteen totwenty fourhours presiously

] -2 3 4
et it e by e Ty berres e v e

Iie 1 AMean biood pressure tracing of pithed cat neplirecto
mized two days before intravenous injection of (1) 0 2 unmit
angiotonin (=) 0 5 m! lfeft rena! vein plwmna from normat cat
(3) 0 5 ml of inactive recovered plasma (4) 0 o ml left renal
vein plasma from hypertensive cat  Tame mather—1 minute

An example of the pressor response to plasma derived from the
renal blood of normal and hy pertensive ratsis shownin Tig 1

Sustamed pressor activity was demonstrated n the blood
obtamed from the renal vemn n eight hy pertensive rats whose
systolic pressures had been elevated for thirteen days to six
months at the time the blood was drawn  In the blood
withdrawn from the left renal vemn of seven normotensie
rats the sustamned pressor principle was not found  Penipheral
blood from hy pertenstye ammals also was mnactive

Summary and Conclusions
The sustamed pressor principle and remin have physieal
and pharmacologteal properties that are alihe Purnfied
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ducing
state? [t yspossible to pithan animal without ind
‘s‘l:::l?rt‘-lgm:r;ﬁ::md Ty the abnormally lon blood pressures which were
vour amimals
prﬁi;l:;lg:hw pressures of pithung ore not tecessar for ﬁ;ﬂ ’“bﬁ"‘"g
toact An excellent Tesponse can be obtamed 1 unpithed nephrect
yured dom cots or Tats with mean pressuces of 100 ot
Covasrrs Docs the btood of & dead cat produce o transfitsion effect
o1 ont?
i l.(:u‘;‘::l\\ e have never g en large amounts of blood froma dead cnt
Into & normal cat  Quantities of 24 Ml 40 not eause a sustamed rie
n normal anumals
° gt:si\;:rs 1t seems to me that if such a substance has a role in
hiypettension 1t cught 10 be setine when the bload 1s transfused
Hewver The auswer to this question may be gven by quoting
Sataadt s work which [ mentoned eaclier  Large transfusions of hyper
tensive blood tnto 1ntact normal ammals do not cause an tlevation of
pressure [ beheve Biood from human hypertensive cases also does not
raae the pressure of normotensive patients, Therefore T do not feel the
fact that sustmned pressor substance 18 nactive in an intact ammal
eliaunates 1t s & factor which might play a vdle m the xhology of
hypertension

GavaenTs My poat 18 this {3 your substance present only in extracts
of blood?
Hewves Mo You ean inject whele hepatimzed bisod or phsma
GovaerTs RBut what if you wnject the dead cat s bload into another
ent?
HrLamn Tfthe cabis nephrectotmized you get an elevation of pressure
If it s not nephrectomized youdont
oveEs Yod say thatif you tie o tape around the tenal artery and

then pull 1t tight the response ta the sustained pressor primeiple increases
markedly m g short time?

flFiyen W ithin about half an hour or an howr

FLoyer What happens if you put a Goidblatt clamp on the renal
anen and only parhially occlude it do you get the same effect?

Hrixer We baven € done that Dr Draun Menendez you dud an
Sxpenment yests ago that has some bearng on Dr Floyer's question
“ou have an Mustration in your bood, showing results of an experiment.
 which vau took blood frum the renaltetn of an acutels slamped hidney
andinjected it tta & nephrectomized anumal and got & typreal sustamed
Pressor response

Bras Mrwenpes Faoetly There s also the experiment of Hoysea,
and Fasciolo 1 which they grafted an isehemie L‘:f]my nto the moe.
ol & nephrectomized dog They ebserved n rise n blood pressure
mnd’l‘?; when the graft was removed the blood Pressure remained
n(g)our en;\pc ‘;‘n:rn eu'q)l'\med that but st ean e expiained in the g it

L10vFR But does this substance whych hos @ pre: ot
neplirectormued ammal but Nive any cieor
an amimal wth a (;omuatzz‘l);nl:;; rormal animal ‘have uny effect i
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more sensttive I dont hknow what would happen 1n n normal animal
1f a continuous infusion of sustained pressor sub weread d

PICKERING You also mentioned that this substance was obtamable
from the hidney nfter nutolysis I wonder if you v e any 1dea whether
the amount i fresh hidney 1s more or less than the amount 1n autolysed
kidney ?

Hraver I dont hnow the relative amounts of the factor in fresh
kidneys as compared to autolysed hidneys Al Y hnow 1s that autolysed
hidney extracts give o typical sustaned pressor response whereas
extracts prepared from fresh hidneys do not give such a response

If fresh hadney extracts equivalent to about 13-84 g of original ludney
are injected intrayenously into a cat which has been bilaterally nephrec-
tomized two days before blood drawn one to two hours after the com
pletion of the injection has a igh concentration of sustained pressor
actnviaty and a neghgible quantity of remin - Blood drawn from a normal
cat treated the same way has no pressor activity tn a nephrectomized
ammal  So fresh hidney has & fair amount of sustatned material or 2
precursor of 1t that can be changed to active material  Agan the
presence of a normal kidney modifies the results

Pearr Is there n dosage response curve for this substance?

HriMer les thereis  For mnstance if 2ml of sustmined plisma
would grve & maximum response smaller doses such as 0 5 ml would
cause a much smaller nise 1n pressure  Repeated smaller doses would
produce a staircase ihe pressure curie until the maximum rise of
pressure 1s attamned that the individual eat can sustain

Prart Does it never come down?

Heraer Yes the pressure will come down as the phy siologieal state
of the ammal d The d of resy; varnes from cat to
cat The pressure may remain elevated in some cats for five to six hours
1n others only an hour Some cats will not respond at all 1n the same
way that some cats will not respond to angiotonin

Barrcoa Have you never found tachyphylaxis with your pressor
materal?

Hewmrr Not mn o true sense  One injection of sustamed pressor
plasma may cause an elevation of pressure lasting for hours However
the sustained pressor substance will only raise the pressure to o fixed
height 1n each ammal  Additional mjections will not eause a further
r1se 1n pressure which will be muntamed

Barrrpa At the begmmng of our studies we were not able to obtan
the remin tachyphylazis in the dog I wondered thercfore 1f you never
obtam 1t—or only do not obtan 1t with your substance?

Hroser Tachyphylaxis to remn 1n a cat depends upon the size of
the dose wnjected Small doses repeated at o reasonable mtery 4t cause
no tachyphylaxus Onelarge dose will It 1s not due solely to the decrease
1n renin substrate Prof @ickening has masintamned an clevated pressure
1n Tabhats for days by continuons mfuston of kidney extracts contaiming

renin
GrorntaaN Can you eheit the same pressor effect mn o normal animal
or 1n o pithed ammal n which the prthing has been done without
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Tms prper mayv appear somewhat elementary and even
outdated but T am sure that one of the main reasons for the
comparatis e faslure of research into hypertension hies in faulty
understandin_ of the nature of the mechamsm which operates
n our expenmental ammals X wish to diseuss the relation
ship between the state of the kidneys ind the blood pressure
level 1o rats 1 order to see whether this will throw any more
light on the mechanism of by pertension 1n these anmals

1 will begin by discussing the mechanism mvolved n the
chrome stage of hypertension following partual occlusion of
one rennl artery and I wifl first diseuss an experiment per
formed by Wilson and Byrom (1939) which Dr Ledinghim
and 1 have confirmed many fimes  Tig 1 shows senal blood
pressure redings in one rat i this expeniment  After pre
Liminary  baseline readings one renal artery 1s partially
occluded by a silver chp 1 will henceforth refer to this
operation as chpping the hidney and to the kidney ns the

chipped hadney  The opposite hidney 1s not touched and
will be referred to as the untouched Midney  although thus
does not necessanly imply that it remams normal The
blood pressure nses slowly and remuns at levels well ahove
normal If the chipped hadney 1s exaised after o protonged
period of hypertension (in this mstance twenty two weehs)
the blood pressure remains raised after aperation but 1f thug
ts done after a short penod of hypertension {threc or four
weeks) the blood pressure returns to and remains 1t normal
levels Wil on and Byrom (10 39) demonstrated that 1 ascalar
lestons resembling mahgnant hypertension in man dey clop
m the untouched lidney but do not oecur 1n the chpped

135,
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Heevor Ve haven t done thay

Froscr Can you get tins pressor principle from any other tissue
besides the 1idney or Llood?

5 aer We have found remin in the tiser of atmals that have been
snjected with birge amounts of ladney extract but hve not tested these
ostrocts for sustained pressor activity  So the answer s no
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anehipped and (b) the untouched kidney

tion revealed the presence of vaseular lestans  In these rats
(Fig 2 upper curve) the blood pressure rose shightly after
removal of the unclipped hidney snd remamned st byper
tenselevdls Inthe g rats the damaged untonched
hidney was excsed leaving the unclipped ladney, which
subscquent exammnation revealed as structurally normal
ench mstance i these rats the blood pressure came down to
and remuned at normal devels {Fig 2 lower curve)

T conclude from thus that the blopd pressure 10 chrome
renal hepertension Temamns dependent on the state of the
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hidnev, they concluded that these lesions are the result of
the hypertension and that the chpped hidney 15 protected
by the presence of the clip They also concluded that these
vasculsr Icsions render parts of the untouched lidney
schamic and that the wehremie tissue 15 able to muntamn
hypertension 1 the sume mnnner as the clipped Ladney
after removal of the latter  On the other hand, 1t kas nlso

b rvin fous amms pigee

NTAGT | Top ¢ me, Sane trve rasron ConTiRs AFTER
B0 1 Vonims nid o T VNIRRT T i oF Tipses ¢

ety
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weens

Fio 1 Blood pressure readings m one at fotlowing elipptag
of one renal artery and subscuent remoyal of the chpped kidney

{Reproduced by kind permssion of the T ditor of Climenl derenee )

been suggested that following s short period of hy pertension,
a change takes place elsewhere in the body which enabies the
hypertension to persist after removal of the chipped hidney
The first question which must be answered 15 Whether
chrome hypertension 1s alsnys dependent on the state of
the lidney or whether 1t 1s mamtaned by some other
1 pletely mndependent of the hidnev
In the next experiment a seres of rsts were rendered
hypertensine by chippmg one renal ortery After 20 to 46
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confirms simlar findimgs by Grolimn “:\ms:ntnm\ Withams
(1943) m rats and by Pichering (\3‘1‘:‘)‘:; ::t&n:lzn of smtar
sccond series of rats !
tefr‘v‘\\: and duration to the first 5cr;es l;m chy; w zx:tx!"c‘cna:mc:!l
" encl I
the renal artery {Fig 8 cunne s j In
;r:cx:surc fell to normal levels i a few houss and remuned

GHFTOLRATON| ¢ 2 ¥ % ST B w20
\ ‘ Fic 3
c

€ Efect of total nep! rectomy 5 hypertensie rats
4 Lffect of remova) of the el p In hyperteasice rats
B Fflect of tatal nephirectomy sn flormal rats

normal for the rest of the ammat s ke
findmges by Byrom and Dodson {1940}

The contrast in blood pressure 1n these two serics 15 very
stohing The fact that hypertenwion persists or esen
creases after total nephrectomy must exclude the possibility
that o direet renal pressor substance is responsible for the
chronic phase of experimental renal hypertension  Dr
Fiekmer has shown at this mecting that Ins . sustamed Ppressor
prmeiple will maintain 4 rassed blood pressure for manv hours
0 a nephireetomiad ammal but 1 find . difficult to biheve

This confirms similar
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hidney even though hypertenston has persisted for nearly 2
year  This could be explumed by assuming that the ehpped
Ridney sceretes @ pressor substinec and that this substance
15 adso seercted by the wchrmie parts of the untouched
hidney, exasion of the damaged untouched hidney wd
restoration of normal etrculation to the structurally mtact
chpped hidney pravents further scerction of this pressor
agent and the bleod pressure rcturns to normal  On the
other hand, we could also explun the results by assuming
that hypertension 18 mamtuned by a pressor mechanmsm
situated in some organ or organs other than the hadney and
that this mceh usm s mlabited by « normal kidney but can
function 1n the presence of an abnormal hidney  restorition of
normal eirenlation to the structurally intaet chipped kidney
therefore results i the mnbihion of $his oxtra renal pressor
mechamism and the blood pressurc 1s restored to normal
Tins 15, of course the long debated problem 1s to whether
renal hypertension in the chrome phase 15 mauntamed by &
renal pressor substance or by some ¢xtra yenaf meehism
The following expemments were performed to study the
question

A senies of rats were rendercd hypertensive by clipping one
Lidney and removing the other when hypertension had
persisted for between two to tnelie wechs the remaming
hidney was removed  After total neplirectamy the rits were
mamtuned on a protesn free and eclectrolyte free dict and
were gnen -6 mi of 70 per cent glucose m water darly by
stomach tube The mean blood pressure of the series 15 shown
m Iz 8 (curve L) 1t e be seen that apart from  short
post operitive fall, the blood pressuie remamed {evels
siular to those durng the pre opertine periad  The
immediate post operative fill 1 the mean curse oceurs
hecause some rats appear very su cephible to post operitive
shoch  In many ammils the blood prossure does not £l at
all but nises steadily to lvels considerably bigher than before

aperation, 1 have scen the blood pressure mauntam @ stody
Flus

nse for as long as eight davs after tot i nephrectomy
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days later 1t was well above porreal m ol hut‘one“z:nm;:\“le
Yhen the three eurves in thus chact are taken together
cannot escape the conclusion that o normal hidney has the
funchion of mawntsmng notmal blood pressure and dﬁ\:\;
hypertension develops when the normal kidney 15 render
abnormal or 1s Termoted

1 conclede that en extrareonl pressor mechamsm 1s
aperating ta the chrome phase (after two weehs) of expen
mental rensl hypertension in the rat_and that this mechamsm
cantines ta operate after total nephrectomy but s mhibted
when normal circulation ts restored to a structurally intact
idney The same mechanism comes into operation and
rarses the blood pressure after total nephrectomy in pre
viously normal animals

1 will now yeturn to the problem of hypertension i & rat
with one chpped and one normal hidney If the above
reasoning 1S correct 1t mght be argued that these rats should
neter become hyp: since the untouched hdney 1s
imtially notmal and should prevent the development of hyper
tension  The fact that such animals do dev elop hypertension
almost as rapdly as those with a single chipped Jadney ean be
explamed 1n two ways ether the mechanism 1s different and
@ direet yenal pressor substance 15 secreted m these ammals
ot else the chipped ladney is sble to mterfere with the function
of the apparently normal untouched kidney and render the
latter imcapable of preventing the operation of the extra rent
pressor mechamsm ‘The operation of & direct vepal pressor
factor m rats with two hidneys can he excluded by the next
experiment (Fi, 4) 1n nluch both hudneys were remosed
simultaneously 1n hypertensive rats (duration two to seven
weeks) with one chpped and one untouched hidney the

blood pressure remained steady or rose stl further 1 most
animals

n the next experiment (F1g ) I have contrasted simul
taneous removal of both Judneys with removal of the chpped
tidney alone 1n rats with hypertension of short (two to four
weebs) duration  There 15 a marked contrast between the
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that a pressor substance, of which the hidney 15 the sole
source, ean persst 1n the blood stream and can cause persistent
or inereasing hypertension for as long as eight davs after total
nephrectomy It 1s much more hikely that an extra rensl
pressor mechanism 15 1 operation before nephrectomy and
confinues unopposed after aperation  When, on the other
hand, normal ctreulation is restored to a structurally mtact
kidnev, this extra renal pressor mechantsm is inlubited and
the blood pressure falls in a few hours T conclude, therefore,
that an extra renal pressor mechamsm operates in the chrome
stage of renal hypertension and that a direct yenal pressor
substance plays httle or no part 1 mammtmmng the blood
pressure at this stage

Ledmgham (1851} and I (T lover, 1951) have alrendy shown
that this extra renal pressor mechanism 1s closely linked
with the adrenals and with salt metabohsm, but I wall not
discuss this question further at prescnt

This concept of nn extra renal pressor mechamsm nhich 15
miubited by an intact Jadney with normal arculition 15
supported by the experiments m which it h1s been shown that
Bypertension develops following total nephreetomy  Groll
men and Rule (1943) showed that the nephrectomized
member of a pair of parabiotic rats develops hypertension
but that the intact member does not  This has recently been
confirmed by Ledmgham (1951) Grollman Muwrhead and
Vanatta (1948} have demonstrated that severe hypertension
develops i dogs mamtamed by peritonen] dialysis following
total nephrectomy, and Braun Menendes and Cos1in (1948)
have made similar observations i rats I have shown that
fiypertension  following total nephrectomy 1s affected by
adrenalectomy and by sanations m salt mtake m the same
manner as hypertension mduced by chpping the renal artery
(Floyer, 1951) 1 have mcluded in Tig 3 (curve B) the mean
blood pressure of a series of normal rats mamtained by
peritoneal dialysis after tot il nephrectomny  No rat wn tns
sertes developed hypertension until three days after nephrec
tomy, but after this the blood pressure rose steeply and two
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persistent hy pertension following total nephrectomy h‘!\d the
wudden €l to normal when the chipped lidney nlone s
removed &t post mortem the untouched Liudne)s were
found to contain few if any, vascular Jesions we 8gwn see
that the blood pressure remaws above normal after total
nephrectomy but falls suddenly to normal levels m the
presence of an ntact kidney Vre must now ask why this
1ntact untouched ladney docs not prevent the mmtnl rise in
blood pressure the sumplest answer 15 that the chpped fadney
Lrings about some temporary change i the untouched
fudney which renders 1t functionally sbnormal aad unnble to
prevent the aperation of the extra renal pressor mechamsm
The mo t obvious explmation is that thus 1s brought about by
the sceretion of a substance from the chipped Ladney wlueh
causes ‘asoconstnetion tn the untouched hidney without
necessanly having a duwrect pressor effect on the atumad this
sasosposm 35 released after remonsl of the chpped hudney
There 15 shght evidence for the exsience of such a substance,
sce Gordon and Flasher (1901) have demonstrated that
Venous blood from o rablut ladney subjected to total schema
for half an hour will cause blanching in the opposite kidney
without rawsin,, the blood pressure

When we compan. the effect of jotal nephrectorny and of
remoral of the chipped hadney alone 1n rats with hypertension
of longer duritton {five to seven weehs) we agam see that
iy pertension persists after total nephrectomy (Fig 6) After
removal of the chpped hidnes alone however the blood
pressure frequently remains above normal though at a lower
fevel than before 1€ the same expenment 18 repeated in rats
with hypertension of still longer duration the blood Pressure
after removal of the elipped kidney alone remamns higher still
It can be seen that o permarent change grdually occurs 1n
the untouched Wdney which renders \tvmcapable of restor
the Wood prossure to narmal after remayal of the iy ':g
hidney Tt appears that the greater the duration and afé)rec
:i“l:.l\‘;:n‘:lm;‘:t\\c hyvpertension the hi_her the blood Pressure

::mtr removal of the chpped hdney  Singe g5

1
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of normal airculation to a normal hidney  Ths suggests that,
1n a rat with one kadney  partial acclusion of the renal artery
has an effeet no different from removal of that hadney
both nstances the exira renal mechansm 1> sllowed to
operate and raises the blood pressure 1t w» still possible
howeser that a direct renal pressor subistance 1s Tesponsible
for the imtial nise of Llood pressure and that the extra renal
mechamsm comes mto operation a short time later This
possibihity 15 supported by the observattons of Pichenag
(1945) that w rabhits total nephrectomy restores the blood
pressure to normial in acute In pertension (one week) but not
1 the chrome phase {eight weehs)  1have tred to repeat this
expenment on rats the blood pressure ncarly alwavs remuns
rawsed after total nephrectomy m srumals with hy pertension
of two or more weehs duration but m acute hyper
tension the eflects are more vanable  ¥1 the Jadney 15 chpped
and tatal aephwectomy 1s performed when hypertension has
prrsisted for two or three diys the blood pressure in some
amimals continues to rise but in others 1t is restored to normal
sometimes total nephrectomy restores normal blood pressure
when hypertension has been present for as long as ten davs
1t 15 true that rats with acute hypertension appear more
susceptible to shoch but 1 would not like to explun these
sanable results by tlus alone It 1s possible however that
further improvements 1 techmique will Lring more exact
results

Ihave attempted to anvwer this problem in a different w ay
1 have tned to compare the rate of nse of blood Pressure
after clippmg the Jodney with the rate after total nephree
tomy  Following total nephrectomy the blood pressure does
not nse untl the fourth or Gifth day if the effect of chipping
the hidney 1s the same as that of tota] nephrectomy the rate

of rise after chpping would be expected to |
Tate after total nep;rcctomv Tip s 19 the

ie rate after clipping myal
be slomer 1f the clip 15 applied toa loosely to cr;rla’n:cn::;;z':t
pletely the function of the Sadrey but at would only be mote
rapidaf after chpping o Qilferent Techamsm is operating
4
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previously shown by Wilson and Bvrom (38%0), this change
m the funchion of the untouched khidney oceurs part passu
with the development of vascular damage, 3t 1s lomenl to
suggest that following temporary 3 asoconstriction eaused by
and depcndont on the presence of the clhipped kidney, per
sistent 1sehemia duc to vascular damage gradually develops
end permanently changes the function of the untouched
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Fia & Companson of removal of the chpped kiduey alone
{®) and removal of both kidncys (O) i raty with fne fo seven
weeks by pertension

Jadney  Direct proof of thiy hypothesis can only be made
by earcful stucies of yenal function, but escn at present 1t 15
difficult to snterpret the expermental findings w a different
manner

T will now discuss the mechamsm winch operates in the
mtteal stages of hypertension (less than two weeks) ¥ bnve
shown that the mechamsm m chromie by pertension (o! more
than two wechs' duration) depends upon the operatton of an
extra renal pressor mechamsm and 1s inbubited by restoration
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these rats are indieated by large oreles andt the mean hlood
pressure of the senes by an nterrupted bine It e be seen
that the mean blood pressure of this series 1s somewlint Ingher
than that of the nephrectonuzed rats for the first three dnys
after operation but that the curves follow nvery simular path
duning the fourth and ffth days  This suggests that a renal
pressor substanee may be secreted for the first three das
after clipping the renal artery especially 1 those rats n
which almost total mfarction of the Mdney hias heen produced
On the other hand of the 16 sats with ehpped hidnevs wiuch
survived and which developed hypertension only in the 1<
which the blood pressure rose most rapidly was the rate of rise
during the fourth and fifth @1y s equal to but not greater than
the yate of mise in the rats subjected to total nept y
This suggests thit while a direct renal pressor substance ma
raise the blood pressure for the first three days nlter three
day the blood pressure depends on the extra renal mechamsm
alone

1 conclude that the phase dunng which hypertension i
the rats ss due to 2 renal pressor substance 1s of short duration
possibly for only three days after cipping the renal artery
and certawnly for no longer than two weeks  Inrats wm which
the blood pressure mses slowly tlus  tenal phase may not
oceur hut n ammals in which there has been marked renal
damage the renal agent is responsible for a rapid nise 1n blood
pressure  After ths short pesiod hypertension 1s muntamed

by the extra renal pressor mechanism similar to that which
comes into 12 tota) nept
T

Y

In e mt nSumma(;-yI and Conclusions

re Tat the rused blood pressure wineh oe
partil aectusion of the renal nrt‘:ry 1s due to the ;cl::;nntrv}c;
renal pressor substance only for a chort period  This period
Insts posaibly for three days only and 15 certamly no {‘cn er
thantwo weehs  1n some animals 1 which the blood rcs:
rises more slawly thes sens phase may not oceur presre
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Ten rats were subjected to total nephrectomy and were
mruntuned by perstonea} diahvsis, the blood pressure readings,
taken twice datly, are shown by the dots lig 7 and the
mean blood pressure of these rats 1s shown by the contivous
line  In furthcr 25 rats, m which one idney had previously
been remos cd, the remuning hidney was chipped and the rats
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I16 7 Compatson of rate of development of hypertension

after total nephrectomy (@) nnd after chpping the renal artery

(O =rats surs rving more than flve days alter clippig ©=tuts

dying withan three days) =mean blood prevsure of 10

rats after total nephrectomy ean hiood pressure of st

sata which lved longer than five days wfter ¢hy ping the renal
artery

were dialysed 3n the same manner as those subjected to total
nephrectomy  Ten of these rats did not develop liy pestension
witlm five days and arc not shown on the dingram  Nne
rits developed hypertension rapidly but died watlun three
days ang at post mortem it was found that the hidney had
been imost completely infnseted these rats are tncheated
by small ewcles  The remmnng six rts developed by perten
oot within five days and remaneg well for at least ten days
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{hese ats are ndieated b large orcles and the mean blood
pressure of the semes by an \nterrupted fime It can be seen
that the mean blood pressure of thns series 15 somewhat igher
than that of the nephrectomized rats for the first three days
after operation but that the curves follow a verv sumiar path
duning the fourth and fifth days  Tins suggests that o rensl
pressor substance may be secreted for the first three dus
after chpping the renal artery espeaially n those rats
which almost total wfarction of the hidney lias been produced
On the ather hand of the 16 rats with chipped hidnevs winch
survived and which developed hypettension only n the sivm
whieh the blood pressure rose most rapidly was the rte of nse
duning the fourth and fifth days equal to but not grester than
the rate of mse 1 the rats subjected to total ney

Ths suggests that wiile a direct rensl pressor substance m
rane the blood pressure for the first three doys after three

days the blood pressure depends on the exte renal mechanism
alone

I conclude that the phase duning winch hyperiension in
the rats s due to a renal pressor substance 1s of short durtion
possibly for only three days ofter clipping the renal artery
and certamnly for no longer than two weehs  In rats in shch
the blood pressure nises slowly thus  renal phase may not
occur but 1 ammals in winch there has been marked renal
damage the renal seent 15 responsible for n Tapid ise 1n blood
pressure  After thus short period hypertension 1s maimtamed
by the extra renal pressor mechamsm umilar to that wiuch
comes into operation follawing total neplirectomy

I . “Summary and Conclusions

he rat the rised blood pressure whieh
parhal occlusion of the renal art‘;y 15 due \nut;lﬁ(:::nﬂ:fcr:
ll-enai pressor substance only for a short penod  Tlas pertod
:;]sts possibly for three days only and s certmnly no longer
thantuoweeks  In some animals 1n w Hick the blood yressur,
nises more siowly Vs * renal phase may not occur ‘
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In the chrome stage {after two weeks), the rawed blood
pressure 18 muntaned by an estra renald prossor meekanism
(This meehamsm 15 probably closely linked wath the adremd
corten and with salt metabolism or disinbution)  Tlus
extra renal mechanism comes mnto operation when the Lidneys
nre removed or are rendcred abnormal and s inhiinted when
narmal erculation 1s restored to a structurily intact hidney
no matter how long hypertension has perasted

Hypertension can ocaur 1 the rat when one renal artery
15 ehipped although the other kidney 1s mitially structurally
intact  The explination is that the chipped hadney 1s able to
affect the function of the untouched hidney {possibly by the
scerefion of o substance cwusing sasoconstnction i thi
kidney) and to render the untouched hidney weapable of
whibiting the extra renal pressor mechansm  This change
m the function of the untouched ladney 15 at first reversible,
and removal of the clipped hidney after a short penod of
hypertension {up to about four weehs) rustores the bivod
pressure to normal

When hypertension has persisted for more than about
four weehs a permanent change oceurs s the untouched
ladnev wiich renders it meapable of restonng the blood
pressure to normal after remosal of the clipped hudney the
longer the duration and the greater the degree of hy pertension
the less the fall m blood pressure after removal of the chipped
tadney  This pradual change m the function of the untoneched
11dnev occurs pary passw with and w possibhy due to the
devclopment of vaseular lesions evused by the hy pertension
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PISCUSSION

PicrermnG Dr Flover you have gren us o lot of food for thought
Did you contrast the effects of removing the only ischemic Lidney in
The first fortmght with the effects of s removal aflter a long time 1 the
rat or the rabbit? T ash thus because T confess to a shoht prejudice in
favour of thunking that something does come out of the ladney when
you constrict the renal artery It seems to me one can t get over the
fact that there 13 at least one pressor substance present in the Mdncy
n the rabbit  We found that if you had only one chipped hidney aond
you took 1t out at the end of a week the blood pressure eame down to
formal within four honrs s about e1, ht out of mne ammals if ¥ re
member nghtly T was veyy snwious to avord what s loosely termed

shoch and I extenorized the hadney so that it was o very shght
operation Just opening up the old 1neision under ether anvesthest and
putting a higature round the hudney and heoling 1t out Tt dudnt
disturb the ammal very much and the pres.ure did come down In
rabbits after two months removing the kidn v didn t brung the blond
pressure down But the funny thing about the chronieally hypertensne
nephrectomized ribiit 13 that 1t myes the most peculiar Tesponse to
reran a8 1 thunh Prof Gosaerts found in the dog  In the chromeally
fhivpertensive nephrectonuzed rabbut the response to renin 13 very large
and very long often lasting three to four hours

Ouae of the things that 15 bemnmin, to impress me 1 thus meeting 19
the very peculiar behaviour of the nephrectomuzed arumal whueh is
apparentls the only preparation that will respond to Helmer s sustained
pressor substance and behaves 1n a remarkable way as Grollman has
potnted out 1n developing gross hyperten 1on I wonder whether these
experyments on removing the kudney arent 10 some wav ntroducing
two things first perhaps removing whatever the disturbanee 15 I the
hidnev and secondly ducing an pl mthe b of th
animal wluch 1 confusing the picture °

LOYFE Yot mean that one might be replacin;
st At e T wtd ot ot et
ut any sl
T 0n 1 ko 1 3ot T S sn eSS ean ups the whale time

UM n your rabbit
FLOYER Yot get no fall at all
Wimtoriantiad mt“the bloudon the other hand it you remove the

pressure doesn t go up for at
:\‘::aﬁ:“m;nd yet Dr Helmer showed that in the dg; c?enO;(‘\‘ul;::xsl'f
o0 how r)lm g;:t a remarhable ehange 1n sensitivity to the sustamed
presser :bl mg . 1 \\,:“:lo ;;?:?m \tdune “(‘lmmmgm replaced another
Tessu: e down dramatically o5 §t o
removing the chip would remata narmuad for {wo to lhmeydq) s iﬁi&?ﬁ
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then go up sgam  Bug g doesnt 3t stays up the whole time—it eyen
toes on nsing It does sugrcst that the mechansm wiaeh myntgne
hypertension w the absence of the hidney s m fact operating, before
nephrectomy

Hrymans Dhd you try to donervate both lidnevs before clamping
the rennl nrtenes or denenate the normal ladney while clwnpmg the
artery of the other one? Alterations m blood supply to one hudney ma
perhaps mnduce reflon vasomator changes i the other hidney

TLoYFR T have tried denurenting both hadneys and ot doesn t moke
any difference at Al In et the same thung was done by Thwsher and
Drury, they were able to show that thas substance ¢ wsed blanclung of
the opposite kuiney even when 1t hiad been denersated

Huywaws It must be 2 humoral mechansm then?

TrovYER Presumably ves

Herres Itwould besery difficulttodoinarat butina dogone could
do clearance tests on the hidney and see whether vou get nny finer
sndicthons as compared with lustologent chnges

Frovrr Xam hopmg to do that but Y haven t vet been able to work
;)\t'xt a satisfictors method for doing renad clearances on indniduat

dney s

Pace What would you espect renal clearanees to show you?

Ioser I dont hnow

All these experuments were done on rats I the rat I think that
there 13 thns imtnd phase of purely renal Inpertension for three 1o
four davs whereas m the rabbit 18 15 presumably for & longer penod
Y admmt however that these expernments aren t really very conchisue
Sometimes a more rapid Tate of rise of blood pressute oceurs alter
chpping the renal artery than after nephrectomy which does suggest
that these 15 o transent phase of purely renal hypertension and that
then after nbout three dms the etra renal mechanism comes tto
operation

Preart What happens if vou apply <lips to hoth ldney < of a rat and
then rerove the clips? Wouldn't that help to decide partually about
tlus question of vaseular lesions?  Both hidneys would be protected
from the effects of the hyptrtension and you sould expuet that the
blood pressure would drop strught down as soon as you took off the
chips or even if you took off only one chip  Docs that actunily happea?

Frovrr If you have onc hidney chipped and the othet removed the
blood pressure comes dawn strught anay after removing the chp Yhne
never actually tried puthing on two chps and removing Both but T
stiould nnagme the stme theng soukd b ppen

Tres~t Martin Have 10i exammned the vascular lesions i the
Iners of the mats with elironic hvpertension?

Troyrr Yes youmay get vasculir testans m the hiner as many other
fissue but you never get much damage m this organ ¥ requently the
Tiver shows no fesions at 4ff

Grotwan I question the appropratencss of th
as you have been vsmgit 1Ry analogy one might
wlich develops followin, pancrentectomy 14

e term extra rentl
~ay that the dibetes
ustrn panereatic
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origm and that accordingls the pancreas was not respansible for the
deselopment of the diabetes which follows this operation
'tovEn 1 da not mean extrn rena 1o the senise that 1t has nothing

1o do with the Judney but rather that 1he mechanssm which elevates
the blood pressure operates from an organ oF ormins uta Je the hadney
If you remose the hdm? the bloed pressure goes up

Grorraray It may shil be renal 1n onmn 1 the same sense that the
dabetes which follows pancreatectomy v pancreatie n engin

Frovern The hypertension cant be dve 1o a pressor substance
secreted by the Jadney It may be due to a pressor substance seercted
from somewhere else or 1t may be due to gbsence of & substance which
saintais pormal pressure T'den t know wlich  One could say that
rather than doing something actively te rare the blood pressure the
Tudne) 13 fahng to muntamn normat Blood pressure

Bracy Mexesnez Perhaps we could alio explam these results by
supposing that the ewtra rens! change caused by clipping the renal
artery 13 the same as by removal of the hidney That would exphin
he persistent hypertension afier removal of the kedney

Trovre Ses thats what ¥ ymplied



THE EFFECT OF PARTIAL RENAL
CORTICECTOMY ON THE BLOOD PRESSURE OF
NORMAL AND HYPLRTENSIVE ANIMALS*

JENS BING and PALIF SONDER

As 1t has been shown that the hidnevs are mvohed m at
Icast some of the diffrent forms of cypenmental and chimend
hypertunsion, 1t 15 of interest to hnow the effect of partal
renal cortrecetomy on the blood pressure of normal and hyper
tensive anmnals That it 1s passible to heep dags, rablats and
rats alive after parhal eorticectomy has been shown sn some
previous studies (Bing, 1949) In these the renal artery was
elvmped and the outer corticil layer was peeled off s um
formly as possible with a fine hmfe bleeding after removal of
the clamp was cheched by paching the kdney i moist gela
tine sponge  According to the amomnt remoted 1t 18 possible
to varv the degree of partial corticeetomy  The perecniage
remamng of the total rennl tissue can then be assessed by
means of a stmple ty pe of oncography (Bing, 1953)

Aftcr the operation the histological prcture of the operated
Lidneys shows marhed changes  In the mmmediate post
operitive stges there 1s partial dogging of the tubules with
casts, followed by connectsyc tissue prohfiration with atrophie
and hypertrophic tubular changes  In accordance with this
picture, mierodissection reveals ntrophic aglomerul e tubules
and glomeruh with distended capsules which are thought to
be the result of disruption of the corresponding tubules
(Koefoed, 1949}  This shows us that the partial carticectom)
does not result simply m an extiepation of the outer zone of
the eortex but gnes nse to abnormaltics m the rest of the

Lidney

*Tlus work, was earried out wath support from hing, Christun N 9 Ekandani

MissI A Theandts Hequest
72
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Since 1t hias been shown that extensne partial or total
nephrectomy M3y produce hypertension 1t 15 of mterest to
note that the blood pressure semained normal m six bilater
Ally and six umilaterally potts \ly corticectomized rats and
qrlarly 1 eiht unilaterally corticectorized rats which
the other hidney was subsequently removed  The blood
pressure was also found to reman normal after partial cor
4 y 1 two unil dly nept d rabbuts

The effect of partiai corticectomy on the type of hyper
tension which results in Tabbits after removal of one hadney
and clamping the other renal artery was studsed by Sonder
(1953) using the same methods for producing hypertension
and measuning the blood pressure as 1n the well known studies
of Pichermg and s co wothers (1951) It was first shown
in three ammals that a sham operation does not decrease the
blood pressure of hypertensive anmmals  Partial corticectomy,
performed at the same time as the clamp was placed on the
renal artery produced no nse 1 bload pressure 1 two cases
(Fsig 1) and tius 15 believed to be due to the corticectomy
However the clamp may have been too wide  Incleven eases
of what cn be called the early stage of the hypertension the
partial corticectomy bemng performed between the ewhth
and the thirtv fourth day after the anset of hypertenston the
operation resulted in o sudden decrease of the blood pressute
te nortad salues (Fig 2)  The values remamed normnl
throughout the subsequent observation pertod whichin theee
ammals extended for more than six months In contrast
to this 1t was found that six out of seven ammals which
were partally corhicectormized ta what may be called the Iate
;(ngc of the disease from 51 to 125 days after the onset of
; % E:r;c)nsmn did not react with any change tn blood Pressure

The same difference between th
;\::a: h:\:‘ be:n called early and )cnteg ;:;tpz(n{e}:s;??c:;: (:2

st the for
of umlutern“) :I‘E:\il’tctyicn:llz;mn o "gbeut 10 per cent
five such cases 1, rebbits  Sonder has studied
n one which was operated m the late stage
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the high blood pressute remained unaltered, while four
operated npon m the euly stage reacted with  deerease m
blood pressure  Unhike the cffect of corticectomy m the
eatly stage of hypertension produced by clamping the renal
artery, wherc the blood pressurc remained normal after sts
decrease, the blood pressure fall was only temporary n rabbits

K72
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T30 1 Clamping the venal artery of one kidney whieh at the
same  operation wss partnflv corticectomized does  not
result m hypertension

RN nght nephrectomy
1 €1 clamp on left renal artery and partial corticectomy
H Neu and L Neu  section of thie buffer nerves

(I rom the thesis of Sender }

w1th hy pertension due to umlateral nephrectomy and n these
a fluctuating course ending n permanent hypertension was
found (Ig 4)

One 1bbit, with hypertension caused by o clump on the
artery of the only hidnrey, was operated upon during the
borderhne period betweett the early and the late stige of
hypertenston, on the forticth day after the onset of the
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nimal 1t was found that the blood
hwcsr\:::i;:ll; a::‘\ ::‘x“;:,ncd normal for about eighty days
‘IKSr which time st agawn Tose to the hypertensive Iy el (rl‘lllg
5) Ithsss confirmed it shows that the second stug: (;3 3 o:l
disease 15 not sumply due to a contimuation of the ngh
pressure eqused by the factor acting i the early stage
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Fig 2 Partul corticectomy 1n & Tabtat 1n tl ¢ early stage of
bypertension due to clamping the remal artery resulls 1n a
sudien f2)) 1n the Blood pressure to normal values

R\ nght nephrectomy
I C elamp on left renal avters
1.€o feft partial corlicectorny

(From the thesis of Sonder )

Another observation winch needs confirmation 1n furthes
studies 1s a finding 1 two rabluis each of which had one
hadney partially corticeetormzed und the renal artery of th
other ladnev elamped in hoth eases 1t was found that clamp
g the renal astery resulted w by pertension of onty short durg
tion. and that the blood pressure Tose to hypertensive vatue

v&u\n the portially corticectomized hudney was extirpate
LS

0) 1f these results can be reproduced they show th:
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the ability of the norm~l hadney to decrease the blood pressure
35 preserved also i the corticectomized hudney

After finding that the Inte stage of hypertension 1s umin
fluenced by partial corticectomy, Sonder studied the reaction
to a subeutaneous wjection of a dosc of the ganghion blocking
hexamethonum bropude, “Vegolysm”, usimg n dose, 20 mg
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I1c 8 Partial corticectomy in 4 rablut mn the Iate stage of
Tiypertension due o clunping the rena} artery s withoul any
effect on the blood pressure

R\ rnght neplirectomy
I € clamp on feft renaf artery
3 Co Ieft pirtial corticectomy
R Neu  seetion of the mgbt buffer nerve
{! rom the thesis of Sonder }

per kg, whch would not mfluence the bleod pressuse of
normal ammals  The results of all Ius tests on normotensive
rabbits and rabbits with hypertension after chmping the
renal artery can be seen i Lag 7 It can be scen that the
ceaction 15 the same mn the early hypertensive as an the
normal rabints, but ncreases m the Inter stage of hyper
tension  In rabbits With neurogentc hypertension eauscd by
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section of the buffer nerves the Vegolysm test gwve (:\e sa:\;
Blood pressure fall as was found n anlm"\\s \:\l\\ ‘\ \:;n“m
tin] corticectom;
me hypertension and simfarly par
'i:':l:;xd 0 {2 without effect on the neuro,cnic hy pertension '
Temosal of the clamps from the renal actencs of nmr:;z\ 5
with hypertension abohished the high blood pressure and in
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Tic 4 Tartial corticectomy 1 a rabhit with hypertension due
1o ynilateral nephrectomy results an only 8 jemporary decrease
1n blood pressure which after about a week becomes strangely
fuctuating ending 1n hypertensine values
R\ nght nephreetomy
l‘ Lo left partu) cotticectomy
N

{From the thesis of Sonder)

sgreement with the studies of Blachet and Sclfurs {1901) st
w15 found that the blood prissure drereases quickly 1n hyper

tenwion of short duration and more stowly 1n hypertension of
Yon,, duration {Fiz 8)  Although the blood pressure 1 the
late stage of by pertension is unmifluenced by partial corticec

tomy and reets to Vegolysin which speaks in favour of a
neurogenie mechanism these studies confirm that the Tadney
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the ability of the normal kidnes to decrense the blood pressure
15 preserved also mn the corticectormzed ldney

After finding that the Inte stage of hypertenston 15 ummn
fluenced by partial corticcetomy, Sonder studied the reaction
to a subeutnneous mjection of 4 dosc of the ganghon blocking
hexamethonum bromude, ¢ Vegolysi’, using a dose, 20 mg
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136 3 Partin] cortseretomy 1m a rabbit i the fate stage of
hypertension due to clampin,, the renal artery 18 without any
effect on the blood pressure

RN\ nght nephrectomy
1 clwop on left renal artery
I Co left partial corticectomy
R “eu section of the nght buffer nerve
{1 rom the thesis of Sonder }

per kg, which would not influcnee the blood pressure of
normal ammals  The results of all lns tests on normatensive
rabbits and rabbits with hypertenston after clampmng the
renal artery can be seen m Iig 7 It can be seen that the
reaction s the same i the early hypeartunsive as i the
normal rablits but mercases m the later stage of hyper
tension  In rabbits with neurogenie hypertension caused by
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blood pressure 1n Abe
thal corticectomy normahzes

2;:\)“ ahul not m the late stage of that form of hypertension
10 rabbits which 15 duc to clamping the renal arters
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Fic 6 Yartal corticectomy of the right kidney and clamping

of the left renal srtery Is followed by & hyperiension of st ort

duratwon,  Right nephrectomy tesolts 1 wnereased blood §res
e showing that the part ally cotticectomuzed kidney 13 able

to counteract the hyperteanon.

HEo +LL n M coruvectomy and damp ob Yeft renal antery
RN right nepl rectomy

R.Neu section of the niht buffer nerve

L\ea gectyon of the felt butter nerve

(Erom the 1 ests of Sander )

This sign of 2 change of mechanism 1 the course of renal
i pertension 1s 1n eonformity with the earher studies of Ogden
Collmgs and Sapusten (1946) Taquim {1920) Prchering
(1201} and Covaerts and Verniory {1922) It 1s evident that

wrvearei

Y
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also plays a role i this stage of the disease, and show thit in
this respect there is no difference between a clamped but
otherwise untouched hadney and o clamped partilly corhie
ectomized hadney

Conclusions
It ean be concluded that partind corticectomy performed
on normal rats and rabbits docs not result i hy pertension,
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11 » Partnl corticectomy prrformed at the horderfine
Letween the carly and late stages of hypertunsion re ults sua
decrease 1 blood pres ure which remams normal for atout
eighty dms alter which time at nses to hyperiensive values
Removal of the clamp s followed by a decrense 1n biood pressure

L. C clamp on Jeft renn) artery
L Co left partial corticeetomy
C rem  clamp removed
{Erom the thesss of Sonder)

<hiowing that the factor which eauses the hypertension after
total nephrcetomy found by Croliman (1951} Braun
\fcnendez and von Euler (1917) and other authors 1 nat
caused by the absence of the outer part of the corten
Secondly, it has been shown that clhmping a partialy cor
ticectormzed hadncy will not result m hypertension, and that
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o
counteract the mse 10 blood pressure caused by clampimg th
01
other renal artery
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Fig & Hemosal of the clamp results m & decrrase in | lood
Frossre wncht ocours more ckly i the carly than 1 the
Tate stage of hypertension.

(From the thens of Sonder )
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e early stage ennot be due to n deficiency such as that
el oceurs m totally nephrectomized anmmals, s partnl
riscectomy mormahizes the blood pressure  As the blood
essure rem-ains norm<al m these rabhits, it would seem that
e mechanism of the hypertension in the late stage s due
o different mechamssm from that causing by pertension n

totally nephrectomized animals
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nephrectomy corticcctomy will deerease blood pressure for
only a short period m the early stage of the disease

U VLUV S WU
grv“;nwue 0 36 30 40 56 S0 70 80 90 400 g 20 3G WG 10
Bays i Bypertension (clamp)

+—= Ylood pressure before Vegolysin test

x = lowest blood pressure w1 ‘agolysin test
T1o 7 The blood pressure decrea ¢ after vegolysim imyretionts
equsl ik roratsl rablnts and m rabbits m the cicly stage of
Dypertension due to clamping the renal artery but much

grevtee m the lare sta e of the disease

{1 rom the thests of Sander }

In the form of hypertension occurnng after umiliteral

without any cffect on the blood pressure i the later stage of
tius form of renal hypertension or m the neurogente hyper
tension due to scetion of the buffer norves

1ally, 1t has been found m two eases that the partinlly

corticeetonnized hidney  hhe the normsl hideey, w» able to

It s
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blocking agent in the chrome phase do vou regard them as indicative
of & preponderance of the nervous regulation i the maintenance of
hypertension?

BinG Sonder found s dilferent reaction in the acute and n the
clyonic phase  Ths could be mterpreted as some neurogenue factor
scting but I wouldn t Iike to sav more than that “Moreover if the
clamg is remaved the blood pressure will go down again even in that
stage of the disease

Beix One can also argue that dunng the pnmary phase the action
of the ganglion bloching agent 1s counteracted and afterwards there )s
Just the norma) action of the ganghonte blocker ¥t 133 known that
normally the lugher the blood pressure the more the ganghon bioeking
agents lower 1t but if you elevate the blood pressure with a pressor
amtne the ganglion blocking asent will not act

Bing Idon t believe that could be the case becanse we have the same
‘Teackion an noTinal Yabhts as i rabibits whuch are an Yhe acute phase of
hypertension, Vould that not speak sgamst 1t?

BEIN I'm not sure -

BinG Then you must believe that there is a factor i the blood of
normal aumals acting agamst the ganghonie Blocker
elf‘:’t::l No because 1 the normal mbbit the blood pressure 13 not

Brve That mught be the reason
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DISCUSSION

Piexrring ¥ave you controlled these obsorations by simply
strpping off the capsules?

BiNng Yes

Prencisne What happens £0 the rentn content of the hidneys that
have Imd thar cortex removed?

Bine Tdont hnow 1 tried to make such studies but T bad no luek
1 attempted ot first to remave exnctly the sme amount from the right
and the feft Lidney of normal animals but I did not get ths result and
oouldnt contmue ¥ had different smounts of remn from each of the
wo kudneys of the same rabiat  OFf course 1t should be possible to mahe
such studies W e have been wterested tnat especinlly beeuse Taqurnt
conaders from Jus studies that the remn content 13 m the fow outer
rullimetres of the kadney  Flus scems very queer beewuse morpho-
Tegically there i1s no diffe between that part and the other part
anly that there arc fewer glomeruh  We rght ask De Braun Menendez
about this problem

Bravn Mrns wniz 1 have hitle confidence 1n the method of deser
rmnation of renm that I asciolo and Taquins used They neubated the
renal substance with hypertensinogen and thes fested the hypestensin
formed sn the Lanen Trendelenburg preparation of the towd a prepart
twon which I don t ke at ol So T m really not sure about the quantt
titise sspects of tlus method  Nevertheless they arc careful worhers
and have made proper contrals and they are quite defirute about the
pownt that mosl if not ol of the renin found m normal hidney s ss located
11 the outer hyyer of the renal cortex T tried to repeat these experiments
mn the rat but I wasn ¢ satsfied with the method

Prewr rave Then your renin ought to have gone completely Dr Bug
That should be an easier thing to show quite wpert from an accurate
assry

Binveg Yes T must do that

l11ovir Dr Crollmw and other people have found that total
nephrectomy causes hypertension but there ts always o fag of several
days m the rat and rather longer m the dog and rabbst before the
blood pressure goes up  IT you remove one hadaey and corticectomize
the other y our dogs will presumably become ur unue like nephrectornized
ammils 1ave you hept them alive Jong enough to be able to abserve
w hether or not hypertension develops?

BinG I have done thitinrats Vie had them quite urtmie and they
had no Jugh blood pressure

1iovan Dhd you have any totally nephrectommzed controls and did
they develop hypertenston?

3w T had no controls which were totally nephrectomized  Lhe

ammals were 1n such a poor state that T wouldn t place much trust i
the blood pressure determinations

Trossr Tt would be mteresting to heep them alne with peritonesl
dialy 51 and see if there 155 blood pressure rise after pictind cortieectomy

Briv Pr Bing with regard to your expeniments witls the ganghon
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cells carried among them  If then there s something “f‘“
eellular barmer round some or mAany gan on cell - thus wou 4
mean that thesc particular cells nught well prove relatis cly
Inccessible to an mjected quaternary sait {because of the
impermeatnlity of cells 1o such compounds) The practict
consequence of course 1s “mpl) that one cannot assume if
one has bloched one ginglon that other panglia will be
bloched to the same degree

One must be careful that the Hloching agent wsed 15 speaifie
Any drug suffinently Lihe acetslcholine to compete withit at
the ganghon synapse 1s lhiable to have actions related ta
acetylcholine 1t other places  Thus onc sees with d tubo
curarine achion at the neuromuscular synapse a feeble atropine
and antt cholinesterase action g5 well as the ability to rddense
fustamme (which 15 possessed by a good many bases}  Nico
tine 1s somewhat better but possesses sizmficant stimulant
25 well as blocking actions and 1s attiv e at the neutomusening
unetion

T etramethylammomium 15 better still but has a number of
curnous netions a curare like effect the ebesting, of paresthe
sie and the stmulation of noradrenatine seerction  eza
methontum v a good deal better 1f one defined 4 speesfie drug
as one 1 which the principal action was exerted 1n a-dase
100 times smaller than any other action it would pass the
test  Fhis 1s one of the most important facts about hexa
methomum nnd 1t seems to bie more or levs true of the other
compounds related to 1t In one special respect almost all
l?csc ampotinds are specific m that they penctrate only very
z ::ll:r mltodﬂ\e central nervous system  this means that one

Tt rfx(u 3‘ l:lc;un‘:centn\ actions in interpreting thew effcets

e remembered that gan_fion blnek will

paralyse the clferent wde of the buffer nerse systern It s
this that accounts for the patentiabion of the actions of

adrenaline and noradrenaline or exen of acetylehohne on the
blood pressure and it s ob 1oust

v liable to modufy t
o mie drage \ the response

An tmportant pownt s that the effcet of hexamethomum



THL UST OF GANGLION BLOCKING AGENTS I
RELATION 10 NLUROGELNIC FACTORS IN
HYPER I'ENSION

W D M pPAION

Oxr of the major dangers m the study of hypertensior
seems to be the ease of mahing musleading nductions, 1
believing things to be causally assoeinted wlieh wre not 5o i
fact Xt recalls the storv of the httle boy hving by the scaside
on the border Letween Ulster and Erre who used to plhiy with
a small gl on the other side of the border  They were only
children and 1t was a lonely naighbourhood  One hot dy
daringly they deeded to bathe without batlung suits As
the hittle girl undressed an expression of amazement crossed
the httle boy s face  Gosh! he sud I didn ¢ hnow thut
Catholics and Protestants wcre so different ”  Confronted
with such complevitics, T would hie to avoid the wider aspects
of hypertension ind sumply to exymne m some detul a
miuich natrower pont how to obtan from the use of ganghon
bloching drugs information about the neurogeme factors m
hypertension

Tarst, there are somc speeial features of ganghome block
which have to be mentioned € anglin differ i therr senst
tivity  Ineats for mstance the yanghiy supplying the mett
tating membrane we more ressstant thn those supply g the
salinary glind  In man aftcr a dose of hexamethonum one
subject will famt on standing without there having been any
effect on his eyes while wnother has Jus accommodation
paralysed without anv fall m blood pressure on standmg
There 15 no established explanation for thes  But if mucro
scopicnl sections of ginghia arc exummed they abviowsly
do not conform to the usunf wmple diagram they consist
mstead of o very complex basket work of dundrites sur
rounding the ganghion cefl with mamy small supporting ghal
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eme component  Obviously any tests must be done on @
Su \ne patient so that one studies the hypertensue process
(ather than the postural seflexer) _ Since hecamethonnun
has only a shght or no effect n normal subjects Lyn,, ™
one could then attubute the k;ll seen 1n hypertensives
1 of abnormal nutonomc tone
e ele ,[,1) one would fike ]u, mahe this quantitatre  Fhree
{ test supgest themselves —

° I": ?1'0 edﬂzm;’mo the threshold dose . wlich one would
assess the nten ity of the autonomic dnve by finding out
how far 1t had sensttied the gangha  Thisis sttractine hecause
1t 15 very safe and would not be complic ited by reachions to a
g fall in pressure but it would be liable to wdi wlual vana
fions 1 sensitivity

(6) To determune the maximal fall 1n blood pressure obtaw
able by ganghonic bloek Increasing the dose of blocking
agent until no further effect was obtained  This 1s attractine
theoretically because with a big dose allowed to net for
sufficient time 1t 15 unlikely that any sigmficantly achive
gangha would be spared  Varritons n sensitivgty betneen
subjects Tught thus be rmmmized but of course the matt o
would have its dangers particularly i elderly people

(¢} The slope of the dose response ine  Profcssor Prehering
has sugested on the baus of the dose response curves
obtauwed by Morrison and mysell {183} that the different
slopes ms it correspond to different degrees of ncurogente
achty  In these particular expeniments this may well not
he the case since they were based on standing systolic blood
pressures and probably measured $he capraity of the venous
bed the muscle tune and the vigour of postural reflexes as
much as anything else  But with a supine subject 1t 15 hikely
that the ingger the mavmal faW etz nabke the steeper would
be the inc relating to the fall @ blood pressure produced t
dose of hexamethonium grten  Combined with s weasure
ment of threshold dose ths = ght provide o most usefy
woeasute of wutonomic tone m hypertension

One 15 uncertain how these sunfue tests compare with
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depends particularlv on two factors the rate of exaitation
of the ganghon, and the duration of excitation  Distly, the
bloch 15 much greater the fastcr the rate of stmulbon
Sccondly, if you eompare the mtinl peak postganshome
response with the response ot the end of o munute’s exata
tion, whereas with the normal ganglion the cxatation e
must (xeced 25 shocks a sccond before fatiguc starts, i the
parbally blocked ganghon the fatigue begins much earher,
and fatygue s actually detcetible, after a large dose of
hesamethonium, cven at o rate as slow as half a shoek per
second  This means that 3f you determune the rate of exata
tion at wluch the maximal postganghome response i be
obtamned, a rather starthng “law of dimnishing returns
comes wnto operation, whereas the normal ganghon ean yicld
an nereasing postganghome discharge with mereases of
stimulation rate up to 25 per second, the deeply blocked
ganghon merely becomes weaher 1f the mate of discharge s
aceelerated bevond half a shock a second

These results have two imphientions first that the more
active o ganglion 15, the more sensitn ¢ 1t wall heeome  This
may cxplam the con<xlerable response one sometimes sees
with very small doses of ganglion blocking agents w o by per
tenave patient, sccond the only reactions to 4 substantil
block which are hikely to be able to show thumselvcs arc erther
non gangliome ones, or ¢lse the activation of nuw ganghonie
pathways at a slow rate wlich might produce only a tr insient
cffect  Trom thus 2t seems probable that the tolerance
developed to hexamethonum s largely humoral  If the
supenor cersical ganghon which 1 quite a revstant aanghon
can be paralysed more or less completely to even so slow @
rate as half 1 shock a sccond it s unlihely that amv ganghon
i the body will fag} to he pualysed by the large doses uf
hexamethonum used 1 the tolerint patient

Tests for the Neurogenic Comp ¢t in Hyper
Having armed onesell with a speafic ganghon bloching
agent, the question anses of hiow to use it to assess the neuro
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£ infusion {8 the best way
best method bt 1t gt wefl e that & bel OB
to seach :\“pmmb:nl\::; l‘;m‘:\“\:: ;el n £all m Ahe supine pressuee
e ghean
AT S T hen e sop and e that e (0 begon
with e repeat the test 1n the semm mllmn;i pom‘ mn‘ n“
rune how much & !ak:shln pmj::ﬂp;swmml l‘;)?!‘x;l,:loup ns some of
Patox 1 mggtstshd mfntsmumgemc element {whethet 3t stems from
g‘f i“g.f:' “vsrl\[gma\\) or pot) aad ® bumorad element {wherever that
sz:ms\ )‘mr}r’ll the progmass of the patient may depend on !lmt\lm::l
division A worthwhile approach therefore would be 10 Yrv and ass : S
such patients i these teers and see what happens Iater  There may be
In fact an unrrcoghrzed varety of types of hyperiension
PaGE There 15 certamly a vaniety of response Yo hexamethompm,
And there iz a sroail number of patients 1 whom the neurogenic element
13 a very pateat gne  Not more than 20 per cent shaw that greathy
herghtened effect whoch mames those sern in dogs with expenymental
n¢ hvpertension
n“ll’r:g: c![o\w—pedm the fate of the 20 per cent compare with that of
@ Termasing 80 per cent
“\P:tm- So f§x as E:qbod) can gee 1t doesn t srem to be very dilferent
Gf course I m talking about seyere hypertensian—in other words severe
enough to treat the patient with so dangerous a drug
McMienaeL. There are difficulties arent t there 1n using supme blood
ssure® 43 Paton has shown the yesponse 1o methonfum yvanes with
the mtensity of simulation of the ganghon  Qften you get very hittle
effect at all on the blpod pressure in the supine posttion but a tremen
dous drop tn pressure when the patient stands up 1t Joohs as though
ordinary tome smpulses may not be blocked but when reflex volleys
try to pass through the gan ha which probably oceurs when the patient
stands up these are bloched and the pressure falls parallel with the
postural drop in cardiac output  That may be too crude an explanation
Rossxwmw Tsnt the term  peurogemic tone  rather too stmple?
Ifyou imagine a sertes of ympulses coming down a v asoconstrictor nerve
they are gung to hut an arterole which may be in varying states of
humoral tone  The same neurogenme stimulis ™2y bave o tar weeater

effect on an arteniole already constricted by humoral sgents than on
one w whieh there 1s hittle humoral effect

FATon Yes Im anare that it s crude cettny
})ussuon from what hag been said 50 far that the;
or neuwrogenic tone 1 human hypertersion at sl Yet In fact every
body talhs about 1t What I am trying to suggest 13 that 1t is better ta
use even 0 erude measure than no measure at all For wnstance if most
hypertensives supine dont get a fall witk

nlv  But T pet the tm
¢ 13 10 decinive v Yence

refiex 13 o vigorous ane i the hypertensite as well as 1 th
Rosenment Twould bave sard that most hypirtensie pn‘(:lr:l:“ \ﬂmn
supine did get a fall wth hexarnethonws
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tests using tetracthylimmonium or serotomn that Dr Page
h1s mentioned  But I am confident that the factors men
tioned nbove arc mmportant and that a test of the kind
outhned could be usefal  In any case it seems 4 wached waste
now that we have a fine population of rescraibly sympathee
tomzed paticats, not to use them to try to put some preeisian
mto the much abused term ‘nenrogenie ’

REFERENCE
Morrisov, B and Pyrov, W D M (1953)  Brit med J 1 1299

DISCUSSION
Prcrinmee Dr Paton the difference between your evpenments
on the mictitating )i aml the exy which you propose

1 man s that m the formier you Wave 6 farly simple preparation
you record the arterial pressure sn man as an sndex of the state of
sasomotor tope you have the compheations of things hke eardine
output havent you?

Paroy 1 would s9y that that 1s on unanswerible eritictsm At the
same fime T hiase beess struch that althaugh ganglion black is rather a
crude too! got st stll g5 a tonl for asscsung neurogenie elementy
Sedation was the sxme pnd sumple bed rest 1 tlunk gonglon block
has advantages 0 that stas quich  and yon dan t get aif the chnges
due to rest 1n bed and so forth and you avoud some of the danger of
using o non speaific drug like amytal It would be interesting to 1r3
such tests systematieally for o while  There nught be a better test for
csreulatory tone than gmple blood pressure measurement peshaps
hand blood flow of temperatiire in a shilfully chosen region of the shin

Paor I dont understand the suggestion  Are vou suppesting usmg
your test as 4 measure of neurogete tone? It hs been widely used
haso t st?

Paror T m nat aware that 1t has systematiendly A lot of people
have measured the 31l of blood pressure in response to a test dose o
hesamethomum s13 56 me  but that 15 usually nerther s maxsmal effect
nor a threshold effect  They often do it with patients sittsng up ot
standing or they let im stand up every ten nunutes or hatf an hour
and so on  But d systematic attempt to heep the patient supine and 1o
find (for mstanee) the dyse that will Just produce a hypatemsne effect
would be o procedure which elimnates a certain number of wvanables
and rught give you a gemnne quantitative metsure of nearageme tone

Pacr Do you mean gise it by mfusion?

Parox 1amnot sure whnt methad waould be best One would have to
study the blood levels produced by different procedures to disenver the
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chanee and nothing you could do would ever alter 1t held back therapy
tremendously E\ga n the days of sympathectomy ot first everybody
sard one shouldn t touch the ones that have a fixed hypertension and
1t dsdn t work, out that way at all Some of the most brihant results
were obtamed 1n malignant hypertension

Pratr In s interesting spectrum of effects wluch De Taton
showed us where does h stand?
scerned to be almost 1deal as 8 ganghon blockmg agent with compara.
tively Little neuromuscular effect but there was some and 1 wondered
1t pentamethomum had less and why one didn t use 1t What are the
adyantages of hexamethomum?

PatoN They are very smilar pharmacologically and they would
certamly be mdishinguishable 1 chueal use  Jevamethonum {s wsed
most commonly because it 15 shghtly more potent They onanally

secmed to have dilferent relatise actions on the parasympathetic and
hetic but that d porated 1n climeal practice
Page If you produce \| i

pentamethonum or hexamethotuum causes the pressure to come down
quchly and then regain the control level refatisely rapidly with the next
dose 1t folls and nises and 50 on until jou get what we el the  chrome
response pattern  Whereas the renal expenmentsl hypertenave
behaves fihe n narmal dog: the firt dose gaves a fall the next dose a
Jesser fall and the thuird dose a rise 1 blood pressure the whole pattern
15 changed  What do }ou‘lhmk has happened to the gangha in the

7 s such that ecach dose of the
bloeking agent on the ganglia so quichly disappears?
xvon § dont beheve that anythung Tias happened to the gangha
I you mve hexamethonsum dauly fo a rabbit, for instance us ears
continue to flush after the wmyection far a monthat least
g.«:r: B{xt thussa mal!‘kr of minutes not days
ATON You can give the drog repeatedly to an anmstheti; 1
m;hm:t l‘osmg b?tlg““}flmn h)ochx‘;; Azc!m)m el anuma
sor Yey but in the normal animal of 1n the renal hypertensive
smmal you sholsh wihn o few mnutes s abilty to lxz??ecn blood
pressure fall when you mnject the blocking sgeat” Whereas in the
meurogenie hypertensive and 1n those patients that T showed Blockode
must be very transient which would suggest that there 18 a complete
gan‘ge of pattern  And that would be the hind of patient that, I would
asa
); sy r:\e:m]gcbr:‘c:‘?;penmsne Have you any explanation for this®
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Pace Im sore they do

TaroN Yes but some dont 1 should have thought that it was most
xmpm;mnt to know whether neurogeme Tietors are redlly signifiewnt
or ho

Ytuson Do these abscryations throw any hght on fivation of blood
pressure ina patient withessential hypertension winch may oceur befare
there 1s any evidence of papilleedemn or renal myolvement?

Grovraan One might look upon the phenomenon s o reflection of
the mntenuty of the process as this becames mare severe, the nise
blood pressure hecormnes less 1abile and more permanent  An snslogy
m1y be drawn from the diabetic state i wlieh during the enrly stages
of the disense there ss nesther gly cosuna nor hyperglyeemn for these
nay oecur ntersuttently only when the disease becomes more severe
35 thus Jabihity Jost and these charactersstics of the disease become
permanent

WiLson Ihen so there must be an explanation of such a change

Pagt T am more impressed with the fact that if you average the
blood pressure yon don t get the Ity 1he labihty scems to me to
anise chiefly beeause aof the capricious measurements of blood pressure
We take bload pressutes twice a day and then average them every day,
and over 2 period of weehs and months the averages show that the
labihty 1s really not ve a trend b blished which
exhubits relatively few fluctuations T think we are impressed m the
carly stages of hypertenssan with the fact that one ime single rueasure
ments are normd and the next time they are up  We have been very
mssstent that one of the grent difficulties m testing all new hypotensise
agents 19 the fact that you must have average blood pressure measure
ments suflictent m number to estabhsh a trend rother than single
deterrnations even though they appear to be enough I ven hlood
pressures tahen year after year in office practice don t reflect changrs
that will occur when you want 1o conduct a reproducible expenment
The unportant thuing is to establish a trend  If you average what seem
to be highly varinble measurernents you find the blood pressure goes up
and swings down very slowly over periods of wechs and months Some
people say you ean do o control tn two or three wechs but some patients
you can ¢ control 1 six months even following the averages

Wison Yes but in so many piteents this swing which 1 agree does
oecur Just disappeats and then sometumes over the rourse of o few
months the blood pressure becomes remarkably fixed at a ngh lese?
This 18 particularly true when renal bypertension enters the mal, nant
phase but may occur m the absence of the jatter

Pace You do see the swing even though it may he more occasionat
even in the very severe hyperteastves ¢spec ally when you briag them
mto hospitsal

T agree with you in that T would rather treat a patient with a labie
ugh pressure than one that s pretty fived  But on the other hand [
think it 1s equally true that even though they are fixed the therapeatic
sesponse 19 very often extremely good The dictum that hefd for so
many years that once the bloog pressure was fixed there wasa structural
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0 far s suran sl s coneerned theresasyet hlll‘c dxﬁcr{n:c;

bebween the groups possible \:ccﬂug)c the study has no!
a ohy (yE=3 5 p=0

Ias\é“:‘;c‘x:;;:;\;::lgs are m,;hc state of health of the m,;nh.:l
goup  Ten ouk of eigliteeny Were sble to rcturnfto ; ;n-
thongh two of these died later Ta fourtcen out of eig ll een
reunits repressed  Meart swe drmmshed sigmficantly
five cases and the electrocardiogram sometimes showed regres

Fable 1
Mavigw ANy FIYPERTFASION
Suruvpla July 3953

it survinn
T S Enirnt € €0 treated [
o1 1w -
13 o 3
£ 8 3
-1 > 2
1o 3 2
Over 24 3 2
W { 18 w |
L ntgeated cares Survrors 8 back in setive We
All went downtufl Papiflordema cleared wn all
Retwutis subsided in 1 Fatat Cases

519 retitie im

proved .0 had temporary
fetum 1o activity

swi towards normal  ‘Those 1 whom hadney dams ige bad not
elesated the blood urea beyond 100 my, showed no further
dete o of lidney functien due to the dru, and were
to fact easier to manage than the others awiag to dedayrd
cxerction and prolongation of the effects of smple doses
Three of those paticats have shown the devclopment of
sshat appears to be a chrome orgamzn,, fibrinous eedemx of
the lungs

This resembles m its radiological distrihution
the eondition frequintly seen i the b

erminal stages of hy per
tfnme Wit ventrcnlar fatlure s ith urema { urzme lung, }
Porsibly prolonganion of Mle deads to an unusual degree of




LESSONS FROM HEXAMETHONIUM STUDILS
IN MALIGNANT HYPERTENSION

J MeMICHAEL

Malignant Hypertension

Classification

Primary  Rapid  No antecedent hypertension
May begin 3n pregnancy

Secondary  Comphlicating pre existing hy pertension
Course may be slower

Nephrane  Comphlieates  pre existing  nephmtis or  pyclo
nephritis

Criterta of Diagnosis  Grade IV fundus ehanges
B P very lugh usually
Signs of aceclerating damage
(1) Renal  (2) Visual  (8) Cardiae
{4} Cerebro vascular

Treatment

Hexamethomum—deep  subeutaneous or  mtramusenint
injections to get upright blood pressure to a level short of
peadiness and syncope  Lffect grodually wears off m siv 10
cight hours, when mjection 1s repeated {thnee dauly) A
recent alternatine 1s g double dose at mght with mormng
“hang over ’ and one further afternoon dose

“The results are shown i the dccompanyng Table sct
agunst 85 untreated controls  diagnosed by the same
enrtenta 1o the vriter’s beds m the pre hevamethonum yetrs
Suzsival rates 1n this control group clasely resembie those i
Teath, Wagener and Barher s senies (1949)

00
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concerned there 1s o yet lutle difference

lmf:::;ﬁ\::“;;r;‘s\swsth) becgué)e the study has not yet
2o =

lasﬁ?ci?x?ﬁ«i:;‘;g:(&es n::esn;:}:hc state of heaith of the lrcn\c‘tl
group Ten out of eghteen were able to relumftnl \l\‘:):m
thoush two of these died later In fourteen out 4} c x?tl\ n
retm':hs regressed  Heart size dimmished  signy nc::‘ o
five cases and the electrocardiogram sometimes showed regr

Table 1
MapicNaNT HYPERTENSION
Survivals July 1933

€6 toeated ‘ (5t 1 wure cing)

2 )
13
+
81 2
1. 28 2
Over 21 2

Untreated cases
All went downhuil
Retuntis subsided i 1

Surpivors 8 back in aftive ife
Tapitloedema eleared 30 8Y)
Fatal Cases 5[ repnitis im
froy 2,80 had temporary
return to actinty

ston towards norwal ‘Those w whom hdney damage had not
elevated the blood urea heyond 100 my showed no further
detenioration of hidney function due to the drug and were
W fact easier to manage than the others owing to delayed
exeretion and pralongation of the effects of single doses
Three of those patients have shown the devclopment of
what appears to be a chrome orgamzing fibrinous cwedema of
the Tunps

This resembles in its radiologieal distbution
the condition frequently seen 1 the termy

mal stages of hy per
t&n\;we left ventricular fature with urama ( urmmic lun,, }
Possibly prolon ation of Iife leads to an unusual degree of
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orgamization of the alvcolar exudate  One patient with this
lesion hias recovered and 15 gomg on with trentment although
the fibrowd changes m lus Hng have added a further factor
to hus dyspneca

In patients dymg ewly 1 the disease gross fibrmod
necrosts was found n the renal arterioles and glomeruli This
matenial takes o homogencous red eolour in Mallory prepara
tions  In a patient dving after eight months’ control of
artertd pressure, however, blue stuning coliagen was seen m
the situations where fibrinod materal mught be expeeted
This may represent o healing stage of the disetse but no firm
eonclusion on this powt can be renched as yet

In the course of repented blood pressure recordings made
during this study some further ponts have struch us

(1) The blood pressure fevel and fluctuations i malignant
Liypertension often do not differ significantly from the lesels
seen 1 other examples of severe hypertension where retintis
1s less severe or absent

(2) We have watched the development of malignant hyper
tension elosely m two patients where the condition begn i
pregnancy  Both were rapidly fatdl four wechs and six
weehs from the onsct  In one papilledemn developed a few
dnys before death and i the other it was present carly when
the blood pressure was only 170/110  Both cases showed
unusually extensive renal arteriolonecrosis at post moriem
1t 1s cifficult to say 1 these cases that the heght of the blood
pressure was the factor determining arteriolar damage
though the tempo of progresston may have contnbuted  The
whole picture wis one of a severe vascuhtis  Fhe course of
this illness wns entirely uninfluenced by blood pressure
control

(3) Subsidence of the papilleedema and retinapathy does
not exactly parallel blood pressure control  In one pitient
at least the retmopathy and espeeinlly cedema of the disc
spread for several wecks after the pressure sas well controlied

About ten years ago I hid a chance to wateh the fundiof o
patient who had an episode of acute hypertension the



HexaMEToONILY STUDIES 1%

h
of nephrocalemosts (induced by self medication W
lcs(l’l‘:;ls;cs f:r a §uodenn\ ulcer) Papl\lcr(icn;a"t:nd hiemorrhayes
s the blood pressure was subsiding

dﬂidg;o?gi ntn provoke glscussmn by saying that the role es
mechameal factors 1n the production of both artenoloneerosy
and paplledema have been overstressed 1 s disease
Some other agency 15 damagmg the vessels Tigh pressure
may contribute to the dsmage but 1s notats sole cause  These
clmical conclusions find support i the work of Dr H A
Fleming who 15 here teday  He found that 1 experimental
renal hypertension 1 rabbits arteniclonecrosis was present
tn those s hachdied of the disease but absent in those surviving
though lesels of pressure were comparable 1 the two groups

REFERENCE
Rerrn N M Waceveh M P osnd Bargrk N W (1039)  1mer J
med S 197 A%
DISCUSSION

Prcrerine [ should like to <ay that in 2 genersl way my own ex
perience fully bears out what Prof McMichael has sa1d 1 won t offer
any onthe of the el specific to the mali
phase but I would bke 1o say that this pecubar change which he has
desenbed 1n the Tungs we have also scen m one patient a chronie
tiephritic who had mtrogen ritention before we gase ham hexametho-
mum. He presented the chinical prcture which Prof VeMichael has
deseribed but which he didn t emphasize today which s quite unbhe
Awytiing Ive ever seen before  He was extremely breathless but s
breathlesstiess was made much worse when he sat up 1 tlunk you of
Dr Mormison mentioned that m a8 poper?

AfcihonsrLl. Ses the patents notice that this pulmonary dyspnaa
differs from cardiae breathlessness it 15 reheved by ywng down in
contrast with the breathlessness of left ventnicular falure which is
made worse by lying down

Covaerrs I did not know of the possibility of that exudate whaeh
Probebly 15 aseptic octurnng i the lungs but [ am surprised that at
he same tune Ahere 13 o suniar exudate in the pericardium

McMreseL It 15 independent of uneme peneariitg
« (;a:mn The fact that this exudate seems 1o be strictly locahized
l:c!m' centre of the lung suggests that there might be n lymphatic

avrErTRGIon

w
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McMicsaey. Dr Domiach 3s very interested in this problem and he
18 quute puzzled by this dust {Donach, N and Stemer
1054, Brit HeartJ 1npress) You may sometumes see an actual line of
demarcation parallel to the surface There must he some anatomicat
reacon for thuis perhops there are no bronctual puimonary srtery
anastomoses bevond these himuts

Govarers It 1s very cunous that there 1s no connection with an
exudate i the percardium

McMicnars, Although it was once eslled urmmc  lung it s ia fact
& type of manifestation of left heart fajure beesuse )t can occur in
many patients without uretua at ail

Prckrring The chmeal picture of these pabients 18 quite diffetent
from left ventncular farfure because the one tlung a patient with left
ventnicular fadure wants 10 do 39 to sit up and the one thung these
pahients want to do 1s to ie down

McMrenaer Yes but the attack may produce the ederma, and thea
later on orgamizahon inkes place and you get a pulmonary type of
dyspncen from the fibrotd changes

Rosrwvuram X should have thought that * hexnmethonum Jungs
though we havent seen them in our semes Were quite different from
the 50 called urenue lung  We have seen & patient with malgnant
hypertension and urema come 1n with » typieal uremie lung which
cleared under } } This suggests a quite
different, pathology

McMicuatL, Absorption depends on whether the exudate 15 albu
munous or fib 5 A date probably wilf not clear up

Rosexuram In your patients st developed whife they were on
hexamethonum snd whie they were responding to hexamethonum?

&{c’\hc:mzu Yeg

fib date of course would clear up?

b ¥

McMicnaer Yes

Hrxmans Hexamethomum 15 2 shown by Dr Paton s fauly
specific ganghonse blockmng drug  Thus bloclang effect 18 howerer
1 Ad; 10n of homum has thus to be repeated
in order to mamtain & blocking effect I should hike to ask I'rof
MeMichael why surgenl exasion of the sympathetic gangha would not
1nduce the s3me redusction of blood pressure as transtent and repested
blochng of the ganglia with hexamethonum?

McMicuary  Hexamethonium block must affect ail gangha winlst
surmen! exesion never removes all g :agha  Inspite of repeated atterapls
Bt treatment of this condition by sympathectomy, the results ase very
disappoipting 1 think sbout 16 per coat of good results 15 about 88
much as anybody cver got  You can by pharmacological megns by
repeated doses of hevamethonm get ‘a hetter reduction of bleod
pressure over longer periads of time than you get by surgieat sympathee

omy
v Hiysass Partisl sympntheetomy doesn t of course chmnate all
the ganglia, whereas hexamethomum may block all the gangha But
complete sympathectomy &g performed by Dr Gnmson also removes
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all %a. Tn totally sympathectorized dogs exclusion of the sino-
lurt.lgz;nlgm‘!s 1o longer induces hypertension 1¢ hevamethanium pro-

duces a better reduction of blood pressure than surgical sympathectomy
some other achion of besides the ganglonie blocking

effect may be involved
Paton But a surgeon can § remove all the ganglia ‘becouwe many of
them are 1n the spinal nerves and quite inaccessible To remove these
accessory gangha  wiuch Skoog and Virete and Boyd and Monro
described as well as the obvious lumbar chang you would have to
paralyse the man by secttoning most of s spnal nerves When patients
are stuched after fauly thorough sympathectonues you cah find arens
of shin which still sweat when exposed to heat parhicolarly in the Yower
part of the body
\cMicnart. Henry Bareroft studied a senes of sympathectormes of
the upper tmb done mamly for Raynaud s disease and found that the
vessels had retumed to ful) physiclogieal reactivity nine montha nfter
the operation It s tembly dufficult to schieve permanent and complete
surgeal sympathetie denervation
virans Twash to powt out that atleastindogs complete surmeal
removal of il sympathetic gangha from the stellate gangha down to

the pelvic ganglia doesn ¢ Jeave any sympathetic vasomotor connection
between the tentral pervons system and 1!

he penphery  Expenme:
control Aid not show the presence of accessory ggngﬁ, or mnnm;‘n‘:‘
smolved 1m the reflex regulation of blood pressure  Regenrration and
te-connection may however occur after sympathectomy

Pratr- Could I show somoe shdes? They are not as good
tike but they do bring a more cheerful note 1nto this d;c‘u:s:):u?r
hypertension  Thg 3 shows the fundus of 5 boy of twelre mth gross
exudate 1n the macula who came to us with a diastol

b pressu
and Fig, 2 1 hus condstion todsy The boy 5 Sght 5 nw smroioiy
normal ¥ was the onlv b Be had gnd most of
(h?! exudate bad cleared in & few weeks

y

NEz Diaz Prof Mellichae! do you sometimnes use hy
U o patients that have been total; RIS
Ty peents that y sympathectomized 1f the Tugh
MCMICHAEL. Yes we can with the same result cases,
"l“);ree :“:S::: l;eg'ghe:;i:n that sympathectomized p::m‘:!:‘::: rather
because
more wnstive g mare wmpulses are gomp throwgh the
it ‘Totally d do ranl
gmux; r:;&:r&\:l:l;a after a certam kng:‘f.‘ﬁ?::f: ‘:: :eguhtu:‘:;:?:
ve su that
ganglia may compensate for the mnavi‘lz an!;?ixmgt‘! oo Papatbetie
fanted i the sympathectic chamm onotthe ganglia
I 4GE Tagree with Dr Heymans on this
blem
Thhi“ :‘v—; \;u! domg sympathectomues w;em;em “‘it;me:“mn by id
re 0 method of selection and we were ¢bvions]: 5 st on
T - ot o ‘1;: ly operating on
domng BteNor nerve root sections the fact rmerge;\ U\a\tvﬁ‘n oo V‘ml’E
ome people
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got remarhably good results and some remarhably poor resttts T would
£0 n hittle lugher than 10 per cent T would sny 1t was eloser to 20 per cent
of the patients out of the many thousands that have now been operated
upon who had really good results  And then heth Grunson did T
thunk on the basisof Prof Heymans swork the ply siolomeally mtelligent
procedure of removing the totaf chan  {he question then arose m the
totally sympathectonnzed patient 1s the result worth the effort?
Grimson stil thunks it 15 and I should say looking at some of lus cases
that that mught be true  But agnin he was working on an mhomo
genequs hypertensive population so he had exactly the same difliculty
that alf the rest of us hnd Al hie could 51y was that lus good reuits
Tos¢ to nround 40 per cent  He s n very careful observer and T aceept
his tusions as vahd Js d with the 20 per cent that the rest of
us nere gething with the less extensive s3 mpathectomies  But ¥ think
the problem then comes how do you seleet patients that hase a suflict
ently high neurogenic element so that you are yustificd 1 doing 1?
Aduutted that all pitients have some neurogene tone consequently
hexamethonum will mv e some benefit in most patients Rutfyourenlly
want 1o get a pressure clear down to notmal not just these so called

significant  falls 1n blood pressure then T think you ve got to fimd
some way of selecting a patient so that you can say that the genctie
mechanism involved 15 really attacked  And until we find that were
Just going to go on getting statistically sigmificant results without
necessarily benefiting the wndividual patient greatly

voN Tuitn With regard to the question that Dr Page and others
have rassed the possibihity of selection of patients who would be suttable
for any land of blockmy agent which woukd depress the nenrogente
clement I tlunk perhaps the noradrenaline output i the urme mght
be anandicator  In those eases where it ts normal or low I don t think
there would be very high activity of the adrenergie system

Prarr I dont thunk youll ever scleet the cases whieh would do
well with symp wthectomy ~ beenuse the result depends on the anqtomteal
detmis of the sympathetie nervous system from o surgical pownt of view
and not on neuro.cnie tone

Cotm nur G We started about a yenr ago to evatuate hypertensive
patients undergoing thoracolumbar sympathectoms  The tvwo megsures
found helpful in differentiating eases of essential hy pertension were the
twenty four hour urtanry cxerction of noradrenaline and the blood
pr it ta mfused iy Erof von 1 uler hns Just
sugested the use of the noradrenaltne exerction figure as an indicitor
of sympatheuic tone on the other hand he discredited vesterday the
aalue of the urinary excretion figures stating, that they may reflect st
the total amounts of noradrenaline produced by the body than the
fruction eseaping normal metabohie destruction

‘Lhere are 50 far twenty cnses wn our group The ditrbution of
poradrenaline excretion values in this group 19 similar to that observed
n nnother small group af hypertensies (4 cases)  About two thirds
were in the normotensive range (up to 41 g2 wm twenty four lmurs}l
one third ranged from 41 to 100 pg  Fhis by the way s the highes!
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2 figure we have ever found in o case of essential hypertension
%fx‘?':gure: are lower than the ones observed bn Irof von Fuler
Thas may be due {0 the fact that out groups moch smalier than s
or due to the fact that our patients were on mmplcte ‘b‘td rest s'"E
exercse neteases the vorad excretiot p
data con ondy be obtained 1f the patients are on complete bed res

We too were o bit heitant to take the amount of naradrenaling
excreted 1n the unne s an index of the total amount of noradrenaline
produced in the body We were therefore pleasantly surpnsed to find
that the patwnts who excreted large amounts of nomdsenaline were
quite msensitive to infused noradrenaline as judzed by their blood
pressute Tesponse  This 35 what you would expert from the concen
tration action curves  If vou sdd infused moradremahine to the nor
adrenaline present st the peripheral sympathetic nerse endings the
blood pressure respanse will be smaller if larget amounts of nomdrenahine
hive been present prior to the infusion

he group of hapetten tsed with noradrenahine exerction figures sn
the normal range shows an jncrensed sefsitivty to norsdremshne,
Judped by the biood pressure respense to infused noradrenahine

We seent to be dealing here either with two different stages of the
same disease or more Likels with two different types of hvpertensiin
one group showing an increase of sensitinty to noradrenahine the other
(smatlet) group an merease of unnany Reradtenaline exrretion

far we have not been able to obserse the Jong range resuits  The
tesponse to seems to be mare mathed i the
group with Tugh noradrenakine excretion

Ve have been doing this series m collaboration with Dr Minton of
New York Lmsersits

GENTST Prof McMichael what happened to the renal function 1n the
eight patients sith malignant hvper

rtension who wel
and who retorned to active iife? " re trented with €0

McMicitazs. None of the patients with blood wreas much
above
100mo 100ml. survived any Jength of time but up o about that level
hudney function remamed unchanged  If the blood urea Wi ymder 100
there was usunlly no signt of any detenoration
2 NEST That was sowr only enteron?
MeMicnagL, Yee
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got remarhably good results and some remarhably poor results I wou
£o n little lgher than 10 per cent T would sy 1t w1s closer to 20 per ce
of the patients out of the many thousands that hase now been operate
upon who had really good results And then heith Grimson did
thunk on thebasisof Prof. Heyntans swork the phy siologically mtelligo
procedute of removing the total chmn  The question then arose in t]
totally sympatheetonuzed patient 1s the result worth the effor
Grimson still thinks it s and T should say looking at some of s ease
that that nught be true  But ngun, he was worhing on an mhom
gencous hypertensise population, so lie had exactly the same diicul
that all the rest of us had Al he could s13 was that lus good resul
Tose to around 40 per cent  Ife 14 a very careful observer and I accep
us 1 as vahd pared with the 20 per cent that the rest
us were getting with the Jcss extensive sympathectomies  But I thn
the problem ther comes how do you select patients that have n suffic
ently Iugh neurogenic element so that you are justified sn domg 1
Admutted that all patients have some neurogenic tone consequent]
hexamethonium will give some benefit in most patients But 1f y ourreall
want to get a pressure clear down to normal pot ust these so calle

signaficant  flls i blood pressure then I think you e got to fin
some way of sclceting a patient so that you ean say that the genet
mechanism mvolved 1s really attached And untdl we find that wes
just going 1o go on getting statistically significant resuits withot
necessanly benefiting the individual patient greath

vax Luuir Yath regard to the question that D Page and othes
have rased, the possibility of selection of p itients who would be sutab
for any kmd of blocking pgent which would depress the neurogen:
clement I thunk perhaps the noradrenaline output m the urine mugh
be an ndicator  In those eases where 1t 1s normal or low I don t thin
there sould be sery high activity of the adrenergic <3 stem

Prart I dont thunk you il crer select the eases which would d
well with sympitheetom)y  because the result depends on the anatomics
detuls of the symp ithette neryous system from a surgical pont af vies
and not en neurogcnic tone

GoLpr Nnt e We started about a year ago to evaluite In pertensiv
patients undergomnyg thoracofumbar symp ithcctomy  The two measure
found helpful i differentinting eases of essentint hy pertenston were h
twenty fottr hour urinary cxcretion of noradrenaline and the bloot
presaure response to nfused noradrenaline rof von 1 uler has Just
st gested the use of the noradrenaline exerction higure as on anthn ate
of sympithetic tone on the other hand he discrcdited yesterday the
\alue of the uninary exerction figures stating that they may reflect Jeos
the total amounts of noradrenaline produced by the body thin the
fraction escapmg, normal metabolic de truction

dhere arc so far twenty cases m our group The distribution of
noradrenaline excretion values i this group 13 symular to that obsen ed
1t another small group of hypertensives (83 cases)  About tso-tinrds
were n the normotensive range (up to $1 g tn tuenty four hours)
one thurd ranged from 41 to 100 gz This by the way 1 the ghest
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4 per cent of the maternal A signifiesnt merease was
g\;zfnrf only found m the remamng 16 4 per cent (\0{;
Edler Hellner and Purkhold, 1904) The pm;pmtm“ od
hyp tors was fauly tant bang 18 17 2 16 m(\m
11 per cent Tespectively mn the five consecutive groups of 1

5
Pa’?;:‘ﬁgmﬁcax\ce of this findmg 15 not easy to evaluate
lowever When compared with the excretion figures
pheochromocytoma sometimes up to 3000 pyy per day, the
excess over normal 1 the present matenal 1s not impressive
Howener the possibility has to be borne 1n nund that even n

derat duction of drenshine under certan

hyperp:

conditions n);f’ght be a contnbuting factor wm hypertension
Goldenberg and Tus co workers (1948) have found that the
pressor Tesponise of hypertensive patients to noradrenaline
may be considerably increased

Of the total 68 per cent were women and 32 per cent rnen
Within these groups the p tage with drenal
excretion above normal was about 36 per cent for females
and 30 per cent for males The highest figures {above 148 pg )
‘were TaoTe coramon among women {20} than among men {4)

The distnbution n vanous age groups showed an incresstng
preponderance of the hugh figures 1n the hugher nges without
any marked dilference between the sexes In some patients
where paroxysmal blood pressure rises up to 300 mm hme
occurred  the noradrenaline excretion was only moderately
elevated  This probaby ludes the possibality that the
attacks have beer due to a release of pressor matenal from
chromaffin cell tumours

In a small group of patients with malignant essential hyper
tension selected for adrenal y some est s of the
noradrenaline exeretion before and after adrenalectomy were
made  The results are given 1n Table 1

The range of exeretion of noradrenaline before operation
1s withm the normal range and no consistent alteration 18
found after adrenalectomy In one of the four patients o
mathed 1mproyement of the conditions was noted with o fall



GATECHOL AMINE EACRETION IN URINE IN
CASES OF HYPERTENSION

U § VON EULER

At the Ciba Foundation Conference on Visceral Cireulation
1n 1951 T had the opportunity to present the results of eatechol
amine gnalysis n urine from 287 cases of hypertension
Dufferential analyses of adrenaline and noradrenaline were
not made n these cases, only the noradrenaline equivalent
of the pressor nction of the urine extract on the cat’s blood
pressure was determined  In the majority of cases the differ
ence between this figure which mncludes adrenaline, and the
true figure 1s small, however The present hypertension
material which comprises 500 unseleeted cases, has not been
classified in detail, but the great majonty of the cases belonged
to the group of essentral hypertension

From observations on various groups of healthy persons
and hospitahized patients with minor disorders and not 1n bed
the average noradrenaline excretion per twenty four hours
was estimated at 80 pg with a standard deviation of about
15 The upper hmit of the normal range thus would be
GO pg
The hypertenstve patient materral has been divided into
groups with exeretion multiples of 28 8 ug, corresponding
to an average cxcretion of 20 mug per munute  The group
excreting 57 G ug per twenty four hours would thus corres
pond fauly well to the upper imit of the normal range or
the total material about 66 per cent had a noradrenahne
excretion within the normal range (up to 60 pg per day)
while 1n 84 per cent the excretion was above normal In those
cases where the exeretion rate was 40-60 mug per minute or
57 0-86 4 pg per twenty four hours the tncrease may still
be regarded as msignificant  This group comprised 87 patients

200
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THE RE! ATIONSHIP BETWEEN SODIUD

ARTERIAL HYPERTENSION AND THE ADRENAL
GLANDS

J GF\EST

Tue, work to be reported here which has been carnied
out for three years {from 198 to 1%01) at the TRochefeller
Institute for Medical Research m New York has some
Interest especially 1n view of the recent splendid w orh of the
Middlesex Hospital group It was done 1n order to find out

(1) Whether or not ny relation cauld be detected between
the level of the blood pressure i patients with essential
hypertension and the adrenal secretion s measured by the
urinary steroid excretion

{2) Whether the physiological adaptation of these pattents
to the stress of severe and prolonged sodium restriction was
reflected by anyv quantitative change in the unnary sterod
excretion special attention being given to the corticosteroids

Before presenting the data obtamed and discussing the
Tesults & word about the method used 1s necessary

Tt was realized early 1n this study that the chemical methods
available for the measurement of the various adrenal functions,
with particular reference to the regulation of sodium could
not yield the desired information Ve turned instead to o
column  cf pie method deseribed bv Arclubald
(1949) winch we shghtly modified as outlined in Fig 1

The urine 15 collected for a twenty four hour peniod at the
end of which 2 500 ml ahquot is refluxed with 0 3 s olume of
concentrated HC for thirtv minutes and then evtracted

with twe successse O 1 volume portions of carhon tetra
chlonde

The residue of the corabined extracts 15 dissolsed m such
a volume of benzene that 5 ml of thus solution 1s equivalent to
o0
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1n blood pressure after a lapse of some montbs  This improve
ment was not secorapanied by any change in the noradrenahne
excretion
In one patient (not included n the Table) a pecuhar type of
urmary excretion was noted 1n four instances before operation
the urinary eatract after adsorption on alumma produced a
Table ¥

NORADRENAIINF EXCRETION IN Foun CASES OF MALIGNANT HIYPERTENNION
BEFoRF AND AFTFR \DRINALPCTOMY

ug vor drenaline perteentyfo rla e
Pat nt Age Sex Befo l 1l adrenalectomny
adrenalect my | T 0T
NI “2 M 30-38 — 20-104
34
{3/5) (18/3°2)
AR 45 M 20-70 15-8. 6-91
46 37 46
6/7) (o/21) (14/2:0)
ss 38 M 43 64 40 —
54
{2/9) 1/3)
BGA 20 A 9 4-.1 11-68 20
27 36
(6/8) (6/16) (1/9)

Figures in boldface represent o ernges  Tigures 1tf nbey ketsdetoten 1 ber d termit

at ons over period of days

strong depressor effect on the cats blood pressure Tl
patient died two days after adrenalectomy m a shoch lihe
state, although all the other patients, meludng several with
operations for malignant tumours stood the operation well
The reason for this peculiar reaction pattern and the nature
of the atyprcal exeretion product could not be elucidated

REFERENCLES
Lurkr U 8 v, Heninue §  and Punkstorn A (1904)
in Intest 1o press
GOLI:I;NBIRG M Pinps K L Batowiv A 1 Gricyr D € and
Roxt C T (1048) Amer J Med 5 702

Seand S
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tion of the
23, content ©y 3 medafica!
gﬂ 3\1 e:n::nk:::::‘e;z 'l?he first, thard and fourth fmch;):s(
g::"e \eﬂth the Zimmermann reagent & p\nk‘\iciou; ;{pl}i‘o o
the 17 hetosteronds The others gare 3 Light to

001;;:;“ e Dhttle was known about the composition of the
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Fit 2 The kuown cothiepsternds which can mantam the bfe

of adretalertomuzed rats  Note the common A¢ unsaturated

3 ketone which s Tespunuble for them ultra viclet absorplion,

maxmal &t L4 pyliimicra. These com) have i addition

& ketol sidecham on Ly, wluch Lberates formaldchyde on
oudstion with perodie serd

vanous fraet b d by ths p and beeavse
evidence previously available pomted to the known cortieo

steroids (Frg 2] as the substances most likely to influence the
sodium exerction we attempted to find sut m which fraction
these sterouds were eluted by our chromatographie procedure
203 whether or not thev were altered by the procedure used
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5 per eent of the dmly urinary output A 5mt portion of thus
solution 15 then chromatographed on a column of 2 § g of
grade 3 alurminium oade  The height of the alumma column
35 70 mm  Elution s effected by the use of seven successiee
solvents of mereasing polanty (benzene 20 mt, 0 1 per cent
ethanol 1n benzene 78 ml, 0 5 per cent ethanol m benzene

Chromatographie Fractionation of Urinary Steroid Extrocts

1 Hydralysms 3 Benzene ahquot equiv
Eﬂlnun? with 01 val alent to & pﬁp cenct‘ of
ronc. HCY for 30 min dasty output

2 Extragtson
Twice vith 01vol €61,

ALy05 ~25gm

Succassive eluents
Beniene Pentzene e
05% tY I Water 0%
Byradine

Denrene 91/
Ethonal Ethonol Zthasol
Mee Bee Yot Ree Wea PWee  Wee
Froctions 1 n m ¥ v Vi it
Anglyses done 1 Utra Viclet abscepton ot 213 240 ond 260 ma
{Solvent « Ethanal}
2m t reaction {2 )}
Fio 1 b P of the p used i th
study

30 m! 2 per cent ethanol n benzene 89 mi, 95 per cent
cthanol 18 ml  distilled water 25 ml 50 per cent pyrdime
m water 20 mi )

These eluents are collected separately and evaporated to
dryness on a steam bath  Each residue is dissolved n 4 ml
of cistriled 85 per cent ethanol and analvsed for its absorption
of ultrs violet hght at wavelengths 215, 240 and 260 mih
micrn, m a Model DU Bechman quartz spectrophotometer
The fractions are then re evaporated to dryness and analy sed
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extracted with CCl, most of the product was hhewise cluted
1n the water fraction although some of the material was lost
w the process  This material still gne a browmish colour
with the Zimmermann reagent  The apparent recovery of
these corticosterods  after acud refluxing and extraction
from aqueous solution and alter dlution from an alummmm
ovide column was on the average 33 per centn fraction 6 as
measared by the ultra miolet absorption at 240 millimera

Sinee 8109 pg of any one of these corticosterods dissolved
m 4 ml of ethanol have an optical density of 0 100 at 240
mullimiera 1t could be assumed, with yeservations that 18
to %0 pg should be easily detected i the fraction eluted w ith
water

The next step was to find out if the eluted matens! had
heen qualitatinelv altered dunng the procedure
done n three ways {Genest 19a1)

First 1t was found by Corcoran and Page s method (1948)
for the determination of corticosteroids that only 3 to 1o
per cent of the imtial amount of the untreated corticosterosds
cauld be accounted for as formaldehyde hiberated from the
water eluates after chromatography on alummnum owide
(Table 1) Ths finding suggested that there had been a
profound modification of the C,; hetol side chun
m%c;)ndh Zaflarom (Zaf¥aron: ef al  1950) has shown that
m:u:;hd::on of concentrated sulphurie nerd to a corticosteroid

a characteristie absorption spectrum and that thys
procedure has great value in establishing the identits of these
‘“‘:‘W\mﬂﬁ e found that the sbsorption cures of the
;:f;::cl»: were m-ukedllx ;‘I‘;‘“ Eror Frosenbed b

erent from those of

btawned Gther
after refluxing wth 1/10 volume coneentrated hydrochlone

aerd for thirty minutes or after chro
matogr:
oude as shownw Figs 3 4 and § oeTapin on aluminium
D(Tix;r:ly comparison of the mfra red spectra (Figs Gand7)
o D;S;:}:\e and 17 hydroxy corticosterone acetates with
—t ¢ products eluted after adsorption of these cottico
on slurmmium oxide  showed differences 1 the

This was
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When the following untreated corticosterowds (Fable 1)
corticasterone, 11 dehydro corticosterone acetate, 11 deovy
corticosterone, 17 hvdrovy corticostcrone, cortisone and 17
hydroxy 11 deoxy corticostcrone ncetate were dissolved in
henzene and chromatographed m the same way a5 the unme

Tuble 1

Tle frurex o 1 the lower left 1 sud mde in the cof s 1 det U\ absorptioy i1d ente the
tital percentag re svery (T I ) n uil seven fractions wierr s those 33 the centre of 1l e sdime
« tumax show t1e percentay e recovered §1 1] ¢ Water efuted fr o1l » 1) ¢ percepbile smount
af thiese cotticosterolds Teeo ered kn 1 € 5an € fractio s Js nd cated In the seccn) poumn 3
for aldet vde L6 tled after period e acld oxidation T ia strongly sugre 13 peofou 18 703
B1tion of the Cyy sde-shaln after sdsorphion of 1) ese rompounds 01 A} O

v s woeps 4
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—ATomul RO LW o [T
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T™wim =
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51t by v (s s s »
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cion
como oon
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extracts, 1t was found that the major part of cach of these
steraids was eluted by water thatis they appeared in fraction
& These efuates gave n each case the same dark brown
colour with the Zimmermann reagent as did the compounds

before chromatographsy
If the snme corticosterords dissolved m 2 5 per cent ethanol

m water, were separately refluxed with 1/10 volume concen
trited JICI prior to the chromatographie § dure and




208
SopjuM ADRENALS AND HyYPERTENSION 0

mental conditions were hept 1dentical the results are still

e th essential hypertension,
ects Seien patients w1
tv\iux:!ﬂes and five females were studied They ranged from

o)
W ‘.
Ly
R flund won cone 1L for
¢ % men
.
Atee
- aacaid
o

Lo SRR W W e W
A ow LT
Fic 4 Changes in the sbsorplion speetra determined by the
Zaftaroni ure of

corticosterone and of 1l-dehydro-
cotcosterane aeetat. follawing seid refloxiag ot sdsarption on
104

26 to 44 years of age and were free from anv renal invols ement
Eive of the seven patients were admutted to the hospital for
six to seven consecutrve months and the remaming two for
six to eight weeks  Therr stay in the hospital was divided
into approumately two equal periods one on a low sodum
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“fingerprint region” (1150 to 800 em=t} In the carbenvt
region (1600 to 1800 em~!) the spectrd of the products of
these two corticosterords show absorption bands, but these
are not charactenstic of 21 acetoxy 20 Letosterods  There

1 Mydeoyvort on erons (1}
[

[ Afuae sheor tograpty o ATy

Eome 5

A o

Fio 8 Tlus figure fllustrates the profound changes in the

ohsorption spectra & y the Zaffy ¥ Q of

17 hydmxycorelcostmne and of 17 hvdroxy 11 d:nyda)cor
foll 1l h HCH or

o
I )

g Wi
ndsorption on ALD, These sbsorplion cutves were done {wo
tours after sddition of concentrated 1,50, m an automatic

recording Carey U 'V Spectrophotometer

15, therefore, evidence for alteration in the side chain The
bonds eharactenstie for the 4¢ 3 hetone system are evident
The nature of the eluted products was not studied forther
Like everyone elsc mnterested in the sterond field, we realize
the madequacies of the methods used But, since the cxper:
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Cortinone Acerol
— sundure
T B R masogeop o ps
ey

T D g bty
3

L ]
Fraquency

Fio 7

Fics 6 and 7 The infra red absorption spectra of the acetates
of corusone uui 0117 hydroxy carticosterone 1n what Dobriner
has called the “fingeypnnt Temon  £1150 to 800 em 1) ng well ay
in the carbony L region (1800 to 1600 em 1) show fnatked dilfer
ences wth those of the products of these compoynds eluted.
by water after adsorption on A1 G The ghsorption bande af.

the Cyy mde-chain are profoundly altered
wrre vrasmiox
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diet contuning 9 milh cqunvalents of sodiim per day and
one o high sodwm mtake, consisting of the same diet supple
mented by 174 null equivalents of sodim gren dutly 1
sodium cliloride capsules

¥ Desoxye . eome 11 Hydeo y 11 Desoxycore oo ¢ tone Ac tot (3}
enme

areer
o
o e
G o
Savent € re¥,80, Satvers Conc 10y
o
B

o
e
19]
a3
o
03]
° LR
101
o8
o8]
o4
1]
0
LR -

2 o

Tre

R {1 e with cons 1€CL for
xrn

Al chroma oqerpy
s A0y

k16 o Changes i the ab arption spectrs s determined by

the Zaffaroni procedurc of 11 deaxyeorticosterone and of 17

hydroxy 11 deoxveorticosterone ucetate following newd veftun
ng or ad orption an \i0,

After two to three weehs equulibration during ench period
two to srx separate twenty four hour unne collections were
made for sterowd frictionation according to the method
described above

Results In the seven patients studied the state of
adaptation ta 4 severe and prolonged restnction of sodwm
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difference was apparent i any one fraction obtamed from the
seven patients studied Fig 9 illustrates the values of the

corticosteroid contaming fraction® i four patents two
of whom had a lowenng of their blood pressure to normal
following the low sodum diet
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whether or not 1t 1s attended by any lowermg of the blood
pressurc to normal, 15 not accompanted by any eonsistent
modificatson 1n our seven unnary steroid fractions as Judged
by thewr ultra violet absorption or their Zimmerm inn reaction
values  This absence of any correlation 15 espeaintly strihing
n fraction 6, w huch contains the corticosterowds or the products
dernved from thom

The results of the unnary sterowd fractions done at various
mtervals on one patient (B B) are shown m Iig 8 Thus
patient, 2 26 year old woman with essential hypertension of
three years® duration, was admstted to the hospital for 2 seven
month period dunng which she recewved a diet contunmg 7
to 9 il equivalents of sadium per day I rom October 5th
1819 to I'ehruary 2nd, 1950, and from Apri 10th to May st
1950, she recenved, m addition 10 g of sodium chloride in
capsules It 1s clear, on the one hand, that the sodsum testne
tion had a defirute cffect m lowening the blood pressurc to
normal and on the other hand that there was no wgmficant
change i any of the scven fractions studied durng the seven
month penod

The results from the other six pattents werc symilar

Ihe averaged values of the ultra violet light ahsorption
of the seven fiactions while each patient was on Ingh sodium
mtahe were compared with the averaged + ues given by the
same fractions while each patsent was on a Jow sodum mtrke
Lhere was considerable overlapping between the wndividual
values of the fractions 1n 1 given patient and no significant

10 8 lanent I B ~Rockcfeller Insutute Hosptal EHhistory o 12470
She was atwenty wX vear ol woman with essential Iy pestension af three
years durition and was admitted 1o the hospital for a seyen month rerod
Quring which she recened n dict contnmn, 7 1o @ tullt equavatents of
sodwm yer day Irom October Sth 1030 to februiry wnd 1040 and
fram Apni 10t to May 18t 16,0 sho receined in ad fittan 10 g of sodum
chiorde m eapsufes It 19 clear that the sodwum restriction had o defimte
effect m fonerng the blood prreswure to normal  dhe v lues of the nltrs
s iofet afsorption ay well 8¢ those of the /rmmetmant reaction {exprediud oy
the nght hand side As microgtarms of dehydrorsoandrosterone) represent 11,00
of the total dasly urinary outget  The elear dote show the Jimmeravmn
valuyes The hoght of the clenr colutnn 19 the optical denaty (U 1)) ot 210
mitlimiers and the heght of the black column the O T gt 230 milhmieea
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cate that the regulation of sodmum 1s not medinted
‘t‘;\é:mgh the hnown corticosterads as evidenced by :lhc values
obtamed 1n the corticosteroid containing Traction

One of the most unportant contnibubions w thus field 1s the
recent one nade by the Mddlesex group of Tait, Simpson
and Crundy (1952) Thewr work empphasizes the need to
return to the bio sssay method for the detection and roughly
quantitatine determmation of the sodm revmmng factors
which m 2 most beantifil and elegant fastion they have
shown ta be distinet from the actually hnown active cortico
steroids

Vuch of the confuson and the contradictory results on
this subject 1n the Wterature come from the faet that the
mcthods employed were not & speaific measure of the sodwm
retamung hormone {or hormones} A difference from the
normal vafues n unnary 17 ketosterards reduung ipids,
formaldehy dogeme of glyco enic substances does nat indicate
per se s mwodification 1n the sodum retaming attivaty of the
adrenaf cortex

Untyl the sodium retamung factor {or factars) can be
1solated and ats (or their) chemical structure identified so that
& senitne and sperific method can be devised for its {or
their} determmation in plosma and unne 3t will be necessary
to use & tedious o ass1y method such as the ones desenbed
by Sumpson and Tax (1942} and by Marcus Romanoff and
Pincus {1952}

This tnethod of estimating the wrmarv sodum retmning
factor(s) will have 1ts greatest valus only of comtbined with
chromato sraphic separation (Burton et al 1951 Bush 1952)
of the sub tances contamed in the * erude hpd extracts of
une  Ths spproack will be our p far the next
three years at the Hotel Diew Hosprtal i Montreal
" So far the only work we are anare of along this line, 1s
tt‘::l\f;:\‘:r:ve&,iﬂiel?fﬁ' at MGl Unnersity  Using
the basis of her hio assat :b:;; adsenalectamuned rats as
patients with :sstlma]s h: e Dr Singer found w four

ypertension under treatment with
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Discussion In view of the strong chuncal and expert
mental evidence showing a relation between the sodmm
mtake, the adrenal activity and the hypertensive process,

SDDIUM INT,
megl, AxE 9 174 L3 T4 £ ire L]
& arops B 169/108]133/77 | 231730 [196/iG34 17 37108 |142769 ZIGM3 122/95
DAYS 120 (1] 120 1] 08 6!
3
CORTICOSTERGID fr | © A 59 2
20000 o
18000 o
oD 6000,
08 ™y 14 ooy
924000 §
12 000}
10 000)
8,000
6 00
4 000
2 000]
PATIENT EB 8¢ a3 v
Ne_st Fragt s 2 s 3 s 3 S 0

116 0 Tlus figure iHlustrates the elfect of varations i sodium
mtake an the blood pressure of four patients and thewr cortico
steroid contsumng  fraction (expressed ns optical density (G 33§
nt 2lo mithmiera (O—<lear circles) and at 210 mlhmicera
{@—ark dots)  The blood pressure 13 shown as an average
for the indicated number of days of the persods duning wiuch
the patsents remamed on & hugh {174 milli equivalents) or on n
low (D mulh-eqmvalents) sodimm ntake  The honzoniaf bars
1n each rectangle vepresent the averages of the values of the
0D at warelengths 21o and 240 muthmicea The number of
cireles and dots corresponds to the number of fractionstions
done dunng each perod for o given patrent  Considerabile
oveslappung of the cesults i the two periods can be clearly seen
i the four patients The omfr three patients show sumlr
results

these negative results could sell indicate that the procedure
used may not mensure the substance presumably of
adrenocortical ongin, responsible for the sodium conservation
and related to the hypertensive process They could also
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ny for some 17 hydroxy corticosterone

Hadm:znr;;::c !\épg:i nPS::)“ p}\“‘)m“ of the Ghdden Company for l{hc

:;‘—deoq 17 hy dm“comcmtemnelncc;n!e to ?:hhgt'\‘egn;‘;‘ (‘7::;“0 nn‘rr
terone to Dr Edward Henderson of the

t?:nﬂt);:‘?lj\se cﬂ‘?oq corheosterone to Dr (;:tenﬂr:) ﬁ:\e of the Squibb
he 17 hvdroxy 11.deoxy corticosteros

Co‘l:\ga:'{ {\ﬂ:r; ;mlofh! to the Iate Dr konrad Dobniner and to 1)‘:

Estella hatzenellenbogen of the Sloan hettenng Institute of \ew Y or!

for the infra red spectrs and for the 17 hydroxycorticosterone used for
1lus analvsis
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DISCUSSION
Lioremax Dr Genest 1f one artificially rtses the blood feyel of
cortione of of other steroids. oradnunisters DCA 1sthere aproportionste
mvdnea:e n \}rax‘ar\ oulpu{t" Is the yrine output of ndrenal steronds a farr
indication of their rate of production or 1818 possible that
destroyed by the Kedney? pes at they are being
EXEST T musk repeat that we do not think our method of measuy;
Sterords 15 n true yeflection of the adrenal secretian The unnary exu:cntg
contamn many other substances besides stcrods and g 15 fmore than
Brobable that we are pot extracting all the sterords contamed m the
unne  In addition the aluminium oxide 15 responsible for the modifi
*anons found i the cotticosteronds after their elution Despite the<e
ngls:m!man! “):: possible to detect 18 10 ) up of 1 cort
€ro1ds in the water fractia 6
ox by the St "alm ?on asmeasured by ultea violet absorpting
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low sotium diet or with jon exchange resins, values similor fo
thosc obtuned from normal subjeets  These findings were
the results of “spot” determmations on each one of the four
patients and the asstys were done on the “crude” chloroform
extracts of widified uniwes  The possibality of intcrfenng
sodwan exercting substanees lihe renin {Corcaran et ol , 1951)
and cortisone (Davis ef al , 195)) at the twenty mmute dosaae
fevel, cannot be ruled ont by tins techmque

The possible existence of sodsum retaining factors of
non adrenal orygn must not be neglected in cheal statcs such
as cardine falure lnver curhosis, or the nephirotic syndrome,
where the adrenals appear lustologeally normal  The recent
work of Lane (2951) and of Schwartz and his co worhers
(1951), m wiieh hypophysectomzed dogs showing atrophe
changes m all three adrenocortie sl Iay ers, responded normally
to potasstum londs or to sadium restriction gives suppott Yo
this possibality

Conclusion  besen patients with essential hypertension
were studied for two to seven consccutnne months under
conditions of hugh sodium and of low sodium mntahes Thewr
unnary sterod exeretion was determined at frequent intervals
according to  \rchibald s chromatograpiic  fractionation
procedure

Restriction in the sodum intahe to 8 nulli equivalents per
dav resulted m a fall of the blood pressure to normal levels
1 five of the seven patients  The state of adaptation of the
seven prbients i response Lo & sex ore and prolonged sistnction
of sodium whether or not there was any change m their blood
pressure, was not accompamed by anv signsficant modification
in the seven urmary stcrowd frachions obtaned and espeainliy
1 the “corticosterond contmming {riction

1 am sery grateful to Drs V P Dole & Cotriisandl W Dt for

rmisaron to use some of ther pitients and data and for entienn

i N M Arelpbald and D Daewithowsha for vatuable entiersim

to Drs

d advice
“ni\'e(nm grestly ndebted to Dr ¥ 3 Corlisle and Dr Augusts

By droxy
Gib on of Merck and (ompany for the supph of cortisane 17 hy
cortrcosterone nd 11 delndrocorticosterone acetate to Dr Wm !



CIENCY
A STUDY OF ADRENAL INSUFFI
AFTER TREATMENT OF HYPERTENSION
BY BILATERAL SYMPATHECTOMY PLUS
UNILATERAL ADRENALECTOMY

P ETIEMME MARTIN

1 pELIEVE that the secretion of the adrenals 1s not the
usual cause of hypertensne disease 1n man but that 1t s an
mdispensable link 1n the production and maintenance of this
disease which engmates elsenhere  Total adrenalectomy
(Addisoman or surgical) . patients with hypertension gives
ample proof of this by the permanent fall 1n blood pressure
which 1t causes
1 wsh to show today that operations on the sympathetic
system (extensive splanchmcectomy or sympathectomy
either alone of preceding unilateral or partial lateral
drenal y) have a y more or less prolonged
effect by creating adrenal insufficiency (medullar and cortical)
which 1n all chocal probability 1s largely responsible for the
hypotension which results and for the more or less prolonged
arrest of the patient s artenal disease  This does not 1n any
way prejudge the question of the mode of action of the
adrenal secretions i the production of arterial hypertension
CGase 1 A wominagedfifty one was admtted to the Vedical
Clime on Apnl 28th 1922 with advanced artenal hyperten
sion with a chiteal history of twenty one years It had been
discovered dunng her first pregnancy It recurred dunng
two later pregnancies the last occurring when she was forty,
)c }c:\rg old  All three pregnancies ended with the death of the

Between the ages of forty and forty six vears the gradual
appearance of severe subjecti e symptoms was obsery ed with
systolic blood pressures in the region of 240 mm g

219
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In one instance, we have mven 100 mg of DCA in six daysto apatient
with essentisl hypertension  With our method DCA of excreted as
such 1n the unne, will be detecte i fraction 8 in the proportion of
€8 per cent In thus expenment we could not find any sigmificant
difference 1n this fraction from the control level This finding indicates
that DCA 13 metabohzed 1n the bodv or excreted 19 & way whuch made
1t ymp le to d by our g Lt

Lrpinenan Ys i farr to conclude from these experiments that there
18 110 increase i adrenal sterosd production m the hypertensive cases
you have studied?

Graest X would not po that far 1 would sov that our findings
constitute presumptiv e evidence that there 1s no change in the urary
steroid output m these with 1 hyy s deter
muned bv our method of analysis

Hermor Ve have detersuned the steroids an unine by the Porter
Silber method before and after intensive sodmum restriction snd found
no change 1 excretion

Prrena We can also confirm Dr Genest s observations  But there
15 one factor to be kept i mund namelv that ngd salt restnction will
cause d ble ch n the gl losa zone of the adrenal
cortex

Hrines I think there sre changes in the 17 hetosterods m rat
studies yeported m the American Journal of Phys:ofogy by Danford

Prrera 1believe o few have clauned munor changes but the majonty
of observers have not seen consistent nlterations m the excretion of
steroids by current methods

Lepincitam  If adrenal morphology can be taken ss evidence of
adrenal 2 then 1t 18 app 10 that mn exp {
renal hypertension, hypertrophy of all zones of the adrenal has been
deserbed that 18 not only of the zona glomerulosa but also of the mner
zaones of the cortex T wonder whether 1t would be possible to nppl}'
your methods to the small ats of } from ey

anmals
Genesy Smce the recent work of Tmt Simpson and Grundy we have

to start ancw m thas fleld Ve were Just searclung 1n the dark and now
some light has bren thrown but mn a rather different direction v olving
different methods  We were searclung at a level which was much higher
than the one found by Tait and lus group for electrocortm  whichis

v the sodmm ret: hormone and wiich 1s present 10

fractions of s Mmcrogram per Ittre of body fluds
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ough the diaphraj and reseeted at the level of the
:?:\ enth tnelfth pdorsg;‘ vertebre  Adrenal pland normal
Reml biopsy  Vound closed with drunage

1n the course of the opevatson the blood pressuze fell from
199/170 to 120180

The post operative course wAas uney entful  the blood
pressure sos¢ agun to 160/90 n ten davs and when the
patient got up she notieed that the left paresss had
disappeared

On June 12th she teturned to the hoopital with asthentn
shich seemed to us grenter than usual m pattents who have
undergone a simlar operation

The late result of the operation was good  \ month after
wards the blood pressure was steadv at 170/90  Apart from
the considerable improsement 10 the functional svmptoms
the climeal exarmnation camed out on June 12th showed
Tittle appreciahle change Cercbral angioselerosts Disappear
ance af subjectis e signs of arterral n pertension {no headache
1ertigo or tinmtus) although the blood pressure still varied
between 160 and 180 mm Iy Improvement in the heuro

lopeal symptoms  The panient wathed and spoke normaliy
Retynnl ;!

sis fundus wnel d  Cardine sngio
sclerowis no change mn the orthod: or elect 3

Renal anmosclerosts excretion tests (PSP and Ambard
coeflicient) still showed some disturbance but thiosulphate
and manmiol clearance were improsed

After o month s rest 1 a contaleseent hiome the patient
returned to the medieal ehme for the sccond part of the
aperation

Exammnation i September 1822 showed an improyement
m generl condition 4 gain i weight of 4 kg and mainten
ance of the yprovement in the functional sy mptoms  There
W6y no change wince the st chmeal cvaluation eveept
:;.gr\\atl‘r:;:) 0\“!}:; renal v olyement Sheht albummuns

m | ml) had a od v

TheTey cw:rlnon hﬁ\eﬂr d without casts i1n the urine

dimimshed further angd
cocfficient was ugher than 1n June Ambsd <
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At forty six years she had a hypertenstve attack with
symptoms of cerebral cedema (headache, vertigo, yomiting)
lasting fifteen days, and at fifty years cardine decompensation
set m durmg an nttack of pncumonta, vccompamed by a gallop
rhythm, after which there remmned considerable dyspnea
after exertion, and shght nocturnal pscudo sthmatic attacks
A few months later, left hemiparesis set in gradually end
Inter still shght cerebral echpses with brief periods of aphisia

Exvmination on April 28th 1952 showed the blood pressure
to be 210/110 grade I sclerosis of the retinal 1essels, with
monthform srtertes Guans phenomenon without cwadate
or hemorrhage selerosis of the cercbral vessels, grade 111,
with severe artentss (cerebral attnchs with left hemiparesis
speech disturbances, headache vertigo, mental sluggishness
uncertun  memory)  cardine  arteriosclerosss  grade 1
dyspneea on cffort and lymng down shght malleolr wdems
oligurta tachycardin eardine hypertrophy shown by rade
graphy and a diphasie rapd wave m lead 3 renal angie
selerosis grade II traces of albumin  dummution m uren
thiosulphate and mannitol elearance

Cansidering the Inte pregnancy the cihness of the di
turbances durimg pregnancy and the later development of the
disease, T dingnosed essentind hypertension with secondary
nephroselerosis wnd ehminated the true hy pertensiye nephro
pithy of pregnancy <nd the transitory hypertension which
recurs during every pregnancy  Renal biopsy fully confirmed
this dingnosis showing bemgn nephro anpiosclerotic lesyons

Rest 1n bed 2 low chionde diet and antihestamnie drugs
reduced the blood pressure from 226{110 to 160/00

It was then decrded that operation was indieated beeause
of the cardine and cercbral symptoms nd to prevent renal
selerosis

Iarst stage My 81st 1952 (Dr 1 Leclerc) Right sgim
pathico splanchnicectomy  Closed eircutt nitrous ovide ether
and ovygen anmsthesin  Incison along the tuelfth nib and
resection of this b A large splanchni nerve was eastly
resceted  The p'xrfucrtcbml cham wias exposed followed
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After three weehs this treatment was suspended for two
months (January and February 1053} but although the
general conditwn was better and ccatnzation made satis
factory progress the asthenta and hypotension persisted
The patient showed Addisontan pigmentation of the face
‘ut there wereno mucous patches The hormonal and humoral
findings confirmed the sdrenal wsufficiency disturbanee of
sugar metabohsm (provohed T poglycznmia and the adrena
kme test were abnormal) Kepplers test was positinve, the
blood potassum was 16 mg per 100 ml and the 17 keto-
sterods and 11 ovysterowds were dimimshed

The beheve this to be a funchional insufficiency of the
remainng right adrenal resulting from the sympathectomy
Dailv mteamuscular injections of Syncortyl 5 wese guven for
a few days but dud not appreciably alter the chinical picture
and 1w particular had no effect on the blood pressure which
rematned low  On March 10th treatment with cortisone and
Stenandiol was begun  This was the treatment to which the
patient responded best It brought about

(1} A considerable wmprotement wm general condition
appetite and in mental state with an mprovement in
strength (the patient got up about ten days after treatment
was begun) and a gam i seight 20 hg)

(2) A slow fading of the facial pigmentation

(8} Restaration of the blood pressure to normal It had
been 100/60 since the operation and rose to 120-130{70-§0
in eight days remained at this Yerel for a month then reached
130-140/90-100

{4} Humoral and hormo

I‘abl)esland ] mal effects which are shown w

On May 5th the cortisone treatment was stopped (total
dose 2 g orally) hut the bl
ot s ma):r)\tamed ood pressire and ehmeal improve

At present the blood pressure 15 130--140/80-00 Th:
mentation has disappeared but there rcma:{;s some ph;s‘:!cil
and mental weakness (subnermal physieal activity gettingy
for meals and for a wall, m the grounds m the a(temoin§)
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Second operation, October Bth, 1952 (Dr F Leclere) Lefl
adrenalectomy  Genersl anmsthesis Nesdonal ether, axygen
closed arremt  Left mfra costal masion  The adrenal gland
found above the hidney, enveloped in fat, seemed enlarged
Dissection was difficult becsuse of the patient’s obesity, and
a deep vessel, perhaps a lumbar vew, was mjured during the
operation, cousing severe hwmorthage The adrensl was
quichly removed, together with a spectmen of hdney for
biopsy, and » clamp was Jeft on the bleeding vessel The
blood pressure, which could not be measured at the end of the
aperation, was restored by treatmnent with pressor drugs,
snjection of cortin and mtravenous flmds, when the patient
awoke it was 110/70

The mmmedinte postoperative caurse was compheated
The blood pressure rose satisfactorily with the use of cortin,
reaching 180/80 mn four days, but a considerable nse of
temperature set mn, with deep pamn wn the lumbar fossn on
the side operated upon 4 colection of pus formed, wluch
was only partly cleared by antibioties

Ten days after the operation typieal symptoms of acute
adrenal suffictency set e The general condition became
very poor the complevion earthy snd there was a rapid loss
of weight, temperature 40 , severe nsthema profuse diarrhees
constint vomting  The blood pressutre was 100/50, and the
heart rate Ingh

The patient returned to the Medienl Department on Nosem
ber 23rd, 1952

Untsl December 1st the dingnosis had been centred on the
suppuration, which had been held responsible for the symp
toms, but from then on the patient was treated from the
adrennl pomt of view by snstituting trestment with cortin
pressyl, glucose and saline {in small quantities because of the
renal symptoms) ang sterandryl  This quickly transformed
the general condition stopped the xomiting and dwrrheen 1
exght days, and made feeding possible  The lumbar suppura
tion 1mproved the mass palpated dimumshed gradually, and
the temperature became normal at 87
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Investigation of the Iypertensive disense shows complete
disappearance of the cerchral disturbances, headnches,
vertigo and fmmtus  Specch 1s normal wathout stumbling
The patient walks normafly without draggmg the left leg o5
she did before the aperttion  There are no morc nocturnal
attacks of psendo astlima, notlang rematns but shght dvspuan
after chmbing sturs Tle electrocrdiogram 1s almost un
changed It s noteworthy that the low voltage of the
deflections his not been ppreeiably ehanged by the adrenal
treatment

A chart (Tables I wnd 1) recamtulating the tests carned
out mn this case makes 1t possible to follow the course of the
hypertensi e disense and of the adrenal msuflicieney w this
patient

Pathological exarmnation of the adrenal and of the hdneys
{Prof Gwnchard and Dr Cabanne} gave the following results

1 Adrenal Gland

Capsule fibrous and tinchencd with shight arterohtis and
byvalmzation of the wall of a fes astcrioles  Glomerular
zone partly dueppeared showmg a typieal glandular strue
ture at orhy one pomnt  Sponmocynie zone diffuse and shght
hy perplasia, with a s\ ncy tal preture here and there  Retseu
lar zone norma!  Medullary tisue dewh vimble normud
A single lymphocs tie wslet with 5-10 cells was found m the
reticular zone

2 Audneys

The lesions are the snme 1w both fragments
of benign nephro angosclerosts

Such cases of severe adrenal msufficsency of Addisounan
type are unustal efter sympithico wdrenalectoms Besdes
the one just deseribed Thave seen two othars almost wentical

Gase 2 Fins stas i & man of tharty one years with puvensle
wtentis, whom we sent for sp!nnchmctctom\ with nght
adrenalietorny m one stage followed by partial loft adrenid
ectomy i 8 sceond stage  The Addscoman state with intense
blachish, staty pigmentation of the torchead root of the nuse
doreum of the hands and forewrms and a blood pressure of

Dnffuse lesons
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Addnon s syndrome  due to and mamtaned by functional
nhibition of the denervated left adrenl winch remuned

Homordl and hormonsd tests confirmed the adrenal 1
sufficrency (low blood sodium  Jugh blood potassiim 1
tolerance to nsulin good tolerance of adrenaline)

Leniche and later Wess have each reported 1 easc of
death after operatian on the splanchme nerve and on‘c‘adxen'\\
whaeh they \ to on end orie {prot: acute
adrenal insufficiency)

But apart from these sesere cases of adrenal msufficieney
It seems to me now that neuro endocrne operations bring
about sub chmeal adrenal msufficiencies remuning obscure
thirough lack of revealing factors  On the other hand 1n some
cases hhe the one I have just reported an adjusant factor
in the form of suppuration brings to hight the hidden adrenal

wsufficiency and transforms 1t wnto a major Addisoman
wsufficiency

From this anses a two fold physio pathological problem
Does denemvation of the adrenibs by svmpathectoms alter
the cortical and medull a m the ¢ of under
activity? Do svrapathectomy and partial adrenalectomy
act on hy pertensive disease mamly by dummushing the corhieql
and medull of the adrenals?

Does denervation of the adrenals by sympathectomy alter the
cortieal and medullary secrettons?

Fhystolagieal 1deas on this subject have changed greatly
durmg the past twenty years in a first perod Sgrosso and
then Hermann showed 1n dogs that deners ation of the adrenal
does not produce any lustologieal change 1n the gland which
preseries its charactenshic function te the production of
adrenaline  Fontame Froehlich and Mendel came to the

same conclusion though emphasizing the fact that denersa
tion sup reflex adrenal

As for the adrena)

cortex the anatomics] and lustological studies of Gallon

Fontame Fontamm Fernando de Castro, Potar and \lac

Fasland proved that sts mners ation which comes from the
wrree o

1
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90/50 obliged me to mstitute trentment with cortisone nnd to
mmplant 600 mg of DC\ ard 700 mg of testasterone, wihich
soon & hed the pigmentation, weakness and hv potension,
but led to a fresh attack of artentis

Case 3 A man of fifty six years, who had had severe
bypertension smce the age of forty nine  Stage III (ses ere}
erdio angroselerosts was the mdieation for Jeft sympathico
splanchmcectomy as a first stage and right splanchmecctomy
and adrenalectomy s s second stage operation

Pathologieat examination (Prof Guichard)

Adrenal Thickeming of the capsule  Very numerous
thickened arteroles, with hvalimzation only at one pomnt in
the section  Glomcrular zone absent i three quarters of the
specimen, sclerosis of the glomerular zone 1 places  Very
great thckemng of the spongiocytic zone, reticular zone
normal, generahized hyperplasia of the medulla  Very
numerous lymphoid 1slets d ted 1n the cortex and
medulla

The Kidney showed nephro angtoselerotic lesions stage 1T
(hvahmzation without nfarction), and perfectly tact
glomerul

Adrenal wsufficteney, with weahness, fatigabihty after
cffort, and a low blood pressure (about 115/85) set m very
rapidly after the second operation

Treatment with cortm rapdly wnproved the patient, who
went home to Italy before we had had time to make a com
plete studv of the course of s adrenal mnsufficiency

In 1936 Rogoff desembed the appewrance of Addison’s
discase after Wnlateral adrenal denersation for dibetes
mellitus

In 1848 Campna pubhshed the ese of a woman with
disturbances from high blood pressure and hyperthyrordism
m whom the hypertensive syndrome Was replaced, after
operation on the adrenals (right adrenalectomy and left
splanchmicectoms ), by a new complex of symptoms whiel,
although there was no cutancous pigmentation or hypoten
sion suggested to the suthor the hypothesis of partial
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vascular anastomoses at the cortico medullary b‘f“nﬁﬂgy
consisting of simple commumeating canals with fi rl?o :‘\ o
thelial walls and onby glandular cells around thew ers
Thaolks to these vascular anastomoses, which develop from
the age of three years passage through the vessels 15 possible
1n all dircctions that 15 to say, from the cortical artenes to
the central medullary vems and from the central vems of
the medulla into the penpheral veins of the cortex Changes
1n the luren of these vascular channels are probablv deter
mined by contraction of the pericytes which contract under
the ifluence of adrenahne

The contraction of the penevtes can allow or bloch the
common corhico medullary eirculation 1n other words 1t
can allow the cortical blood to flood the medullary cells and
the mednilary blood to flood the cortical cells orat may force
the arterial blood of each gland 1n the adrenal to flow nto
s own vems

Leulier and Revol have shown histo chemically that the
medulla 13 a5 nch m eholesterol as the cortex and Gineste
hasdiscon ered thatascoricacid which 1s knowntobe plentiful
in the cortex has a very distinct medullotropic achien  Fhus
mtimate anatomical relation cannot exist ®ithout a neryous
and seeretory relationsiup

The nervous factor was studied by Poznan in 1938 with
Hilarowiez and hubihowsht  He carned out denervation
of the adrenal by dision of the splanchnic nerves partial
exasan of the semilunar gangha and dwision of the anasto
moses between the adrenals and the sympathetic system
He observed histologieal changes m the gland character
1zed by vacuchzation n the cortreat and medullary systems
The chromaffin cells showed less affinity to salts of chrome
aeld  These disturbances which appeared seven days after
denervation  beeme more and more marked and then
gradually disappeared eight to ten months later
m‘:ﬁ'gz’&:‘c‘:“;‘tl“;‘s ‘;"e““" reported (1952) hns obser ations
adrenal cortex of :‘}1 o ppathectomy on the testicles and

cat  He showed that the adrenal cortex
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splanchme and dorso lumbar nerves, only provides 1t with
vasomotor, and not with secretory fibres

Por a long tume, therefore, we were wnfluenced by the belief that
adrenal denervation had only a moderate ¢ffect on the meduiln
and none at all on the cortex

However, relevant researches undertaken durig the last
few years are beginning to modify this epmmion  Though
nothing has appeared to supplement Hermann’s ongmal
resevrch on the adrenal medull, histologienl and experimental
work shows us that the adrenal cortex 15 not, as had been
thought, wndependent of denervation or of the meduliary
secretion By studying neurite degeneration after division
of the splanchme and dorso lumbar nerves, Kiss showed that
the adrenal medulla recenves only preganghome fibres, and
that 1t 15, m fact in accordance with Elhotts idea the
equivalent of a sympathetic ganglion  On the other hand
the cortex receives the postganghonie fibres whuch are gener
ally distributed 1n the blood vessels thewr termination in cells
bemng only very rarely seen, as Corte Real obsertcd

And yet, whereas embryologicl, lustological  chemuenl
and physiologieal idevs had led to a duahshie conception
of these two glands opposing any nteraction or functional
synergism, recent experiments are opposmng this dogma Da
Costa recalls the mtimate anatomteal relition between these
two parts of the gland i mammals  The juxtaposition of the
two glinds s effccted by genwne interlaching the cortiead
end of a medullary cord Hes between two medullary ends
of cortical cords nnd the medullary end of a cortical cord
hes between two cortical ends of medullary cords This
arrangement 18 muntamed with perfecthy regular «lternation
Along each cortical and medullany cord there 1s an artertole
and a venule which form capillaries and anastomose around
the cells D Costr says 1t would be contrary to all the evt
dence to suppose that this intinate connexaon which 15 even
eloser than that between the thyrod and paathvrods has
no sigmficance or consequence  In support of thus marpho
logical argument, Vehican has just deserbed a svstem of
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seorbic acd content of the adrennl cortex In 1946
Tililmé]ac who citended this study to dogs ‘;\bb\ts ";::)‘i
guinea pgs yeached the same conelusions This au e
took the dumnution 10 the number of Tymphoeytes 1 the
blood stream as the test tor hyperseeretion s cxperiments
fully confirmed Marthe Vogts findungs

The question naturally arose whether adrenabne either
mjected or secreted by the medulla nets diectly ov through
the prtuttary  Marthe Vogt believes the action to be disect
because 1t persists after hypophysectomy  Morros Sardn
thunks the same and V¢lican goes so far as to admit the
possibility of cortico medullany  regulation by a newro

d S through the diary of o coliordal
substance travelling along the nerves but Long and Malméjac
believe that the action s indirect  They have seen the effects
of adrenaline on the cortex abolished after hypophysectomy
and in Sayers s opmon adrenahine acks un the pituitary eithe:
direetly on the glandular cells or through the mtermediary
of the hvpothaltmus which 1n turn stunulates the pitutary
pland  Hume and Waittenstem think that adrenaline bring
about the intervention of a hypothilarre product whict
sumulates the production of cortirotrophmn 1 the anterio
pituitary and that this eauses the overactinty of Yhe adrenn
cortex  However this may be the aetmaty of the adrens
medulla s fmthfully echoed by that of the cortex  All thes
expennments show clewrly that the functional links betw ee:
the two parts of the adrenal are very subtle and constan
when the glands are in thesr normal condshon with the)
mnersation intact

The secretion of the adrenal medalla 1s governed by 1)
preganghiome chohnergic fibres of the sympathetic nervot

:;‘stem Consequently the sympathetic system can act o

e adrenal cortex through the wtermediary of the adren

l:}\cdullu adrenaline serving as » chemical medtator betwes
ic vegetative nervous fibres and the hypoph -
svstem {Malméjac) nRophyma cortse

Though al} these physiclogieal findings and expenmen
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of the cat s divided 1nto three clearly differentiated 2ones
glomerular, fasciculate, and reticular, and that the medullary
tissue, whose himts ave elewrly marked, 15 disided wnto separate
Jobules  The lesions following sympathectomy rveach 1
maximum after two months  The adrenal cortex as 2 whole
tequires & homogencous wppearance  The different zones
lose thewr own charaeter  The changes are most marked m
the middle of the fasciculate zone, whose breadth ss diminished
Pyknotic lesions are observed 1n the reticular zone, adjacent
to the medulla The lobular structure disappears m the
medulla, winle the chromaffin cells, having shrunk, are no
larger than the chromophobe eclls  Six months after the
operntion the changes sithin the adrenal are well on the
way to retrogression

It scems therefore, that deneriation of the edrenal produces
profound histological changes n the medulle and i the corlex
But the cffect of these hustological changes on the secreton of
corlicosterords has not yet been studied  Though both the cortical
and medullary parts of the gland seem to depend on the nervous
system, a sceretory wleraction scems to make the cortex dependent
upon the medulla  eher durectly or indirectly through the
hypophysts

Marthe Vogt in 1944 produced mmmediate and mtense
hypersecretion of the adrenal cortex lasting one or two hours,
by splanchnie stimulation or by intrivenous mjections of
adrenaline in dogs and cats  The cortical overactivity 1s
recognized m the blood of the same adrenal gland by means
of Selye and Schenkers method  Young adrenalectoruzed
rats treated with cortical extracts ave exposed to low tem
peratures  The response 1e the duration of sursival 15
found to be praportional to the loganthm of the dose wyected
The hypersecretion obtained by Marthe Vogt 15 constderable
being four to five times the normal It therefore seems to be
prvved that m spate of the absence of 2 seeretory innervation
of the cortical cells the cortex does respond to nervous
stumuli by hypersceretion  In 1945 Long and Fry found
n rats that injections of adrenaline lower the cholesterol
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If therefore extensne sympathectomy changes the
histological structure of the adrenal thus dimmmshing ats
secretion we must suppose the immediate hy potenston which
follows operations on the nerves to be due to the adrenal
change and thatif the beneficial effect lasts only a few months
ths 15 beeause the ongnal actinty of the adrenal returns sn
eght to twelve months as the recent experiments of ¥ erden
mann have shown

But 1t also appears that partial adrenalectomy ndds a
notable effect to simple sympathectomy Ve have shown by
our operatine results that sympathico adrenalectomy 15
supertor to extensive sympathectorns  Tius also explains
the fact that simple bilateral splanchnicectomy sometimes
produces tesults winch 1n the long run are as brlhant as
those of extensive sympathectomy

We see at once where the shoe pinches m this surmeal
treatment of hy pertension by acting on an intermediate ink
m the by pertensive cycle istead of on the ongal ink we
produce total adrenal deficiency with the orgame and vital
losses which 1t entmls m order to stop the secretion of o
single corticosteroid of the DCA or some other type produced
by a diseased adrenal  As soon as this wsufliciency 15 over

come the disease reappears though i an attenvated form

Pute sympathectomy and sympathico adrenalectomy are
useful methods of treatment 1n artenal hypertension but
the advantage 15 so dearly bought that we must worl, per
wistently to discorer the primar

Y cause of the disease and by
this means s Proper treatment
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tend to prove n a tempting manner the dlose relations
between the splanchnie nerve and the adrenal gland both
medullary and cortical, they do not vet cnahle us to asscrt
that splanchmceectory necessarily causes a dsminution in the
function of these 1wo parts, but they do lead us to suspect it
strongly Thus 1s 2 question for the future and its solution
1s the tash of the physiologists

The chimenl observations which we have just reported are
distinetly n fasour of this hypothess

Do sympothectomy and adrenalectomy act on hypertensie
discase mainly by dumimshing the medullary and cortical
secreions of the adrenal?

It 15 far from my ntention to neglect the effect of sympa
thectomy on the splanchme vaseular bed, which it dilates
by disconnecting 1t from the vasomotor centres It s also
far from my thoughts to overlook the cffect of operation on
the wtenal walls whose enzymatic sceretions are altered,
according to Junénez Diaz, also on the walls of the carotid,
where the receptors of the regulators of blood pressure are
situated, ndicating & modified resistance to distension
Volhard s and Ieymans’ sense, or, finally on the renal
artery, i which the flow 1s incrensed acearding to Talbott
all these facts have ther due value, but T abstinately hold
to the constant fact that whatever method may be used to
produce hypertension, and whatever the -ctiwology of the
human hypertension which 1s beng considered, bilateral
adrenalectomy alw-iys reduces the bload pressure tstantly
to a very low Ievel for months

The clinteal expertences of Green, Llorn, and Page scem
to show that this hypertcnsive role is play ed by the mineralo
eortseord substance(s) of the DCA type This substwnee,
which may not, properly speaking be an adrenal hormone
15 capible by itself of producing mahgnant arterid hyper
tension (in the presence of large quantities of sodium
chlonde, a condition which, by the way ean rarely oceur i

disease)



o
GENERAL Discussion 230

26 "o
G A (1020) Bull NY Acad Med
gfcné:::u\s G (\\ (1)9..»0) 4d-anc nternal Med 4 o
Taas W (1038) Ezp Med S,‘g"g6 g 464
1953)  {cta neurare; a-
‘I‘{m ‘\‘\ (IOI:':ZH\R;\S R J and Lerescnrnn B (1900) J chn
t 29 1397
m‘imi!‘s andYArrE § 3 (1952) Exp Ved Surg 10 219 "
Tuser Lavirey Grerze, and Rascor (1951) Pr Med 59 860
Rocorr J M (1936) .I'l lmﬂ‘;n;d 8;“" ‘!’06 r8
PEIKA N\ (1948, irch ant e 2
gtvmzs G ;nd S)n'r_xs N A (1948) Recent Prog Hormone Ites 2

81
so J A (103.) Re Soc irent tol 11 139

-srf:ﬁf\ G W (lhmz)xso\ 3 H Vermue,J 1 Crscmeno M G

and Frveexstaeor J T (195°)  fan ot

Med 37 972

\eucax € (1947) Ann Endocr Paris 8 39a

Veoean © (1038) Arch Anat mier Morph exp 37 28

Vencan C (1939) Bull Soc Sect B Rom 1 463

Voot M (1083) J Phystol 102 341

Voer M (1044) J Physol 103 317

Voor M (1947) Erp Med Surg 5 279

\oor M (10 1) J Physiel 113 120

Voot M (19.°) Brit J Pharmacol 7 32

Wemenusy W (19,2) Z Clar 77 13%

DISCUSSION
PickerinG Prof Ftienne Martin 1n the patients y ou have deseribed
id you extirpate the adrenal at the first operation®
Emreawe Martis Mo at the second

PickErinG And you often had the Addisoman pigmentation after
remoral of one adrenal only?

Frieaxe Mawrin In three cases of umlateral adrenalectomy with
svmpthectoms of the other side

PrcherinG And the adrenal on the other side was normal?
ETIEN~E MARTIN Yes
GovaErTs What happens to the secretion of sdrenaline and of
corticods after section of the sympathetic nerves nnersating the
adrenals? According to Stewart and Rogoff after cutting the sympathe

tic nerve going to the adrenal you do not get any more se
adrenaline T don t know whether th & o ot

hat 15 still accepted by phy siol
HEVMANS The sympathetic mnervation 15 mgamly) l&gvna?ﬁ“:;r
the normal funetion of the medwlary part of the suprarenal gland
T think we need more mformation concerning the influence of the
t on the cortieal function
. Pt:‘m:m‘\ Th:fxe are no de changes m el
ractionation of unnary sterods after expermental sym, o
Sumlaly e hase natseen any constent changes v thy adyemat sl
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de Lyon 1948) and Guchard and Cobanne (in La Revwe Médicale du
Moyen-Onent 19.2) have deseribed lestons in the adrenals of hyper
tensies Much of thas work was done with adrenals whuch 1 have re
moved from my patients
These authors have drawn up a histological picture of the lesions to
‘be expected 1 the adrenal in by disease  the
findings are the presence of lymphocytic sslets (73 per cent) and muscular
hyperplasia of the central adrenal vemn (73 per cent) nextin frequency
spongiocytic hyperplasia (69 per cent) and finally there should also be
noted the fibrosis of the capsule with arterolitis and hvalimzation
(83 per cent) as well as either loss or fibrosts of the zona glomerulosa
59 per cent)
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themselves Justologieally  So T wonder whether this patient might not
have had the lental devels of A n s disease at some
pownt close to the time of the second procedure when one suprarenal
gland was removed

Lrtonne Mantiv We hase made obsers ations i three eases of ndrenal
msafficicney  In each of them we have begun with » unidateral
sympathectomy at the same time noting the condition of the hidney
and the adrenal  Loter we have removed the ndeenaf on the opposite
side  Two were cases of hyperiension and the third was » ease of
Buerger s disease

1 recently ashed Prof Stahi of the University of Strasbourg s
omnion on the subject and he said that he has ohserved the same
Add‘lsom‘un p»gmcnmt:ﬁn wn u patient on whom he had Just performed
« n

i y 4

I thunk that these cases are more fréqucm than we tlunk  We hase
never sufficiently mvestigated the disorders of shght adrenal wsuflier
cncy hecause we have siways that symy and
splanchmicectomy have no clfect on the adrennt ns the physiologsts
have always nstructed us  Probably there must be evceptional cases
shere there are factors ss 10 the cases [ have just reported wiieh will
transform these Intent adremal insufficiencies nto scvere adrenal
msuflicieney  that 15 nto true Addion s disease

von Luree Concerming the of medullary b after
dencryation or splanchmeectomy  Marthe Vogt has done such expen
ments  There 13 o certan resting secrettan but 1t 15 definitely lower than
what one finds in the normal anacsthetized antal m the suprarennl
sepous blood  Such an anmmal of course doesn t respond to hypo
glyermia or reflex strnuh

Pagr Tsn bt true thet o) ] }f with ) and other
substances even 1n the denervated gland causes seeretion of adrenalme
and noradrenafine?

yon Luser Yes

Pace So that you can have a continued secretion regardiess of the

mnervation of the gld?
von Euser Yes mumlar to the secretion going on from denervated

salivary glands

ace Are there sympathetic gangla m the medulls that respond to
chemical stunulation? A strong sympathetic ganghion stumulator lde
dmethylphenylpiperaumum sodide or mcotine may stumulate the
gangla 11 st 1 duch starts seeretian 6f pressor amnes  Histamne 18
a rertively weak stimulating action on the adrenat medalla compared
with DMPYR

Grnrst Prof Dtienne Martin in your prnted summary you made 2

statemnent which sutprises me to the effect that the wusual lesions of
htis are disapy of the glomeruloss hyper

Iy e
pi-a’sm of the 1 normal ) normal medulfz and
moderste arteriolitis  How specific are these findings for artenal hyper

tension and how often do you see_these lestons i thus disease?
Errenss Mansy Guchard and Boulhat (sn the Journal de Aédecine
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after bilateral nephrectoms there was 1 our rats a
l(;::n:le (;ncremse 1n the extracellular fluid s olume {thiocy wnate
or mubm volume) and (2) that a eloce correlation exsted
betneen the aceumnulation of water and salt an the extracelly
lar spaces and the associated hy pertension

In 1946 Grollman ‘Muirhead and Vanatt produced hy per
tension 1 bilaterally nept d dogs munt d alne
for several neehs by pentoneat lavage  Although Grallmn s
eollaborators (Muithead  Fo,elman, Jones and O raham
1903) still insist that  hypertension can oceur do,s after
ilateral nephrectomy m the absence of an exogenous N\a
excess and 1 the absence of an expansion of extracellutar
Gnd volume  the worh of Leonards and Tleidler {1002) and
Qrbuson Chnstan and Peters (1922} seems to show that n
this condition there frequently evsts a fwd and Na reten
tion and a definite increase in extracellular flmd volume The
former found that the mnubn space was doubled m the ammals
which developed bvpertension following overloading with
flmd while no hypertension deseloped n those muntamned
tn flmd balance The latter showed that hypertension
developed rapidly and consistently 1n dogs withun twenty four
to forty eight hours after bLulateral nephrectomy when 168
ml per hg per day of 1sotome NaCl or electrolyte solution
was injected mtripentoneally  Houek (1953) confirms these
findings showmng that st averbydration 15 presented nephree
tomuzed dogs do not deselop hypertension and that the
merense m blood pressure 15 plwavs associated with an
merease tn extracellular fluid 1 olume

The 1bove mentioned results may also throw hight on the
results obtawed by those who have studied the course

followed by the blood pressure after total nephrectomy 1n
ammals with previous renal

experimental hy pertenstan

Thus Ogden (1937) 1n rats and Prchening (1945) 1n rablats
observed that after bilateral nepi y the blood

F i Te

felt more or less rapidly 1 anumals wth short standing renal

experimental hypertension but n pny It

mals m whiel by
tension had been present for a relaty ely long period of tI:rer:g




WATLR AND ELECTROLYTLS IN EXPLRIMENTAL
HYPERTENSION

E BRAUN MENENDEZ

Sivee we found that hypertension after bilateral nephree
tomy n the rat (Braun Menendez and von Buler, 1947) v1s
associated with an merense m blood volume and extricellular
flurd volume (Braun Menendez and Covidn, 1948) we became
mterested m the study of the possible relation between salt
and water metabolism and expenimental hypertensian  In
o previous review (Braun Menendez 1951} I have given an
account of our ntvestigations and « review of the literiture
In these last years many new data hiave accurmmulated which
confirm and extend our work and constitute tmportant evi
dence in favour of the participation of disturbances m water
and electrolyte metabolism m the genests of cxperimental
bypertension 1 beheve, therefore, that an exposition of the
findings of ourschves and others m this respect 1s timely
order to facilitate o tentative synthesis and the subsequent
discussion

We shall discuss three apparently quite different types of
experimentl  hypertension  hypertension  following  total
nephrectomy nephrogeme hypertension and deovycortico
sterone hypertension

Hypertension following Bilateral Nephrectomy

The effect of hilateral nephrectomy on the arterial pressure
has been the object of pumerous myestigatians  The results
obtamed were contradictory and 1t was generally accepted
that the removal of both hidneys did not produce by perten
sion until 1947, we reported (Braun Menendez and ton
Euler 1947) the eccurrence of bypertension m bilaterally
nephrectomized rits We abo showed, shortly afterwards
(Braun Menendez and Coviin 1948) (1) that forty erht

Py
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may well find its solution 1f we +drmit—in the hght of the v\]or‘k
mentioned—that a disturbance i the water and electrolyte
tration of the extracelular and intraccliuiar fimds may
cause Obverstretching with hysis and Tupture of the medul
rauscle fibres of the artenoles followed by repair
The wdravenous (Wintermtz et al  1940) or subcutancous
(Masson ¢t al 1908) admmstrabion of remn mto totally
nephrectomized dogs also eheits a syndrome of accelerated
maligmant hypertensive vascular disease espeaaih of 3 per
cent NaCl solution 15 grven s dnnkang fwd There s atmple
exdence that remn causes changes m electralvte distnbution
and cellutar permeabihity, and 1ts action on the muscle fibres
may be due to a change i the distnibution of electrolvtes
1n snd around cells thus altering their permealihity to protems
and ultimately causmg their death {(Masson et al  1953)

Renal Hypertension

Hypertension produced n yats by umlateral panncphntis
15 associated with a sigmificant increase 1n extraceliular imd
volume as Braun Menendez and Martinez {19394) hme
shown  This has been recentdy confirmed by Grollman and
Shapiro (193) 1 the dog

Eschelberger {1943) has obsersed i renal hipertensine
dogs an increase m extracelhdar flurd with abnormal distrn
butson of clectrolytes  She demonstrated an mnere ised sodum
ond chlonde and a decreased potassum content of musele
mn the hypertensive as compared to the normal  Laramore
and Grollman (1920) confirmed these findings 1a hy pettensie
rats  Greene and Sapirsten {1922 also found that total
Yodv sodrum s considerably ncreased m rats made hyper
tensive by subtotal nephrectomy

The water and salt metabohsm n expenmental rensl
by pertension 15 disturbed even m the absence of Tecognizable
renal insufficiency  In rats made hyvpertensive by unilaters]
pennephntis the other hadney heing, left mtact there s
polydipsia and polyuna {Chanutin and Yerms 1932 Oster
and Martinez 1943 Broun Mlenender 1850a Green e a?
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the blood pressure remuned lugh until death supersened
As we shall sce Inter, in expersmental renal hypertension a
tisturbance i water and electrolyte metabohsm exssts,
charactenized by mereased extracelludar fud volume and
retention and maldistnibution of sadum  This pre exsting
abnormahty, sumilar to that caused by bilateral nephrectomsy,
very probably enhances the effects of the latter, thus heeping
the blood pressure at a lughlevel Floyer (1951) showed that
the fall i blood pressure of renal hypertensive rats sfter
nephrectomy and  adrenal y could be prevented by
giving 1 per cent sahine as drmhang fluid  The greater merense
in blood pressure after bilateral nephreetomy of rats pre
treated with deoxycorticosterone (Friedman and Friedman,
1949 Hall and Hall 1949) may also be expluned by the
same mechanism  The results presented here strongly suggest
that hypertension after Wilateral nephrectomy s closely
hinhed with flud and electrolyte retention and, as we shall sec
Inter, presumably with some disturbance n the electrolyte
concentration of extracellulsr and intracellular flmds
Bilateral nephrectomy 1s also followed in the dog by artert
olar necrosis and subsequent fibrosis and by myoeardial
lesions which show great resemblance to the lesions of
mahgnant by pertension {Winternitz ef al, 1940 Holman,
1943, Grollman ef al 1949 Muirhead ef @l , 1953, and others)
The apperance and madence of these lesions are aceelerated
and mcremented by the oceurrence of hy pertenston (Mirhead
et al, 1958) or flind and st overloading {Orbason, Chyistian
and Peters, 1952) 1n the dog, and by high salt diet in the rat
{Masson Corcoran and Page, 10515 Toluan 1950) Turner
and Grollman (1951) suggest that the vascular lesions
described may appear as a consequence of failure of o
mechamsm controlling the ratio of sodium and potassism
between the cells and the mterstitral fhnd  The old contro
versy as to whether hypertension alone (Wilson and Picher
mg, 1938 Wilson and Byrom 1930 Byrom and Dodson
1949) 1s or 15 not {Goldbiatt 1951) a suflicient condition for the
production of expenmental sclerosis and artenolar neerosis
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may well find its sofution 1f we admit—1n the hght of the x\‘nrk
mentioned—that a disturbance m the water and elecirolyte
taan of the extraceliular and intracellular fmds may
cause overstretching with fynis and supture of the medinl
uscle fibres of the artenoles followed by yepaty
The itrasenous (Winternitz ef al 1940) or subcutancous
(Masson ¢t al 1903) admmstration of renin into totallv
nephrectomized dogs also eliats & syndrome of accelerated
mahgnant hypertensive vasculat disease espeeally 1f 1 per
cent NaCl solution 1s given as dnnbing fimd  There 15 ample
evidence that remin causes chanyes m elertrofyte distnbution
and celfufar permeability and its action on the musele fibres
may be due to a change I the distribution of electrolytes
tn and around ceffs thus altering their permeability to proteins
wd ultimately cusing ther death  (Masson ¢2 2l 1953}

Renal Hypertension
Hypertension produced 1 rits by unilateral }

¥
15 assotiated with a fi mcrease 11 extracellular flud

solume as Braun \ienendez and Martmez (1949a) have
shawn  This has been recently confirmed by Grollman and
Shapira {2908) m the dog,

Exchelberger (1943) has obsernved w rena} hypertensive
dogs an nerease w extracelfular flwd with abnormal distn
button of electroly tes  She demonstrated an nercased sodwm
and chlonide and a decreased potas mm content of musele
n the hipertensine as compared to the normal  Laramore
ond Groliman {1950 confirmed these findmgs i by pertensise
raty  Greefie and Sapsten (1052) also found that total
body sodium 1 considerably wereased 1 rats made hyper
tensive by subtotsl nephrectomy

The water and sslt metabohsm n expenimental renal
hypertension is disturbed e en n the absence of recogmzable

renal wsuflictency  In rats made by ertensive by uml
permephntis the other Ay y N

ey being left minet there I’
polydipsia and polyuna {Clanut and Fems 1932 Qster
and Martinez 1943 Briun Venendes 19s0a Green el al



242 E Braun MEnENDEZ

1953)  Stamier and Mmunm (1952) observed the sime
during mapient nephrogenie hypertension n dogs  Hyper
tensise rats are also more Iible to dehydration than normal
rits, durmg total fisting they exerete m twenty four hours
a urine volume nearly three times as great as that of normal
rats (Braun Menendez, 1950a) We also showed that after
administration by stomach tube of saline in amounts corres
ponding to 5 per cent of body weight, the hypertensie
amimals chiminate i the next twenty four hours a greater
pereentage of water and of NaCl than the controls  Tins was
mterpreted by us as due to an excess of Na m the organism
of the hypertensive ammal, which, therefore, rejects addt
tional salt more rcadily  Green, Sturtevant and Van Arman
(1953} have confirmed tins finding during the early stage of
renal hypertension  This phenomenon can be related to the
aversion for sodium that hypertensive rats show when given
the choice of dilferent salt solutions {Abrams et al, 1949
Tosteson et al , 1951) They dunk one third to half as mueh
NaCl and NaHCO; as the normal rats

An increased rate of urimary excretion of antidiuretic
substance has been found in rats and dogs with experimental
hypertension (Ellis and Grollman, 1949)  If the mcereased
renal cxeretion of antdmretic principle really means an
ncreased production of antidiurctic hormone bv the posterior
lobe of the ptuttary, 1t may be 2ssumed that this mereased
production 1s 1 compensator) response to some endocrine or
metabolic alterition which requires a retention of water i
order to mamtamn the tonieity of the body fluids  The exper
ments of Shahen and Green (1948) are 1n favour of this mnter
pretation  [hey found that the unnary ehmmation of the
antidiuretic principle 15 proportional to the water turnover
When the fluid intake mereases following the admnistration
of deovycorticosterone or the substitution of water by an
0 8 per cent sodium chlonde solution as drinking flmd the
elunination of the antidsuretic principle also wncreases

T will not enter mnto 2 thorough discussion of the effect of
salt loading and salt depletion on the blood pressure of ammals
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rimental ypertension  The studies of Grollman
‘\:\2\“8:‘]&““ (1845} X}()-mdler and Bernheim (1030) Danford
and co warkers (1950} and Danford and Herrin {1952} show
that inereasing or decreasing the sodum mtahe m rats with
experimental renal hypertension causes parillel changes in
Blood pressure My pertensne dogs seem to be less sensitnve
toTugh or low salt diets {Rage amd Lews 1049 McGuse nad
Witheimy 1901) nevestheless o severe chrome salt depletion
with hyponateerun veduced the blood pressure of renal
hypertensive dogs to norml {Eneden ef al 1902)

The effect of sodsum oscrloading on the vascufrr pathology
of renal hy pertensit e anmals has not been studied  But the
Intrayenous njection of remn mto renal hypertensne dogs
precipitates cardio vascular lesions typieal of mahgnant
hyp (Letter and Fichelt 1042 1943) and the
subcutaneous snjechion of remin 1o rats pre treated with
deovycorticasterone and hspertomic salt soluton causes

hxmorrhages dema and diffuse vaseular lesions {Masson
Corcoran and Fage 19210)

Deoxycorticosterone Hypertension
Following, the ad ration of deoxycort ta
rats dogs and men there 1s strthing and rapid reduction 1n
Ahe renal excretion of sodm and chlonde and an increased
renal cuerstion of potassum  The retention of sodum 1s
d by an enh { app for sodwm (Braun
Menendez 19506 Braun Menendez an

d Brandt 1952} o
marked and rapid increase m the extracelfular fluid A olume

{Braun Menendez and Martines 1949a Gaudino and Les 1t
1948 Davis Bass and Overman 1991) a decrease in intra

celiulr flud volume (Gaudine and Levwt 1949) and a shght
wneretse in blood yolume

Investigations on the electralyte content of varous tissues

and orguwns show that potassium leaves the
celi
replaced iy sodiam  This cha L

nge has Leen observed in
voluntary muscle and also n eard
e muscle {fo
see Overman 19o1) for Wnerature
avrete. wox

.y
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The prolenged administration of deoxy corficosterone ciuses
m rats renal lesions polyuria and hypertension  This action
1s strictly dependent on the presence of sodium 1n the diet
or the drinkmg flmd  In the absence ot sodium the admms
tration of deonycorticosterone 1s not followed by renal
Iesions or hypertension or an increased flud turnover The
action of deoxycorticosterone 1s so closcly related to the
presence of sodium m the dict or the drinking flwd that 1t 1s
difficult to decide whether sodium sensitizes the animals to the
action of deoxycorticosterone or whether deoxycorticosterone
* potentiates the effect of subthreshold doses of sodim
chloride™ as Selye and Stone expressed m 1943 The latter1s
true at least in the chick, where the administration of sodium
chloride m high concentration (2 per cent as dnnking {lud)
causes renal lestons (Selye 1943) and hypertenston (Lenel
et al, 1948), the former being 1denticn] with those observed
when subthreshold doses of sodium chloride (0 2 per cent)
which in themselves 1re not toxre, nre admmustered i con
junction with small doses of deoxycorticosterone (Sclye and
Stone 1943)

Sapirstein Brandt and Drury (1950) admmstered for stx
weehs 2 per cent saline solution as a drinking fluid to rats
The anmmals developed hypertension associated with heart
and kidney hypertrophy  Meneely and co worhkers (1952)
and Auerbach and co workers (1953) fed large quantities of
sodium chloride to rats for many months and obscrved
cedema, marked crease 1n extracellular flnd volume, renal
lesions and hypertension  Hartroft and Hartroft (1952)
obseryed degranulation of renal juxtaglomerular cells m rats
given a salt rich diet or deosycorticosterone Adrenalectomy
or a salt poor diet produced on the contrary an increase m
granules Gepts (1952) finds necrotic lesions in the myocar
dium and pancreas and periarteritts 1n rats overloaded with
salt for twelve to forty two days

No significant elevation of bload pressure was observed 1
normal dogs given a 2 per cent NaCl solution as sole source
of dnnking flud (Withelmy ezal 1951) This s probably due
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the fact that the kadneys of normal dogs have # great
;(E’»\ht) ¢ elmnate NaCl as shown by Ladd and Raisz (1049)

The cardios ascular lesions produced by the admimstration
of deoxycorticosterone plus solt are sumlar to those
expenmental mahignant hypertension The 1njection of ren
mto rtots pre treated with deoxycorticosterone and excess
sodium ehlonide elieits o syndrome of ohguna cedema by per
tenson and convulsions which bears great resemblance to
toxzmu of pregnaney (Masson et al 1901g) At autopsy
vascular lestons were found wiich included widespread wisceral
hemorthages artenal ocelusion and renal glomerular degener
ation Normal rats showed no 1ll effects from the injechion
of stmlar amounts of remn (Masson et af  1952)

All the factors wiich are hnown to {svour the retention
and (or) maldistribution of sodwm 1 the organsm fecilitate
the prod of deoxycorticost: hy pertension or if this
1s present cause on aggrasation of the amimals condition
Among such factors we may mention umlateral nephrectomy
(Selye and Pentz 1943) nephrotoxic serum nephntis
{hnowlton et al 1946} expenmental pernephnitis {(Braun
Venendez and Martinez 1949b Freed ef af, 1051) adrmms
tration of remn (Masson et al 19ula) and expersmental
diabetes (Braun Mlenendez and Martinez 19485} Doses of
deoxycort which are hit to cause hyper
lension 1w normal ammals do cause an increase 1n arterial
pressure 1 the above mentioned conditions

Conciusions

In this resten I have mentioned three dilferent expen
mental conditions leading to arterral hypertension and
cardiovascular lesions simular to those of the mahignant type of
bhpertension  The three conditions bave a common denomy
;mlor retention and maldistribution of sodium and water
:I\e:‘l‘l. otli;,‘-;:c there 15 an mc;e:;:e n extraceliular fimd altered

of the lular and mtraceliul

fluds and disturbances 1 salt and water me:‘fbol\xm w all
three overloadmg with salt and water accentuates and
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accelerates the appearance of liypertension and cardios ascular
lesions while ndrenilectomy and salt depletion have an
mverse cffeet, m all three, myections of remn which cause
serious disturbances i flud and electrolyte distnibution
and capsllary and cellular permeability  preapitate the
vascalar pathological syndrome

The order ol preced of the “biock 1l leston™, as
Vanatta (1951) puts 1t, 1s diflicult to establish and 1s perhaps
different 1n the three conditions mentioncd  Retention of
sodtumn may precede its entrance into the cells or tice wersa
retention of sodium may precede retention of water or tewce
versa, ete  There are some mdications ponting to o primary
alteration of the permeability to eations following deovy cortt
costerone admumstration  Further studies should clanfy
this problem

It 1s wteresting to speculate as to the mechamsm of
hypertension and vasculir lesions Iy pertension, even m
the case of post nephrectomy hypertension 1s not due to
plethora and tnereased minute yvolume but to an inereased
peripheral resistance caused by vasoconstriction  Apart
from the presence in the blood of vasocoustrictar substances
of renal, medullo adrenal or other origms, the tone of the
muscle cells of the eardios aseular system may be mfluenced
by the electrolyte concentration of mtracellular and extra
cellular fluids and by the state of hydration of the orgamsm
The hidney, the adrenal cortex and probably alse the posterior
lobe of the pittary should play therr roles in tins respect
According to some mvestigators the elevated blood pressure
alone 15 a sufficient condttton for the production of the
cardtovaseular lesions wlieh characterize mahgnant hyper
tension  According to Goldblatt (1938) the  combnation of
nereased yvascular tension and the effeet of a chemend sub
stance of renal orygin  are necessary conditions for the
production of artersolar nccrosis and the assocrated haemor
rhages ” I believe that the results which I have reviewed
Ieay e no doubt as to the role of lugh blood pressure and renm
but to these two factors a third should be added s hich alone
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oy cause siiar
or in combimation with the other two W

Yestons, and that 15 the electrolyte concentration of intracel
Tular 3nd extracellular fimds and the state of hydration
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THE DISTRIBUTION OF FLUID AND
ELECTROLYTES IN EXPERIMENTAL
HYPERTENSION

J M LEDINGHAV

In view of the many sumilarittes between the various forms
of expermmental hypertension, both mn regard to the mfluence
of the mtake of sodwm chloride upon them, and i regard to
the many reported disturbances of water and electrolyte
distribution, expertments were planned to investigate the
posstbility that some underlymg disturbince mn water and
electrolvte distribution 1s common to ali

The experiments to be described deal with the dircct
measurement of the partition of wter and of sedium and
potasstum between intra and extracellular compartments
of heart and sheletal muscle in various forms of experimental
hypertension 1 rats and n particuldr 1n experimental renal
hypertension (Ledingham 1953)  Total body and tissue
extracellular flmd were measured by muln (Ross and
Mokotofl' 1951), after equlibration had been obtamed m
ammals whose renal pedicles had been ligated Plasma and
tissue electrolytes were measured by flame photometry In
the calculation of the tissue extracellular flurd volume and its
content of sodum carrections were applied for the mequalbity
of mulin and sodium m interstitial flurd and plasma

Experumental Renal Hypertension
A group of 11 rats werc made hypertensie by the apphea
tion of a slver clip 1o one renal artery the contralateral
kidney being left untouched or removed  After Iy pertension
had beun present for periods rangng from mne to eighty cight
days, the group was compared with a group of 11 control rats
of simlar age wiich had been subjected to the syme freat
ment save for the appheation of the chp  The duration of
2,0
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hypertension i the first group and the blood pressure level
and extracellular fluid volume per 100 ¢ body weight n
both groups are shown in Table I Although the mean extra«
cellular flnd volume was igher 1n the hypertensive group,

Table 1
The blood pressure and the extracellular flud volume per 100 g of body
weight 1 renal hypertensive and normotensise control vsts the former
thg arranged in order of increasing duration of hyvpertension.

Drratn g | 0 FOFT per
G \ » preseare [ b€ o
i ey * | tmm Hg) [
n o 22, 239
13 0, o
u3 s 193 23 5
ns 16 210 2T
Ho % 20, 218
Hypertensne He 32 234
1z 375 50 3
it} 58 213 k-
iy -2 e i
Ao -2 05 HiY
Hu 88 200 o
N 18 ]
N | w2 22| =y
N1 -— Y
E e
N3 Z ns
N8 = o7
Control ~5 = 2z
Normotensive ~6 = 13
- - 2
N 08
s — 102
N — 2
o 12
- 18
A3 —_
B9
il o

there was a fall to the normal range as the

tension increased  This comzlatlogn 5 sho\\(:nulr:tgz Olr h‘:’}):ﬂ‘
the honizontal hines are drawn at twice the standard dev !"c
of the extracellular fluid volume Per 100 g body e, 1;: ot
the normotensive controls above and beloy, therr I?nennl% a}uzt
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That there 1s & sigmificant correlation betw ecn the extracellular
flard volume per 100 g body w eight and the extracellular

fluid volume per 100 g of heart muscle 15 shown m Fig 2

i 3
(- °
PER °
1006
BODY WY M °
%
Q a
X &
x x o
20 x x % o x
x * M x
X CONTROL NOAMOTENSIVE
)
O HyreRTENSIVE
CORRELATION COEFFICIENY o =075
p< 0O

10 20 30 40 50 [} 0 80 9 o
OURATION OF HYPEATENS ON

I'tc 1 To show the fall in the extraccllular flurd volume per
100 g of body weight to within the normal range as the duration
of exp Tenal hyp Lach observation
on a hypertensive ammal s pured with an obsertation on o
normotensive control  The horizontal lines are drawn at twice
the stondard deviation of the extracellular wd volume per
100 g of body weight of the normotensive controls above and
below their mean value

The mean values for the distribution of sodium and potassium
n heart and skeletal musele are shown mn Table IT and Fig 8
There was no significant difference between the levels of
plasma sodium and potassium 1n the two groups  The mean
total sodium and potasstum per hg of heart muscle in the
hypertensive groups were sigmificantly ligher and lower
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respectinely thann the controls  Sumilar absery ml({:;i\r\a; :
been made by Laramore and GroWtmon \\‘3:&)\) e
these dufferences decrensed as the dutation of hyperie won
nereased snd appeared to be due to the transient mcrea‘s’od .
tssue extracellatar fhud sssocated with the merease 1n

@
v °
0
s o
o
wo e 0 o e
HEARY s
WOSTLE 1 10
3%
. *
‘\1 X CONTADL HORMQTENSIVE.
¥ © HYPERTENSIE
0 a3 EC ”_‘
BLFY PR 100G BODT WY

CORRELATION COBFPKINT 7 O75
POt

Fic * To show the relationship between the extraceilular
fwd vofume per 100 g of heart musele and the extracellular
Surd vobume per 100 g of body wesght im the combined group of

renal hiypertensive and normotensi g control rats

extracellular flmd  The mean concentration of sodum in the
antracellular g of heart muscle was estimated to be 6 per
cent, less 1 the hypertensise group than in the controls buy
this diiference was not gmte statistically sigmficant {the
99 per cent fiduwial humits were —~18 Sper cent apd 41 2 per
cent) The ular flmd 10n of | was
the same i both groups  In the case of skeletal muscle there
was no difference Between 1ota} sodium and potassium in
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the 4no groups howeter the concentration of sodum in ll\\vz
intracelinlar fimd was 12 per ctent less m the hypertenst N
than m the control group fins dilference apmm being no!

NORMAL EXPERIMENTAL
CONTROL RENAL
HYPERTENSION
ECFY PER 100G -
BOOY WT
PLASMA
SODIIM CONEN
HEART WMUSCLE 1CF
SODIUM CONEN
(-s1)

SKELETAL MUSELE 1€ F
SOOIUM CONCN

)

Fic 3 Uiaerammati representation of the findinms in a group
of rats with expenmental rens) hypertension and i 8 normo-
tens: ¢ control group  Differences from the contrel group are
expresced as o percentage of the latter  Frgures in f rackets

wdieate that they do not d fler sigmficantly from zero

quite sigmificant (the 9o per cent fiducal imuts were —27 3
per eent and 42 4§ per cent)

Discussian on Experymental Renal Hypertension

An increase 1n body extraceltular flmd volume has been
Teported by others n experimental renal hypertenston {Braun
Menendez and Martinez 1949 Grollman and Shapiea 19.3)



256 J M LEDINGHAM

In the series reported here an mncrease m body extraceltutar
flnd volume per 100 g body weight has been observed 1n
hypertension of short duration, but this merease above the
normal range of extraccllular flnd disappeared as the duration
of hypertension increased  An increase mn the estracellular
flurd volume 1s therefore not an essenbia) for the estabhshed
state of experimental renal hypertension The cause of the
merease 1 extracellular fluid volume found in hy pertenston
of shart duration has been further considered It 1s not
simply due to mequality of the weights of the ammals m the
two groups however, it 1s possible that at least part of the
merease mav be duce to the loss of body fat which sometimes
occurs when the blood pressure 1s msing acutely, for it 1s
krown that i man when the amount of body fat 1s reduced
the extraccllular fluid volume per 100 g body weight 1s
mereased (MeCance and Widdowson 1951, Odier and Mach,
1949) Tor various reasons the merease 1s more hhely to be
due to a temporary nterference with the renal airculition
brought about by the various operative procedures &
transient increise m extracellular flurd volume has been
produced by disturbances in the renal eirculation not resulting
m hypertension It 15 suggested that any techmque for the
production of experimental renal hy pertension which prevents
the development of compensatory renal hypertrophy may be
assoctated with a permanent elevation m the extracellular
flnd volume

The small obseryed decrease in the concentration of sodium
in the mtracellular flud of heart and sheletal muscle in
expertmental renal hypertension, though not quite significant,
15 of great interest  In the calculation of mtraceliular sodium,
the assumed concentration of inulin and sodum 1 itershitial
flutd has been werghted shghtly m the direction of narrowing
the differences between the two groups Xience 1t 1s quite
possible that the decrease i the wntracellular concentration
of sodium 1s really rather greater and may well be significant

The suggestion has been made (Tobian and Bimon, 1952
that expenimental renal hy pertension may be due to narrowing
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f the srtenoles brought about by a widespread swelhng o;
agsele tissue  In the present expenments using heart and
Leletal muscle there 15 no cvidence of an increase i hissue
extracellular flud 1 hvpertension of fong durntion moT 1S
there any evidence of n sigmficant state of ccllular over
fydration, 1f & measure of this be taken as the rtio of the

imtracelldar find to the weight of the total sohds in tissue
{see Table I

Hypertension Produced by Adrenal Sterolds

Ishould niow like to refer briefly to some prelimmary studses
on the distribution of water and electrolvtes 1n other forms
of expertmental hypertension  The first group deals with the
hypertension produced by sdrenal stesods  Swoall groups of
rats were adrenalectomized and treated with deowycortico
sterone acetate (4 < 2o mg unplants on day of adrenalectomy)
cortrsone acetate (1 my, twice daly by subcutaneous myee
tion) or » combanation of the two  The rats were mamtamed
on a diet Contaming 1 per cent of sodium chionde and drank
either tap wateror 1 5 percentsihne  Aftervaryinginterials
they were saenficed and compared with & group of adrenal
ectomuzed rats mantaned on } 3 per cent sabine and with
normal contrals  The details aof these expennments and <otne
of the findings are shownin ¥ag 4 Only m the group treated
with deoxycorticosterone and cortisone was overt wedema
present, and the results here are open to the objection of
fallure of eguilibration  The final mean blood Pressures were
those to be expected from earhier work t¢ the Absence of salt
bypertension 1n adrenalectomized rats the potentiation of
devxy corhicosterone hy pertension by sodium chlonde and the
additive actions of deatyorticosterone and cortisone There

was a significant fall tn the extracellular flmd volume 1 the
group recening cortisone sn all other groups an ncrease
took place  Plasma sodium rose only in the groups recenving
deoxycorticosterone and saline As regards the sodium con
centration in the witraceliular find 1t was remarhable how
‘ery vanable this was in sheletal muscle compared with the
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In the series reported here an merease in body extracellular
flmd volume per 100 g body weight has been observed m
hypertension of short duration, but this increase above the
normal range of extraccllular flud disappeared as the duration
of hypertension increased  An merease 1n the extracellular
flurd volume 15 therefore not an essential for the estabhshed
state of experimental renal hypertension The cause of the
increase n extracellular flud volume found n hy pertension
of short durtion bas been further consudered It 1s not
simply duc to mequahty of the weights of the amimals m the
two groups however, 1t 1s possible that at least part of the
wmerewe may be duc to the loss of body fat wluch sometimes
occurs when the blood pressure 1s nsing acutely, for 1t 1s
Known that 1n man when the amount of body ft 1s reduced
the extracellulir flud volume per 100 g body weght 1s
mereased (McCance and Widdowson, 1951 Odier and Mach,
1949} Tor various reasons the tnerease 1s more hhely to be
duc to a temporiry nterference with the renal exrculation
brought about by the various operative procedures A
transient 1necrease m extracellular flnd volume has been
produced by disturbances i the renal errculation not resulting
m hypertenston 1t 1s suggested that any techmque for the
produetion of expertmental renal by pertension which prevents
the development of compensatory renal hy pertrophy may be
assoctated with a permanent elevation m the extracellular
flwid volume

The small observed decrease in the concentration of sodium
tn the ntracellular flmid of heart and sheletal muscle
experimental renal hypertension, though not quite sigmificant,
1s of great interest  In the caleulation of intracellular sodrum
the assumed concentration of 1nulin and sodiem 1 interstitial
fluid has been weighted shghtly in the direction of narrewing
the differences between the two groups Hence 1t 15 quite
possible that the dcrease i the ntracclinjar concentration
of sodium 1s really rather greater and may well be sigmficint

The suggestion has been made (Toblan and Bimon 1952)
that experimental renal hy pertension may be due to narroning
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with an merease of the extricellular relatne {‘o ﬂ‘:‘ d‘“:l‘\:c
heart mausele
llular concentration of sodin M
fcli::n these two the erease of extroceliufar sodm 15 the
more important

Renoprival Hy pertension
The second group of experments deals with sumibar
me isurements 1n rots three davs after nephrectoms with or

omuans pegTan  WneIs el MPeL O na o
e

-r 3 non e

AN W W I T
&

« a scis
st e B »

1 aceuis
et wrgnrcs

Fic 5 Duagr mmatic representation of the findings 1 2 group
of normal rats ad i groups of rats three davs after nephrectomy
wih o Wil ent aetompanving adrenaleclomy  The groupe
drand. wler water or 0 ¥ pescent salne Differences from the
norma! group wre expressd as @ petecntape af the Iatter
1 10ures in brackets ind cate that th v do

st difter migmificantly
fom 2ex0

without accompanying adrenafectomv  The ammals were
placed on o fat phucose and starch dret for two diys prior to
nephrectomy and throughout the post operative penod They
drank either tap Water of O 5 per cent salme  Some of the
restlts are shown w Fig &  There was a wile vasation
withw each group  The only group hecamung hypertensie
was the nephrectomized group drinkin,, 0 5 per cent siline
oy

"
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relatis e constancy m heart muscle, in fact m the group treated
with deoxycorticosterone and sahne therc was a threefold
inerese n the intracellular concentration of sodium in sheletal
muscle and only a comparatively shght mcrease in heart
muscle  There 1s no apparent common factor m the distn
bution of sodium between extra and intracellular flud m
heart and skeletal muscle in the groups 1n which hypertension

NoamaL AOREN LECTOMY  ADREN LECTOMY  ADRCNALECTOMY  AORERALITOOMY
boc CORTSONE DG 4COMT SOME
waTER saLINg saLie water sxwt
o000 PaEssuRE ' 1 s a7
——r

+ 7L

L su
soo LM €O Cw

Me BT wmscre
fcF
500 UM CONCH

SKELETAL MUSCLE
IcF

soD UM conan + oL ¥iol + of

b
o d I

Tic 4 Diagrammatic representation of the findings in a group

of norm ! rats and 1n groups af adrenalectomized rats some of

which were treated with adrenal steroids  The groups drank

cither water or 1 5 per cent salme The percentage figures
express the differences from the normal group

was present  However, 1f heart muscle alone 1s considered
m the deoxycorticosterone siline and deovycorticosterone
cortisone saline groups there was an increase m extracelfular
sodium wherens the mtracellular concentration of sodim
was rased n the former and normal in the latter In the
deoxycorticosterone water and cortisone w iter groups there
was a normal level of extracellulw sodium and reduced
mtracellular sodium i heart muscle  These findings arc
compatible with the hy pothesis that hypertension 15 associated
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there Tins been no evidence of o !;sc u: thcslel\ ¢l of the mtr
lar sodjum concentration it heart muscle
cel'lrl:\:; sn \Lauld appear that the adrenals 1 the nhsence of
Jadneys munt un the level of phisma sodm at the expense
of sadiar 10 sheletal muscle and to a lesser extent n heart
musele and also present hydration of the ntricellular com
partment  These findings are agun compatitle wath the
tivpothesss that o nise n blood pressure 1s assoctited with an
Imerense of the extracellular relative to the intracellular
sodtam concentration 1n heart muscle which i renoprival
fypertension ¢ be brought sbout by the ndrenal in the

absence of ludneys or by sodwm choride i the absence of
both Ladney s and adrenals

Conclusion

Thus i the three forms of experimental hypertension
studied renal adrenal steroid and renoprival although no
certam contlusions ¢ be reached ot present there 1s the
distnet possibity of some common underlving disturbance
of sodum distribution i heart muscle  Whether tlus
disturbance oceurs i the smaooth musele of the arterial wall
nd there plavs any role m produein,, vasoconstriction 1s as
yet completels unknown The eustence of o disturbance of
water or potassium distribution commen to these forms of
W pertemsion tas biecn consdered but none has been found

Finafly 1t should be said that errors ansing n the method
of measurement of tissue extraceliular fuid hase been care

fullv cxamuned and st 15 considered that they are unlikely
materislly to alter the abote conefusions
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Had a longer time elapsed after nephrectomy, more conclusie
differences 1n blood pressure might have emerged Irom
earher work of Floyer (1951) 1t nmught be expected that the
blood pressure i the nephrectomized group drinking water
would have msen after this period of three days that the
blood pressure m the nephrect 1 adrenal d group
drinking water would have fallen further, and that the blood
pressure an the nephrectormzed adrenalectomized group
drmking saline would have risen to the normal level or even
become hypertensive  In the figure intracellular hydration
15 estimated as the ratio of mtracellular flnd volume to total
solids the normal ratio being defined as 100 per cent In
both the nephrectorzed and the nephrectomized ndrennl
ectormzed groups drinking water there was an ¢xpansion of
the extracellular flind volume even though the former group
Jost weight  Tlus observation was made previously by
Braun Menendez and Covtdn (1948) In the nephrectormzed
group the plasma sodium concentration was furly well main

tamned, apparently as a result of a sigmficant withdrawal of
sodium from sheletal muscle and possibly from other tissues
there was only shght withdrawal from heart muscle The
nephrectomized adrenalectormzed group tended to gan
weight, and the retamed water passed into the intracellular
compartment m heart and sheletal muscle causmg sigmficant
mtracellular overhydration with lowering of the intracellular
conecentration of sodium and potassium  Sodim was not
withdrawn from sheletal musele to mamntain the sodium con

centration in the expinded extracellular space  In the two
groups dnnhing saline there vwas an even greater expansion
of the e xtracellular volume 1 both groups the plisma sodium
concentration was ramsed shightly but not sigmficantly

In the nephrectomized adrenalcetormzed group there was now
only shight entry of water into the mntracellular compartment

hut there did appear to have been entry of sodum mnto
sheletal muscle with an increase in the mtracellular coneen

tration of sodium  Tlus entry of sodium nto sheletnl muscle
has not occurred tn the case of heart muscle and 1n all groups
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thiete b been no evidence of a rise 1 the Jevel of the intra
cellufar sodium concentration 1 heart muscle

Thus st would appear that the adrenals in the absence of
Tadnevs muntatn the level of plasma sodwm at the expense
of sodrum 1 sheletal muscle and to a lesser extent in heart
muscle and abo prevent hydrtion of the intracellular com
pattment  These findings nre agamn compatible with the
tnpathests that a nse i blood pressure 15 associated with an
wcrease of the extracellular relitive te the antraceliular
sodium eoncentrabion 1m heart muscle whieh n tenoprual
hypertension can be brought about by the adrenal i the
absence of ldnevs or by sodium chlonide n the absence of
both Ladneys and adrenals

Conclusion

Thus 1n the three forms of evpernmentsl hypertension
studied tenal adrenal stermd and renopmnal although no
certam eonclusions can be reached at present there 15 the
distinet possitalits of some common underlying disturbance
of sodwm dstribution W heart musele  Whether thus
distutbance pecurs tm the smooth muscle of the arterial wall
and there plays anv rule 1 producing vasoconstriction s as
et completely unknown  The ¢xistence of a disturbanee of
water of potassium distnbution eommon to these forms of
[N ;mrlrnsxon has been consdered but none has been found

. mally 1t should be said that crrors ansing 1 the method

o of tissue extracellyl

flisd have heen care
fr:“: examned and it 15 considered that they arc unlihely
alenthy ta alter the above conclusions
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DISCUSSION

MR Dr Braun Menendez T suppose vou are nat suggesting that
expansion of the extricellulr fhud volume and sodwm retention s a4
primary factor in the genesis of hy pertension? It my perhapsin certam
crcumstances be an adjuyant effect  The proof of that 1s quite ample—
one can mention any number of chimeal eases with expanded extry
cellular flind volume and sodium retention and no rise of blood pressure

Bravn Mivavpiz No T never stated that inereased extracellular
flnd v olume 15 & enuse of hypertension but only an accompany ing fact

IMirir But you do suggest that if 1n a state of hypertension the
extracellular fluid 1s expanded and sodm retained then that could
have an influence on the ciscase?

Braun Minrvorz T thunk so

Paar You mean on the lesions of the disease?

Braus Mrsrnoez On the height of the blood pressure and probably
on the lesions

WinsoN I wonder 1f wvone else has observed this reversal of the
change 1n extricellular flmd volume s the duration of hypertension
continues I tlunk it most important to have further cvidence on that
pomt
Grot1miN In the human 10 whom the disease has been present for
some time with the desclopment of severe hvpertension the extra
cellular flmd volume 15 1nereased  Tius would exclude the possibihity

fufid Dr Ledingham that the phenomenon may be the result
of surgenl interference  The question of the effeet of loss of weight
which he has mentioned 15 of great importance since the apparent extm
cellular flurd volume expressed n terms of the body weight 1s closely
related to the amount of adiposc tissue present n the body Con
sequently an apparent increase in extracellular fluid volume may
reflect only 2 loss of adipose tissue rather than a true merease n this
volume conconutant witl an nerease i the sevenity or duration of the
Iypertension  In considering apparent changes i extracellular Nund
volume expressed n terms of the body weight one nust take mto
consideration any changes in the total amount of adipose tissue present
1 the body

Ly pinciram Yes I thinh that does apphy certainly n the eathiest
stapes of experimental renal hypertension ammals are often very <ich
and Jose weight I hase however observed in rits after a severe
operation not followed by hypertension the anmmals may lose their fat
but they do not show expansion of the extrreeflular flund expressed
as @ percentage of body waight  Tlus 15 rather agunst the suggrested
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of these ammals
exphination but “"::\: ﬂ‘r;;tﬂ‘&i:ﬁ:ﬁ:‘:ﬂﬂ‘;m acutely hyper
3 nof 50 severe gs 1t 15 1 < explan
e i Lt e o
ation of the expansion o HLension
e dor e T b esercataar T
{u‘ﬁ;‘: !lx;) :‘r§1:d the ammals by ths fime have Tegatned thei Tost fat
e the same e 8 e e ounts of DEA~-which
Jdog when you mve large am: o~
prfs?:‘n::\:;?i:c‘;c‘ah;s \\%e n\nc)e\\\m: fwd volume and m;vwa\ t;\.l‘\x
the blood pressute go up —for si< weeks and then stop it the
ure comes down
“stuw \eg<enoez That doesn t happen in normal dogs?

Govarsts Matbe not alwavs but certminly in some dogy o you gne
Jarge enough smounts of DCA pnd the pressire goes down whe‘n DSSL\‘
stop 1t Of course 1t 13 easier to get that hypertensive action of
when you have previousty removed one adney or put a dlimp on the
one hadney

Page How lugh is the blood pressure’

GovagwTs Fawly hgh B 4 oo, 117 Tugher than normal We hada
Qog m which we could reproduce that hvpertension very easily The
dog had one renal attery constricted for & very Jong bime but lus blood
pressure was normal  The blood pressure went up quite soon and staved
up 8s long as ne gate DL L and then eame downaf we stopped 1t alter
Ahree o four weehs

Bratv Mrvevoez It wasn t quite a normal dog then®

GovAERTS o but Tmention that particular dog beeause us reaction
to DUA was clear cut and the experiment was repeated several times

Jtenez Diaz In experiments that we hase reported 1 the past we
found . nephrectomuzed dogs the same effects seen by Dr Brasn
Menendez  The extracellalar fluids mereased until death  But on the
other hand we have obsersed {reported by Castro-Mendoza Merchante
and Linazasoro) that the sodim content of the plasma remains norma)

& the same tme a3 the chlande 1s decreasing  There 18 then o true
dissociation of the tio 1ans altec ney

Dr Lo phrectoray  [lave you seen that ton
r Ledimgham

Lionoian § didn L measure ehlorides but 1t 18 possible that if your
dogs were dnnking water and they had an cxpanded extracellylae
spate cWlonde 1ons would not be avarlable to mamtain the concen
tration wheveas w the case of sodwum shout o8 pee cent, pethaps n
iitde less is intracellular 1 sheletal and heart muscle snd therefore if
e\pansion of the extracellular space ocours sodmm s svadible and
may be withdrawn from the cells to mamtamn the level of plasma sodium

Stz Dia2 fhos dissotation 15 the same as vanous suthors has e
observed chmeslly 1 eardiac patients on a Jow salt diet and mereunial
dll;r[ﬂ\cs who \n::: already insensitve 1o the mercurial druretics

eraren We have some evidence that the rate of exchangr of
i the gastrowtestinal tract of patients with l\yperctensgn !nmw(:;ul::
different from that n normals We eated seven patients with hyper



262 GEALRAT Discussion

Lepinausy J M (30,3 Chin S 12 337

McCaver B A and ¥itovonson LM {1051} Froc roy Sec (I
138 113

Qonn J and Micw R S (1949) Pranis (R Swsse Med) 38 833

Ross G and Monotorr R (1051) J biol Chem 190 6.0

Toman L and Bivtoy 3 I (1952)  Cireulotion 5 Tat

DISGUSSION

Wiiran Dr Braun Menendez I suppose you are not suggesting that
expansion of the extraeelular fluid volume and sodum retention & 2
primary fretor 1n the genesis of hvpertension? It may perfaps i certun
crcumstances be an adjuvant effect  The proof of that 1s guite simple—
oac ¢ mentton any number of chimeal eases with expinded extra
ceflutar flurd volume and sochum retentian and no nise of blood pressire

Baaws Mryoapiz Ne I pever stated that snereased extracelulir
fhnd volume 15 & cnuse of hypertension but only an accompany ing Met

Hrtssn But you do supgest that of i a state of fiypertension the
extraceliutar find 15 expanded and sodum retamed then that eould
have an influence on the cdisease?

Braos Mevi vprz 1 thunk so

Pacr: You mean on the lesions of the disense?

Bravs M1 vrwoez On the hesght of the blood pressure and prolnbly
on the Iesions

Wison I wonder if anyonc else has observed ths reversaf of the
chiange 1 estracellular fluid volume s the duration of hypertension
r’om;nues ¥ thank it most amportant to inve further exvidence on that
poin
CrorumanN In the human i whosm the disease s been present for
some time with the development of severe hvpertension the exira
cellular flurd vohime 15 werersed  Thes would exelude the possiblity
sugpested by Dr Ledingham that the phenomenon may be the result
of surgical interference  The question of the effect of Joss of wer bt
wluch he has mentioned 15 of great importance since the appirent extra
cellular flud volumie expressed 5a termis of the body weight 1 closch
related to the amount of adipose tissue present mn the body Con
sequently an apparent ncresse wm extracelular flud volume muy
reflect anly a Joss of adipose tissue rather than a true mcrease 1 this
solume concorutant with an mcrease i the sevenity or duration of the
hypertension  En considering apparent choges m extracellular flurd
volume expresied in terms of the body weight one must take mte
conssderation any changes w the total amount of adipose tissue present
m the body

Lromeiw Yes I think that does apply certandy in the earhest
stages of experumental renal hypertension anmmaly are often very sic)
and lose weight I have howerer observed s rits efter a severe
operatton not followed by hiypertenstan the ammals may fose therr fat
but they do not show expansion of the extraceliular flusd expreased
ps o percentage of body weight  Flus 13 rather agunst the suggested
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hass on
normal® 1 do not heliese that we should put too much eropl
+ metabolism nnd sitnbuie 10

:“h‘:‘: af(erahom in‘eleclml)'\e nn‘d watet e e etloctoaly &
hanre an the totad body evonomy kot example we know tiat mlwm;,lc
ctomy tesults i o marked loss of sodium, which soon Jeads te Ul
deathof the aymal  However f the adrenals ase removed In a nephree-
tomazed ammal thus Joss 15 prevented and the stnking, effects of hvpo-
natremia do mot TesuRt | Fhe expenmental techmques of diflerent
obwervers may lead to varung results due to techncal differences in
thewr For example ! m the :Injx&
antmal yesults in o Toss of zalt and water with a decline in bload pressure
Towerer if Yhe ammal s xopphed with sufucient salt and woter the
operation roay be done without fnductag this dechine in blood pressure.
We can account for the apparent effeet of adrenalectomy on the blood
pressure solely on the basia of the well established loss of salt and vter
without assumung that the adrenal plavs o speaife tle In the process

T would akw talke erephion 1o the nference mude by Dt Rraun
Menendez regarding the significance of the increase in extracellular fhnd
and blood solume obsers ed after nephrectomy  Such amumals are thursts
and consume large quantiies of water It is to be expected st Vhes
should beepme over hydrated wiuch mught result in sn elevation in
therr Blood pressure  However such an elevation in blood pressure
should be attributed to the artificzal conditrons under which the srumals
are bewng mamtaned I one prevents their takung an exerss of waler
and salt and carnes out the etxpenment a3 Dr Floyer and Dr
Ledgham have done one will not observe tiis increase In extra
cellular flud yolume nor the wnerease in blood pressure whieh Dr
Braun Menendez has reported and to wluch hie attaches such signifi
cance  One showld atinbute ias mse in pressure to the o

bnormal
Fov:‘dmnn of hus experiment and consider it sumply ns 0 1nedental
inding

LEotsouav T thioh ¥ must interrupt here  The nephrectomrzed
XOUp Tectiing sahne had o 4 of
thud volume as all nepbirectotuzed animals da but they dudn L punn
weight at ali It 1s these preparations which deyvelop hyperiension
The adrendlectomized nephrectomized group recerving water also
shawed expansion of extrareitular fnd volume and gained more weight
bul they did not become hypertensive i fact thew blood ‘pressure fell
GROLLMIAN Precisely' Stace the rat 14 unable 1o vomut if it be fen
Bevess 1o salt water only overexpansinn of ity extracelinfar fiui1 volume
v nevitabile  Eaen sl not mven aceess to food the Lreahdown of endo-
f,::.ﬂm "\?‘\-‘Z::n an:l the tnkrr‘»‘ﬁ; «;lt water will result 1 the fame phenome
which ¢ch the of Dr
Bravn Menendez and Prot von Euler are abnormal and do ns
what the normal reastion $o nephrectomy per se womd be H’D:nl:lr{:!

admnsters s, earbomg Sistetan e 1o ey e et and

and fat to ress
protemn catabolism, no elexatian in blood ‘Pressure ?’:}r;am i;?;xi\:ie:&lll;
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tension and two normal subjects with a 500 mg thet and 18 g of on
exchan,e resms dasly o normotensive mdividuals the resn tooh up
@5 mlq per gram of resm an hypertensine patients 0 7~ 3 mlq
After one month of therapy there was no change m the resn uptake of
sodium  the normotensiy ¢ subjects whereas the resin output of sodmm
1n the hypertensi ¢ patients was reduced to© 5 mbe  the sume 7s with
normal subjeets

Baavs Misaworz ¥ should Jhe to ansvwer Dr Ledm, ham » question
~bout the duratson of hypertension  In aur espeniments we onhy used
s with long standin, hypertension and these had an mereased catsa
ceflalir Qnd volume ~¥With DCA on the cantran you only find an
nerease i extracellular flnd solume at the begsnnng,

Lipeostave These nnmals had been gnen DA for a month and
the hy pertunsion was therefore not of sery Jong duration

Irovin Iow lon, standmg Dr Broun Menendez was the hvper
tension of your rats?

Brauw Mini~orz  ffwee to five months

Trovrr One hidoey with perinephnic fibrosis and the other hidney
removed?

Bravy Minivmy The other ladney mtact

Wason Tt scems 1o me that there are three partieuds 3mes on which
we mught try to elinly our ideas  Liwst s there m hyperfension any
consistent change i eleetrolyte distrsbution? Dr Ledingham s results
M ianows kands of evpenmental hypertension difler from those of
certam other authors I think it would be of great value if we could
crchange weas on tlus subject lesing assde for the mogment the rither

1 of the al I of the Iiypertensise subjeet

1o ~damnrstered st or DCA Sccondly I think we mu ht tonsider
whether the work on adrentlectomy and substitution theripy hus fed
to any valid conelusions on the role of the adeenal cortex sn expermental
renal hypertension and post nephrectonty hypertension flardhy I
should Iike to hear the views of one or two of our uxmbers on the
qQuestion of hypertenston praduced by cortieal sterords T thund, there
15 some evidence 1hat m expenment il hy pertensian we are deahing, not
sssth merensed ndrenacorticnl actnaty but with pormal adrenocorticat
actnaty which s not bang controfied I vwonder whether by divsdin,
the ciscussion into these three seetions we sught perhips get a derer
tdea of the renal adrenocortient reltionsinp i Iy pertension

PreguBinG  You suggest that we start by comsidenmg wint the
evidence 15 for an abnotmat distnbution of soduns betseen ovtruellular
and intraceliulac finds T take 1t that the erun of the matter here s
that shenr Jou have 4 bit of tissue and you determne #s sodsum and
potassium content how enn vou determune how much of that sodmm
and potassium ss mtre and how much extracellular? Dr Ledin um
Answer e that you do st with mudin

Grortyrsy Mo one questions the fact that there are mamy differences
10 the electrolyte and water metabohsm of the hy pertensive as campared
10 the pormal  ‘The question anses 1s to thew significance Do they
reflect some fundamental difference between the hypertensive and the
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Toss is

1s after nephrectomy when sodium

ol pt:l‘esu;: }?fv‘;&: dots represent the blood pressure (of‘n s::‘:‘x?

‘:I‘::sslmth chronte renal hypertension which after o m:‘ n“c’d pr: nod
re subjected to nephrectonny  The blood pressure Tema il

;l‘)e mel}: represent rats with comparable hypcﬂemlo;llw s e} ;t“ e

subjected to nephrectomy and ndrenalectomy- at once \hc‘ }’| oo l!y e

£l to and remawed at normal ot subnormal levels lto (ﬁ"; rp‘ :vere

gven tap water to drnk after the operation $0 that g

sodsum could not oceur The fallin blood pressure

was not due to poor
Gt =CAOGHF =Gr)
ep
5
9 -
s
o

OusTsum |01 ume z‘z'Tm.u 4% s |WOT sawme

| e |
Fic 1 (Floyer) Effect of reduction of salt intake in wats with
¢t rontc renal biypertension before and after total adrenalectomy
(Chn Sct 1951 10 400)

condition of the adrenalectomuzed rats the duration of life after opera
tion was nearly the same in the two groups

T measured the plasma
volume of some of these rats thus was mereased both after nephrectomy

and after nephrectomy and adrenalectomy showing that the changes
1n blood pressure cannot be explained by changes 1n plasma v olume
Dr Ledingham has just shown that the extraccllular flmd volume
Increases both after nephroctomy alone and after nephrectomy and
adrenalectomy

Fig 3 shows the effect of mving t per cent saline instead of tap water
after nephrectomy and adrenalectomy The circles represent the rats
Even tap wnter after nephuectomy and adrenalectomy which are the
same as1n Fig 2

the dots show a group of hypertensis ¢ rats subjected
o nephrectomy and adrenalectomy but given 1 per cent s:slmel after
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after nephrectom) Tt is observed only some days later I consider
the Intter as true hypertension

Braux Mevrvorz  “Lhere must be some intake of water and salt
beeause you hase to give pentonenl Javage to heep your animnls altve

GroLuman One can cheit the same nise in blood pressure and other
effects without resorting to peratoneal I3y nge or ather artificnt measures
by muntatng the ammal on an electrohte  and protesn free diet and
admmnistering a solume of water equal fo that lost i the msensible
perspration

Bravy Mevrworz Y ou have to give them food

Guorixmsx They recene only carbohydrate which of course 15 com
pletely metabolized  They recerve no protem or salt but merely
sufficient amount of nater {25ml fhy of body weight) to compensate
for the msensible perspiration  In other words the anmuals are main
tamed 10 3 normal condstion insofar as the st and water content of the
body 15 concerned and are not allowed to sequire the artifien! expansion
of the extracellutar flud to winch I kave attributed the effects whieh
3ou have observed

Lrpisauast In the fiest group of anmals shown which were nepliree
tonuzed only and were on an electrolyte free diet drinhing water the
blood pressure admttediy was normal but they were cxamined three
days post operatively  Dr Tloyer earried Ins obsersations on longer
and there 15 no doubt that these anmals become hypertensive

Preni rivg Did you want to show slides Dr Tloyer? There scems to
be w chiscrepancy betwcen your views and Dr Grofiman s over the effects
of adrenalectomy n the nephrectomuzed anmmal

Frover Perhaps these figures will help to explun the disercpaney
between my results and those of Dr Croltman Tig 1 shows the result
of adresalectomy n seven antmals with hypertension  Hvpertensive
amrats i which one sdrenal had previoush been remored were used
the first three colttmns represent a control persod before adrenalectomy
The rats were on a low sodwm diet and it can be seen that reducing the
concentration of salt m the dnnking, water from 0 45 to ¢ 1 per cent
had no effect on the blood pressure  After the second adrenat had been
remoied the rmmals were mamtuned on 1 per cent sahme i
ean be scen that fhe blood pressure fell someshat but remuned at
hypertensive Iovels A weeh later the salt was reduced to € 1 per cent
resulling wn a steady fall an blood pressure wheeh rost agnn ta previous
levels when 1 per cent salt was substituted  71Jus shows that renat
hvp san be n the absence of the hdrens) prosided
suffictent salt 1s grven but the blood pressure falts when salt 13 reduced
Plus f1l in bload pressure mught be due to a £21 1n plasme volume due
to loss of salt and water from the hidney or to the fact that the

wlich hyy gan onh operate m the

nbsence of the adrennl when sufficient sodium 15 given on the strength
of tlus experiment alone 2t appears that the fiest expluntion 1 the more
Ikely ¥ chd however notice that the blood pressure fell before there

s & mymificant drop in neight
“ﬂ’l‘he n!en\tt step was to inestigate the effect of adrenalectomy on the
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d after nephree

animals the hpertensian persisted

tpcm::x& J&:\’Qﬁf«m There w15 no constant weght (nn-:x‘m:‘ "““:

;d“:)ma and plasma volume estimation showed o nise comparable 10 1

tap water

m!!l (:::];enie?mm the adrenal plavs 8 pa‘nl\—t mn 'ﬁc ':;cc,l]az:::’ \vlllx;‘r::

mantarns bypestenswon snd that the fA] ml Ao g e er
Jectorny 13 not solely due to excessine lass of sa

:g:)::ﬁl?c Tadney ‘The finding that mng saly Testores hvpertensun

@
®B A®ﬂ

» A e

Y 2 “ “ -
i b I3 § 3
& < § g § §
g 7 § 8§

3
B8L000 PRESSURE

Fio 4 (Lehn bam) LA« of (1) nophrectonin () pepl rre

tomy and adrenalestomy and (3} adrenalectomy alone on the

Viood pressure of one member of # parabinlic pair of rats
(Reprinted from Wilson, € 1923 Lancet 6% €12}

affet nephrectomy snd adrenalectomy may sndieste that the extra
senal pressor mechamsm 1s Closely hinked with the reputation of internal
a of sedmm Dr L has just shown the results of
fusther weestimation wnto Ahs hvpothess

Wason I think Dr Ledingham s parab D strongly
support the stew that the adrenals are (m fact necessary

Leosvinan T showd hike 1o grse our interpretation of certain expers
ments which have & beanng on this problem  They sre concerned
wath renopral g in parabotic rats and the results
are Mlustrated dogramatically i Far 4 ¥f the kudneys are rernoyed
from one meraber of a paw of parsbiotie rats (first parr in the figure)
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1esrrs Insummarnzing the evidence we cannot escafe the fict that
there are relationships and assosiations between sodwm the adrenal
glands and blood pressure regulation Furthermore AMeere are differences

between and hvp es 1n therr resp to sodium
and to the admmistration of sterotds  Vve can for example produce
1 the d animad or - Add wan by

hvp
the admmistration of cortione even in the face of nnd sodim re-
striction whereas the hypertension of DC\ in both antmals and man
eppeats 10 requyre 2t least some sodim The seacch for the common
denomunator 1s really the problem and its nature 14 not apparent at the
moment To add to the confusion we have recently confinmed the
studies of Freed d d that the red {p
ntake in hvpertensine man 1s ascociated sath small but sygmificant
drops in arterial tension 8t a time when there 15 symificant sodium
retention

Xshould Iike to rarse a question should the attack on sodium adrenal
rehtionstups be shifted from water and sodum content in flud com
partments and in artenal walls in the direction of the effect of electrolvtes
on the veactvity of blood vessels  For example there 1s the suggeshse
worh of Fatt and hatz on the effect of chan; hum on neurn-
muscular transmussion and the production of reetylcholine T8t possible
that we ar¢ TuSSING &0 OPHORRUAKY ta approach the electrolvie and
:xgx;n;xl?pmbkm through some other way that has been oserlooked

ate!




270 Grnenar Discussion

thnt member ususlly desvelops hypestension Now of the adrenals in the
already nephrectomized and hypertensis e member are eveised {second
par an figure) the blood pressure comes down not to hypotensve
bist to normal levels  If the adrenals nfone are remosed from one e
ber of a parr (third pur m figure) the blood pressure (n this member
continues within the normal range  Thus the adrenalectommzed pars
botie y ton 55 behaving dillc y 10 this respect from the single
atmal erther ns nresult of the exchange af electrolvtes or of the passage
al adrenal factors noross the vaseuisr union {rom the wntact member
However whereas thas exchange of electrolytes or passage of adrenal
factors 1s suflicient to mamtam o normal blood prussure m the

drenatect i and nept d member 3t 13 not sufficent to
mamtun hypertenmion  1or this to occur the ammal s own sdrenals
appear necessary  Yhe canclude from tlus that sn exeess of sonie adeenal
pressor f1ictor 15 esrenlnting m the blood of the nephrectomized animal
and that this 13 on essenuinl for hypertension to oceur under these
experimente! conditions  Thas state of affairs could come rbout either
as a result of the adrenat functioming 4t » fugher fevel than nommal 1
the nephrectonuzed annunal or ns o result of the fulure of inactivation
By the hidney of sdrensl pressor factors which are bewng produced at
the normat rate Ve have no defimte evidence aither way as betnesn
these two passibilities

Prehireng But Dr Grollman fits evdence that he can produce

A3 y 3n the neph dog with adrenal absent wluch

suggests that it 13 possible to prodice 1t with no adrenal seeretion At
amy rate wm the do, 1f there 18 a pressor substance wluch 1s bang
mnufactured and wiuch s being destroyed by the hadney  thus evpert
ment imphes that the ongn of the substance 18 not w0 the adrenals

Troxen I was able to produce hypertension after nephrectomy aind
adrennlectomy onfy by mving salt when nater alone 1s myen lvper
tension does not vecur | beheve that Dr Grollman mentioned n fis
paper that lus dogs shuch descloped hy pertension after tephircetormy
and adrenalectomy were v frot taking up sodwm from the dtibamg
flurd  If tlus was the ease those dogs were i the same position os e
rets after nephrectomy and adrenalectomy talan, w sait but not
enereting it

Grorisan No beenuse they are not allowed to tahe up salt but
merely to mamtamn ther normal sodim level  Adrenalectomy 8
procedure v hch induces asbnormal effeets which are superimposed upon
the already existent conditions smpy by vy Ivp
reflects a serere degree of adrenal cortical msuiliceney  the prescnce
of n novmal blood pressure level merely mdieates that the degree of
insufficiency 85 not profound  In patrents suffersng from Addison s
Qisease as welf ns a moderate degree of hypertension the blood pressure
may be normi but wul use when the patient recenes adenuaste replace
ment therapy for s adrenal wsuflaency T beheve that essentindhy
the sime condition is present ey our cxpenmental ammals

VWitson Could I osk Dr Perera about hypertension produced by

different steroids?
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salt—for the most part firsth T g per das and tn xtl further
course 2 and 8 g per dav unknown to the patien’ oy

1t has to be pomted out that such an experiment cl'\ .
e considered a reliable test 1f 1t has been made sure by ¢ "
analvas of urine that there really has been no greater mt{\ Et
of salt than 1 ¢ per dav with the food during the period ©
salt restnction

Fic 1 Dunn, the thirty fve-day penod of pre-observation,
e patient had normal food with a salt intake of approximatety
10 g per dav  Dunng this time the bood pressyre semained
unel anged though towards the end of this period it seemed o
msealittfe  In contrast o thuis the blood pressure decrersed
promptly and continucusly with the bemnmng of salt restnictisn
After seven weeks of salt free d et 1he food was changed by
sdting 3 ¢ of sait daly  Immediately the blood pressure mse
agan pertad of only seven days caused A sipnuficant change
sn blood pressure  Dunng a second petiod of salt restriction
te effect was partially Teproduoble  The chlonde content
of the utine was measured daily dunine the salt free and low 4alt.
diet

Where the blood pressure values took a lese) course the
therapeutie evaluation was done by a companson of the mean
pressure values  Howeser Af there was a steady or sometimes
a small decrease 10 blood pressure during the first penod
which 1mphed an ncrease an the lowering effect dunng the
time of salt restriction we had te compate the slopes of the
two lmes  The statitieal management had to be done
here with the aid of mathematienl defintion of the degree



THE IMPORTANCL OF SODIUM GHLORIDE AND
I'TS IONS IN THE PRODUCTION AND THED
TREATMENT OF HYPLRTLNSION

P MARTINI and h RAISER

IN the treatment of essential hy pertension 1t has become 2
question of the utmost wuportancee to succeed mn reducmg
hypertenstve blood pressure  This pomt 1s clearly brought
out i the mvestigations of Prehermg (1952) and Zollner
{2050), sn addition to what we have heard in the past fow duys

I want to desl with the rdienl reduction of sodum chlorde
m the food, as 1t was first proposed by Allen thirty three
3ears ago and with the relatn e importance of its sons and of
the molecule

Ve tested this treatment seventeen years ago, and 1
am able to submit statistically significant results of s
eflcctiveness I shall demonstrate our methods of exaluntion
with the aid of some sHustrations  In all dingrams there is
2 period number I the period of pre obseriation Durmg
this time nothing was ehanged m the haiats of the patients
except tabing them wmto hosprtal and Leeping them under
observation there  If some decrense of blood pressure vahus
occurred tius time of pre observation had to be made long
enough to mahe sure there was noe essente:l altertion i the
further course of blood pressure  That means that o well
defined level or direction of systohe and diastolic pressures
had to be ascertamed m order to judge the further effeets

Dunng the second pertod onee agun onfy a single fawctor
was allowed to be changed  That was the restretion of salt
Agam, this perrod had to be prolonged until either the blood
pressure had reached a constant horizontal plateau or ity
direchion of change had become eontimuous

In o tierd pertod the period of post obsers ation there was
4 change ence agun 1 a single factor the admimstration of

27w
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{1919) at heanng that many suthors demed the beneficial
effect of his low salt diet

In analysing the reasons for tins difference n results we
have found that most of the publications denving the effeet
g e no guarantee that here s o veal thfference in the vanous
penods of observation  Inmany cases we see that the periods
have no umformity except in the management of salt intahe
Afostly we find a so called period of salt restniction but the
intention to heep the intake of salt lower than 1 g per day
tas not in fact been realized and in reality there has been a
lugher intake Tn only a vers few of these publications which
give an unfavourable Judgement on Allens dict have daily
routine salt controls been done  This apphes especially to
the numerous pubheations which try to compare the results
of surpical treatment. of hypertension with those of treatment
with salt restniction We found no guarantee that the diet
h1d been applied properly

Another factor causing mcorrect results 1s that patients
with & low bemgn hypertension demonstrate a marked
decrease 1 blood pressure under the nfluence of hospitaliza
tionandrest Inthesepatients this effect may be so complete
before the begmning of salt restriction that no further
statistically sigmficant deerease canbe expected Otherauthors
had so selected their patients that nearly all of them had
very advanced degrees of hypertension That also 15 one sided

Certamly we too have patients where the blood pressure
refuses to fal} under the treatment of salt restriction 1n these
we have to accept a fatlure of the diet  Apart from these
cases I think we may pomt out that m most eases the falure
of Allens duet 15 only a delusion  hnowingly or not the
patients fal to keep to thewr stnct diet  Thus may be excusable

as long as they really cannot follow the directions ‘There gre
professions and situations where the difficulties 1n obeying the
dietary regime are overwhelming  But otherwise 1t seems
foohish to stop the diet because the patient cannot stind 1t
So‘meh(xlncs the d‘rictnrs are to blame for this as they Ch:zm
selves do

A mm:: really beheve in the value of Allen s diet and so
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of melmation, companng the cocflicients of regresston of the
two periods (Martin, 1938, 1958) Tlus gave a good secunty
against errors and may be considered as proof, especially when
the effcct could be reproduced mn quite » number of patients

v
PRE DAIY!‘U’M"
& ; SALT FREE DIET i TA € [TREE
3 y
ot

o
m?u Blw o g smi ks

8LOOD pRESSURE

URINE CHLORIDE

Tie 2 The diagram shous clewrly the dfference betneen

blood pressure vilues durng the pre and post ob ervation

periods on salt contaning food compared with the perod of

salt restiction  1he correlation between blood pressare and

the duly unnary chlonde salues shonld be noted  {The

diagram ‘otigim tes from 1037 so thit only urme chlotde was
estimated )

We have scen that by the application of the strctest
methods to our tests, there was a decrease 1n blood pressure
m approxumately three quarters of our patients following
richieal restriction of sodium chloride  This decrease did not
bring the blood pressure down to normal 11 many eases but
we were 1ble to lower 1t to relatively harmless values  Smee
that time, I have been well able to understand Allen s anger
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40§ per cent chlonde) up to a daily amount of 12 ¢ There
was no elevation of bleod pressure  In a third period we
added instead of the chlonde contuning substitute & sodium
contaiming one (containung 43 2 per cent sodwm) up to 12 ¢
per day  Aguin the blood pressure remained at ats low Ievel
After that we admimistered m a fourth period sodium
chlonde (12 g per day) and the blood pressure rose to a sig
mificant degree \Weourselvesare howeser notconyvinced of the
absolute relability of this expenment as the daily amount
ddedsod ing saltad rat weeeded thesodium
mtake 10 the penod when sodum hicarbonate was gen
The method of investigation of another patient 1s demons
trated in Fig 8 which shows the admimstration of sodim

Erety

tion of soq, The amount of fut
1roballc thatu wactpath nto Sonsideration he

Te hut it ay hmy
e veeng
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do not convineingly persuade the patient to hold out In
faet, 1f an mtelhgent and dutiful patint carnes out the silt
frec diet for the first eight successive weehs, from then on he
will not miss salt mueh Then there are some patients who
can tahe rather more than 1 g salt dady without nish of an
merense m blood pressure

The cation exchange resins have been tolerated m the
necessary doses in prolonged treatment by only s small
number of our patients In these patients the results were
very good, and 1t 15 posstble that the further development of
simular substances will bring valusble help to the performance
of the salt free diet 1 hypertension

If 1t 35 possible to reduce the hypertensive blood pressure
by the appheation of eation exchange resm-—tahing away
the sodwm 10n from the contents of the stomach and mtes
tines—it foohs as if the sodium 1on 1s the only factor m the
sodium chlorrde molecule responsible for the hy pertenson
In 1938 I pleaded the thesis that the chlonde ron gises the
pressor reaction I came to that conclusion because at that
time our substitutes for sodmm chlonde n the dut were
highly chloride free but contamned approxumately 304D
per cent sodium nevertheless they had no elevating effect
on the blood pressure  Thus has proved to be a logical crror
Later 1t was found out that there w 1s 1n some cases of yper
tension (not 1n 1l cases) an elevated blood sodwm leved
{Friedman ef ol , 1945 Knowlton 2 al, 1848 Laramore and
Grofiman 1950) It could be shown thnt on restriction of
soditm the elevated blood pressure fell despite the adnunss
trition of chlonde contamming substitutes  On these ficts
the mamtenance of the pressor reiction by sodium alone was
proclaimed agamn

That nerther the sodium tree substitutes nor the chioride
free substitutes elevate the blood pressure 15 1 contridiction
which we have tried to explain Ve have treated patents
with hypertensiie disease with salt restriction As usunl, the
blood pressure decreased In 1 sccond period we added to
the salt free dict a chlonde contaiping substitute {eontuning
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DISCUSSI0N

Caailaeas 1 would question the sigmifieance of thie list shide on
whuch 1’:‘:.( Martins has ;‘l\ﬁcﬁ\ <o murh emphiasts The patient 1o "‘;‘“";
e referred nppears to have been suffering from severe generafized
attenoselerons Yather than from hpertension  simnce the dinstolie
pressure even follawing the admintstration of wodwm chlonde ot the
end of the experiment 1s relitively low

Aartist Some of these patients had alterations in their vessels but
1t was hot arterosclerosia 1t was essential hypertension

{sotass The rat with espeenmental hvpertension 14 very senuitive
to sodium depletion but wall mawntain sts blocd pressure at a Jivper
tensnelevel when admun tered sodium salts other than sodwm chloride
Tt was thus falurt to appreciate the sigmificance of the sodum 10n as the
\myportant factot Tather than sodium chlonde per se which led to the
Carlure of cather adyocates of salt restnction in the treatment of hvper
fenon Many patients placed on ¢ dt free diet would continue to tahe
sodwm bicarbonate which exerts exactly the same effect as sodm
chlonsde msofar a3 the blood pr ssute level 13 concerned  The addition
on the other hand of potassium chlonde Lo a sodum depleted diet does
ot present the Teduction 1 blood pressure  There )s 8 marked dis-
erepancy betwéen our experiments in ammals and the expenments on
the human reported by Frof Marm Despite the anslogy whch he
presents U fail to see why sodium an 1 cldonide must be aswociated as o
single molecule ‘The chionde content of the bady 1s relatively hugh and
the m of sodm b would be expected ta evert
the same effect as sodwm chlonde under the conditions of his expert
ments since 1t would be converted to the chlonde in the body

Hioner We hase treated quite 2 number of pattents with hvper
tension in the last three or four vears with catiome exchange resing
which remove sodam ion but not chlonde on  Lnder these cureuny
stunces we get evcellent depres 1ons tn pressure with the removal
of sodwm. (Yhen the patients are gien salt subntilutes contawn,
potas wm or ammoniwn ehlonde no elesation of pressure otcurs 1
s‘cei:x‘ ‘un \;‘:‘:Iml 1t1s the sodimion and not the sodium chlonde that

Cantist Bt Tbelieve not alone We must do mare expenments
e Dase done these experiments for half a year and 1t 1y e the

1Ak 1 you ths
en o Vamet o '“‘hn\:\:’tmrlrg‘-xt?:\ o on excreton Tevel of 15 30
Teasonabie £20.10 5berge Minod prewsing 17 oomen st st {0 #E@
Ittle fon ta b and that prabably st of N s pore T2t 1R 13 5
b0 80 the 1t that ke did nor Tortte & Tower soers eoiebs”
ke o lower sodiam intaky
et better results even with the 1 g rotake th <
00y, Lwoul vy Uhat at most 30 per cent of e by G h the
3
repestable tall 1 aetena presware oh the strset T et Fe
ey

¢ In the very eardy enses often 1t 13 pot cessary 4n vestnet,

salt miake 1wt it depends on the other treatment and the other habits
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as well as of chloride and later the combmation of both tons
m one patient  We have tested this effect in a number of
patients, but for different reasons we were not always able
to carry through all test periods We have always seen the
sane effect

As the sodum chlonde on entrance mto the body dissoh es
practiculy completely nto 1ts two 1ons, we thought the two
carher views of the pressor effcet of erther the chlorde ton
alone or of the sodium ron alone 1 good agreement with our
knowledge But as it has become obvious m our recent
my estigntions that neither of these two rons by itself 1s able
to merease blood pressure but only that both together can
do1t, the active agent must be the sodium chloride molecule
This raises the question as to how this can be done and where
the place could be where the two tons could join together for
action  Probably the membranes of the cells represent this
eritieal site

Chemists have given us 2 companson of the tons with
dancing partners  The one ton represents a lndy the other
aman All partners are daneing in 2 ball room but everyone
for lum or herself But every man 1s only allowed to Icave
the ball room together with lus lady—they can leave only as 1
couple This mmage has no greater value than any other
allegory, but up to the present no chemist has been able to
g1ve us 1 better interpretation
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of those of insurance companies_have shiown that the artenal pressure
nses with sge Xf one looks at the distnbution of pressutes im sny
particular decade one finds that the distnbution 18 continuous not
Hiscontinuous And so when we dmde up say at 1,0 systohe and 100
dmastolie we pre making n perfecth arbitrary dwasion Now 1t is quite
clear that some factor oF factors are causing these fifferences of pressure
\n different ndividuals  And it 16 quite possible that these factors mav
mamfest themselves i other ways at a lime when the artenal pressure
19 not particularly fugh, This may explain the facts to which Dr Perera
drew attention in his papes  He pointed out that in some subjeety
who had previousty had hypertension and in others in which it was to
be supposed that hypertension mught subsequently develop some of the
peculiar features of behaviour whuch he had obsen ed in patients with
hvpertenston could still be demonstrated

The second general temark [ would Ihe to make ia that it is perfectlv
obvious that more than one mechanism can produce hypertension.
Because we have 8 b in one § iF of
ecrrcumstances 1t does not follow that an identicnl mechamsm holds
in an entirely different set of crrcumstances I thunk thus is particularly
relevant to the question of essential hvpertension whueh 13 a condition
Qefisied on negatise charactensties and there1s of eourse no guarantee
that it 1s in any way an entity- indeed many of the otservations made
1 this eonference have suggested that it 13 not

T would like to proceed to discuss the extent to which we canidentily
the revelant mechamsms The that we nught connder are the
proprioceptivé Teflexes ansing from the earotid sinus and the arch of
the aorts There 13 & good deal of eidence that these are in fact present
in patients with hvpertension, In the first place there 13 a cettain
amount of constancy of artenal pressure from day fo day and when
you reduce the arterial pressure by venesectton 1t comes back farr)
Quickly and there 1s the usual blood ddution ot onfy that but t!l’
blood pressure 13 mamtained during changes in posture ’\\ € would lnLe
to know what 15 the frequency of the impulses ascending th 1
:;\g‘slx;nd depressor netves  Are they more frequent lha%: inesﬁ;:)n:g

Wer pressures as you might expect I there was no change §
Teceptor mechanism are they less frequent as might be th e
alteration i this mechamism were 1! 1ght be the case if some
e or re ey e s 38 Sy B i Pl e
n
Questions tun e anwc:edw\:\.ﬁ‘:mu;n;me clear way i which these
"‘%h perhaps someone who leay es this m"k"g;r;;lrln&a‘:a: iﬂ"ﬁ‘i‘ﬂ"’
h
© seond problem 14 that of the neurogenic component gcum::]

£ATME ApPears o be Yrur of the
It woul? also seem to follow that if hymer;:::‘;gr::‘;:sb:(::: ::"e):::’&l
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of the patient  Tn many cases 1t 1s not necessary to do anythung for
instance i people leading quict hives but if y ou have 2 man 10 8 nervous
posttion the whele of tus Ife 1t 1s often necessary to make a reduction
of saft  In the enrlier years of thus treatment alf other supplements of
s12it were nch in sodiim

Pagr Lacept the one that was rich m hthm A very enterprismg
outfit m the United States decided that Ithwm chlonde would be »
good salt subststute and <o it was It tasted very much hike sodium
chioride  The only diffieulty was that as yon reduced the sodum n the
diet nnd substituted hthium the lithium began to go into the tivsue
and the patients to go mto coma

Manrint We had a coma 1n the last month using cation eschange
resin 4 potissium comn

Hrimrr A most mnportant consuderation m treating paticnts with
cation exchange resws 1s 1o prevent potassium deficiency  When the
sodwm avalible to the resins is reduced considerable potassitim s
taken up on the restn To prevent potassium deficency we give s
much as 80-120 millicquasalents of pot r day 1 with
metabolizable cations such 15 scetate aitrate and bienrbonate between
resin dosages  One of the best mnd of mmpending 1
deficiency 15 1 decrevse wm the uninc coneentration of potassiem This
occurs about seven to ten days before a deercase in plasma potassim
becomes evident

Pice Do vou use the electrocardiogram?

Hewicr  This 1s much better than electrocardiographic evidence
The decrease in potassium 10 the urme happens about ten days before
L ¢ G changes oceur

Paor More espensive though!

Pienening T am sure thet you would ke me to start by expressing
the view of all of us namely that tlus has been a most eajovable and
1nstructive conference  That has happened thanks firstly ta the Ciba
1 oundation the Director and Ins Staff and sccondly to the excellence
of the company which we have enjoyed The papers have all been very
clearly presented and they have been fully discussed and Im sure you
don t expect me to camment on them indnviduatly ¥ thonght ¥ mght
mahe one or two comments 1t a general way and ash a few guestions

Tist on the defimtion of hypertension  Dr Grollman his been of
great value to thus conference 1n producing some rather provocatine
statements Y am afrmsd T didn t tabe down 1n detarl his definttion of
hypertension~1I am Jooking fornard ta reading that wn prnt n the
future booh—but 1t docs scem to me that the enly way we ean define
hiypertension 1 on the hlood pressure recognizing that it ss an arbitrary
definition All the surveys an population sumples with the exception
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Tomante career wlueh Dr Tlelmer described to us yestenday  What
Dothers me about th substance 15 that 1t 18 only demonstrable in the
nephrectorzed amml It bothered Govserts too and [ hope that
e Trelmer will inject not oly 2l but lirge numbers of mullihtres of
the serum from tus dead cats mto a formal awmal ot che as Ur
Flover surgested 1nto an apmal withats yenal artery (ipped because
J10u can t denuc nstrate 1ts achion under those Creumstnees wseny
dllicudt to see that it has anythin,, to do with renal hypertension Abo
if 1ts sole sotrce 15 the hadnes 1t 13 3 hittle diflicult 1o see Yhat 1t has
ansthiag ta do with the hvpertension follo sing nephrectomy

ADM and VIV have made only a temporary appe ieance at this
meeting, and 1 <hall not &y turb theye rest’ enin s under a eloud
Cavnerts serv nghtly enticized previous methnds of obtawmung the
Blod from hvpertensive ammals  $Te got suggestive sesults with 1w
proved methads of oftamng blood It would be nice to e of using
perhaps the method of eatheterzation of the remal vemn or of the venn
casa but with other methods of assay which mupght detect smaller
quantities some hind of final answer ¢ould be obtained I must admit
o having a certain prejudice sn favour of remn Tt always scemd to me
that when ane can produce typertension by nterfering with the hdneys
and when 1 the Ludney you have thus ver stronply acting and i
teresting substance and when you can produre hypertension m the
totally sympathectomuzed dog that st 3¢ natural te suppose that renin
might be concerned

‘Then there are the covticostermds and heve the distnssinn 19 w0 recent
that Thave not had time to think sery muchabout them Rut 1t 15 quite
cferr Yhat all the tme the methods of assay of these substancea are
mmprosin,, and that ane substance after another 1s being identificd  In
e nevt few years we shall get a (leaser conceptian as to what part 1f
anv which cotticoster nd of any {lay s i the development of particul e
hinds of hvpertension

There has al o been the question of alterstio e
extraceliular fund v olume llgw 1t secms to me “x“r{ ;:“,:;‘r :’i‘\::lr:\‘;:?n’:::
POty s that 1o which Dr Ledingham drew our attentinn nmnely the
distinetion between what 15 tar and what §s oty 1 the
pieee of muscle cr other tivsue 1 which measurements are made {t
does sppear that at any rate this problum 13 hegminang to yrek
PETTenta meAhod § erhape at & subsequent rat e Syt €x
cleiter amswer to this probiem quent meching we may have o

ext thsere 18 the
Lt s S o e Gl eptectony
S e sce m man with dacys. bat clearty i o psos S
g BT 0 Sy e g
on the whele proble b
‘:;:t ostlogks u':l the rxﬁé{a&{?&ﬁiﬁ?&?\hﬂ lt,m I:::i“"‘; "‘I’"\‘Nelel\
't Grolim: fo
able 1o e s x&“ai“éiifziiqﬁ“:;‘?;;‘;“e‘* n this problem will be
wally you may allow me to make
the mals 2 few comments on the nal
mant phase which 18 50 \mponant n the chnieal mnnn;:ntﬁ:
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of the shole sympnthetic chun on both sides then that hypertension
s probably not neurogeme although st 1s of course to be noted that
there are no control  N\evertheless there mny be some cases i which
there ss an abnormal hearogenic component Perhaps those are patsents
1 whom the artertal pressure shows abnormalhy hrge swings dusing the
course of the twenty four houss  There mav be other fettures which
Py e desenibed m bus diencephialic syndrome  How ¢e1n we identiy the
size of the nearogenic component® Page has su.gested that st mas be
sdentified by the pattern of responsc to tetraethn g monmeompottids
I: ton suggested three tests i which hevamethonm mu kit be used
Ferhaps 1t our nest meetm, we may hnow the answers and we mn
hnow that st 15 possible to sdentify bevond wy doubt cortan patients
m whom the unusually dugh pressure is due to neuragesie fietors

Procecdin, to humord fietors T would just hike to sw hum hittle ue
seally understand of the functions of these substances  Lhe thing that
smpresses me most 1s Heymans 5 tatally sy mpathectonuzed dog wheh
he mentioned quate brietly bt wluch could fight quite suceessfaily
with dogs contawng thete whole complement of sympathetie nerves
1¥ou does that da,, regul te the pattern of e areulation whieh ahuost
certamly must be done through humorad Hiefors? Wien we hine that
depth of 1inarance 1t 1s not strprismg that we hnve not got vers fiem
hypertension  Adrenline and noridrenaline are qnte elearh vespon
sible for the parosysms of hvpertension mn phicochromovevioms  The
changes durmg the parossysms are evicthy the same s the changes
which you get when sou nfuse these substances mte the arenlition
There 1s an merense m eseretion of these substances m the pertad m
u hich the pavony sm tahes place and pironysms cease when yvou remme
the tumour At one tie I had the veny comfortable feehng that Edid
understand at least one hind of by pertension That comfortable feehng
has rather disippeared dunng the course of thrs meetmg m whaci it hns
been demonstrated that the hypertension ean o on even thongh the
excretion of noradreniline 58 normal and even though the hand blood
flow has retuened to normal 1 aleo had the comfortable fuehng that
noradrenaline and ndrenahine hnd notlun, whateser to do with essentin]
hs pertension  Ehat persisted Ul vesterday when von § uler showed
thaose figures for the excretion of noradrenaline 1 erhaps I ean comfort
ey self thiat that ts probably teue for most of the patients with cscntind
by pertension but there does seem to be & group 1n which it 1s perfectly
possible that these subst wices are concerned W hether they are srising
fram the adrenal or from the arteral woll as Irof Jiménez sz
supgests s @ powt that may eventualhy became clear

3-1lydroxytryptamine Ithmk 150 by product of research on hivper
tension It was probably beeause Imvine Page was mnterested i hyper
tension that he got on to st Of course it would hive happeaed sny how
because Prof Lrspamer was an to it from a different point of view
But as far ns we can judge it doesn ¢ seem to have much to do with hvper
tension though it my hive sometiang to do with the controt of renat
funetson and perhaps e keeping us sane

Then there s that long acting presser substance wath the most
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on the work that Chfford Wilson and 1 did many years ago on these
artenal lesions 1 rabbits and the strongest evidence i its fasour 1s
provided by the beautiful expenments of Wilson and Byrom mn which
the lesions dex eloped 1n the unclamped kudney but not in the clamped
one a3 Dr Floyer hag shown us agam here
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of hypertension  The hypothesss that ttus phiase ss a sumple consequence
of the intensity of the hypertension and of the level of artenal pressurs
has come under a good deal of eritiism at ths smeeting I think T ought
o say that this hy was & hy o d I never
thought 1 my own mind that you could drasy 5 hine of the arteral
pressure and say that above tlus the hypertension was gomng nto &
mahgnant phase and below 183t waspot I hiad alnay s thought that of
you tooh the two populations those m the mal t phase and those
not they would have different means even though thete was a good deat
of overlap n therr distnibution T also thought that 1n a gwen mdvidual
the onset of the malignant phase would comeade with an nesease 1
pressure  The fact that it 15 possible to demonstrate that the malignant
phase can be reversed to the bemgn under circumstances m whieh the
orterial pressure falls seemed {0 me to be strong evidence for thus
hypothesis  There are twe mam enticisms that have been made The
first depended on the nature of the disturbance causing the pecubar
retinal changes whuch I had attnbuted to raised it 1 pressure
It has been ponted out that the miracrannl pressure is not always
raised  Ft was rused 10 12 out of 13 of my cases wrth albumsune
retitis and 1n 19 out of 20 of th of Shetk Bl dQ Hare s
seres sn which papilieedemsa oceurred  But those figures are not very
dafferent from the figures on cezebral tumour In Ayer s series there were
42 potients withC S F pressures over 200 mm water and of these 39 had
papilicedema and three did not  Of 19 patients with pressures below
250mm  six had papilleedema and 18 did not  How one recounts for the
exceptions [don t know  Some of them may be erroneous measurements
1 have observed that whea my house physicians take the pressure they
quite often let so much flud out of the lumbar puncture needle before the
manometer 13 connected up that the pressure 1s considerably reduced
But I am sure that is not the onfy reasnn because I have also had the
perience of dimg fower § n patients with psmiledema
and hypertensive disease when no Joss of flurd has tahen place Theonly
thung T wonuld hike to say of thus evidence 15 that sts weipght 15 of about
the same order as the evidence that papidicdems i3 beatn tamour 18
due to raised ntracramal pressure
Perern s three cases and VieMichaels one where the retmitis de
veloped when the artenal pressure was low I just can t explasn Some
times one stes 8 retimtis which 13 very much hie that of malignant
bypertenston from other causes Ihave seen st for exumple w patients
with severe hematemesis and [ have also seen 1t n acute dissenunated
lupus erythematosus But as Esee st the funetion of a hypothesis 1s ta
stimulate maqury and & hypothests stands or falls by the fucts and I
respect the facts T am not guite sure what to put ih its place AfeMichael
evpressed the opsson terday that the ok feature of the
malignant phase was some hind of vasculitis Iy diffseulty 1s that 1
T eans by vasculitts it merely seems £o be another

dont know what he
pame  Atany rite I cannot think of any method for finding out w fiether

lanation 13 ight or not  § mu ht perhiaps remund you that the
the eause of the malhgnant phase 1s very largely dependent.

that expi
hypothests of
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