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OPENING REMARKS
SIR CHARLES HARINGTON FRS

AsSUE that T have been asked to say a ward or two In operung
}.hxs sympostum primarily because I happen tobechairman of a com
mittee of the Brological Council at whose mnstance the 1dea of this
sympostum was first mooted This commuttee which owes ns
eustence m the first place to the imuative of our chawrman at thus
morning’s session  Professor BERGEL has assumed the task of
exammng the general field of research on drug action and sugresting
from tme to time subjects within that field which are npe for
general discusston and subjects Which require for discussion the
members of more than one scientific society Tt 1s of course the
hope of the commttee that such discusstons will not only be informa
tive of the present state of development but will point the way to
further progress

The suggestions that are put forward by thus commuttee can only
be brought to fruition through the action of the relevant scientific
societies and 1t 1s most encouraging that n so many cases the
suggestions that have been made have in fact p oved accepable to
ont or anpther society

Tt has been most gratfying also that when there has been need
for help 1n the orgamzation of these symposia beyond the scope of
the scientific societies this help has been forthcorung This s 1
thunk the third occasion on which the Wellcome Foundation has
shown the greatest generosity 1n offering hospitality without which
neither this meeting nor the previous ones on histarmne and
anticholmesterase could have been so pleasantly and so satisfactonty
arranged we must all feel deeply grateful to the foundation for their
action We can only hope they will feel rewarded by the scientific
value of the discussions which are to take place

The fact that 1t has been thought worth while to orgamze this
particular meeting 1s an illustration of the ad

vances that have
made 1 this lar branch of phar gy and th en
and also of the urgency of the medical problem of the control of
vascular tone 1 hypertension

The actual programme illustrates weil {he
present state of affairs
an which some progress has been made towards the solution of the

1



PREFACE

THis Symposium on Hypotensive Drugs and the Control of Vascular
Tone m Hypertension was held at the mstigation of the Biological
Council s Co ordinating Commuttee for Symposia on Drug Action
The work of this commuttee 1s described by 1ts chairman, Sir Charles
Harmgton 1n his opening remarks It has been responsible for a
series of symposta of which this 1s the third two previous ones have
dealt with anticholinesterases and with histamine

The present symposium origmated 1n a suggestion by Professor
F Bergel It was supported by the followmg scientific societies
the British Pharmacologtcal Soctety, the Physiological Society, the
Royal Soctety of Medicine (Section of Experimental Medicine and
Therapeutics) the Fine Chemicals Group, S C1I, the Biochemical
Society the Pharmaceutical Society the Association of Anaesthetusts,
and the Society for Endocrinology Representatives of these societies
formed an organizing committee whose members were Dr H J
Barber Professor F Bergel Dr G R Boyes Dr T M Chalmers
Dr C Dalgleish Dr A C Dornhorst Professor W D M Paton
Professor F T G Prunty Dr H O Schild Dr J B Wyman and
Dr Eleanor Zamus The detailed plannmg was carried out by a
workmg subcommuttee consisting of Dr Schild, Dr Dornhorst,
Professor Paton, and Dr Zaimis

The organizers wish to acknowledge the generosity of the
Wellcome Foundation and mn particular Dr Adamson who provided
faciliies for the symposwum thus enabling 250 people to attend
and who also extended hospitality to wisitors from overseas
Accommodation for visitors was al o given by the Ciba Foundation
The editor acknow ledges gratefully the co operation he has had i the
publication of this volume from the Pergamon Press Finally all
concerned with planning the sympostum would ltke to express their
deep debt to Dr Eleanor Zaimis who herself carried out the major
part of the orgamization and who did more than anyone else to make
the symposium a success for those who attended
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tion of the
the unexpected and powerful ganglonic blocking ac
hexameth';lcn: salt and it 15 ths discovery wineh 15 the teal basts
for ttus symposium
oT‘x\e m{ml; wish to make s Tthunk a fawrly obvious one kinGs
wark on curare wherever and with whatever object 1t had been done

would have stood m its own nght as 2 considerable saenhific
under less bt

ad] however this
work might have remained on record only as a classscal exercise 1n
otganue chemntry Stmularly a pharmacological snveshigation of the
methonum series resticted to the search Jor compounds with
muscle relaxing properties would fave concentrated attention on
decamethonum and although thus might 1 turn have led to the
interesting physiological synthesis of the mode of action of thus drug
which Dr Zangs carmed out with such skill the more wmportant
properties of the hexamethonmum salt smght well have passed
wnabserved It was only the sharing of the particular kinds of
¢k mical and pharmacological 1nterest and knowledge between
coleagues 1 the same building that produced the result which
emerped on a basss of systemanc research and in a seasonably short
space of time I can assure you that 1t 1s events such as this which
gladden the hearts of those who have to direct sresearch mnstitutes

1 have spoken orly 1 terms of methonmum compounds because
as 1have said 1t 1s the work of these drugs that has made it worth
while to held flus sympostum However, we ate naw seeing the
discovery of many other types of compound which are finding

P places i the ph ! cantrol of vascular tone
and the

10 the ph of reserpire that we shall
hear will be particularly welcome Morcover we need mot doubt

that the views of ¢ clinxeal membvers of the symposium on the
pracuical usefutness of the varous drugs now available will certamnly
be nteresting and may be salutacy to the pharmacologsts

In conclusson I should like to resterate my hope that this sym
positm wili do more than present a synapsis of curtent knowledge
n the field of discussion We are most fortunate 1n the distinction
of the members of the svmpostum wha ace to make scientsfic contt
butions These contributions will gwe an authoritative statement of
the present position and should alsa bnng out clearly the weaknesses
of the situation and the aspects on which more work 15 Tequired Wath
200d fortune they may also produce some ideas o the duections
“\hlc‘h fusther work should {t;llow andasiothe best means of attack on

h

attay
who have been far

jects those
3t wall be well ded




2 SIR CHARLES HARINGTON FRS

problem, but 1n which still more remarms to be done After ali, 1t 1s
only within the last ten years or so that drugs have been discovered
which are of real clinical value 1n the control of hypertension But,
as so often happens when a discovery of thus sort 1s made and a
new field 1s opened up the number of drugs with therapeutic
possibilities 1n this direction 1s now rapidly increasing

I personally, welcome the invitation to say a word or two on this
occasion for two reasons, the first 1s that 1t gives me an opportunity
of refernng to the development of the earliest practically useful
drugs, namely the methonum series which took place largely in the
National Institute for Medical Research and in doing so of paymng
a tribute to the memory of my former colleague and friend HAROLD
KING whose death we have had recently to mourn At the same time
I am enabled to ride one of my own hobby horses 1n that the story
of the development of the methontum drugs 1n so far as 1t concerned
the National Insutute seems to me to be a model example of the
way m which things ought to happen but do not always happen 1
research mstitutes

In saying this of course, I do not for a moment mean to suggest
that the credit for the development of the methonium drugs belongs
entirely to the National Institute of Medical Research on the
contrary much 1s owed to the work of others and particularly to
that of Dr ING and his colleague Dr BARLOW who themselves
synthesized a senes of polymethylene bisquaternary ammomum
salts their interest lying chiefly 1n the possible so called curare Iike
action of such salts It was however the work of KING on the curare
alkalords which I think really opened the way to the systematic
pharmacological work that has proved so profitable KING s
research on curare was a masterly sertes of mvestigations extending
over many years and leadmng from the 1solation of d tubocurarnne
1n the pure state to the determination of the constitution of this
alkalord This research might well not have been undertaken by lim
but for the mspiration of the interest in substances affecting nervous

duction and lar t which existed 1 Sir

HENRY DALE s laboratory m the 1nstitute for so many years It was
certamnly this interest which led KNG to speculate on the possibility
of reproductng curare like activity 1n sumple synthetic compounds
and hence to encourage Dr Zamis to synthesize a fong senes of
polymethylene bisquaternary ammonium 1dides It was again the
same interest that ensured that these compounds received a thorough
pharmacological investigation by KING s colleagues particularly
by Dr PaToN 1n collaboration with Dr Zaimis herself which revealed
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STRUCTURE ACTION RELATIONSHIPS OF
HYPOTENSIVE DRUGS

H R ING

In a recent review article Dr Zans (1955) referred to acetylcholine
as a masterpiece among molecules because 1t activates so many
different receptors 1 do not think that T can emulate thus versatite
molecule and elicit appropriate responses from all the members of
so diverse ag audience 1 may hope to activate some receptots by my
remarks but I fear [ may fail to excite and may even depress others

Hypotensive drugs are of many types differing both chemtcally
and pharmacologically so that if I am to fulfil the washes of the
organtzing commuttee § must hop as gracefully as I can from one
group to another Moreover since I cannot deal fully with ali the
different groups the amount of space I devote to each group will
be dictated by my personal interests

1 will start with the veratrum alkaloids not because 1 have
anyttung useful to say about tbeir strocture achion refationstups but
because of the intnnsic interest of the mechamsm of their hvpo
tenswve effect the elue to which was discovered by von Bezotp and

HIRT (1367) nearly a century ago At least seventeen alkaloads have
been tsolated from Veratrum spp or

from sabadilla seeds (the

1 source) four alk two alk 1 des and

eleven alkamme esters All the alkamines whether occurring
naturally or obtained by hydrolysis of gl or ester alkalowd:

contain 27 C atoms 1 tertiary N atom and 2-9 O atoms they are
steroid alkamines containing SIX png strictures with the sohiary
N atom 5o far as we know common to two nngs The structure of
none of the alkarmnes 1s known with certainty although considerable
advances have been made 1n elucdating the structure of the cevine
group The ester alkaleids are the most potent of the group Vera

indine {CHu0uN) 15 a typical example 1t 15 hydrolysed at 0 to
veraine acid (CyHy0,) and veracevine (CyH,O,N) and the latter
1s converted by less mild treatment with alkal first 1nto cevagemne
and then into cevine both 1somenc with veracevine

The mam iterest of these alkalowds for wmy purpose lies tn the

7
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The activity appears to depend upon an mtact amidine group
since substitution of aryl or alkyl groups on one of the N atoms
of the amidine unit abolishes 1t~ A termunal aryl nucleus enhances
activaty but 1s not essential ¢ g 3 bromocy elohexylusothiourea 1s as
potent as phenyldiguamde  Activity 1s also enhanced by the sub-
stitution. of halogen or methyl 1nto certain posiions of the aryl
nucleus Finally 1t may be noted that amudines are strong mono
aadic bases and will exst at physiologeal pHis as cations
(~C( NH)NH,*)

At this pomt 1t 15 convenent to mention some other vasodilator

amdise denvatives which do not however contain an unsubstituted
amidine it

dral. 4

E

of (I) belongs to a small
group of phthalazine compounds which includes s 4-methyl 3-

phenyl and 4-hydrazino denvatives all of comparable acuvity The
mte‘gmy of the hydrazino group appears 1o be essential sice as

re neat by amno of ammo groups reduces activity
ly The mech of the hyp effect 15 obscure 3t
develops gradually and 1s remarkably persistent (Gross DRUEY and
Maex 1950
It would be 10 the ph \
perties of related compounds e 2 hyd pyndine or ko

and 1 or 3 hydrazmossoquinoline all of which would contmn the
amino amidine uont { N C NH NH,)

< has some ant d 2ling action but much less anti
antagonsts of adtenaline aremors efecive
" N
C
) Orend ]
NHNH, "

1

o,
@
n



8 H R Ine

mechamsm of their hypotensive action which together with slowing
of the heart and respiration, 15 produced reflexly by stimulation of
afferent nerve endings 1n the heart and lungs (KRRAYFR and ACHESON,
1946), and 1n the fact that this reflex mechamsm 1s not confined to
the veratrum alkalords but 1s displayed by what DaAwEs and COMROE
(1954) have called a werrd collection  of chemical substances, such
as adenosine triphosphate 5 hydroxytryptammne and certamn
amuidines It would be as absurd to seek for structure action relation
ships between such diverse substances as 1t would be to do so between
saccharin and sucrose because they both taste sweet but the amdines
at least do show some c relationships among th lves
Table 1 gives the names formulae, and activities of eight of the
most active among some thirty to forty compounds of fairly simple
structure, all containing one unsubstituted amidmne group which
Dawes and Morr (1950) and Dawes and FAsTIER (1950) found to

Table 1
Vasodilator amudine dernaties
Depressor
Name Formula activity®
Guamdines
p-chlorophenylguamdine i4 C1 CeH,NH C( NH)NH, 1-0
Diguamdes
phenyldiguamde CyH;NH C( NE)NH C( NH)NH,| 10
o<chlaro 2 CL 25
p-chloro 14 CL 15
o0 methyl 2 CH, 15
Isothioureas
2 « naphthylethyhsothioureale CoH,CH,CH,S C( NH)NH, 22
hl 1 3 CIC4H,CH,S C ( NH)NH, 11
ets 3 bromocyclohexyliso
thioure: 13 BrCH,0S C( NH)NH, 11

* In terms of phenyldiguamde

elicst a reflex fall 1 blood pressure and heart rate m the cat by an
action on afferent nerve endings 1n the heart (the Bezold reflex)
they also elicit a sumlar depressor reflex by an action on afferent
endings 1n the lungs The approximate depressor potencies are given
(Table 1) n terms of phenyldiguanide which 1s 1tself about 1/5th
to 1/10th as active as pure veratridine  All these amidines produce
their depressor effects m doses of 1 mg/kg or less m the cat
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that these compounds ate preferentially adsorbed at the approptate
sites 1n virtue of the groups other than the ghloroethy] group that
mtramolecufar atkylation then occurs and that the ethylene
immonium cation rewcts with some nearby nucleophiic radical No
etber view Seems to me to account for the spearfiaity of these com
pounds since the ethylene mmmontum cation 1f not tied down t0
particulas sues would react readily with nucleophilic radicals at
any situation This view 1s supported by the facts that the adrenaline
black can be overcome 1n 1ts early stage 1¢ reversible adsorption
at specific sites has already occurred and that blocking activity is
enhanged by the presence 1n the drug molecule of an aryloxyethyl
amine unit of structure which we know fo confer competitive
hine prop <f phenoxy byl (928F) and
piperoxan (933F)—that 15 by exactly the unit of structure which
would encourage adsorption of the molecule at the nght sites
Examples are the o-diphenyl ethers (V}of Loew and Micerics (1948
1949) 1n which maximum actwity occurs when R 15 2 amyl and the
phenoxyethylchforoethylamtnes (Nickerson and Nosachcir 1951)
of which dibenyhine (VI) 15 the best known It 15 worth notng that
phenoxyethylbenzylethylamines which Jack the g<chloro group
display reversible antiadrenaline properties

OCHCH

§CH3
CHQCHJ“lCHzCHQCL @ o NCH;CH2 (0
R 2

T R= alkyl u

Other essentuat structural featutes of this group of s
(@) a tertary N atom sufficiently strongly basll? to :ls)llow(}:tlrgam"::gi
cular alkylation 10 otcur—hence the need to separate the aryl
£roups by one or more atoms from the N atom and (b)) a 8
substituted ethyl group capable of alkylating the N atom a B hal
or @ sulphony! group fulfils this condition e
In tecent years the atkalmds of
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Tolazoline (I R=H)} 15 one of"a group of 1mnazofines studied by
HarTMANN and Iscer (1939) It produces penipheral vasodilatation
and 1t blocks and even reverses the vasoconstrictor action of
adrenalime It 15 an interesting compound because small changes in
1ts structure convert 1t 1nto a pressor agent e g 1ts N methyl derna
tive (Il R=CH,) produces a nise of blood pressure by a nicotine
Itke stumulation of sympathetic gangha and the suprarenals (GowDey
1948, 1949) This at first sight, remarkable reversal of properties
may be due to an alteration 1n the balance of properties of tolazo
lie, 1ts mild micotine hke effects being intensified at the expense of
the vasodifator and antiadrenaline effects It would be interesting
to know whether loading the immnazoline ring with alkyl groups
larger than methyl would lead to ganglion blocking activity

Phentolamine (I1f) contamns the m phenolic group so characteristic
of the most potent sympathomimetic amines 3t has been variously
estimated as from 5 to 10 times as active as tolazoline (ROBERTS
RICHARDSON, and GREEN 1952 JoHNSON GREEN and LANER
1953) Both drugs block the effects of adrenaline or adrenergic
stimulation competitively, and therr effects are relatively transient

CH,

N\ e SHe =

NCH,CH,CL ——— (CgH5 CHy), & + QL
Ha

O
174

HOR(or NH,R or HSR)
{CeHsCHRINCH,CHaOR (on—NHR or =5R) +Hi

Dibenamine (IV) and 1ts congeners on the other hand exert a
noncompetitive antagonism to adrenaline and adrenergic stmulation
Therr cffect develops slowly but after a latent period becomes rela
tively permanent dunng the latent peniod the effect can be overcome
by excess adrenaline but not when the block has become well estab
lished The generally accepted view 1s that these compounds are first
converted to ethylene mmmonum 1ons which then react with
nucleophilic groups (possibly hydroxyl amino or sulphydryi groups)
to form stable covalent dertvatives of tissue constituents this view
s supponcd by kinetic studies of the hydrolysis of dibenamuine tn
aqueous solution (HARVEY and NICRERSON 1953) My own view 1s
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tion of reserpine con
ster of methyl reserpate® , also the distribu
:ammg C#* 1n tbe carboxyl group of nmethoxybenzotc acid since
methy! reserpate ttself 1s 1nactive

\Vz must ‘x’mw turn to ganglion blocking agents some of which
have been widely used 1o recept years m \he trestment of hyper
tension 1t will be useful to glance first at the types of bases which

Table 2
Ganghonic Stimulators

Typeotbue |
‘Secondary

Example

Cyusme
Nerwcotine

Tertasy HNicoune

Lobelint
N methylcybsime {caulophylime)

Mono-onwum salts | Choline esters and ethers ¢ g acetylcholine pheny) etherol
<holine ete

and  arylalkyl tnmethylammonium  salts  eg
\ hotdemne <

Y

Tiln alkylammomum salts of types (1) RNMe; eg
* *

NMe, &tc  (2) RyNMe, eg Et;NMe, and dimethyl
DMPP) hyloutph T

Me,S

Bis-onium salts Choline estee of propronc betane:
oy

MeaNCH,CH,OCOCH, CHNMe,

sumulate ganglia (Table 2) and note that they include secondaty
and teruiary bases as well as mono and bis-onmum salts Most
ganghon

also block i gangla whe
admymistered 10 large doses thss 1s true not only of m%nmg; sahsgux:
also of secondary and tertiary bases Like cytsine and micotine
consequently ganghonic blocking activity 1s not confined to
quaternary bases—~this 1s the first point to note The second 15 that
nearly all quaternary bases which stimulate gangla have three
methy! groups attached 1o the onium atom (N or 5) A few quaternary
salts cartying two meshyl groups on the N atom are known 1o
Sél:lculille gangln eg dimethyldrethylammonsum (Wisn Masos

& and LANGSTON 1952) and dimethyiphenylpperaninium

Thus ester has been desenibed i Brut, Pat, 744 290 (1954)
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from R canescens (SCHUTTLER ef af , 1955) which tacks the methoxyl
m the mdole nucleus of reserpine, and resctanamine {Kroms,
DrarEr and KELLER, 1954) which has 5 3 4 5 tnimethoxyctanamoyt
group it place of the trumethoxybenzoyl group of reserpue

Reserpine has six asymmetric C atoms (3 15 16 17 18 and 20)
and therefore a derable number of ster are possible
This fict may make us synthesss difficuit Considerabfe progress
has already beea made m elucidaung the refatve configurations
around the asymmetr ¢ centres
The mam mterest of reserpine at present hes m unravelbng sts

pharmacology and evaluating its clinical usefulness More guestions
can be asked than answered sbout its structure action relationships
The onset of s effects a5 relatively stow even after parenteral

d ation, and quently there 15 2 possibiluty that some al
Ieast, of its effects may be due 1o 2 metabolite of 1t We hnow that
the methoxyt in the indale nucleys 1s not esseatial simee deserpudine
does not differ sigmificantly m its effects from reserpine (SCHNEIDER
et af 1955) The mteguty of the trimethoxybenzoy! group 18
presumably smportant since its replacemens by other acyl groups
(veratroyl anisoy! benzoyl furoyl mscotiny) phenylacetyl acetyl
et } fowers activity and lowers sts progressively the more the acyl
sroup differs m structure from trimethoxybenzoyl (SCRUTTLER ef af
1954)
SHEPPARD LUCAS and TsEIN (1955) made the curious observaiion
that when reserpmne labetled with C* 1n the 4 methoxy group of the
acyl residue was fed to rats no radioactive carbon could be detected
1n the bram Smce 24 per cent of the C* was excrered as evpired
C1Q, they postulated oxwdauve demethylation It might be nsteue
tive to investigate the 3 5 dimethoxy-4 bydroxybenzowe (syringic)
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d
um and the thiophanmm compound arfona
((:::Eryxls—:ul?-}{\—u)mmmphnr sulphonate) 1do not know of any excepion
!

to‘thsxg;:‘; like to go further and suggest 2 second rule v]xz ﬂl\h:u
the more powerful 3 sttmulator the methylated onium salt 1s ‘:
more powerful a blocking agent the analogous ethylated omm'\;.l salt
will be  Thus second vule 15 put forwaed as ¢ warking hypothests
but I can gve one example of 1t _the m bromophenyl ether of chohne
13 about 35 times as powerful a mcotne like pressor agent as
choline pheny! ether (HEY 1952) simslarly m bromophenoxyethyl
tnethylammonsum 15 about 3 times as potent an hibator of the
supertor cervical ganghion (cat) as phenosyethyltnethylammonium
(2512F) and about 4 imes as ponerful a depressoragent {unpublished
vesults) Since 2512F 1sabout 10 tiumes as potent a ganghome blocker
as tetraethylammomum (BULBRING and Depterge 1949) s »7
bromo denvative must be 30-40 tirnes as potent 1¢ about as potent
as hexamethomum

From Hey s work we already know at least one factor which
increases the stimulant mcotine like activity of choline ethers viz.
the presence of a termmal group which increases the mesomenic

- % *
devaation towards structures of the tvpe R ~0 ~-CH,CH,NMe,
My tentative second ryle suggests that a similar increase 1n blocking

5
potency will occur in ethers of the type R-O-CH,CH\NEL, In this
connection Elvetd] (VIII) 15 1nteresting because the stilbene residue
should be more ¢ff ctive than the phenyl group 1n causing the
mesomeric deviation HEY envisages (CAVALLIN ef a? 1953)

Lo-and Somyende) 1

i

Tt thophanum compound  Arfonad  or tnmethaphan
(RANDALL PErersoN and Lepmawy 1949 calls for a few remarks
1t 15 about 30 tumes as potent as tetraethylammonium It will be
foticed that the § atom 15 loaded with heavier radicals than ethv]
the potency depends upon this taading heeause foss of one or both
benzyl radicals decreases 1t drastically Also the cation 15 stereo
speaific uince arfonad which 1s the {+)-camphor sulphonate of the
dextro Totdtory base 15 2bout twie as active as the salt of the laevo
base The hypotensive effect of arfonad 1s complex 11 Targe doses 1t
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(DMPP) (CHEN, PORTMANN and WICKEL 1951) but I do not know
of any quaternary salt with less than two N methyl groups which
stimulates ganglia The thied point 1s that bis trimethylammonum
salts are not mevitably ganglion blocking agents since the last
compound i the Table 1s a powerful gangliome stimulator

If we now look at mono omum salts which have a purely blocking
action on gangha (Table 3) we shall notice that they all contan

Table 3
Mono omum salts

‘Ganglionie stimulators Ganglion blocking agents

AcctylchclmeCH,CO,CH,CH,&M&, Acetoxyethylterethylammomum
CH,CO,CH,CH,NE

Tetra elhylammomum}:l,;l Dicthy!
d1 1sopropylammonium EtyNisoPry

+
Tetramethylammonium Me,N

Choline phenyl ether
+
C(HiOCH,CH,NMe,
Choline » bromophenyl ether

Phenovxyethyltrethylammoniim
+
(2512F) C{H,0CH,CH(NEt,
m Bromophenoxyethyltriethyl

ammonium
3 BrCyH,0CH,CH,NEt;
+

Triethylsulphonum Et,S
Arfonad (d-camphor sulphonate)

3 BrC,H,0CH,CH,NMe,

4
Trimethvisulphonum Me,S

€O
CgHaCHoN PI*C”zcs”a
CH——CH
CH—l o ]
CHy——CH,

groups larger than methyl on the onum atom These and many
other examples lead me 1o suggest the rule  that in any ganghonic
stimulator which contains one methylated orium atom replacement
of al} the methyl groups by heavier groups will convert the com
pound mto a purely blocking agent This 1s true not only of
quaternary ammonium salts but also of sulphonium saits eg



STRUCTURE ACRION RELATIONSHT®S OF HyrorewnE Drecs 5
thylsuloh and the thioph pound arfonad
(amon = (+) camphor sulphonate) 1do not know of any exeeption
e
m{h;;:nmd luke to go further and suggest 2 second rule viz that
the more powerful 3 sumulator the methylated omum salt 15 the
more powerful a blocking agent the anatogous tihylated omum salt
will be  This second rule 1s put forwaed as 2 working hypothesis
but 1 can give one ctample of . the m bromoephenyl ether of choline
55 about 35 umes as powerful a micotne Iike pressor agent as
choline phenyl ether (HeY 1952) simiarly m ‘bromophenotyethyl
triethylammonwm 15 about 3 times as potent an mhibitor of the
sapertor cervical ganghon (cat) as phenovy ethyltnethylammonium
(2512F) and about 4 times as powerfula depressoragent {unpublisbed
resuits) Sinee 2512F 15 about 10 imes as potent a ganghonie blocker
as tetracthylammonium (BULBRING and Depterme  1949) sts m
bromo denvative must be 3040 times as potent 1 e about as potent
as hexamethoniym
From Hev's work we alieady know at least one factor which
1acreases the stimulant mcotme hke activity of choline ethers viz.
the presence of 2 termmnal group which increases the mesomenc

deviation towards structares of the type RQ-O‘—CH.CHJ;M:,
My tentative second rule suggests that a scmular mcrease blocking

4
potency will occur m ethers of the type R~O-CH,CH,NEt, In this
© Ebhvetst (Vi) 15 because the sulbene residue
should be more effectne thag the phenyl group 1 cauang the
mesomentc deviation HEY envisages (CAVALLIN er ol 1953)

el Sooyenfey) 1

m

The thiophamum compound  Arfonzd  or tnmethaphan
(RANDALL PETERSON and LEnaay 1949) calls for a few rer‘x’mks
1t s about 30 tmes as potent as tetracthylammontum Tt will be
noticed that the S atom 15 Joaded with heavier radicals than ethvy
l;: potency depends upon thus loading because loss of ane ot both
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liberates histamine but when the effect of released histamimne 1s
annulled by an antihistamine and the ganglionic effect 15 elimnated
by anatomical means the drug still produces a fall of blood pressure
(dog) this residual hypotensive effect 1s attributed to a  direct
vasodilator action (McCusBIN and PAGE, 1952)

I can find no simple rules governing the structure actton relatron
ships of bis omum ganglionie blocking agents The ganglion
stmulant action of the cholme ester of proplonic betame

+ +
(Me;NCH,CH,0COCH,CH,NMe,) rules out the simple view that
two NMe, groups linked by a six atom chain will confer purely
blocking activity This betaine ester has some muscanme activity,
but whereas the nicotinic properties of acetylcholine on blood
pressure are only clearly fested after D the
properties of this betamne ester are only fully revealed after tetra
ethylammonium (SCHUELER, KEASLING 1951) When the si¢ methyl
groups are all replaced by ethyl, purely blocking activity on ganghia
1s observed, but this effect can also be achieved by replacing the
ester umit (-O CO-) by two methylene groups (-CH,CHy) so that
one mught say that the blocking action of hexamethonum 15 due to
thus replacement It would be instructive to study the pharmacology
of the compounds 1n which ether the ether O atom or the carbonyl
unit of the ester group was repliced by methylene

Table 4
Bis omum Salts symmetrical wuth respect to endgroups

1 I Endgroups

Type of chain n | 1 order of decreasing activity on sympathetic
gangha

(1) (CH,) - NMeEt, > NMe,Et > NEt, > NMe,

) ACHy NMesEt > NMekt, > NM&, > NEi,

4
5

6 | NMe;Et > NMe, > NMeEt, > NEt
7| NMeEr, > NMe;, = NMeFEl > NEI
2

(2) ~(CHy) NMe(CHy - | 2| NMe;Et > NMe, > NE
2| NMe,Et > NMe, > NMeEt, > NEt

) —Q—(CHz),,- 3| NMe; > NMeEt> NMeEt, > NEt,
4 | NMegEt > NMeEt, > NMe, > NEt,
The sign >> means 10 times as actine or more

(1) WIEN MasoN EpGE and LANGSTON (1952}
(2) BerN and MEIeR (1950)
(3) WieN and Maso~ (1933)
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The potencies of bis-omum salts depend both on the cham
Iength and on the nature of the endgroups The chan fength can
vaty from 4 to 7 atoms but the most effectise endgroup varies with
the Tength of the chain (Table 4) For a 5 atom chain the most
effective tnalkylammonwm group (so far as we know) 15 NMe,Et
but 1t meght be worth Shile trying other endgroups € g NMe,ts0Pr
Charns of more or less than 5 atorns show no consistensy For mosh
chain lengths NEt, 15 the least effectne endgroup

A somewhat clearer picture ss obtaned by considering the
wnfiuence of chatn length on the effectiveness of a given endgroup
(Table S) It will be seen that for all endgroups except NMe, a

Table S
5
Symmetrical polymetinlene bis omum salts RyN-{CHy) -ﬁR,

Chain fengths 1n order of decreasin;

Endgroup actnty on sycpathetic gangha i
NMe, §>35>171 >4
NMe,Et 6§ =5 > 7 = 4
NMett, 5§ >4 > 6 > 7
NEG 3> 4> 6 > 7
Towe 5> 6> 4% 3

e S =6 =4 > 1% 3
Q e 5 6> 17 > 4

WaeN el al (1952)  Maso~ and Wiew (1955)

1 chasn gives acuvity but again the;
re 13
£0 consstent relationship Tor other chaw lengths 'ﬂgw 1 methyl
'l?;:\(’hgmc endgroup 15 the most effective of all those Listed 1o

3
So far all the bis-onum salts considered ha
ve been symmetncal
:;l{’ll?;gﬁl “:u s;tlm‘m endgroups Riccnﬂy some interesting new types
S unsymme

e oo sl v ymraetncal with respect to their endgroups
FALSTORP and PEDERSEW

1954
750 (%) whare B By (1954} studied bis oruym salts of the

R were methyl or ethy
+
R.}tCH,CH‘OCH\CH,&E N
! Koo
and found that blockin
B actvity for both sym
sympathetic gangha wag greatest when R m{s rﬁ:g:;iwa:; ‘}(pr:d
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R’ were ethyl groups, 1e 1n the unsymmetrical cation

+ +
Me,EtNCH,CH,OCH,CH,NEt, This cation was much more active
than the symmetrical cations contarng two MeN or EtN
groups, and about 3-5 times as active as the symmetncal cation
contamning two Me,EtN groups Less pronounced differences were
observed among the analogous thio ethers but again the compound
contatning one MeEtN and one Et;N as endgroups had the
highest activity

A second example of the unsymmetnical bis omum salts 1s
provided by tsomdoline compounds of the general formula (X)

X
X L2 e R
£
x @c%z S i
X
¥

In these compounds the ntensity and duration of blocking
action appear to depend upon the value of n the nature of Rand R
and of substituents m the benzene ring Maximum duration and
potency occurs when 7 =2 R =R =CH, and X 1s chlormne
the compound fulfilling these conditions—chlorisomdoline or ecold
-1 sa1d to be well absorbed after oral admintstration 1ts ganglionic
blocking effect 15 rapid 1n onset and very prolonged The ready
absorption from the gastrointestinal tract and the prolonged action
appear to depend upon chlonnation of the benzene ring they do
not occur in tetrabromo compounds (PLUMMER TRAPOLD
SCHNEIDER, MAXWELL and EARL 1955)

ADAMSON BILLINGHURST and GREEN (1956) have recently
announced a new series of unsymmetrical bisonmum salts of the
general type (XI)

>C(OH)CH,—

>C =CH —

>CH—CH,— + |+ =
Aryly -(CH;)NR;—(CH,) NR ;} X,

>C(CN)CH,—

>CH—~0 —

>CH — COp— [e3)

The compounds are denved from a series of spasmolytics
1 and antik one tertiary or quaternary
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lcome
\eft of dotted hine) previously desenbed by the Wel
ge?:::?}f\]mt at Beckepham  the addion of 2 second %uaun‘x\aori
N atom attached to the terhiary or quaternary N atom dy ;0 ‘s y
polymethylene cham confers ganghon blockingactiv 1y and a! ’ ishes
the previous types of actvity Activity 1s favoured by the following
features n=<20t3 m=3014 R=CH,or Cyiliand NR, 152

cyclic structure The most promusing compoun(} appears 10 be
356C54

Y]

(CHIC . I~ .=

9 <(CH);NM=;("H2\;\*‘| oY
tle

356C54

Like most bisomum salts these compounds are pootly absorbed
after oral admmstration {10 times SC dose required) but after
subentaneous injection they have o prolonged effect (7 1o 12 hours)
n conclunion | should like 1o make two general comments on
ganglion blocking agents as drugs for the treatment of hypertension
(1) There 15 no doubt that many ontum salts paruenlarly bis
quaternary salts are ly effective hyp
drugs when d p lly Ther d 15 that
they are poorly or irregularly absorbed afier oral admmmstration
Absorption vanes with the nature of the endgroups ¢ g pentolntum
appeats 10 be absorbed better than hexamethomum and possibly

attachment of a strongly lipophilic group to one N atom a5 1n
hi d may assist ab

Absorption also appears to
depend upon the anwon (HarivazoN 1953} whuch 1s strange and

@ifficult to understand However what we can say with certainty
15 that tertiary or bistertiary bases would be absorbed much mare
readily than quaternary or bisquaternary salts and I should fike to
sugeest that the most promusing field for future research in thus field
1 the study of terviary or bistertiary bases as ganglonic blocking
agents | have already pornted out that both secondary and tertnary
bases ate knonn which stimulate ganghon cells m smali doses and
block them 1 farge doses There 1s therefore no reason to assume that
Eur:ly \:Lm:kmgl age]r!s cannot be found among secondary and
ertary bases 1 will mention three nonguate

ha;: purely blocking activity POTUSISIAIEY bses Whieh
m:\\:r}:‘f f:LTfffm.‘fla,mme (‘(H? 15 4 secondary base (3 methy]
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hexamethonum o be as effective after oral as after parenteral
admmstration and to have a slow onset and a prolonged action
(MoYer DeNNis and FORD 1956 STONE ToRcHIANA O NEILL
and BEYER 1956)

SN
e (I:H ' €y

Hy (]: 2 Lochs
TS Ny

p:uit

m Bromophenoxyethyldi sopropylamine  hydrobromide (X111
has been tested on the superior cervical ganghon of the cat It s
about 2/5th as active a blocking agent as phenoxyethyltriethyl
ammonium (2512F) 1¢ about four times as active as tetraethyl
ammonium It has as might be expected muld anttadrenahine
properties 1n the spinal cat It was investigated as a direct result of
the two rules which I mentioned earlier (unpublished results)

@oc;—uzcuzﬁ'AH(CHMez)2 | &
Br

Xm

3 (8 Dimetbylaminobutyl) 1 methylpipertdine (XIV R = CH,)
was reported by PHiLLIPS (1954) to be at least as active as hexa
methonium 1ntravenously and much more effective after oral

d ration The d dary base (XIV R=H) wns also active
but Jess so than the ditertiary base The dimethiodide of the ditertiary
base was more active but had a less favourable toxicity activity
ratio than the ditertiary base I have not seen a full report of the
phari logy of these pounds It will be noticed that the
nitrogen atoms are separated by a six carbon chain

H
(TCHzcnzcruzc%Ni 3
N

Xz

These three types of bases at least d ate that
blocking agents can be found

nary
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ey chermcal grounds 1 should expect nonquaternary
b{o‘z;m?g“;geyms tobe r:(fbly and almost completely absorl;b:d all;(cr
oral admmsteation They would probably be less active t hnl‘ e
quaternary salts but Tehiable absorplion msght easily outwarg! hcm. ::l
actnaty and we bave a factor of about ten to play with here 1 shoul
also expect them to have a more prolonged efect since secondary
and terhiary bases are nsvally more firmly adsorbed at surfaces than
quaternary salts A possible disadvantage of nonguaternary bases
15 that \hey might have 2 Jess haghly speaific effect s0 that only
nonguaternary bases with high blocking actvity would be bikely 1o
be of chmeal use
{1} The second general comment 1s that a systematic investigation

1s needed of the relative activiues of ganghon blocking agents on

and p P gangha E les are alicady
known of blocking agents which discminate between sympathetic
and parasympathetic gangha ¢ g Elvet] 1s reported to be relatively
more effecve at b than at h gangha
{CavALUIN et al  1953) and the reverse is true of tetramethylene
bis-iethylmethylammonsum (W1E8 ef ! 1952) Pemry and Witson
{1956) hase pointed out that compatison of blocking activitzes on
sympathetic and parasympathetic ganglia must be made 1n the same
species and p bly on the same end: oncurrently Using
of the thoracic hette chain and of the
they found that pentamethomum was 10
times as effective 1n blocking the parasympathetic as 1n blocking the
sympathenic gangha whereas hexamethonum and azamethonum
shoted no selecve blocking action The wse of s or stmlar
methods may enable us to discover what structural features favour
preferential block of sympathetic gangha.

presynap
vagus to the cat heart
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BIOCHEMICAL PRINCIPLES IN RELATION
TO HYPOTENSIVE DRUG ACTION

H BLASCHAO

TrE boch s 1deas on the bution of the nervous system
1o the regulation of artenal blood pressure are determined by the
new knowiedze of 1he chemical acteties of the nerous system
The blood pressure like all visceral functions 1s regulated by the
release of a number of substances which exaite (or inhitut) effector
cells The effectors are esther muscle plam and carduc or
nerve celis mn the central mervous system and n autonomic
gangha
The effector cells carry on theye susface the so-called receptors

these are structures possibly proteins that react speaifically with the
active substances released by nerve endings or scereting cells The

reaction hetween an active substance 4 and the speaific receptor s a
reversible one 1t can be desceribed thus

() A + Receptor == A Receptor > Response >

The 4 receptor complex determines the tesponse of the excitable
tissue Reversibility of the reacuion must be assumed 1n order to
account for the short refractory periods and the ensuing readiness of

the receptors to react again with 4 Although the presentation of the
reachion between A and the recey

ptor as given above may be an

this will be d d bel may say that
the reversibiity of reaction (1) umphes that the Jaw of mass action
kolds and that the Tesponse te vhe number of receptors combined

with 4 depends upon the concenyration of uncomb,
ined substance A
in the nerghbourhiood of the receptors

. AR enquury into the factors goverming the Tesponse of the excitable
155u¢ to nerve stimulation will thus resolve itself into

(@) the study of the re
action besween actne substanc
receptor and © A and the

23
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BIOCHEMICAL PRINCIPLES IN RELATION
TO HYPOTENSIVE DRUG ACTION

H BLASCHRO

T bioch s 1deas on the t of the nervous system
to the regulation of artenal blood pressure are determmed by the
new koowledge of the chemical activities of the nervous system
The blood pressure hike all wisceral functions 15 regulated by the
release of a number of substances which excite (or 1nhubit) effector
celis The effectors are either muscle plam and cardiac or
nerve cells 1n the central nervous system and 1n autonomic
gangha

The effector cells carry on their surface the so-called receptors
these ate structures possibly protetas that react spectfically with the
active substances released by nerve endings or secreting cells The

reaction between an active substance 4 and the specific receptorisa
reversible one 1t cam be desenbed thus

W A + Receptor == 4 Receptor > Respanse >

The A receptor complex determines the response of the exciable
tissue Reversibility of the reaction must be assumed 1n order to
account for the short refractory periods and the ensuing readiness of
the receptors to react again with A Although the presentation of the
reaction between A and the receptor as given above may be an

i this will be d d below—we may say that
the reversibility of reaction (i) implies that the law of mass action
holds and that the response 1€ the number of receptors combined

with A depends upon the concentration of uncomburied substance A
 the neighbourfiood of the receptars

Aun enquiry into the factors governing the response of the excitable
Hssue to nerve sumulation will thus resolve itself 1nto

(2) the study of the reaction betn
een acine substance
receptor and unce A and the

2
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(b) the study of the factors that modifs the concentration of uncom
bined sub. A 11 the neighbourhood of the receptors

For the understanding of drug action, 1t 1s tmportant to remember
that chemical specificities are imvolved at both stages An effect by
drugs on the response of the excitable tissue can be achieved esther
by an interference with the reaction between 4 and the receptor
(and with the subsequent events m the effector itself) or by an
alteratton of the concentration of uncombined active substance 4
From what has been said 1t 1s clear that drugs acting upon the reaction
between A and receptor are more directly linked with the response
of the excitable cell, 1n the management of a chronic disorder,
however, a more distant site of attack may not be a disadvant

age

It should be added that equation (I} may be too stmplfied 2
representation of the reaction between A and the receptor The
complex A receptor may not determine the response directly,
1t may first be altered and 1t may be this altered actnvated , 4
receptor complex that elicits the response of the effector Thus the
complex that releases 4 may not be the same chemucal entity that
ongnally combined with A This would lead to a modificatron of
equation (I}

i
(2) 4 + receptor — A receptor-»activated 4 receptor ~ >>Response

However such a modification of equatton (1) would not materially
affect the arguments 1n the present state of our knowledge of the
drug receptor reaction

Interference with the reaction between active substance and
receptor 1s brought about by the competiive blocking agents
these substances act by reducing the number of receptors free to
combine with 4 For the reaction between a competitne blocking
agent B and a receptor a true reversibiiity can be assumed the
reaction can be formulated thus

&
[©) B + receptor == B receptor
3

The relation between receptor naturally occurming active sub
stance and blocking agent can thus be compared to that between
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haemogiobm oxygen and carbon mononde This r:}ahorolz:); 0\:
governed by the velocity constants of the reacnions o hassm e
and dissoeistion s worth while to keep this relations! 1pd .
From the point of view of therapeutic usefulness the stu k\' o he
dissociation. constant of the drug B receptor complex h’ dls o
partscutar mterest as it 15 this constant that determunes x‘; :c y
of the B receptor complex and thus the duration of the acfu;lg
acton for the treatment of a chrome disease 3 Jong Wifetime of b‘ '3
drug veceptor complex 1s of particular smportance To the w(
chemist pharmacologcal methods for the separate determination of
constaots k, and &, seem therefore desirable

In the following an attempt 1s made to define some of the factors
that determtoe the f d active

o
1 the nerghbourhood of the receptors These factors are dsagram
matically shown below

Formatle ——wStorage  Adrmun stration

1847 +lReceptor] = [a-Recepter] *Response

Diffus on——m—s=Ingctivation

Excretion Excretion of metabo! ¢ #nd products.

Th diagram shows three factors which increase the concentration
of uncombined active substance mn the neighbourhood of the
receptors formation relezse from storage and admmstration for
reasons of therapy or experiment The factors that decrease the
concentration of active substarce are diffusion and inactivation by
enzymes A honzomtal wrtow 1s drawn between formation and
storage  this 15 to 1ndicate that formation of new actwve substance
does not usually merease the of free actve sub
m the neighbourhood of the receptors durectly but that usually the
newly {ormed matenal 15 stored and then released from storage
either from nerves or from secreting cells {imeTuding mast cells) In
thus respect there appears to exsst a stnkmg simifanty between the
fuanction of secretory and nerve cells
A honzontal arrow 1 abo drawn between  diffuson and

Loactivation.  1a otdet to semind us that in many instances diffusion
away from the receptors precedes inactnation




24 H Brascuko

(b) the .\‘lud)l of the factors that modify the concentration of uncom
buned Ain the hibourhood of the receptors

For the understanding of drug action, 1t 1s important to remember
that chemical specifictties are involved at both stages An effict by
drugs on the response of the excitable tissue can be achieved esther
by an interference with the reaction between A and the receptor
(and with the subsequent events mn the effector 1tsell) or by an
alteration of the ration of bned active sub e 4
From what has been sard 1t 1s clear that drugs actingupon the reaction
between A and receptor are more directly inked with the response
of the excitable cell, 1n the management of a chronic disorder,
however, a more distant site of attack may not be a disadvant
a

ge

It should be added that equauon (I) may be too simplfied a
representation of the reaction between A and the receptor The
complex A receptor may not determine the response directly,
1t may first be altered, and 1t may be this altered, actnated , 4
receptor complex that elicits the response of the effector Thus the
complex that releases 4 may not be the same chemrcal entity that
ongmnally combined with 4 This would lead to a modification of
equation (1)

!
(2) A + receptor — 4 receptor—activated A receptor > Response

However such a modification of equation (1) would not matenally
affect the arguments 1n the present state of our knowledge of the
drug receptor reaction
Interference with the reaction between actve substance and

receptor 1s brought about by the competitne blocking agents
these substances act by reducing the number of receptors free to
combine with 4 For the reaction between a competitive blocking
agent B and a receptor a true reversibility can be assumed the
reaction can be formulated thus

&
3) B 4 receptor === B receptor

&

The relation between receptor naturally occurnng active sub
stance and bloching agent can thus be compared to that between
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— e — —Tyrosine
HDO CH, CHINH ) COOH — — yros:
Oxdaton
Ho
M°<:>~CN2 CH{NH,)} COOH = —= — — == — —| Dopa
& Decarboxylation
HO, }
NOO—CH, Gy My — —— ——— Doparni
l Debydrogenat on
HO, r
g TP
Methylation
HO

The formation of dopamne from dopa 1s the step catalysed by the
decarboxylase

This scheme remaned without suppatting evidence untdl my
colleague Dr H LANGEMANN (1950 1951) showed that large
amounts of dopa decarboxylase occurred 1n chromaffin ussue He
found the enzyme 1n the bovine adrenal medulla Jus observation
has been confirmed (Sourkes HENEAGE and Trano 1952) and the
enzyme has since been demonstrated in the medulla of 2 number of
other species including the rhesus monkey (D Iorio unpublished)
and the chicken (HaGEN unpublished)

LANGEMANN s observation demonstrated for the first time the
Tagh amine forming ability of the chromaffin tissue It 1s of interest
1o note that dopa decarboxylase has recently also been found 1n the
nervous system and particularly 1n sympathetic ganghia and nerves
(HoLTZ and WesTeRvANN 1956) Fusther support for the scheme
comes from the finding of dopamme in human urne (HoLtz
CREDNER and KROVENEERG 1947 EULER HaMperG and HELLNER
1951 WeiL Matueree 1956) in chromaffin tissue (GoopaLL
1951 SuepHERD and WisT 1953) and m sympathetic nerves
(Scnunanv 1956)
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The diagram given 1s incomplete 1n many ways, 1t neglects entirely
the hink between the A receptor complex and the response of the
efector cell, 1t also does not take 1nto account permeability barriers
and the possibihity that mn the transport of active substances across
cell membranes specific factors may take a part For the pressor
amines, this possibility has been more fully discussed elsewhere
(BLAscHKO 1954) However, no certamn examples of drug action
by interference with passage of pressor ammnes through membranes
are known at present

Interference by drug action with the concentration of free active
substance can be achieved by acting upon one of three factors
shownn the diagram theseare formatton storage and mactivation
Both formation and mactivation depend upon the presence of
enzymes and these enzymes can be mhibited Storage of active
material depends upon specific storage mechanisms probably
nonenzymic and interference with these storage mechamsms by
drugs may cause release of active substance

In the following some observations will be discussed which show
that specific factors are involved mn biosynthesis release and
macttvation of active substance The examples given may at first
sight appear far removed from therapeutic considerations but they
have been chosen because the active substances referred to are known
to affect the artenal blood pressure

1 BIOSYNTHESIS OF PRESSOR AMINES

Interference with the arteral blood pressure might be achieved
by mhibiting the formatton of the pressor amines adrenaline and
noradrenahine

In 1939 a scheme of biosynthests was put forward (BLASCHKO
1939) which was based on a study of the enzyme dopa decarboxylase
described by HoLtz Heise and LubTkE (1938) Tt was found that
this enzyme was unable to decarboxylate N methylated amino acids
eg N methyl dopa this Jed to the suggestion that the formation
of a primary amine preceded the formation of adrenalne The
discovery of noradrenaline has made this part of the scheme
extremely probable (see BULBRING 1949}

The sequence of reactions which leads to adrenaline takes as 1s
starting pomt the ammno acid tyrosine which 1s present 1n many
protemns taken m with our food The sequence proposed s the

following
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e Tyrosint
uco i, CHIN ) SO0 — ~— =~ yros

- 1
HO

——————D
HDO“* CHINK,} COOH =~ o0d

Decorbexyiation

HC,
Wolﬁ‘iwlm{-‘ et e e e e Dopirni e

Deydrogendt on &

"
HOO—{:HOH CH N = o e m = Noradeens e

Methylat on

The formauas of dapawne from dopa 15 the step catalysed by the
decarboxylase

Tius scheme remamed withowt sppporiing ewidence untl my
colleagie Dr H LANGEMANN (1950 1951} showed that farge
amounts of dopa decarboxylase occurred 3n ch flin tissue He
found the enzym n the bovine adrensl medulla Ins obsenation
has been confirmed (Sourkes Hexesce and Trano 1952) and the
enzyme has since been demonstrated sn the medulla of & number of
ather speties mcluding the rhe us monkey (D Iorio unpublished)
and the clucken (HAGE{ unpublish=d)

Lancemani s observation demonstrated for the first tme the
high amume forming ability of the chromaffin ussue Tt 1s of mterest
0 nate thay dopa decarboylase bas recently also been found in the
TAVOUS system and particularly sn sympathetic gangha and nerves
{HoLTZ and WESTERMANN 1956} Further support for the scheme
comes from the finding of dopamute 1 human unne (Hotyz
CreDNER and KROENBERG 1947 EULER HAMBERG and HeLtngR
1951 Wit MaLueree  1956) m chromaffin issue (Goovart
llgsl sumeut:nu and West 1953} and sn sympathene nerves
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The scheme of b § of noradrenaline and adrenal
outhined above, has not found genera) acceptance EuLer (1952)
finds 3t hard to consder dopamme as a senous candidate for the
synthesis of noradrenaline {see also West, 1954)

In the mezntime ewidence in favour of the scheme has been
accumulating In 1953, I was mvited by Dr A D Wercn to come
to tus department at Yale to mtiate a study of the brosynthests of
noradrenaline Together with Dr 7 D Dewns Dr Wercn and
mcubated 1 solution of L dopa itbelled by C in the & posibion

HO
HOO«CNH, CHNH,) COOH

with homogenates of bovine adrenal medulia (Dews Brascino and
WELCH 1954) After moubation the homogenates were exfracted
and chromatographed ¥t was found that the bulk of the L dopa
had been converted to dopamine This was to be expected from
Lancemann s findings But there was also always some radicactivty
m the noradrenaline and this radioictivty of the noradrenalne
r tant upon recrystalization Two to three per cent of
the total radroactivaty was recovered as noradrenaline HageN (§956)
has since confirmed these results he went a step further he ssofated
the radioactive dopamne after the sncubation nnd he then ¢
incubated 1t this tme with a homogenate of chick suprarenab
Subsequent analysis showed that about six per cent of the radio
activity could be recovered as noradrenaline after the mcubatton
This experiment gives for the first tume unequivocal evidence of
conversion of doparame to noradrenaline

More work 15 requured before we can be certain that thus reaction
occurs 1n all species There may be vanants of the scheme sn some
species {e g m Octopus) but 1t s of mteresy that Negi Havane
Stong DorrMan and BLMADIAN (1956) have recently obtained
evidence for the conversion of dop to a3 d tine he
matenal 1 the bovine adrenal medulla The avadable evidence thus
suggests that the mussing ok in the scheme of brosynthesis of the
pressor amines has now been found

Intubitors of the enzyme dopa decarboxylase have been studied
m a number of laboratories (SOURRES 1954 HARTMANN ARAWIE
and CLARK 1955} these studtes have added greatly to our knowledge
of the enzyme but they have not been of much use in the seweh for
drugs that might fower artenal blood pressure and might thus be of
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sefulness ‘This 15 not surprising The hochemist who
lct;e[:sa‘gcc\:x :c;?:nc ke that outlined above asks which s lhclr{ulc
g step 1w (s sequence of teacuons? It seems very unlihely
(hat the formation of dopamine from dopa 13 the rate imiting step
There 15 50 much dopa decarboxylase not only i the chromaffin
tissue and 1n nerves but also 1n oiher tissues ncluding lwer and
Kadneys The enzyme i the kidney the site where 1t was first found
(HotTzetal 1938) ts probably responsible for the fom:mhon of the
unnary dop the 1| fi of thus dop of
renal ongn 3s stll entirely wnknown the possibility should be
considered that dopamne has a regulatory function 1n the kidneys
Let us now consider the formaton of noradrenalme from
dopamir  Thus reaction 1y @ typical dehydropenation and has
therefore been studied 1n the presence of aither coenzvme (DPN)
or phosph (TPN) The dehyd are the classical
abgects for the study of compeutive 1nhibition 1n our view 1t seems
{skely that the teaction catalysed by the new eazvme dapamune
dekydrogenase 13 the rate bmitig step an the formanaen of pressor
amines Competitive mhbitors of this enzyme hase not yet been
studied but the search for such compounds would appear more
promusing than the study of mhibitors of dopa decatboxylase when
attempts are made to mhibit the formauon of pressor amines

2 RFLEASE OF AMINES FROM STORAGE GRANULES

1t 15 row well known that both the sateshol amines (adrenatine
and drenals nd h are stored 1n cytop graoules
Before these amnes can exert their ‘biological eflects they must be

weleased from the sues of storage and appear free 1 solution 1n the
neighbourhood of the receptors
For those d an the

of arternal hy by
the use of drugs the rechanism of release of § hydroxytryptamine
{5 HT) has yecently acquired 1nterest this follows from the work of
BRODIE and hus colleagues (BrODIE PLETSCHIR and SHORE 1956
PLEISCHER Snore and BRoDIE 1956 Suome Prerscier  and
BroDie 1956} These authors have shown that reserpine releases
$ HT from stes of storage ¢ g the bram the intestine and the blood
Elll:\:clets This work will be discussed m its pharmacological and

AL aspects W gr
e “?ec greater detail by other contnibutors to this

In order to understand the mode of attack of reserpine 1t 1



30 H Braschno

necessary to ask what 1s known about the mechanism of storage of
5 HT? It has already been pointed out (BLascuro, 1956) that the
hustological evidence suggests that 5 HT 1s stored n cytoplasmic
granules MassoN (1914) the first author to ascribe a specific
endocrine function to the enterochromaffine cells has described
methods for the study of these granules {(Masson 1932) To the
presence of these argentaffine granules the cells owe the name

basigranular  (CLARA 1928) Histochemical reactions of these
granules have been studied for a long time (see LisoN 1931) and it
1s now known that the same histochemrcal reactions are also given
by 5 HT (Govorr 1953)

Together with Dr L MARTIN and Dr J M WALRER Muss
Hivus and 1 have recently obtamed cell free suspenstons of the dog s
ntestinal mucosa with § HT activity These suspensions weie
prepared by homogenising the mucous membrane of the small
intestine mn 0 3M sucrose Coarse cell fragments unbroken cells
connective tissue and cell nucle: were removed by Jow speed centrt
fugation and the low speed supernatant which was stll opaque
and which contamned the cytoplasmic granules was subjected to
high speed centrifugation A sediment was thus obtained which was
found to contamn a large fraction of the § HT activity of the low speed
supernatant This observation shows that 5 HT resembles adrenaline
and noradrenaline (BLASCHRO and WELCH 1953) 1n that 1t 1s stored
1n the cell in granules similar to hondria 1n their sed t
properties

A full study of the granules carrymng 5 HT remms to be carried
out This will make 1t necessary to separate the argentaffin
granules from the many other granules present in these sediments
For the study of the catechol ames the chromaffin ussue of the
adrenal medulla presents an exceptionally favourable matersal
since practically every cell contains catechol amres

Work on the intracellular Jocalization of 5 HT has recently also
been carried out at Yale Umiversity by Dr N J GIARMAN to whom
I am grateful for the permission to mention some very interesting
unpublished results He has independently confirmed our observa
tions on the intracellular localization of 5 HT in the ntestinal mucous
membrane he has found that 1n brain and 1n spleen the 5 HT 1s
similarly distributed He has also shown that during wncubation
1 vitro of granular suspenstons from these tissues in the presence of
reserpine the 5 HT 15 released from the granules upon recentrifuga
tion he has found that the 5 HT was now present in the supernatant

flurd
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These observations show that the pont of attack of reserpine n
releasing 5 HT from storage 15 the argentaffin grannle Th\sl\s n
parmonywith the wdea that theaction of reserpine 1s duc toasymulanity
between the chemical structures of the 5 HT and reserpine molecules

The amne-carrying granules are charactenzed by the presence
of anions not found 1 other cells or cell organelles 1 sumlar
concentration The histamime-carrying granules of the mast cells are
yich 1 heparn and the chromaffin granules of the adrenal medulla
contain very large amonnts of adenosinetnphosphate The char
actenistic 4nton present m the argentafiin granules 15 unknown but
1t seems fikely that there 15 a specific anton which 15 in some way
connteted with the S WY releasing propeny of reserpine

3 INACTIVATION OF AMINES BY AMINE OXIDASE

An tacredse @ the of active sub mn the
neighbourhoed of the receptor can also be brought about by inter
ference with mactivating enzymes The explonation of such an
mterference for therapentic purposes 1s lunted by two factors
Furstly 10 many snstances diffuston seems to be an effective means of
lowering the concentration of activ= substance 1n the neighbouthood
of the receptors this 15 an unspearfic process not influernced by drug
action Secondly some active substances seem to have several
&ifferent modes of breakdown and snterference with one metabolic
pathnay may not increase the of free active
but deflect the breakdown of some of the active material towards
different pathways that remain open The potentiation of FESPORSE 10
aretyleholme by antichoimesterases shows that under Tavourable
conditions an tncrease of active substance by whibition of enzymic
nacivation can be acks ved Favourable conditions 1 behicve are
thosein which the distance between receptor and mactivating énzyme

s small Also potentwtion by drug action appears more casily
le when the

A of the drug1s igh thisis why
tiseasier to demonstrate 2 potentiation of the response to lyramine

father than to § HT by Marsthd an mhsbitor of the enzyme amine

oudase Tvramne 15 g less
potent amune and more of 1t has t
2ven 1n arder to elicit a response o be

lh;ﬂlxcre L;s 70 daubt that anvne oxidase 15 3 catalyst smportant for
- E::: ):vpuon of 5HT This amine 15 otidized by the enzyme
N “mcék GranAM RAPPORT SFAY Gowvier SwoaP  and
ol R0k 1952 BLAKCHAKO 19522 1933) The metabohie

ay which 15 1muated by amine oxdase 15 shown below n
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leads from 5 HT, via the corresponding aidehyde to the carboxylic
acd § hydroxyindoleaceticacid (§ HIAA) This pathway is common
to most amnes oxwhized by amine oxidase (see BLASCHRO, 19520)
5-HIAA 15 excretedn the urine, the amount of S HIAA excreted has
been used as a measure of the amount of 5 HT formed in the body

Pathwoy of mactivation of SHT

N
7N
HO~¢ C e € e CH, CH, NH e o o e oo o SHT
n ' [I 2 2 2
HE, /c\ CH
\cn NH
l Armine oxdase
/cn\
HO—C e CoCH, CHO o o ~m ome =5 Hydroxyindalyl
” ] ” coetaldehyds
HC, C, CH
AWAAVd
N
I * Algehyde axidase
CH
HO—§/ \CWC—COOH e e e o e e e o SHIAR
HC, C. CH
N AN\

CH  NR
The possibility of raising the concentration of free 5 HT m the
hbourhood of the ptors by drug actton 1s subject to the
bimitations atready discussed Moreover the probiem woutd be to
make such an action selective 1 ¢ so that the drug reaches the sites
of wmactnvation m the central nervous system without affecting the
concentration of 5 HT i the neighbourhood of the penpheral
receptors
Some authors believe that amine owudase 15 a catalyst which has
only one function the biofogicilinactivationof § HT(sce SIOERDSUA
SwiTH STEVENSON and Ubpenrripnp  1955) It as true that this
must be an important function of arune oxidase However I find
3t dufficult to forget the evidence brought forward by SCHAYER and
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S\ILEY,
leagues (SCHAVIR and Swmey, 1953 SciAvIR
giwc:‘;?ugi“koéwum 1955) which suggests that amine oxxd::;
bas some share 1n the biol \| tnation of

potadrenzline T believe amime oxidase has yet another function

{ dopamine formed
t 13 one of the catalysts that removes an €Xcess o

II have already mentioned that the potential abihity of the organism
to fosm dopatnune from dopa seems greatly 1n excess of the demands
for noradrenaline and adrenaline Amne o‘ndnsc may ensure ‘.h‘“
the amount of dop converted to an

1s not greater than that required to fill up the depleted stores of
these two amines Thus amune oxdase may be one of the factors

that take part in the control of the biosynthesis of the two pressor
amunes
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DISCUSSION PAPERS

A RECENTLY DEVELOPED SERIES OF
GANGLION BLOCKING AGENTS

] W BILLINGHURST

You have already been reminded of the many and varied types of
hypotensne drugs which have now appeared and of the growing
complewity of structure activity relationshups a this field It 1s not
therefore my intention to comment on the general situation but
rather to show briefly how one particular sertes of ganglion blocking
compounds 15 being developed This series which comprises the
d benzhydryl ds (ADAMSON et al  1956)
en nise to at least one very

q ¥ yl P
mentioned by Dr ING has already pive
promusing hypotensive agent

The compounds with which I wll be concerned onginated 1n a
projectinstigated by Dr I} W Apansov several years ago (ADAMSON
etal 1949 1950 1951) We were engaged on a search for analgesics

1
]

and Y salts of
!mﬂu- e
WA NS S ~a.t
o 22948

Fig 1

the type (1) (Fig 1) were found 10 possess powerful atropine ke
properties One vammant of this type of compound 229C48 was

found to exert a powerful
mydriatic action 1 mice but unl!
atropime had no effect on s -

pasm of the isolated
ca\;;:[d by acetylcholine onted gnes pg e
s finding was not followed u
p rmmediately because we were
’»‘lhl;k;m ;Imc developing pyndy! and thienyl analogues of (1) which
Ol interest as analgesics and antiistamines However a few
33
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years later, Mr A F GREEN discovered that 229C48 was a ganglion
blocking agent we therefore turned to the deselopment of this lead

The ethylenediamine analogue 232C53 (Fig 2) was prepared
and was found to be rather more active Extenston of the benzhydryl
sidechain to six carbon atoms gave a compound 288C53, which was
considerably more potent and longer acting Hydrogenatton of one
or both of the phenyl groups to ¢jclohexyl produced a moderate
fallin activity, whilst removal of a phenyl group gave a profound fall
1 activity Extension of the ethylenediamine cham up to six carbon
atoms gave compounds with a somewhat decreased activity, but
with an approximately threefold increase of toxicity

Hs CHy
o R At
oy CHy
232053
o,
N S S
2t} CHy CHy yes 2
O CHy C-Hy
283053

R\ K
Rz>‘[¢“z]m 7‘[04,],,‘{42— 24
am
Fig 2

I would add here that recently, our colleague Dr G G ConER
has prepared a number of analogues in which the benzhydryl group
has been modified by replacing the phenyl groups with thienyl and
pyridyl groups, as we did with the monoamino compounds to give
analgesics and antihustamuines Ganglion blocking activity was again
encountered It was found that when R! and R? were 2 thienyl the
activity n general was somewhat lower than when they were phenyl
and that when R* was phenyl and R was 2 pyndyl, the activity was
constderably reduced

Thus we had arrived at a sertes of compounds of gencral formula
(IT) We had found that R! and R? should preferably be phenyl or
substituted phenyl groups and that activities were greatest when the

substituents on N* and N? were no larger than ethyl ths also

+
applying when N formed part of a pyrrolidinlum pipenidinium or
morpholmum ring We also found that with these compounds the
optimum value for # was 2 or 3 1n contrast with the methonum
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snereased (rom 1 to 7, activity

;ﬁg:;ﬁij ::in:?:\tu:a?r:: i ge;:x 43nd hod then declined wWhilst

dusation of action had progressively 1nereased (;’xg 32: centatne

The compound 288C53, whichwas selected asbeing }i' A

f the best of these compounds was sent for chmc‘? b

: tensnveagent The fesulis were very encouraging the ;omp und
b?:g at feast as active as pentolinum By 1hs tsme we had peep:

34x53in 7

Y b

Q O‘u&’m?% O‘z‘*‘l“?‘a 2

< by 7L

Fg 3

well over one hundred compounds of this senws and much had
been Jearned abow the structure acovaty relationships We decided
therefore 10 apply a similar process of modification to other types
af compounds possessing benzhydryl groups These included the
well known drugs Trasentin (a spasmolyti} diphenhydramune (an
antthustaming) and the mitnile (1) which bears sumulanues to the
methadone senes of analgesics (Fig 4)

We found that these new types of compounds examples of which
are shown 1n Fig 5 also were ponerful panghon blocking agents
Howmever aded by the pharmacological results obtained with the
onginal seties we were able to develop these new senes reasonably
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Q\ Vo T Pas
€O ¥ SRy N, T CHy

O 8)” o

Trosentin Owpherydromos
{ Benaaryt}

Q\/m . S
Ol O o,
3

am
Fig 4

quickly the structure actvity refauonships running roughly paraliel
throughout In due course we were 1n 2 position to select examples
for chmcal tnial Encouraged by favourable reports on the mitnle
356C54 we have prepared, tested and selected for tral a consider
able number of compounds To date the results mdicate that the
meorp of a morphol group especially

with a diphenylc hyl group 1s d b
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From all ths work the compound 139C55 has emerged Its s:lhen:
structural features are a dipt hyl group
i a chain of four carbon atoms 10 an eihylene-dammoniem groug
the termmal natrogen atom of which forms part of a morpholsmium
rng Chimcal results (LochET 1956) suggest that the hypotensie
actvity of this compound in man is greater and has a more gradual
anset and 15 more prolonged than that of ganghon blocking agents
previousty avatfable

T would close by saytng that much work remamns to be done and
that we are actwely engaged tn pursuing this project which appears
to be capable of considerable development
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BIOCHEMICAL DIVERSITY IN HYPOTENSIVE
DRUGS

H McILWAIN

E\ld lIM temarked that chemcally the hypotensive drugs were of
w ;y seattered structur s Biochemical information about thesr
‘“3;; (:(fi abycmm md)\.:i\:cs these also 1o be dinerse This can be
3penls whose actions On fnervous {i
studied in these laboratorses pasues have been
Protoveratrane has ma
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throughout In due course we were n 1 position 1o select examples
for chinreal trial Encouraged by favourable reports on the nitrik
356C54, we have prepared, tested and selected for trial 2 consider
able number of compounds To date the results mdicate that the
meorporation of a morpholinum croup especially in compurction
with a diphenylcyanomethyl group 1s destrable
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can also form part of a rng 'We have observed reflex bradycardia
hypotension and apnoea after admimstration to cats and rabbuts of
fot example some 2 amino pyndine and some 4 ammo-quinazoline
compounds Second 1n the majonty of these new compounds the
reflex effects are enirely prevented by cervical vagotomy 50 that
stmulation of earotid smus receptors which has been postulated
the case of veratrum atkaloids appears to play no partin their action
Third the most interestng of these compounds studied 1 several
ammal speces showed declining action through the series rabbit cat
dog and monkey In fact in the majonty of monkey tests we were
unable to observe any hypotensive action at all and that caused a
dechine 1 our interest partly also because all the compounds as
abo described by Dawes were excessively brief s action

Dr J G Wiopicovst With regard to the amidine group of

cump?um 1t was shown by Dawes that in the dog they produce a
He b T

other

p and Y

words cnmp\c\‘:\y he opposite effect o 1hat seen in eats and rabbits
Also although they may have properhies m common with the
veratrum alkalowds, 1 do not think 1 has been shown that they

depolanise the nerve membrane which 1s the charactenstic action of
weeateum alkalods

Proressor F H Sark. Some tunefge we were working ot sore
of the lower amudines and we used S methyl 1sothroures It 1s
interesting n view of the remarks which have been made that this s
quite 2 powerful pressor agent apparently acting penpherally and
4lso enhancing the response to adranaline On the other hand 1f one
moves up the sertes to the fugher members 1t 1s found that these
efiects areless promment and among higher members substances are
f%\:‘rl\d with 2 depressor action We took five or six of these to a
ch cal tnal but they were not practicable For example one of
A M Was hexame\hrylcn:d‘m.mhwurca which as I gather from

work
tame releases a certamn amount of

. I‘J‘;ICH I X;\mazk (Dagenham) 1 should like to draw Dr Ing out
i ‘ond ;ﬁ e effect of the antons He commented that 1t was
e nzr ‘ﬂ cult to understand why the assocrated anon appearsto
Fones lencg :::y o}r)x yl:oex ;a nou; actions of the bis quaternary catsons
ests hawever fay fetched

Yand of preture of this effect? It seems very sumns‘z‘:x? il ge any
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glycolysis of cerebral tissues, and decreases their anaerobic glycolysis
Moreover, this affects the tissues functionally with these concentra
tions the metabolic response to electrical pulses 1s greatly increased,
when pulses are spaced at intervals of a second or so These actions
appear to be due to protoveratrine delaying the reaccumulation of
potassium 10ns 1n the tissue (WOLLTNBERGER, 1955) Reserpine and
tetracthylammonium salts have no comparable actions Chlorproma
zine, however, has an mlubitory eflect mn 1solated, electncally
stimulated cerebral tissues at levels of 10 # M, agamn comparable
to those acting i ynno Reserpme has not but here the admirable
studies espectally of Bropiz and his collaborators have shown
displacement of serotonin from different parts of the body including
the brain

It 1s interesting to see that Dr ING places some simpler guanidines
and amudines i the same category as the veratrum alkaloids for
several other guanidines and amdines are known to have effects on
the respiration and glycolysis of cerebral tissues which are, m part
similar to that of protoveratrine (DICKENS 1939, GREENGARD and
MCILWAIN, 1955) As guamdine itsell has this property, the hypo
tensive guanidines and amidines would repay examnation

These illustrations together with those of Dr BLASCHRO sene to
emphasize the diversity of biochemical modes of action displayed
by the hypotensive drugs mvestigated up to the present
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GENERAL DISCUSSION

DR A SPINKEs (M h ) Wehave davery largeserics
of basic compounds related to the compounds producing reflex
hypotenston described by Dawes Three general pomts have emerged
from this study First we have established simularly to Dawes that
the functional group which 1s important for this action 1s the amidie
group and we have found that apart from being in a chain ths group
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the salts of mineral acids This Jed us 10 examine the effect of sodum
steatate and palmatate on the action of Dequadin chlonde which
they potently antagomsed

Dr Brascuxo For some of the active amines the amon appears
to be remarkably specific in the site of storage 1135 well known that
m the mast cell k 1s In some way d with a sulph
ester and 1t 15 equally interesting to know that the catechol amines
adienaline and noradrenaline are stosed 1n granules in which about
50 per cent of the anton 1s ATP Thatis to say the amion comes 1nto
this pieture as a very specific agent
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Dr ING Tam relying on Dr Hanngton s results §am afrad that
I have no explanation whatsoever to offer for them 1 wonder
whether Dr Haropgton has?

Dr M Haringion The effect of the amon, to which T think
Dr Ing was alluding was on the intestinal absorption of the bn
quaternary ammonum decvatives rather than on therr pharma
cological actton We found on giving various hexamethonwm salts
to human subjects that there was an apparently consistent difference
between the absorption of hexamethomum when 11 was combined
with different antons For mnstance hexamethonum butartrate was
always more poorly absorbed when given by mouth than the
brommde or chignde and this was supported by climcal observations
Unless 1t was due to some difference in the make up of the tabfets we
could form no hypothesis to explamn the difference 10 absorption of
hexamethonum when given combined with diffesent amons since
the salts should be completely dissoented 1n the stomach

DR BARDER Salts such as these are more or less completely
dissoctated i dilute solution and that ss a fact which can be estab
hished by any physical chemist T think one can only sty perhaps
that the anion must have an interesting pharmacologscal effect on the
parncular receptors which are responsible for the absorption of the

cation

Dr ING We are very apt to think of absarption by cells as beinga
pasuve thing and 1n the case of these bis quaternary compounds, of
the cation passing through some membrane I thunk 1t 1s much more
probable really that absorption from the gastro intesunal tract 1§
an active process and 1t may welf be that the quaternary catton
cannot be absorbed except s1n company with some anion It that were
true then we should not be dealing with a simple physico chemical
transference of a molecule OT a cation across 4 membrane but an
active physiological or blochemte 1l process 1 which the nature of
the amon that goes with the cation wmay alter the ease and rate of its
passage across the membrane

Dr H O J Covtirr (Ware) We came across an mstance recerntly
where the anon appeared to affect the brologicat activity of the
cation Among a number of salts of a bis quinaldintum aattbactenal
(Dequadm) we found that the stearate and palmitate although
soluble had much lower activity against staphylococes in vutro than
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SOME PHARMACOLOGICAL DIFFERENCES

BETWEEN HYPOTENSIVE DRUGS, WITH

SPECIAL REFERENCE TO HYDRALAZINE
AND RESERPINE

1 TRIPOD

AMONGST all the synthetic ot natural substances which produce
n the laboratory a fallin blood pressure in normotensive ammals
there are but few that provoke hypotension of a sufficiently special
type to yusufy thew use as hypertensive agents
Since the fall 1n blood pressure 15 not a suffictent erterion in stsell
for the choice of an antihypertensive agent the purpose of making
2 pharmacological analysis of the general and especually aireulatory
properttes of hypotensie drugs 1s to bring out the particular
charactenstics which might serve 1o indicate an antthypertensive
action These signs however are extremely dufficult to analyse for
they depend on a series of factors which apply to special sites of
action at the level of the circulatory system or on its hormonal
central ot heral U

p 1n other words thete
exist many ways of approaching the analysis of the mode of action of

an antthypertensive agent 1n the normotensive ammal and to this
must be added a complex of spectal mechanisms which come 1t
action m the vanous forms of experimental and clinical hypertension

Among a great number of pharmacological findings I have
preferred to choose those that enable the hypotensive substances to
be ch in acute ph 1

o Further
more the theme I have been given 1s the discussion of the two drugs
reserpme and hydralazine

For th ch of these sub certain fields of
research have been selected for two reasons

4\ Th;n exists 2 Jarger amount of comparatne data for them

an

{2 They Ar€ wn Ty opinion particularly appropriate to establish

the gical diff of such sub
acufe expenments

m
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chosen a few examples which 1n particular, éemcmvg:;‘\cd :;‘IA;
at1 ast the two substances under discussion TESCIPINE A ;,h e
2ine yepresent two entirely different types of p\“mm.\c‘ Y I "
effest both as regards their circylatory acuon and thewr anthyp A
tensive effect The same also holds good when these substances ¢t
compared with other hypotensive agents

Pentpheral vosotonstnchion wraduted by
‘”" °°"“"l o e eon ourn o s | st i sonussm| 1o
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1% 1 Effect of vanous drugs on penipheral vasoconstriction ;mduocd by
adrenshine noradrenaline hustamine serotomn vasopreswin, and BaCly The
valuey guen 1 the Squates corresy 19 concentrationt producing toughly
8 %0/ antagomistic efect

In the tase of 1he vessels of the 1solated hund legs of the rabbst
one 15 alweady aware of some Mifferences m the spectrum of the
spectic vaseular antagonnms of hydralazine and reserpine {(TRIPOD
and Meer 19546 19%4¢ Mmer ef af 1954) If this stwdy s
extended to cover vanous substances. producing a parucutar vascular
rcs’?anse a wider basis of comparnon s obtamed (Fig |

N h\{s in thys test where the siee and mechantsm of the penpheral
vaseular action are not mashed by autonomic hormonal or central
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EVALUATION OF HYPOTENSIVE ACTION

Naturally, the first step 15 to try and approach the acute hypo
tensive action as such However, our own investigations and those
of other pharmacologtsts have shown that not every and any type of
hypotension 1s appropriate fortherapeuticuse Inthecaseof theacute
hypotensive effect 1n the normotenstve amimal one must first of all
evaluate the course and duratson of the fall of blood pressure Thus
MEIER ef al (1954, 1955) have recently show n that hypotensive drugs
may be classified into three groups

Those for which the itensity of the hypotensive effect depends
on the dose acetylcholine histamme veratrine, phentolamne
(Gross ¢t al 1951) papaverine and azamethomum (BEw
and MEIER 1951) In this group of substances only a few ar¢
therapeutically interesting 1n certain forms of hypertension

Those for which the duration of the blood pressure cffect
depends on the dose hydralazine (BTN et al 1953a) and
reserpine (BEIN ef @/ 1953b BEIN 1956) wiuch have taken on
considerable 1mportance in the treatment of hypertension

An ntermediary group compnsing for tnstance hallikrem and
chlorpromazine (COURVOISIER ¢f al  1953) for which a certam
relatton may be found between the dose and the duration of
the hypotension

It would thus appear that m some cases the duration of the fall
1n blood pressure 1n the normotenstve ammal plays a neghgible role
as a charactenstic of an antthypertensive action while for other
hypotenstve drugs such as hydralazine and reserpine 1t seems to be
an 1mportant element of their potential value in therapy Bestdes
these substances others witha long lastingaction have been described
lately i the group of ganglion blockers (PLUMMER ef al 1955)
Two possibilities may be considered for the sigmficance of this
phenomenon namely

(1) That the long duration of effect 1s an 1mportant element in

the therapeutic effect or

(2) That the long duration of effect for some substances at least

1s the outer stgn of a brochemucal pattern which 1s also related
to the therapeutic effect

SPECIFIC ANTAGONISM TO VASOCONSTRICTOR DRUGS

The analysts of the effects on the circulation and of the overall
pharmacological action 1s a further possible approach I have
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chosea a few examples which 1 particular  demonstrate that
at Jeast the two substances under discussion Tesermine and hydrala
zime represent two entirely dillerent 1ypes of pimmacolog\cal
effect both as regards their cireulatory action and their antihyper
tenstve eflect The same also holds good when these substances are
compared with other hypotensive ageats

- Perpheral vasoconstriction produced by
L wstane | steotorm | vasor o | vy

e
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Fig 1 Effeot of variows dry
D R s R
quarv: Sog;m;gz‘rg ;;:“cco:\@luanons producing roughty
I
o :\ llsh:‘:‘:; of the vessely of the 1sotated tund legs of the rabbit
ol vasmymamre of some differences in the spectrum of the
. N, ws:glzﬁmsms of hydralazine and reserpine (TRiPoD
tendod gy connn $4c Meer et ol 1954) If this study 15
espom & bmous substanees producing a particular vascular
Thus tn thys (:S‘m; of comparison s oblawned (11g, 1)
Vaseular s where the site and mechanism of the perpheral
on are ot masked by autanomic hormonal or central
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EVALUATION OF HYPOTENSIVE ACTION

Naturally, the fiest step 1s to try and approach the acute hypo
tenstve action as such Hov ever, our own muestigations and thost
of other pharmacologsts have shown that not every and any type of
hypotension 1s appropnate fortherapeuticuse Inthe caseof theacute
hypotensne effect i the normotensive anmal one must first of all
evaluate the counse and duration of the fall of blood pressure Thus
Mrigr ef al (1954 1955) have recently shown that hypotensive drugs
mny be classthed mto three groups

Those for which the intensity of the hypotensne effect depends
on the dose acetylcholine b veratrine T i
(Gross er al  1951) papavenne ind azamethonmum (BE
and MeEr 1951) In this group of substances only a few are
therapeutically nteresting i certamn forms of hypertension

Those for which the duration of the blood pressuse effect
depends on the dose hydralazine (BEIN ef af , 19530) and
reserpine (BEIN er @l 1953b Bem 1956) which have taken oa
conssderable importance 1 the treatment of hypertension

An mtermediary group comprising for instance Kalhkrein and
chlorpromazine (COURVOISIER et al  1953), for which a certat
relation may be found between the dose and the duration of
the hypotension

Tt would thus appear that m same cases the duration of the fall
1n blood pressure n the normotensive anmmal plays a neghygole role
as a characteristic of an antihypertensive action while for other
hypotenstve drugs such as hydralazine and reserpme 1t seems to be
an important element of their potentiat valne 1 therapy Besides
these substances others witha long Iastingaction have been descrb
lately 1n the group of ganglion blockers (PLUMMER et o/ 1955)
Two posstibittes may be dered for the e of this
phenomenon namely

(1) That the long duration of effect ts an unportant efement 1

the therapeutic effiet or

{2) That the long duration of effect tor some substances at lemt,

1s the outer sign of a brochemical pattern which 1s also rclated
to the therapiutic effect

SPECIFIC ANTAGONISM TO VASOCONSTRICTOR DRUGS

The analysis of the effects on the circulation and of the overall
pharmacological action 15 a further possible approach I hue
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the vascular antagonismn to adrenaline praduced by hydrafazine reserpine and

B B the effect of 15 onfy shghtly motificd but Wt
of a.etylcholine 15 increased

PEN? EV4L VAIOCONSIRICT O byt 10
e L e L

<
REVERSAL

HIDRALAYINE

RESERF Mg

TP
PNTCAM N
P VER NE
CHORROMAY N

FCETHE OUNE

Fig 3 Perfusion of the 837 extremities

of the rabbut Effect of 10 / hypoxaerma
©ON ¥atious types of vascular antagonistic dilatation / oo "

blockeng agent an antihst;
mﬂn\l:kd o Tstaminic or papavenne are only shightly
s Jatter series of tests reveals anew
possibility of differenuiating
hypotensie drugs evensfit s only fragmentary as yet it brings out
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regulation trpelennamune (MaYER ef o/, 1945} 1s characterszed by
an exclustve antagonssm towards hustamine whereas sympathetic
blocking drugs such as phentolamine and the ergot dernvatoves act
mamly as antag to sympath and whibst
tending to hive a synergistic effect on  musculotrome  vasocon

striction produced by vasops and especuatly BaCl, Chlor

promazine and, to a less degree, papaverme are  polypalent

spasmolybies mn which the to} and

are predoramant But acety Ichohne a potent antagonst of all these
types of perspheral vasoconstriction differs from the other agents
in that ts effects are abolished 1n each case by atropine Ths pre
dominance of a cholinergic mechanism 1s of certain theoretical
tmportance Fnally the spectrum of the specific antagomsms exerted
by hydralazme nd particularly reserpie 1s found rather wanting
wn specificity It 1s therefore abvious that certamn hypotensive drugs
fall mto specfic pharmacological groups whereas others have 2
more of fess wide range pattern or combinattons of antigonistic
effects But st 15 also obvious that this systematic myestigatton of the
peripheral vascufar effects 1s not able to define the particular
properties which make an antshvpertensive agent out of a gieen
hypotensive substance

EFFECT OF HYPOXAEMIA

However the aforesatd results depend to a certamn extent oR
experymental conditions or on differences sn what mught be termed
the ternal medium  of the preparation For mstance we have
recently reparted that vascular reactivity for some vasoconstrictor
agents depends 1 certain cases onthe Mg and Ca  1ons on the
Na K ratio as well as on hypoxaemta (Merer and Tripop 1955
Trieon and Wiz 1955) Several mvestigations made m relation
to the 1forementioned vascular antagomisms also reveal that m the
case of adrenaline for instance hypoxaemia reduces the antagomstic
actson of hydralazine chlorpromizine and reserpine to a great
extent whereas the antagomstic cffect of phentolamine remains
practically unaffected and that of acetylcholme 1s mcreased (Fig 2}

In the case of other vasoconstrictor substances results may some
tmes be the reverse It ts staking however that the effects of
acetylchohne are always enhanced which agun places this substance
1n a specral posiion among hypotensive agents As regards hydrala
zine hypoxaenia appears to wtluence 1t more than it does reserpine
whereas the speafic antigomsms exerted by a sympathetic



3
Sove PHARMACOLOGICAL DIFFERENCES Brrwren Hyrotenstve DRUGS §

of pectficaty of thus reaction between hydml:mz\clnnda;‘s E::l(;(eg}

ndjor nssue substrate as well as the pharmacologic: | fole of
:h:s reaction remaia unknown This neutralization ; ;\; over
oust have some connection with the chermcal slmclu‘u:fo : g‘e ool
e or even with the properties that are responsible for
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Fig 4 The incubanon of hydratazsne m some media 1s able to abolish entirely
he blood pressure T2l 1n the rabut provoked by hydralazine ¢ § mg kg 1 v

duration of the hypotension sinee amongst a senes of hydralazine
denvatwes those that produce a long lasting hypotension are the
onesto be neutralized by the serum (Fig

Other hypotensive agents that belong to the most vaned pharma
cological or chemical types and especially reserpine do not show
Ut phenomenon which may therefore be used as a provisional
characterization of these substances or possibly even help to explain
the multphony of the efiects of hydrazimophthalazine drugs by a

partcular reactvity with various elements of the organism {protens
carbohydrates metathc 1ons ete ) w such a wa

that ther by
tensive effect 1s modified or even abolished.- ¥ < 1 e

coo~
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the importance of the internal medwm for vascular reactinvity i
addition to extrinsic factors connected with the chericat constitution
of antthypertensive drugs

RESCRPINE AND HYDRALAZINE

fr"Q 1 do not mtend to discuss 1n detail the analysis of the site of action
on the arculation of the intact amimal Reserpine with a more central
and hydralazine with 1 more peripheral mechanism of action are
clearly dufferent m therr effects Reserpine, which will be discussed
fater by Dr M VoGT seems to be connected with a mechamsm
refated to serotomin as well 1t appears that there 15 no paraliel
between the content of reserpine m the bram and its duration of
action, and thit the onset of 1ts action does not comncide with the
ume at which the maxumum concentration 1s reached 1 the bram
(SHEPPARD ef al 1055) It would thus seem that an ndirect
h plays a sub 1al part here

NEUTRALIZATION OF ACTION OF HYDRALAZINE
BY SERUM

On the other hand we have devoted a good deal of ume to the
task of mvestigating, the mode of action of hydmlazine Thus, 2
recent mvestigation has shown that the fall n blood pressure pro-
duced by hydratazine may be entirely abohshed by prevtous mncuba
tion 1 certain sera (TRipOD and MElER 19542 MEER of of 1955)
‘The same holds good for a carbohydrate and a metathe ron whereas,
after mcubatton m another serum the type of hypotension may
undergo a great modification but 1s not suppressed The i wire
reactton of hydralazine with arteriat tissue vanous protemns poly
peptides etc  shows that n spite of sts great chemmcal reactivity
tht substance ts not linked m each case w an wdentical manner fo a
specific chemcal clement (Fig 4)

Furthermore hydralazine may sull be detected chemically m
the serum even though the electrophoretic pattern of the serum or the

d ton comstant ob d after ul afugation remams
virtuatly unattered (Romersess 1956) These last two observations
show that this 1s not 4 grass modification of serum proteins with
formation for nstance of proteiic molecular complexes So
far 1t has not been possible to localize hydralazine n any one
fraction of serum after hydrolysis precipuation or extraction by
vatous methods {ROMETSCH  1956) so that the nature and degree
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yield @ complicated sp:clruy:rll‘h of anl‘zgo:\k:m; sleol :c:‘:‘cm:;:ﬂz‘c:;:
ncreases 1 blood pressure This 1s also
chrome hypertension where according to Gkossde; L;lll 5[9;5:) “l‘:‘xg
spectrum of antagonisms exerted by reserpine and hydralaz A
vary derably depending on the of the ;
rat and especiatly on the type of evpenimental hypertension (rd:nn g
due to cortexone + NaCl or to cortisone) However the study of
these curatne andlor protecuve effects n ammals with chrome
hypertension has not as yet reached such an ad:anced state as 10
permit decisive 4 1o be drawn reg: g the mode of
action of antihypertensive substances
Nevertheless 1 belee that the prnaiple of pharmacological
analysis shown here by means of a few examples 1n normotensive
ammals or normal organs may be applied in a similar manner to the
study of the t effect in the hyp: ammal in order
1o try and discover 1 the latter as well the relative 1mportance of

the properties of a substance or the active factors that are ultimately
essential for the therapeutic effect
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A similar type of formation of complexes may be found with
enzymes such as di and mono amunoudase and the reversal of
the reaction by specific metallic 1ons (Gross et al, 1952 SCHULER
and MeiEr 1955)
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Fig 5 In the rabbit only the blood pressure fall due to long acting hydrazines
1s abolished by incubation in the rabbit s serum

Thas last series of observations again proves clearly that not only
are the pharmacological effects of reserpine and hydralazine of an
entirely different type but that the biochemical mechamisms of ther
action also differ

* * * *

There 15 no doubt that the various analyses reported here are but
a fragmentary part of the overall pharmacological study of hypo
tensive substances An tmportant step consists ta examning them
reserptne and hydrmalazine 1n particular 1n ammals with acute or
especially chronic experimental hypertenston Thus according to
Meter of al (1954) and Gross (1955) these hypotensive substances
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Dr Tripop We have tried 1o dot but we have not succeeded

Dr H Brascixo May §ask Dr Tripod whether his aitempts to
regan the hydratazine also included dialysis”?

DR Trieop They did and there was still neutrahzation after
ultrafiftration 1 am sorry that for the wme being 1 must give you
such negative rephes We are in the middle of these mvestigations
and frankly it 1s to-day difficult to understand Fully what they mean
1t seems that many sorts of protein may be bound to some extent
with hydralazine as also copper and glucose—~but not all carbo
hydrates On the other hand we have never seen a simlar effect with
reserpine ot other hypotensive drugs invesugated
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GENERAL DISCUSSION

Dr A Seinks I wonder whether ths mactnvation of hydralazime
by wmcubation with serum 1s not simply a matter of hydrazene
formation from glucose present mn the serum?

Dr Tripop Ido not think so because our chemusts were able to
find the same amount of hydralazine i the blood before and afier
this neutralization Ithink 1t1s only a pharmacological neutralization
and not the formation of a new chemical compound as far as I know

Dr B Hoop Was this mactivation also found with ultrafiltrates
of serum?

Dr Trirop No

SR CHARLES HARINGTON You showed mn one of your lustrattons
that you got this neutrilization with a protemn hydrolysate but not
with a nuxture of anmno acids Surely that should give you 2 new
lead as to a likely reacting substance

Dr Trirop We also mvestigated some protein hydrolysates
having a nuxture of peptides and polypeptides Neutealizationwas
only partial not complete as it 15 m the case of serum plasma of
peptone for example

Sir CuarLes HamnGTON What 1s the essentiat difference if these
were mcomplete protemn hydrolysates contaiming peptides of vaneus
stzes as distingt from a muxture of individual amino acids?

Dr Trirop We have not yet done very much with the vanious
peptides or polypeptides We have been more mterested in the
different types of effect observed with the serum proteins of different

ansmal species

Dr W S PearT You say that you were able to find hydralazine
sult present 1n the plasma after the incubation even though the
pharmacological activity had gone Have you been able to get back
that pharmacologcal activity by any manocuvre? Presumably this
must happen by some means 1n the body



THEORIES CONCERNING THE SITE AND
MODE OF ACTION OF RESERPINE

MARTHE VOGT

SITE OF ACTION

1n distussing Yhe sue of achion of reserpine 1 propose to deat with
4 man scuets

The fall 1n blood pressure the sedaton the skin flushes and nasal
congestion and the effects on the gastromtestiral tract

(1) Hypotension There appears to be general agreement that the
fall 1n biood pressure 15 of central ongin there 1s no durect
effect On vascujar musculature imtle sympatholyue effect no
ganghion blockwg action and no effect on the spinal ammal
(Be e of  1953) Rises i blood pressure elicited by caronid
occlusion ar by stimulation of afferent fibres m the vagus or
seiatic nerve are depressed as are pressor effects of electrical
sumulation of the medutta and according ta some authats
of the hypothalamus (BHARGAVA and BorsoN 1955 not seen
by SCHANEIDER 1955) Swince some effects persist after md
colicular section the hypothalamus ss not the only central
site of action

(2) Sedarron Concerning the sedation the difference between the
effects of reserpine ard those of barbiturates has been most
frequently stressed Apart from the observation that sedation
with reserpine only rarely kads 1o sleep the eeg 15 very
different. Rivator and HivwwicH (1955) observed the dis

of farge slow waves ch, of

eflect and of natural sleep when Jarge doses (2 mg
reserpine kg were gven smtravenowly to rabbis Very
similar observations recording the disappeatance of spon
tancous spindles and slow waves i rabbuts were recently
wad by GANGULOPE and MowiER (1955) after the intravenous

wysction of 15 mg reserpine per kg Both groups of workers
wterpreted these changes as an alert pattern of the e e g
Another possibility will be discussed later

barbsturate
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heory
oncentrations of ths substance Further support for the
l‘:‘;‘? abtamed by the finding (PLETSCHER SHORE and Bropit 1956)
that all Raunolfia alkalowds wioch have a tranquithzing action are
ers of $ HT
ﬂs{:!lt ::-‘:snow discuss whether the marn actions of reserpine coutd
wn the hght of present knowledge be explained as results of the
release 1nto the blood stream of large amounts of § HT from us
places of storage Needless ta say that such a dsscussion will be
d d 3 fedge of the phar logy of
5 HT and by the fact that no information whatsoever exists on the
possible effects on the tissues which normally store 5 VT of the loss
of thss celt constituent Stmece two of these organs the intestinal
tract and the brain stern ate greatly affected by reserpine the lack
of such nformation may seriously mislead us and I hope that
future experiments attempung 1o cotrelate Lissuc concentrahions of
§ HT with posstble changes 1 funcuon will clanfy that pomt A
sirgle observation on this question 1s at present avalable 1t 1s the
fact of a reduction to one half in the 5 HT content of the dog s
hypothalamus by sublethat doses of ampheramne {PAASONEN and
VoGt 1956} The signs exhibited by these dogs are of course those
of excitement and therefore the opposite of those after reserpime
No conclusion can at present be drawn from such an 15olated fact
patticularly rot regarding the question whetber complete loss of

SHT as seen after reserpine renders the bram stem 1ncapable of
normal function

at 5 HI affects impulse transmission and may therefors
wfluence the function of nervous eentres 1s shown by expenments
on the superior cesvical ganghon (TRENDELENBURG 1956) wm which
transmission 1s eahanwed qod on the cerebral cortex (Marazzr and
HART 1955) 1n which transqussion 15 said to be mpaired Un
fortunately both these structures contam 1o or hmte 5 HFT and

;nl'zrmauun on centres containing high stores of 5 HT 1s completely
acking

The only mformanon ¥ have found on the action of Teserpime oa
;:ol:lra‘l ?ynap;es 1 that of an increase sq TONOSYNAPUC acuon
entials in the spinal cord of the cat after a large dose (5 mg/k
of ch t<‘1mg (Scunemer o1 2l 1935) 8 ¢ mekd

theory whuch explains centra) actions of rese:
rpine by high
l;v:ls of circulating 5 HT assumes that § KT passes the b\oog \:mgm
bam:r The view however that 5 HT does not penefrate 1nto the
“r.nn after parenteral admmistratton has been put forward by
OOLLEY and Suaw (1954) who were unable to detect 5 HT 1n the
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Reserpme abolishes sham rage 1 cats 1 which 1t has been
produced by decortication and section of the bram stem
through the antenor hypothalamus (ScunpDEr, 1955) This
demonstrates that the postertor hypothalamus 1s one of the
sttes at which sedation can take effect

(3) Flushes of the face and arms and nasal and conjuncinal
vasodifatation are common side effects of reserpine therapy
(Frms and Am1 1954} Therr ongn has not been analysed
except for the observauon that they do not yiweld to ant
histamines

In ammals mwsis refaxation of the mctitating membrane
(BerN 1953) and ptosis of the eyehds are promment effects of
reserpine They are not due to direct action on the muscufature
and are usually described as due to inubition of sytapathetic
tone

(4) The mcrease wt wtestinal motthty most promment in the dog
but aiso seen m man 1s not of central onigin since 1t persists
after section of the cord and vagotomy yet 1t 1s not elwested
m an 1solated preparation suspended m an organ bath
(PruvMer Bargerr and RurLepce 1955)

A mone oF actio

One of the most charactenstic featutes of the action of reserpine
1s 1ts long latent period even after intravenous admumstration the
effects take at least an hour to develop unless the dose has been
extremely hugh This suggests that 1 s not the reserpne molecule
1tself which is responsable for the effects but exther a metabolte of
a substance produced min the body by the reserpmne All hnown
reserpine metabohtes are products of hydrolysss which bave no
strong pharmacological agtion (PLUMMER BarRreTT and RUTLEDGE
1954) The second possitihity has found much support from the
observation (PLerscHer SHORE and Bropie 1955) that reserpiné
releases § hydroxytryptarmng (5 HT) from the mitestme followed
by the discovery that 1t also releases 5 HT from platelets and from
brain {PLETSCHER SHORE and BRODIE 1956 PAASONEN and VoGT
1956) Consuidering these findings together with the obsenation
(SHoRE SILVER and Brooie 1955) that reserpme and 5 HT both
potentiate the action of hexobarbuone m mwce Brobiz and fus
collaborators came to the concluston that the central actions of
reserpine might well be due to the release of targe guantities of § HT
from 1ts body depots a refease which would expose the ussues to
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n the peripheral actons of 5 HT whereas central acuions are
:nhcr nglc arl:lagomzed or only mfiuenced by \afgc doses (qw&i\é“;
and Voot 1936) The imterp of the g <

T reserpine as & periphenat action of ciculatiag HT would also
chc \:vp explamn the pxmduw:a\ abservation that the actions persist
when all connections with the cord have been severed and yet eannot
be ehicited sn the 1solated organ suspended 1n 3 bath

Antagoncsts. Any attempt to explan the central effects of rcscrp{:!e
by a flooding of the bram with S-HT wald faid of 1t can be shown that
the effects of admmstration of § HY and of seserpine are not
antagomzed by the same drogs Experiments on antagontsis were
done on cats given 5 HT 1nto the cerebral ventncles or reserpine
ntrapentoneatly (Gappus and VooT 1956) and 1n mice ngected
parenterally with esther drug (Stiore Sitver and Bropic 1955)
1t was shown 1 the cat that lyserzic acid diethylanmde (LSD)
morphine and methadone mterrupted the Yetharpy mduced by esther
S HT or reserpine 1t was found in the mouse that LSD amagomzed
the synesgsm between hexobarbitone and $ HT 1n the same wav as
that between hexohatbitone and reserpine These facts add cireum
stanlial evidence to the view that some at least of the ceatral
effects of reserpine are mdeed mediated by a raied level of
erculatag 5 HT

The complexity of the phenomena nvolved In the action of
reserpine should however rot be forpotten and may be ustrated
by the following examples not only 15 th § HT concentration in
the hypothalamus reduced by reserpine us noradrenaline content 1s
also considerably lowered (HOLZBAUER and VoGT 1956) there is

however no general iberation of noradrenaline from tissues as 15
shown by the fact that the denervated adrenal medulla loses none
of s amires when © 4 mpthg reserpine 1s gnen  Another complt
cauan auses from the fact that pronounced tolerance develops
towards 5HT whereas no such talerance seems 1o anse from
prolonged treatment with reserpine (WILKINS 1954)
cn:‘:;ns‘h mbmn lude fius survey by a last mstance of apparent

alion between the actions of 5 HT and of reserpine It con

certs the alert eeg reported by Rivarny
and by Gancrarr and Mo t o Huwsacn (%%

PR {1955) mn rabbus 1

venously with reserptne Guny SAW‘{!I( and Voot "(J::‘;\?b]l;;zr:d
ob ervations) took cl:c!rotnccph;\lographvc records of cats from
feads imerted into voany parts of the brain and compared the e e
befove and after the myectton of 5§ HT (G 75 mg) mto the cuebrsl
ventricles Many segions ncluding some areas of the cortex and of
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braw of the mouse after having given S myg mntrapentoneally s
difficult to accept this view for the mouse n which central effects
are produced by large doses 1 other speeies the pazenteral admin
tstration 15 limited by the senrous vascular effects produced so that
the theory cannat eastly be put to the test In man tumouts of the
enterochromaffin tissue, while causing greatly elevated concentra
twonsof § HT mn theblood have not been reported to produce centrat
effects fnview however of the rapid excretion of the drug and the
ease with wiich tolerance develops the lach of cerebral signs does
not prove conclusively that § HY does not penetrate mto the bram
Obviously, direct experiments will have to be carried out to decide
thts point

(1) Takung the effects of reserpme m the order mn which I ds
cussed therr site of action the first question would be whether the
hvpatension of central onigm may be expluned by a flooding of the
organism with 5 HT

Except 1 the mouse which tolerates farge doses of § HT cerebral
effects have only been eliented 1n the expenmental anmal by
wyection wto the cerebril ventricles (FELdsErRG and SHERWOOD
1954 Gapount and Voor 1956} The blood pressure wis nal
studted m any of these expenments so that direct evidence 35 ot
Awvardable on the possibility of hypotension being produced by an
excess of crreulatng 5 HT

(2) Concernmg the sedation the posion 15 more favourable
The mouse hecomes fess Inely after a dose of § HT and ats sleeping
time following the ad ation of barbiturates 1s prolong.d The
cat becomes retining lethargie and shows dummishing muscular
tone the same effects are produced by reserpine These are howeser
features of reserpine possontng which ate not seen after an uyection
of 5 HT 1ato the cerebral venirick These are miosts relaxation of
the muctitatieg membrane and ptosis of the eyelids Esther thest
effects of reserpme are not mediated by a release of § HT or the
5 HT mjected mro the ventncke does nof reach the setes responstble
for these phenomena

(3) and (4) Many side effects of reserpine therapy such as flushes
nasat and conyunciival vasodilatation and diarrhoen sesemble those
of admaustration of 5 HT 10 animals or the signs found m patients
suffering from carvnmd tumonrs There 15 thus no difficulty w
attrbutmng these effects to crreufacag § HT and a rationat therapy
might give up tryiag to antagonsze these effects with anthistamenes
and should seck to employ antagonssts of 5 HT mstead thus 8
somewhat hopeful siace small doses of such antagomsts are actne
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We also did this on an innervated perfused hund limb pGCl{a:IO:
10 rabbits using a washed red cell dextran hrebs Henseleit solu md
Tixture which consenes perious activity and when we mi!ec(c
reserpine into the perfusate we also observed a fall in the perfusion

1 ating vasodjatation
Prf;lsx\é(;u:gon::iesav.hcthﬂ thus 15 Just an effect which s obtained
in the 1solated imb or whether 1t 1s something which happens in the
Tk

w‘nﬁ\stn“g this preparation of a rabbit s hund hmb perfused with the red
cell dextran Korebs Henselet  maure  and  connected to the
remamder of the amtmal only by nervous pathways we njected
feserpine mto the upper part of the animal In thus case as the blood
pressure £2lis w the upper alf of the arimal the perfusion pressure
1 the hind {imb actually rises We have repeated this expenment on
many occasions 1t would appear therefore that the hind limb has
been exposed to an mcrease not a decrease 1n the number of nervous
mpulses We explain this by assuming that in the rabbit the pent
pheral action of reserpine is woportant but the homeostatie mechan
1sms which operate m the whole amimal antagomse the fall 1n
pressure and produce a state of vaso constriction in the und himb

Dr B & BuaTTACHARYA {(London) For some time past Lewis
and T at the National {nsnitwte for Medieal Research have been
working on the release of S hydroxytryp! (SHT) by t
iberators We found that histamme hberator Compound 48/80
released not only histamine but 5 HT as well fram the perfused
fundquarters of the rat We worked with reserpine to see whether 1t
berated § HT or not but found no ¢ffect i acute eapeniments When
the rats had been treated with mtraperstoneal injections of Teserpine
© myikg) for wo orthree days imtra artenal injection of 43/80 1nto
the perfused tundquarters of the rat released the usual amount of
fustamine but no S~HY ot only a mnute amount This means that
theress ometterrelatonshupbetween 5 HT and Teserpme Reserpine
depletes not only the rat s intestinal tract of 5 HT but also a number
of organs hike brain and platelets 17 we perfuse the rat s intestine we
f:knul g‘:l any 5 HT released by reserpine This meaa that Teserpine

es 2 fong tume to be metabolised
Taein houes o m the body—ssx to eight hours

Dr P B Baamey
produced by rese

{Birmmgham) As regards the EE G effects
hane observed wa

rpine and sntrasentoicular injecuons of § HT we
th both these drugs that 1t 15 possible to obtain an
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the hypothalamus showed a gradual disappearance of the high
voltage slow waves The eeg remimscent n 1ts early phases of

rousal , flattened more and more and finally suggested depresston
of all activity rather than alertness* The process was reversible,
but only after 4-5 hours It seemed to us that there was ereat
resemblance between our records and those published by RivaLpi
and HiMwiCH and by GANGLOFF and MonniER and we would like
to suggest that possibly neither of them constitute typical alertness
or arousal
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GENERAL DISCUSSION

ProfESOR F H Suirk Iwould hike to refer briefly to some work
which has been carried out in Dunedin by Drs Doyle McQueen
Blackman, Gallagher and myself We perfused rat hindgquarters 1t a
constant rate and recorded changes in the perfuston pressure We
rused the perfusion pressure with barium chloride noradrenaline or
vasopressin and then admmistercd reserpine Under these conditions
we found that reserpine caused peripheral vasodilstion
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e also it 1ns on an mnaervated perfused hand Limb prcpm{auon
mrabbits wsing s washed red cefl dextran Rurebs Henstleit sol uu(or(;
muture which consenes nervous activity and when we injectes
reserping anto the perfusate we also observed a fall 1n the perfusion

essure indi~ating vasodilatation
prhe question :mli:s whether this s just an effect which 15 obtained
1n the solated henb ot whether 1t 1s something which happens 1n the
whole animal

Using this preparation of a rabbit s hund liumb perfused with the red
cell dextean hrebs Henselest  muxture  and  connected 30 the
remamder of the anmal only by nersous pathways we wyected
reserping 1o the upper part of the ammal In this case as the blood
pressure falls 1 the upper half of the ammal the perfusion pressure
1 the hind hmb actually nises We base repeated this expertment on
many occastons 1t would appear therefore that the hind hmb has
Been exposed to anincrease notadecrease 1 the number ol nervous
mpulses We explatn this by assuming that sn the rabbut the pent
pheral actron of reserpine 18 important bt the homeostaic meehan
sms which operate i the whole aumal antagonuise the fall 1
pressure and produce a state of vaso constnction i the hund hmb

Dr B K Buarracuarya (London) For some time past Lewss
and 1 at the Nauonal Institute for Medical Research hase been
working on the release of 5 hydroxytryp
\Wberators We found that histamme hberator Compound 4380
released not ouly hustamane but 5 HT as well from the perfused
hindquarters of the rat We worked with reserpine to see whether 1t
Uiberated 5 HY or pot but found no effect in acute expenments When
the rais had been ireated with watraperitoneal njections of reserpine
{5 mg kg for the or three days ntea artenal mjection of 48,30 into
the perfused hindquarters of the rat refeased the usual amount of
fistamine but no $ HT or only a minute amount Thts means. that
thereissomenterrelationshup between 5 HT and reserpine Reserpine

depletes not ondy the wat s mtestmal truct of 5 HT b
w ut al
of organs like bratn and platelets et

s I we perfuse the 1a1 s miestne we

lll:kr:t gle\ any S HY ;;ccleascd by reserpime This means that Teserpine
a long sme to be metaholised 1n o

et ponime 10 the body—six to eight hours

Dr P B Brautey (Birmm
gham) As regards the EEG effect
E;?:\:f;d by reserpine and mtravestrieular injections of § HT w
served with both these drugs that 1t 15 naossible to obtain a
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mcrease n the amount of slow actyvity 1n the E E G, but we believe
that the conditions under which the recording 15 made are rather
mmportant here Whereas with barbiturates for example one gets the
typical pattern of electrical activity srrespective of whether the
animal 1s 1n the open laboratory or enclosed 1n a soundproof room
with these drugs one only sees the slow activity 1f the animal 1s kept
1 an environment which 1s free from external stimulr Under
those conditsons we have observed that there 1s 1n some cases with
these drugs an increase 1n the amount of slow activity It is not
perhaps as much as one would expect from the sedation produced
Although there 1s some sinulanty between the effects of these drugs
there are also quite frequent differences Reserpine seems to produce
more direct sedation of the ammal I do not hnow whether Dr
Feldberg will bear me out on this but I believe he has described the
effects of intraventricular 5 HT as being a muscular weakness apart
from sedation and we have observed similar effects oursehves

DR VoGr May Iask which doses were used because I think that
1s most important ? The doses we used were very hugh doses but you
may have worked more tn the physiologictl range

Dr BrapLEY The doses of reserpme were quiie small of the
order of 100-150 pg /kg and simtlar doses of S HT

DR W FELDBERG {London) It 1s difficult when muscular
weakness 15 produced by an intraventricular mjection to know how
much sedation there 15 1n the animal at the same time

One pont oceurs to me 1f 1t were possible 1n cats to deplete the
bramn of 5 HT with reserpme 1t would be interesting to see whether tn
such circumstances the intraventscular myection of 5 HT would
have the opposite effect because 1t seems to me not at all certain
whether the central effects of reserpine are an action of the released
5 HT or whether the sedation as well as the depressor effects result
from the fact that the brain 1s depleted of 1ts 5 HT and that there 1s
therefore too little left for its normal function The fact that the
action of reserpme 1s such a long lasting one suggests that the central
effects 1f they have anything at all to do with 5 HT are more Iikely
to be associated with loss of 5 HT from these structures on the other
hand the perspheral effects like flushing may well be an effect of
released 5 HT

Dr Voer We have tried once to give the two together we have
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imected SHT into the venincles 19 hours aftes 1ntrapentoneal
seserpioe and have ouly ohserved synergism What o absolutely
essential 15 1o have both 1n the brawn and 1 the 1testine 3 paraitel
estimation of content of the active drups and state of the animals
Thos has not yet been done

There 15 one observation made by Brodie which would favour
Dr Feldberg s tnterpretanon but we have not been able to see this
wthe cat he bas only reported 1t 1n the sabbit m which he tned 10
prevent the destruction of § WT by giving a large dose of marsilid
Wren he gave reserpme after this dose of masstivd he observed exeita
won Unfortunately thus does not seem to happeninthe cat at least
not in our hands so that we are stil no further i deciding What
actually caused the signs depletion ar flooding or neither

Professor J B Burn [ wonld bike to ask Dr Vogtaf she thinks
that tb questiont of the presence of § HT 1nsympathetic ganghia 1s
completely closed Trendelenburg has made the observation that in
sympathene gangha 5 HT has a very steiking potentiating action
Supposiag reserpine which admittedly has no immediate effect of 2
ganglion blocking sort were to act very slowly ard to remove small
amounts of S HT from sympathetie gangla you might have a

condiuion at the end of three or four hours which would explain the
fall of blood pressure the of the t

perhaps the bradyeardia and so on

Dr Voot Unfortunately as far as the evidence goesat present all
W&€a5 50y 15 that our most sensve tests have compistely faed to
sbh:g/ SCH’{; n sgmpa(l}:e:éc gangia This 15 of course never final

use when the methods become more sensitne one
decumal funher ) one can go one
Inthe past 1hese experiments hav

¢ been done entirely by assay on
t“amm musculature and they were always open to the eriticism that
;n:es hc; advenahine were interfering withthe oxytocieactivity of § HT
. :c:l \)[ therefore 5 HT i the pangia wught bave been missed
e nf sy Paasonen has been able to use another organ namely the

. 1t ofa moltuse for these estimations and ths organ has the great
atdvantage that there s no by { d
z:gic‘c‘:\le:; tr:ngss ‘d‘? nas ac(; an this mollusc s heart As this prepara

e ndeed to 5 HT and as the resul
. ults were entirel.
ab%:‘l‘:)ee:cflﬁ co;\;:a 2:;\ s‘::\y with eentaaty that though we may rot b::
ey € concentrauon if 5 HT 1s there must be







THE 8 HALOALKYLAMINES

W S PEART

THESE substances are of great interest from a pharmacologicat pomnt
of view since they cause a block in the response to sympathetic

nene and to sy t amnes which 1s unique
m thy field

STRUCTURE AND ITS RELATION TO ACTIVITY

The basic chemical structure 15 Wlustrated 1n Fig 1 (3) which
shows 1t to be an N substituted chloroethylamme
® &

>uo<,cw1 3%

Rz
w O
>n o1, CHCL

CHy

Divenormne (N Dibarzyl choroethiamns)
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0 oo
NOCH L
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Olbenytne (N Pheno ﬁmm ’“T""
Fi, 1
R, and R, are usually aromatic
groups and a typical exa
::c rgpc ‘of imupmg essential for pharmacologieal ‘a’clwl\y 1? sl;:;v:r!;
o € 1 (b This substance 15 N dibenzyl chloroethylamine or
thenamine  (NICKERsON and Goopuan 1945)
69






“Tue & HALOALKYLAMINES hi

lated
tes were the actwe agents Fig 2 shows one postu
:;f\\“:te?\?g:admon The evidence of Harver and Nlcunsovn(l‘?ﬂslz)
on this pornt 15 only indarect and a biologieally \n.\cu\{i 'i\ alo
atkylamme gave the same induecl chemical reactions whuc ‘my(
sugoested ndicated  ethylenimonium formation  The fact

R,
>MCN2 CHy €L 4 Hgloalkyloryne
R

b
>e ﬁ 4 QL gyl Imonkm
L

Fig 2

thiosulphate could prevent the block if 1t was admimsiesed bufore
or simuftancously with the B haloalkylamine was used as evidence
that such an ntermediate was formed since 1t was known 1hay
thiosulphate reacted with simlar denvatnes of N mustards (sce
Nickrrson and Guve 1949 for references) However it will also
probably react dsrectly with unchanged @ haloalkylamine (HARVEY

and Nickeason 1953) se that avetall the eudunce 1n favour of an
actue wtermediate 15 inconclusive

LONG DURATION OF BLOCK

As the blockade wih dibtnamane or dibenyhne may last 43 hours
o1 more {HECHT and ANDLRSON 1947 NICKERSON and Goopyav
1947 WiLBURNE ef a! 1947) the 1dea of srresersible combination
of the drug or an acine hokite with certain m the
receptor cell was postulated (Nickrrson and Goobwan 1948
Nickersons and Gutp 1949) This 1s unlike for example the more
usual b tween er and ad where there
153 i type of with £
L3 defimte rauo of these drugs (MenDEz 1928) Wath dibenamsne
howeser once an adequate black has been established 1t cannot be
overcome by masinve adrenergie sumulation (NICRERSON pnd
GOODMAN 1947 Nickerso and NasAGUCH) 1548) Towever m
215 l,o2 hours dun‘ng which the relatively fixed type of block 1s

opng an b type of state for dibenamine
::b‘a:rcu::\mé :x\s\s‘_ smgt adrenaunt given at this time reduced the

equent effect of dibenamine (Nu
This Would indicate that the renc‘\‘:‘ o 3 Moy 1949)

on of § haloalvylamime or an
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From a study of a large number of substituted chloroethylamunes
Nickerson and Guwve (1949) formulated the supposed structural
requirements for biological activity These are

(1) The substance must be a tertary amine or a quaternary
derivative of an active amine

(2) 1t must snclude one B haloathyl group

(3) An unsaturated ring must be attached to the amine

(4) In the case of the benzy) dersvatives there must be no sub
stitution on the pheny! ring which tends to be out of the plane
of the ring

From previous studies 1t was known that adrenaline blocking
actions were possessed i shght degree by phenoxvethylamines
(ANAN 1929 Bover er el 1937) and m part this led to the substity
tion of a phienoxy growp for a benzyl group in dibenamine The mast
active of these substances N phenoxyssopropyl N benzyl chloro
ethylarmine, or  dibenyhine (Fig 1 (c)) has the umportant new
property of oral activity (FELLOWS ef al  1954) The factors respon
sible for or1l activaty are unknown

MODE OF ACTION

In general the B haloalkylamnes act directly on cells which are
receptors for the sympathormmetic anunes or the final sympathetic
nerve 1mputses The blockade s therefore completely peripheral
and there 15 no direct terference with sympathetic nerve tnpulses
or circulating symprthomimetic amtnes Two striking differences
i the type of blockade produced compared with all other adrenergse
blocking agents are the slow onset of block even on mtravenous
wmjection and the prolonged nature of the block once mduced
NICRERSON Who 1s responsible tor the most important work on thes
compounds has mvestigated the reasons for these particular

properties
FOSSIBLE CONVERSION TO AN ACTIVE FORM

Struck by the analogy with the N mustards-—in fact NICKERSON
and Gunmp (1949} report on two N mustards which are potent
blocking agents—NICRIRSON suggested that the reason for the slow
onset of block might be conversion to an actne form The N
mustards are known to form highly reacuive ethylemmonmm and
viay! groups with loss of Ci~ and 1t was suggested that these
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unchanged dibenyling in the unne of dogs after intray en:u? adn;l‘r,\zsn
tration and presented evidence that dealkylauon with the omé uon
of the corre ponding amine was a major route of degradau

R>no«, CHLEL A Holoaryarmie
Rz 1 Deateyotion

R,
>w’

Ra
Fig 3

(Fig 3) The N phenoxyisopropyl N benzylamime was then rapdly
broken down 1n other ways

SPECIFICITY

The 8 haloalkylamimes are highly specific agast sympatho
mimetic substances or excitor sympathetic nerve effects and for
example they will not block the pressor effects of hypertensin and

Pz sstn (NICKERSON BuLLOCK. and Novaournr 1948 Youuans
and RANRIN 1947) Antthistamine properties are however present
n certam B haloalkylamines including dibenamine (Nickerson
1949) and artagamism to the effects of serotontn on the bronchsal
muscle has beeny reported by BHATTACHARYA {1955)

BLOCKING ACTION

Crrewlatirg adrenatine and noradrenatine Block of the effects of
'S¢ amines 15 the most Prominent action of the w haloatkylamnes
As with alf sympathomimetic Plocking agents the effect on the

adrenaline compared wtth noradrep
of the greater dil

ahne is largely due 1o unmasking
4
etal 1953

(NicKERsON
GREEN ef af
of adrenaline
he dog could
This 15 the gniy

) A most tmportang
0 clarmed that the y,
20d of noradrenalipe demons

als0 be blocked by an mcrease

observation 13 that of
asodhlator comporent
trated m the shan of ¢
d dose of dibenyline
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active metabolite with cellular receptor sites 15 slow and open to
competition

The nature of the reaction with cellular components has been
studied 11 vitro (HARVEY and NICRErsoN 1954) and reactions with
sulphydryl amuno and carboxyl groups were obtamned The 1dea that
alkylation of sulphydryl groups 1s the main reaction for adrenergic
block (NicaersoN and GoopuaN 1948 Nickerson and Guwe
1949) 1s nevertheless still 1n the hypothetical stage since m itro
active and in1ctive blocking substances were not clearly distingwished
by their chemical reactions

BRrODIE ARANOW and AXELROD (1954) suggested that another
rcason for the prolonged action might be the retention of the
unchanged 3 haloalkylamine especially dibenyline 1n the body fat
from which 1t was released slowly At hugh intravenous dose levels
(23 mg'kg) they showed the presence of a substance with the same
chemical reactron as dibenyline 1n the fat of a dog four days after
admunistration  Further using C'* dibenyline they were able to
demonstrate radioactivity m the dog s plasma which ran parallel
to the adrenaline reversing action for four days There has been
no clear proof that the substince 1n the fat or the radioactivity in
the plasma was unaltered dibenyline Using smaller oral doses of
C dibenyline HorowiTz and NICRERsON (1952) report that 1t did
not appear to accumulate 1n fit even though an effectine blockade
was obtaned

The obvious objection to all these experiments 1s that there 1s no
proof that the substances measured by nonspecific physicochemical
methods are not degradition products ncapble of causing 1 bloch
and therefore the experiments of HUNT (1949) arc of particular
importance He used two cats joined by cross circulation at varyng
times after administration of dibenammne to one and showed that2
substance capable of causing adrenaline blockade was present 1n
the circulition up to 43 hours after administration The dose of
dibenimine used was large (20 mg kg) However the time at which
all blocking actrvity had disappeared was not mvestigated

The Iikely conclusions from this conflicting evidence arc that
while the 8 haloalkylamnes may accumulate in fat with Jarge doses
1t 15 not a necessary part of their bloching activity

METABOLIC FATE

Relatively Iittle 1s known about the degradation of § haloalky!
amines i wno BRODIE, ARONOW and A\rLrop (1953) found no
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ler intrasenous admints
ynchanged dibenybing n the nrne of dogs afl

tration g:md presented evidence that deatbylation with the formation
of the corresponding amne Was 4 wajor toute of degradation
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(Fig 3) The N phenonyisoprapyl N benzylamine was then sapidly
broken down i other ways

SPECIFICITY

The & haloalkylamines are tughly specific agmnsy sympatho
mumetic substances of excuor svmpaihetic nerve effects and for
example they will not block the pressor effects of hypertensin and
pitressin (Nickerson  BULLOCK 2nd NovaoLem 1948 Yorvans
and RANKIN 1947) Antiustamine properties are however present
m certart § haloatk Tud: d NICHERSON
1949) and antagonism 1o the effects of serotomin on the bronctat
moscle s been reported by BHATTACHARYA {1955y

BLOCKING ACTION

Curew'a e adrenaline and noradrenalne Block of the effects of
these amumes 15 the most prominent actian of the ¢ haloalkylamines
As with all sympathomimetic blocking agents the effect on the
vasoconstrictor action 1s the mam property Reversal of the effect
of adcenatine on the blood pressure 1s readily obtained The seerungly
g&cater‘c!\’ec\ of a given dase of dibenyline on the pressor effect of

pared with noradsenal
ol the greater )\

18 largely due to unmasking
P 1n ad (NICkTRSON
c;;l 1953) A most impartant observation 1s that of GREEN ef af
{ jé) who clmmed that the compureat of ad:
iaquc:?radrenalme demonstrated in the skin of the dog could
locked by an nereased dose of dibenyiine This 15 the only
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example of an snlubitory vascular effect of adrenibine and nor
adrenaline being blocked by any substance The high dose used,
however mav mean that this effect was nonspeeific

Practical use of thi blocking nction on circulating adrenaline
and noradrenaline has been made 1 patients with phasochromocy
toma where the blood pressure hys been returned to normal levels
and the typical attacks hive been aborted (WaLLacr and McCrARY,
1955 BANNON and ALLEN, 1952)

Cardige effects The 8 halostkvlamines do not block the stsmulat
mg actions of adrenaline on the heart so that in parhicular the
method by which adrenaline cayses increased torce of cardiac
contriction, which <eums superficially analogous to vasoconstnction
15 almost certamlv medsated by different means (NichErsoN and
GooovAN 1947 VLIESCHHOUWER 1947 Hamsovict and MEDIMFTS
1945 Hecur and AnDERSON 1947}

The 8 haloalkylammes are nrot without action on the heart
however sinve the arrhythmias produced by wmtravenous mjections
of adrenaline van be reduced or prevented by their prior adminstia
tion (WILBURNL et @/ 1947 Brcur and ANDFRSON 1947)

Blocking of Sympathic Nerve Stmudatton As with all svmpatho
mimetic blocking compounds the 8 haloalkvlammes are less
effective fora givendose m blocking the effects of sympathetic nenve
stimul ttion than m blocking csreulyting adrenahne and noradren
alme (NICKRERSON 1nd GOODMAN  1948)

The mhibition of reflex vasomotor effects does not seem to tnvohve
central nervous depressor action or autonomic ganghon block
(FoLkow and UvNas 1948 Nickgrson and Goopwan 1947)

The direct blocking action on blood vessels has been most cleatly
shown 11 the shin and muscle of the dog (Grerv 1953 Grecw et al
1954z b) The usual vasoconsiriction in these sites following
sympathetic stmulation was abolished completely by dibenylme
given mtravenously

The refiux vasomotor effects mediated by the sympathetic system
are also largely blocked or msurted This apphes to the effects of
anoxwa clamptng the carotid arteries or cold (Marsti and VAN
Ligre 1948 Stonectal 194%)

GENERAL CARDIOVASCULAR FFFECTS IN MAN

Admmstered by intravenous imfusion or if acuve by mouth the
@ haloalkylamines usually cause postural hypotension, miosis and
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yasodilatation most easily noted 1n the skin The postural hypo

tension leads to a reflex tachycardia {HECHT and ANDERSON 947

Haneovict et al 1948 1951 Reoscet er ol 1952) Other effects
are nasal congestion weakness and nausea of vomutin,

“The question of the site of action of the 9 haloalkvlamines in man
has been approached m anothey way Dury (1956) tas wfused
dibenyline intra artermally into the Lumbs of patients who had hada
postpanghionic sympathectomy performed  The amounts wer¢
insufficient to produce a general systermic effect but vasodilatation
oceurred This 1ndicates ewther a direet action on artertolac smooth

muste or a blocking action on ctrculating adrenahing or nor
adrenafine

TFFECTS ON THE KIDNEY

Because of the use of this drug 1n the treatment of hypertension
the effects on the kudaey may have a spectal wterest {n the dog
whether anaesthetized or not reduction n blood pressure by £
atoatkyl was not p n glomerular
fraton rate of renal plasma flow whach indicates a concomitant
decrease 1n renal vascular resistance (MOYER and HANDLEY 1952)
In patients with hyp dit

Jine did not alter the
wsuab fal' 1~ cenat blood flow which foflows the change from

Fecumbent to erect posture (which 15 also Present m patents with
normal blood pressure ) (FORD MoYER and SPUrR 1953) In man

therefore the renalaascular reststance does not seem to be markedly
afle ted by dibenyhine

CONCLUSION

i The » haloatkytamrnes are seen to be mast potent blocking agents
or sympathomimetic effects and therr actions seem to be almost

entirely p mpheral 1n the artenal wall Differ

ences 1 the action on
man cormpared s1th other arumals may depend partly on the mueh
smaller dase whach s tolerated by man
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GENERAL DISCUSSION

DRr A C DornHoRrsT (London) Ishould like to take up one pomt
that Dr Peart mentioned concernmg the sympatholytic effect of
these drugs n contrast to their action by blocking circulating
adrenaline The problem 1s at what dose level does thts come in? I
think 1t 15 quite clear that 1n man ordinary clinic1l doses have a
sympatholytic effect This may be illustrated by therr cffect on the
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reactne vasoconstriction which occurs afier Vababva s m:u\\?;u\m
and 15 mediated thaough the sympathetic nervous system W ;n 3
aormal petson carpes out the Valsalva manoeuvre agmnsl‘ a r)‘;
pressure there 15 4 decrease i the pulse pressure as a result of the
dimuushed filling pressure of the heart This decrease sn pulse
pressure feads 1o penpheral vasoconsinction which 1s shown alter
(ke release of the pressure by an over shoot s arterial pressure to a
fevel above the onginal base line { the same individual carnes out
Valsalva s manoeuvre two hours after 25 mg dibenyline there 15 3
definne Block of tns over shoot There 15 virntually no reactive con
stniction and the bload pressure just quietly climbs back to normal
thus demonstrating 2 sympatholytic effect
De Peart said that there seemed every reason to supppose that all
the effects were entirely penpheral and that there wese no central
effects T am nat so certain about thus Thus dose level is very small
d with the doses app: 1y needed 1n amimal preparations
to block adrenergi. nerve endings and [ gath 1 from Dr Duff and
Dr Ginsburg who have been domg some expenments with intra
adteniat dibenyline that at this dose level there 1 probably 2 very
mcomplete blockade We have some evidence of a central action
although not of a vascular acuon Dsbenyline has a certamn reputation
forthe of 1 hypernd palmar sweating—ard
thus appears to be well founded  If you gne a dase of 25 mg or so
nyravenously the palms do become dry This would be a very
effut for a pure ad; gic blocker since this 15 a purely
cholinerpic nenve pathway as far as s hnown and 0 fact antra
artenial dibenyline 1 doses equivalent to about double that effecine
intravenously has no effect on palmar sweating at alf This work
which was done with Dr Andrew Herxheumer givesatleasta strong
funt that thus drug has some centra) action and Tam not at all eeytain
that some of the sympathalytic efferts may not be produced 1n a

similar way

D lean GinssurG {3 ondon) Dr Duff and 1 have carned out
some experiments with 1ntra arterial chiorpromanne and dibenvime

assessing the effects of these drugs on penpheralco
nstnctor responses
to adrenaline and norudrenaline m soy v

me 30 bealthy subjects
When adrenaline was given nira prierally ima dose
the biood flow 0 the hand fell from a rcslmé tesel nfab‘i)r\\o\ ?0“\%\’\‘1‘;‘(‘3‘0
mbmin 10 about 2 ml 1e 10 20 per cent of the imtial value Aftes
nfusing chlorpromazine 12 mg into the brachual artery the band
flow increased to nearly 20 ml 100 mi'min double the miiaf value
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When the same dosc of adrenaline (0 5 pg/min) was then given, there
was a reduction m flow which expressed 1n absolute terms was much
the same s before (te from 20 ml to 13 or 14 mi/100 ml/min)
though the reduction was of course proportionately much less These
results suggest that chlorpromazine does not completely block
adrenergic activty

When the same experiments were repeated using noradrenaline
mstead of adrenaline the results were similar, except that after
chlorpromazine the reduction m blood flow produced by noradrena
line was both bsolutely and relatively less than before chlorpro
mazine had been given Staustical analysis of the figures obtained
shows that in fact under these conditions in man chlorpromazine 1s
more effective against noradrenaline than against adrenaline

We also gave dibenyline intra arterially using the same pro
cedurcand the same dose (1 2 mg) as with chlorpromazine There was
again 1 considerable increase 1n blood flow to the infused hand in
most of the subjects In this case however when the same dose ot
adrenaline (05 wg/min) was repeated there was practically no
change 1n the flow showng that the action of adrenaline had been
blocked by dibenyhne both relatively and absolutely This mhibition
of adrenergic activity was not determuned by the mcrease n flow
since in some subjects in whom there had been very httle dilatation
1n the hand after dibenyline the constrictor response to adrenaline
was blocked as effectively as in those 1n whom dilatatron was much
more marked Similar results were obtaned with noradrenaline
Dibenyline blocked the action of noradrenalme and adrenaline
equally well and was far more effective in this respect than
chlorpromazine

We were 1lso interested to find that we could obtain these responses
without delay and with doses 1s small as 1 mg/Kg body wt In
ammals effective adrenergic blochade has only been obtamned after
a latent period of several hours and with doses of 5-10 mg/Kg
Whatever chemical transformation 1s undergone by dibenyltne 1n the
crculation must be very rapid We have been able to demonstrate
dilatation 1n the hand and a reduction 1n the constrictor response to
both adrenaline and noradrenaline within mmnutes 1f not seconds of
infusing dibenyline mto the brachial artery

Dr N B CHAPMAN (South ) My coll and [ in
Southampton m association with Dr Graham 1n Cardiffhave worhed
on the chemistry and pharmacology of some drugs which show anu
adrenaline properties As to the formation of the ethylenimonium
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{on from the halogenoamnes Wwe have obtained what T think 1s quite
dence

go;?r:&‘l’:l cl?iou study 2 halogenoamine 1n which the halogen 1s very
tightly bound wotherwordswhese Ruonng s the halogert thea ‘mcrc
1« no pharmacologicat activity to speak of There 1sno fossof halogen
from the molecule and there 15 no formation of a thiosulphate
consuming spectes in the system whatsoever

0{1‘;@. ha\g ;fud.\cd a seucsyn( compounds derived from the naphthyl
methyl residue utthzing the halogens chlonne bromine and 1odmne
The appropriate salts may be dissolved 1n an agueous medwm and
one can Wberate the base from the salt wnd then leave 1t 10 stand for
asuttablepenod and extract from the aqueous medwm withether the
wnchanged halogenoarmine and one 1s sill left with a thuosulphate
consuming species wWiuch one can determsne Ore can plot e curve of
the tion of ph species agamst me
which vanes according to the compound one 1s working with often
one gets 100 per cent conversion straight away

The question which anises 15 15 s @ three membered ning

compound as was assumed by Nickerson in the first place and
probably quite nghily or 13 1 a different type of compound”® One
can study that by examining the formation of aciduy during the early
stages and duning the whole of the reaction andf one studies that
one find that with a compound which liberates the whole of ats
halogen mmediately and gves a corresponding amount of
cthylenimonium 1on one gets scarcely any acidity at all imally

More recently we have i fact 1solated analytically puse desvatives
of the eth 10n as preevisulph

p T wish I could say
that the 1solated pieryisuiphonates consume all the thiosulphate that
they aught to—but they do hot But they do in fact consume 94 per
<=t of the required amount There are some things about the 150
latian of the ethyl mmonwm son which we do not yet understand
but for my pant 1 do not think there, 18 much doubt about the forma
ton of the ethyl iy}

we from 2 hal which
show anuadrenaline activity

Dr D P Grarn (Cardily Dr Chapman has shown that i i
possibl to take a compound such as SY 28 to prepare a solution of

M 30d 1o estimate over a period of tme the
production and deca;
what has been analvtcally proved to be 44

ethylemmonium 1on M
part of the task was to take such solutians prepare them and temuv)e'
any unahtered und d parent pound leaving a
pure ethylenimonum ton solution and to assay biolomeally the
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acuvity of such preparations agunst adrenaline noradrenaline
histamme 5 HT, and so on

I had already published 1n 1953 with my colleague Dr Lewss, a
study on three such compounds and have recently completed
studies on five others, covering a wide range of such compounds and
1n every case we get within the limits of course of biological work a
very close correlation between production of ethylemmonium ton
and antinoradrenalme and antiadrenaline activty

The final definite proof that the ntermediate product ethylent
momum fon ts in fict the active species and responstble for the
speaific activity of this clss of compound will, I hope, come very
shortly because I now have in my hands as Dr Chapman has just
told you a picrylsulphonate of a stable water soluble ethylenimonium
ton For mysclf 1 fecl quite sure that this will n fact prove to
contatn all the qualitics of a wide range of these compounds

DR PEART Imust apologise to Dr Chapmanand Dr Graham for
having overlooked their work I am very sorry about 1t but 1t does
scem obvious then that the ethylentmonitmon despite my strictures
must have more action than I believed 1t to have
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AUTHoOUGH 1t1s aer 80 yeats since the pharmacology of the veratrum
alkalonds was fisst investigated and there study since then has been
extensive and frutful we stit do nat know their mode of action in
man This 1s because 1n experimenttl antmals they cause hypotension
and bradycardia by a number of mechansms of which the mast
senstive vanies both with the speaies and with the pacticulae veratrum
extract or denvaiive used The only feature 1 common n these
experiments 15 that small doses of the drugs act on the afferent side
of wiseral reflex arcs ot on the central nervous system bt have no
effect on clerent iervous connections ot on the blood vessels

1f the concentration 15 great enough the veratrum atkalowds wild
sttmulate or sensitize any excitable tissue for example they cause
repetitive Fring of solated nerve and skeletal muscle fibres beng
potent depolanzing agents of the cell membrane However aminmal

ffe di g y + yp and‘ AJ &
as oripnally shown by BezoLb and HIRT m 1867 These responses
Bave been intenssvely snvesuigated with veratrum extracts and with

pure ester alkaloids such as protoveratrine cevadine and vera
tndine

Bezoup and HiRT (1867)

d that th fesponse
10 veratnne was due to the sumulatson of sensory Teceptors i the
heart and tus vagal reflex 13 usually called the Bezold reflex the
Bezald-Jarisch effect or the cororary chemoreflox (DAWES and
CoMroE 1954) names which emphastze ouy 1gnotance of s physio
fogicaf nature The fact that the hypotension and bradveasdia ase
due to sensitization of vagal afferent end organs 13 established as
follows The effects are abohished by cutting the vagr but wince this
procedurs 2'so imteerupts the eferent cardtoinbubitory fibres »
would dimigsh the bradyeardia from NY nervous soutce However
cooltng the vagi to dbout 8°C abolshes the Bezold refiex although
l}[\)e cardiae efferent nerve fibres can conduct at this temperature
() AWES MoTT and Wippicomer 1951a) In the innervated heart~
4ag repatation with sepaate circulation through the head and
with only nervous connections between the thorax and head
81
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veratridine elicits the Bezold reflex via the vagi when njected mnto
the thoracic circulation but not from the cramal cireulation unless
larger doses are given (RRAYER Woop and MonTes 1943) With
regard to the hypotension this 1s abolished by cutting the vag thus
nterrupting the afferent arc of the reflex the fall in blood pressure
can be produced in the atropinized antmal 1n which slowing of the
heart 15 absent so that the hypotension 1s not entirely secondary to
bradycardia  The motor effects of the Bezold reflex include vaso
drlatation 1n many parts of the body (DAWES ef a/ [95la DAwWES
and ComROE 1954)

The sensory receptors responsible for the reflex lie tn the distribu
tion of the coronary crrculation since veratndine 1s effective When
mjected mnto the left ventricle but not when put nto the ascending
aort1 (Aviapo, Pontius 1nd ScumipT 1949) Dawes (1947)
established that the ventricular muscle was the most sensitive site
for obt a reflex resp he cannulated branches of the
coronary arteries of the dog (some going only to ventricular muscle)
and the whole coronary arteries of the cat and showed that mmute
doses (0 5-1 pg) of veratridine injected into them crused a consider
able fall in heart rate and blood pressure while the same quantities
were neffective elsewhere 1n the circulation There 1s thus no doubt
that rapid 1ntravenous injections of veratrum alkaloids in dogs and
cats cause bradycardia and hypotenston by sensitizing or sumulating
afferent nervous structures in the ventricular muscle of the heart

There has been considerable speculation about the nature of the
receptors sensttized by the veratrum alkaloids One view 1s that they
are ventricular pressorcceptors whosc function would be simlar
to that of the aortic arch and ¢ irotid sinus baroreceptors a  buffer
reflex limiting undue ncrease in left ventricular pressure There 1s
evidence for such a reflex (DALY and VFRNEY 1927) and actraty
from ventricular stretch receptor fibres has been recorded
(WHITTERIDGE 1948 DIckINsON  1950) PaINTAL (1955b) has
analysed the properties of these receptors and shown that they are
sensitized by veratridine JARISCH and ZOTTERMAN (1948) have also
recorded from cardiac afferent nerve fibres n the cat which
responded to veratrine but their response to natural sumuli was not
determmned They discharged on pinching the ventricles and on
occlusion of the aorta but these are drastic stmull  JARISCH
suggested that the endings might play a part in such condttions as
cardiac 1schaemia In the dog activity n cardiac nerves from the left
ventricle has been detected following intracoronary injections of
veratridine but once again 1t was impossiblc to determme their
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nstura) sumutus (DawEs and Wipuicovse 1953) Un;“‘s‘“cﬁs‘g";‘:;
preparations are obtained in the do% rzx‘ ::}Lt:)ja?;fcu t 1o
“‘Xﬁﬁ'xmgfif (;e:}z‘ii:yo;‘g\:\:: rf::)r the Bezold refes wheh are
oSt sensstive to watravenous doses of the veratrum alknlm}?s ;‘n cat
and dog there are other effects which may play a part in the }dw
tension 1n man DAwEs (1947) showed that small doses ofveratnidine
sensitized a depressor reflex from the pulmonary airculavon of the
doe and silar reflex eflects can be obtained 1n the cat with serum
> hydrowytryptamine and certain amidines  PAINTAL {19>5a) has
recorded nerve fibre actvity from the lungs which was inereased by
1he amdines and wineh he belienves to come from the pulmonary
vessels Tn addition 1t 15 known that veratrum can cause hypotension
by a direct action on the central nervous system With rapid 1ntra
venous injectsons the threshold for ths 1s higher than that for 1he
Bezold refiex. but with long (2 ung veratrum preparations or with
1afusions of pure alkalowds the central acuon may be as important
as the refler one at feast 1n the dog (DAwEes MorT and Wippt
<owBE 1951b) Thus 15 espeially seen with Venlowd one of the
seratrum preparations in chnical use In the dog the action of this
drug 1 only sometimes and partafly abolished by cutting or coohin:
the vagt and part of us hyp action 15 therefore pr iy
central Hawener afl the active alkalowds 1n Venlowd have not been
determined and they probably differ from the pure ester alkaloids
wsed for animal expenmemts In the cat Venlmd and yveratndine
wfusions exert all thewr cardiovasentar effects via the Bezold reflex
The veratrum alkalords can also sensinize baroreceplors in the caroid
stnuses (AviaDo PoNTiLs and ScHwipT 1949) although the thres

hold for this 15 ligher than for the Bezold reflex. at least as far as
veratrdine 1 concerned

Ttis clearly impassible to apply these results categonically to man

Most of the therapeutic Preparations are mixtures of alknloids

and the acuwe wxedients may not be known we cannot be sure of
¢herr actions in humans from a knowledge of the specific effects of
Pure ester alkalowds m expenmental animals But by analogy with
ammals it 1s probable that they work by sensiizing the Bezold reflex

2lthaugha direct action on the central RETVOUS systemisalso possible

asindeed are actions on other reflex, mechanisms 1t 1s not surpnsing
hat they camse toxw side eFects such 23 nausea and vomiing but
the fact that they seem to exert po effect on the motor side of eardio

vaseular reflexes so that postuzal reflexes are retaned has been
quoted sn favour of theyr therapeutic use 1n hypertension
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GENERAL DISCUSSION

Provrssor € Hevmans (Ghent) ¥ would hike to draw atiention
to some tmportant differences m pharmacological action between
veratnde and protoveratrme At least m dogs in the dog, i
venous myecthion of veratndme causes a very mild bradycardia and
fall m blood pressure After cutting the vag there 15 no longer any
bradycardia or hypotemston Veratndine therefore acts win the
Bezold reflex In the normal dog an intravenous injection of
protoveratnne also produces bradycardia and a fall mn blood
pressure After cuthing the vag, myection of the same mount of
protoveratrine does not induce bradycardia but there as stll very
marked hypotension But if in the syme dog ier cutting the vayt
the carotid sinus nerves are also cut and the sume amount o
protoveratnny 1s mmjected mtravenously no fall of blood pressure
accurs Loci applications of a fraction of 2 microgramms of
protoveratring 1n the caratd sinus area induces the same fal} of blood
pressure so that we believe that prataveratrine does nat act marnaly
by means of the Bezold reflex but s acthive on the baroreceptor area
After cutting the vage and the caroud staus nerves of the dog no
amount of protoveratnine wifl wduce s falt of blood pressure
increasing doses nduce a rise but never a fall 1 the level of blood
pressure I thunk this 1 a very important and fundamental difference
betwecn protoveratring and veratnidine Therefore 1f we use mixtures
of these substances the pharmacological action of the myxture wil
vary depending an the proportions of these two important compounds

present



A POSSIBIE EXPLANATION FOR THE
DEVELOPMENT OF *TOLERANCE” TO
GANGLION BLOCKING SUBSTANCES

ELEANOR ZAIMIS

TN general all substances which interrupt transmission 13 avtonomic
gangha may be referred 1o as ganghomc blocking substances The
vanous mechanisms by which such interruption 55 brought about
have been evhaustively discussed duning the last few years (Mot and
FRevaURGER 1950 PATON and Zanus 1952 Paton 1954 Zanus
1955) suchast h pentol and azame
thomum which wp to now have been extensively wsed chimcally
produce an mterruption of gang! ¥

with acetylcholine a process which leaves preganglionic nenve
endings and the ganghon cells wraffested Qualtatively the actions
of these three drugs are the same but they show slight guanutative
vangtions pentolinium tor example being more active and longer
lastng than the other two None of these substances however s
Meal and the search for a better ganghonic blocking substance still
conlinues Among newly discovered substances some appear quue
wieresbng Of these th hl it d hochloride
{PLiomER eral 1955) 139C55 {ADAMsON e al 1956) and mecamy
lamine (ForD e7 al 1955 STONE er af 1956)—are undergomg
climcal trials and information about therr actions both on antmals
and human beings 15 OF these sub s
darmne dimethochlonde and 139C55 are quaternary ammonium
compounds but mecamylamine 1S not 1115 a secondary annine and st
1s the first non quaternary ammonyum compaund to show such a
powerful action at the ganghiome synapse Quaternary ammonium
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compounds have the drawbach of basg poarly and errate
ally absorbed when admmstered orally Mecamylamine being 2
secandary compound 1s easily absorbed 1nd at first sight appears o
be at a great advantage over the quaternary ammonium compounds
But while this property 1s undoubtedly a great 1dsantage from the
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Fig 1 Cat (2 hy ) Chloriose inac thesid Contractions of maestating mem
branc ehciied cvery 3 nunutes by presanghom stimulation at 1 fregucney of 19
shocks per sceond Percod of stimulation 30 scuonds

point of view of oral administravon 1t may prove to be & dn
advantage it the substance being a molecnie which penctrates castly
across the cell barrier of the chorowd plexus his central nervous
system effects

Another nteresting pomt about these new eanphome blochimg
substances is that the duration ot action in 1l three 1s very prolonged
With chlotisonrdamine dimethochlonide capecially expurimnts hse
been described i which the effects appear trreversible (PLLMMER ¢f
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K nder
of 1955) Such a prolonged duranon of action n;:\h\:za(‘;n:‘ lx)isum
whether thew mode of action s \‘I;!c s;r\;]co::; \;\; 5 e amson

ot azamethonum whic o
z;hs\:x::)mptu\mn with acetyleholine or whether another prott
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Fig 2 Cat ("8 kg Chiaralose anaesthesia Records of artenal blood pressure

und contractions of nictitaling membrane ehcited every 3 munutes by pregang

iome stimaiation a1 3 frequency of 10 shocks per second Peniod of sumulanon
sosonds

15 mvolved for instance snterference with the refease of the chemical
transmutter ot reduction of the seasitivity to acetylchohne of the
ganghion cells Published work throws no hight on this question the
wnvestigation of which 1s nat anty interesting but necessaty There s
na daubt that mote experimental work and many climecal tests are

tequired before thext usefulness and safity can be fully estimated
o
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compounds have the drawbach of being poorly and erratie
ally absorbed when admunistered orally Mecamylannne bewng 2
secandary compound 1s easily absorbed and at first sight appeass to
be at a great advantage over the quaternary ammonium cormpounds

But while this property 1s undoubtedly a great ad from the
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Fig 1 Cat {2 Rg) Chloralose anacsthesis Contractions of nwtitatng mem
brane eheted every 3 nunutes by preganghome stimulanen af a frequency of 18
shocks per second  Puriad of stimulation 30 seconds

point of view of oral admwnntration 1t may prove fo be a dis
advantage !f the substance being a mofecuic which penctrates castly
acrass the cell barrter of the chorod plexus his cuntral nervous
system effects

Another nteresting point about these new ganphome bleching
substances ts that the duration ot action in all three is very profonged
With chilorsondaaune dimethochloride especially expeniments have
been described m which the effects appear irreversible (PLUMMER of
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[t has been the expenence of alt chmeians that a daily fmcﬁas‘ci ;Sr;
the dose of 2 ganghionc bloclang substance 15 necessary 107 : o
few weeks if the miial rate of reduction in ‘Plood pressure 1s le 4
mantaned. This 15 usually desenbed 35 a decreasing slcnstlm‘y ol
the ganghonic synapse o the drugs ot 3 tolerance developmen

There arc however wndscations which suggest that this decreasing
effect as (2t s blood pressure 1s concerned 15 not due t0 2 dm;imed
sensimty of the gangliome synapse 1o the action of these drugs
Chimical observations show that parasympathetic ganghia do not
develop toleranice to ganghonic bloclng substances BRENDA

% - HEXAMETHONIUM
Fig 4 Cat (3 g} Chloralose anaesthesia. Contractions
by nlrz 2riesial {3 pgof \

i
antravenous injection of 3 mg of hexarethonum dibromude

of mctitating mem
elore and after an

Morsson (1983) made 2 carelul study of the parasympathetic
effects 1o patients while they were developimg tolerance of the blood
pressute o heramethonwm and found that these effects tnereased 1
proporuon to the dose mven It seems smprobable that only sym

path tic and not parasympatbetic ganglia should develop decreased
SensIIvILy to the same substance Furthermore 1t1s known that there
1 2 remarkable difference m the speed at which this tolerance
devefops Some patients develop hitle tolerance and 1t 15 therefore
posuible to stabilise ther dase within a week or teq days Others
developa very sapid tolerance which continues to ierease for several
weeks Thus development of tolerance shows no relation to the
type of disease to mital seventy of the disease or to the 1mtial
senstivity of 1he patient 10 a test dase Agamn thys lack of uniformity
mn the development of tolerance can hardly be attntmied to a
gx‘;mcn:;hmg sensuvity of the gangla to ganglonic blocking sub
]

From ammal expeniments on the other hand we know that under
s\nn?:nd & ) blocking sub: of the hexa
& \ypeare m theyr beh and that

¢ ganghonie synapse no matter what ganghonie pathway 1s tested
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PENTOUNIUM

b 2mg LV B

Fig 3 Cat(3 hg) Chloralose anaesthesia Records of artenal blood pressure
and contractions of nictitaing membrane elicited every 3 munutes by pregang
honic stimulation at a frequency of 10 shocks per second Peniod of simulation

30 seconds
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Al the ¢ factors taken together suggested the p&;ss:bxh\y of o

1 acton of 1 blocking
‘ch":pé‘:cr\aur cells 1o ;;\r:nﬁl\ne and noradrenaline (D““S\F‘f;\)e
My colleagues Drs MANTEGAZZA and TYLER and myz: ! hase
tested this possibility 1n a series OF experiments and Tigs | Sl
demonstrate some of the results so far obtuned From these W ¥

quite ¢ ear that ganghionic Blocking substances sensitise the eflectar

r...,

100!
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Fig 6 Cat (2 Kkg) Chloralose anaesthesia The poten tatung cffect of hexa
nethonm dibromude on vasccoastn tor responws

N produced by artersal
1mections of noradrenaline Record of artersal blood pressure (upper tracing) and
venous putflow from a kmb (lower tracing)

cells to adrensline and ¢

Ths though not
great 15 always presens and may very el mask the ganghome effect
1o other words 1t appeacs possible that the teduced effect on blood
pressure following on subsequent doses 15 due rot to & dimunushung
sensiivity of the ganglionic synapse but to a senswsation of the
peniphery to ad enakine and noradrenaline A steady effect on the
blood pressure 15 therefore obtammed when the ganghomic effect 1§
great enough to counteract the peripheral sensiisation

That thus decreasing response from the blood pressure 1s due 10 2
penpheral achion could be proved climeally by concomitant admint
stration of an ant adsenghine substance This sounds easy enough in
theary but there may be practica dificutues since none of the ann

adeenaline substances known at present are powerful antagomisers of
the mtnnsically Wherated sympathomsmetie amines
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shows an increasing rather than a decreasing sensitivaty to subse
quent doses Fig 1 shows the result of an expeniment on a cat in
which contractions of the nictitattng membrane were ebeited by
stimulation of the cervical sympathetic Three doses of pentolinum
were administered at wntervals of several hours and 1t 1s quite clear
that both mtensity of the block and duration of activity are increased

PENTOL!N’UM
v amg 1 v
Fig 5 Cat(34 kg) Chlonlosu anaesthesta The effect of pentolimum bitart
rate on the elicited every 3 munutes by
ata {1 of 10 shocks per second

Period of stimulation 30 seconds

with subsequent doses But 1f 1n a similar experiment blood pressure
1s recorded 1t the same time then the mcreasing paraiysis of the
nictitatmg membrane by subsequent doses of a ganglhiome blocking
substance 1s always accompanted by a decreasing effect on the blood
pressure Fig 2 shows this In tins experiment repeated doses of
hexamethontum were ad d With q doses there1s 2
marked increase of the effect on the mctitating membrane but a
tendency of the blood pressure to return more raprdly to its nihal
leve) Fig 3 shows the same resnlt with pentolinium

Then there ts the much discussed potentiation of adrenahine and
noradrenaline which always occurs in the presence of a ganghontc
blocking substance ind which cannot be attrbuted only to the
abolition of the normal compensatory ncrvous mechanisms as 1t 18
found both after vagotomy and after section of the spinal cord at a
Iigh level, (BARTORELLY ef @ , 1954)
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on blockng; donotprod plete gang
:ﬁizfl? i\‘At%l‘:r:mc: could be due to mereased actmity of the un
blocked yasoconstnctor pathways 17 ths hypothesis 15 m"lmkxm
should be able ta restore the mitial sensitvity to ganglon blac {(Ig
agents 1n 2 tolerant patient W the sull acuve pathways were partially
blocked by an adrenergic blocking agent Thus hypothesis has been
tested i an in pabientchoical tnal on esght patients Pentolinrum was
used 53 the ganghon dlocking agent and dx'cmy)lne a}s‘:‘he adrenerge
focking agent Thesedrugs wese oy D and 0 e

:mh su%mg:\mmemng rest perods 1n a fixed tme schedule Qur
results have not yet been finally analysed but we have formed some-
strong provisional smpressions Dibenyhne does enhance the hypo
1enswve effect of pentolmtum when the patient has become toferant
Thus effect however 15 much more marked when the patient 1s
standing This marked postural hypotenstve effect we appreciate
does not necessanly prove or disprove our engal hyputhesis
On the other band we find that the hypotensive effect of thus com
binayon 15 3pp ly much better d after dsct from
hospital than offier combinations we have tned perhaps due fo this
d posturaleffect Whetherthy b; of p ]

and dibenylne will prove $o be more effective than the more con

ventional combinations i the treatment of hypertenston we are
1ot yet able to say

Pror Burn ©was intugued by Dy Zaymss observations on the
icreased penpheral effect of adrenakine after ganglion blocking
agends Grant and Thompson hase shown 1 the vessel of the
rabbat s ear that the effect of ad nthe

nnervated vessels was refatvely small but 1hat of the ear was
denervated the vessels became 1y mare t baut
1000 times or even more—to the constrictor action of adrenaline
Wyected into the artery They showed U

hat this was duz to of was
d by the g of ol

and 2 substance which behaves like acelylchahrne present withity the
vessel wall They put forward the conception that normafly the vessel
wall was bemng mamtaned 1 a state of vasodilatation by acetyl
choline which was being formed continnously and that when
adremaline cawsed constnction 1t did so agawst the actior of ths
:v:tﬁlrhol‘me 1 had therefore d that the

© adrenatine which 15 seen after hexamethonsum myy e
hexamethonum was blocking the acetylchohine mcci*:\‘n?scmb:mt‘}s;
vessel wall tself Dr Zaimes now upsets this because she shows that
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GENERAL DISCUSSION

Pror Heywans Do all the ganghon blocking agents, including
the most recentlv developed compounds 1n small doses block
parasympathetic gangha before they block the sympathetic? Is these
any hope of finding a ganghon blocking agent, as Dr Ing suggested,
which wounld be more specific 1n blocking sympathetic gangha
without interferng so much with parastmypathetic gangha? The
parasympathetic blocking action 15 one of the mmn troubles which
himits their chnical usefulness

Dr Zanus None of the drugs at present known appears to be
particulasly effective m blocking sympathetic rather than parasym
pathetic gangha The phystology of the two sets of gangha 15 50
stmular that T am rather pessimistic as to the possibitty of discovenng
a substance which will paralyze either the parasympathetic or the
sympathetic respectively without affecting the other

Dr G hING (Stoke on Trent) Dr Stock and I at Stoke on
Trent have been using an adrenergic biocking agent in an 1nvestigs
tion mto the mechansm of tolerance to ganglion blocking agents
‘We were 1ntesested in the observation that this tolerance 1s specific 10
the hypotensive action of the drug We have objective evidence that
this 35 true This observation suggests that in the hypertensive pautent
the blood pressure may be set at « lugher level than normat and that
when attempt 15 made to lower st by a ganghon blocking agent
compensating mechanisms are brought mto play which tend to
revert the pressure to its imnal raised Jevel Such mechamsms mght
have a nervous or & humoral mode of action

We suggest as a possible nervous mech, that since th




DISCUSSTON PAPERS

THE GANGLION BLOCKNG ACTIONS OF
THE DIQUATERNARY AMINO BENZHYDRYL
NITRILES 356C54 AND 139C55

A F GREEN

ed to by
GE number of the benzhydry) compound {1y refers

lb[?);:m:anuksr and others are pawerful ganghon blockingagents
Hete 1 shall discuss the pharmacology of only two of thesc cam
pounds namely the nitoiles 356C54 and 139C53
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Miss N B Waro and I have compared these compounds with
© atolbmum and Beolid The mydnatie effect provides 2 convensent
and fawly selible measure of ganghon bloclang actviy in many
but ot alf speties Table 1 shows the doses Icreasing the pupil
dumeter 1o approvimately two thuirds of maumum under lighting
condimions which were standard for each species but vaned for
different spevies 356C54 139C55 and Feolid are very much more
active than pentolimum 1a mice eats and monkeys These species
93
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she also gets a potentation of the action of adrenaline in the metita
ung membrane Where the effects of adrenalime and acetyicholine are
mn the same direction as on the nictitating membrane T would have
eypected depression of the effect of adrenabine by hexamethonum

Dr Zangs I am sorry my findings do not confirm Professor
Buten s expectattons What 1s even more mteresting ss that ganghonic
stimufant drugs such as tetramethylammontum and DMPP reduce
the responses to adrenaline
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carotid stnus reflex, elicited by cl:\mp\tx;ﬁ ‘:}:‘e :g:u:ao‘::caér:; x;mge
iy (i s xmpauzé‘_ caused 1n cats by prolonged
2 stmad hibited but larger doses 0 3~10

were .
meft f short bursts of stmul

ecessary 10 block the effects o aw
:;gélkxfd‘:;rr;:uemly% the cut perve This dxﬂc‘r:nce appeared to
greater than that with b h
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have not shown great differences 1n sensitvity to these drugs but
the mouse appears to be relatvely less sensitive to pentolinum, and
ncidentally less sensitive to hexamethonum on intrapentoneal
tnjection though not on mtravenous nyection The myvdnatic doses
of all these compounds 1n the rat are enormously greater than those
in other species and the normal activity relationships do not fold

Table 1

The doses of 356C54 139C55 Ecold and pentolinium 1ncreasing
the pupit drameter of various species to approuimately two-thirds
maximal Each compound was tested at two or more dose levels i
cats dogs and monkeys 1n groups of four and 1n muce and rats m
groups of ten The climeally effective hypotensive doses 1n man
ate based largely on the experience of Dr S LOckET

Species 356Cs4 139C55 l Ecolid l Pentolinum

mefhe | moke | mefkg mglkg
Mouse (1p) 008 006 01 2
Cat(sc) 003 002* 0 025* 02
Dog(sc) 005*
Monkey(sc)] 003 003 003 02
Rat(sc 2 15 4 >50 (tovwc)

I
* Nictitating membrane partly relaxed

Hypotensive dose mg/kg

Man(sc) 1006-06 003—03’00444 )01—10

In the cat and the dog both parasympathetic and sympathetic
systems are 1nvolved in the blocking effects since the mydrasis 15
accompanied by relaxation of the nictitating membrane

Companson of the durations of mydrasis in cats (Fig 1} shows
that the effects of these benzhydryl mitriles last very much longer
than those of pentolmum and perhaps slightly longer than those of
Ecolid the experiments also show that the onset of action of these
benzhydryl compounds 15 relatively slow Similar differences occur
1 the rate of onset and duration of other charactenstic ganghon
blocking effects 1n vanous species including man

In anaesthetized cats and dogs doscs of the benzhydryl com
pounds comparable with those dilating the pupil (0 03-0 3 mg/hg
1ntravenously) generally lowered the blood pressure inhibited vagal
bradycardia and reduced the hypertensive effect of DMPP, while
increasing the hypertensive effect of the adrenalines In the dog the
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As Patov sndicated was the case for hexamethomum and pcnlo‘-(
hinmm these experments suggest that the degree of panglion bloc!
caused by these drugs and espectally by 139C55 depends to 3 Jasge
extent on the number of stimult passing through the ganghon This
may be telated to the relatwely slow onset of action of 139C55
and purhaps also to the observation that when postural syneope
ocours 1 panients treated with this and analogous drugs 1t does not
abruptly follow the assumption of the erect posture but comes on
stlowly Thus dependence of the degree of block on the amount of

trafic through a ganghion could result in transmission v gangha
concerned with different functions bemng affected to different extents
This explans why 1n the anaesthetized cat the mctitating wem
brane s tespanse ta shart bursts of preganghionic stimulation of the
cut nerve is affected less than a number of other functions 1t may
also have some bearing on the observation (LOCKET 1956) that the
doses of 139CSS5 and 356C54 which relieve clinical hypertensian have
not n ¢ontrast to the methomum drugs caused paralvtic tleus

These benzhydryl nitriles bike other ganghion blocking agents
do however produce some effects an the alunentary tract In
anaesthetized rats 1mtravenous doses of 139C55 001-0 1 mglkg
lowered the blood pressure and comparadle subcutaneouy doses
whibited gastnie secretion an Shay rats (0 03-0 3 myikg s¢ ) and
delayed gastric emptying, 1 fasted rats (0 1-0 3 mg/kg sc) Stace

these drugs are not appreciably sbsorbed from the stomach the
delay 1 gastnic emptymg can retard absorption When the drugs
are introduced tato the duodenum by smjection in ammals or by
capsule 1n man the effects have been fauly untform but as with
other quaternary ammomum salts the effective dose has been abou
10 times the subeutaneous dose

Tosumup the benzhydryl compounds possess ganghon blocking

P 1hose of the drugs They have the

advantages of greater potency a slower onset and much longe

duration of action The fact that theit ganghion blocking effects seen

r:rore d:f‘endem on tihe degree of actvty wathia the ganghan may o
Impartance 1n obtaining a greater degree of

and should be mvestigated further gree af slectonty of effe
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Analogous observations have been made 1 mice where mydniasis
developed more rapidly after an intravenous injection of either
pentolimum or 139C55 if the mice were hept an the Iight thar of the
mice were kept in the dark There was however a difference between
139C55 and pentoltum m this respect (Fig 2) After 0 1 mg/kg
139C55, mice kept 1n the dark showed very hitle mydnass within
§ minutes but if at this stage they were exposed to hght their pupils
rapidly dilated durtng the next 5 mmutes or so After 1 mafkg

20

e
E

136C55

01 mgskg

ST Pentolinium

10 mg/kg
§ 1or
@
£ . .
a - .
H
3
L

. \ . J
o E 0 5 20

min after thjection

Fig 2 The effect of exposure to light 6o the mydnasis caused by sntgavenous
doses of 139C55 and pentolsmum n puce Continuous hnes grovps of 10 mice
keptan the dark for 5 muin and then exposed 1o ight Dotted lmes simular groups
Lept in the dark all the time except during measurement of the pupils

pentalintum rather more dilatatian occurred in the § mnute perod
m the dark and the rate of dilatation during the light exposure was
more rapid  When the pentohimum dose was increased to 2 mg/kg
10 give a duration of action more comparable with that of 0 | mgfhg
139C55 the puptls dilated farrly rapidly even m the dark Stmlarly
wt dogs wngected intravenously with O 1 mg'kg 139C55 and hept
alteenately 1n dim and strong light for pertods of 15 minutesto | hour
the puptls paradoxically dilated in the strong hght and returned
to normal tn the dim light—the change could be repeated several

times 1n the same animal
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Fig ® Male age 53 with malignantessential hypertension AsFig ¥

stowly over a penod of § minutes After thus he remained 1n bed and
the blood pressure was taken at half hourly intervals Batween 3and
4 hours fater this time besng chosen because 1t was felt that then the
action of teserpme was kkely to be at uts height hexamethonwm
{usually 25 mg} was gwen ntravenously At this wme the pabent
was kept quite honzontat v order to aveid any postural hypotension
The blood pressure was taken at frequent itervals after the injecuon
of hexamethonum and the lowest level reached was recorded All
blood pressure readings weee taken by the same observer who
remawned ignorant of the ratuse of the onginal njection an each case

The whole procedure was then repeated afer an interval of at
feast 24 hours with sahne 1astend of reserpine or vice versa Some
pattents receved reserpme first others the control nyection



EFFECT OF RESERPINE ON THE HYPOTENSIVE
ACTION OF HEXAMETHONIUM IN MAN

M HARINGTON

THERF have been reports from many centres of the treatment of
hypertensne patients with a combination of one or more rauwolfa
alkaloids and 2 ganghon blocking agent Chmcal expenence suggests
that, at least 1 some cases, the nddition of a rauwolfia atkaloid to
the treatment of a patient who s already receving a ganghon
blocking drug enables the dose of the latter to be reduced, and side
effects due to parasympathetic blochade correspondingly fessened,
while still mamtaining an adequate reduction 1n blood pressure
In view of tlus finding the hypotensive action of smgle doses of
these drugs has been inesugated by admuustering them aloac and
n combmation to patients under as controlled conditions as

possible

Malignant essential hypertension £68954
22 855 [ 24 8 55
Reserpine €6tV LV Satine cew
3mg 1v 25mg 25mg
28()J i 4
P 240 4
13
€ 200t g
a
a
1601 4
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Fig 1 Female age 54 with mabgnant essential hypertension Intravenous
has an ncreased effect when given after reserpune

hexamethoruim
100
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Examples of the results obtained are given 1n Figs 1and 2 The
averages of the results i 6 patients are shown 1n Table 1 The
mmtral level of blood pressure was the same (withtn 10 mm) on both
days of the test i each of these patients so that the figures obtained
are comparable

Table 1

Effect of IV Hexamethomum and Reserpine on BP in
Iy pertensive patients

BP (mm Hg) Fall {mm Hg)
A Tmitaal level 209/121
B After C 6 alone 164/97 45/24
C Afler reserpine alone 166196 43125
D After rescrpine 4 C 6 107/64 102/57
(additional fall D-C = 59/32)

(Al figures are mean of observations on 6 patients)

In all cases there was some fall 1 blood pressure after reserpine
and Table I shows that this fall was under the conditions of these
experiments of similar extent to that seen after hexamethomum
alone (1€ given after previous injection of saline) After the control
myection no sigmificant alteration n blood pressure was observed at
the end of 4 hours tn any case

When hexamethomum was given 4 hours after reserpine its
hypotensive effect appeared to be mcreased This was the c1se 1n
4 out of 6 pattents, 1n one of these the increase 1n effect was so
marked that the patient collapsed and an njection of methedrine
had to be given to restore the blood pressure (Fig 2) In the remamning
two patients the diastolic pressure had alrcady been reduced to
normal levels (80 mm or less) by reserpme hexamethomum was then
followed by a further fall but thus was not sigmificantly greater than
with the latter drug given alone

Quantitative observations were not made on cardiovascular
effects of the drugs other than on the blood pressure Flushing of
the face and hands was umformly seen after reserpine no obvious
cffect on thts was noted after injection of hexamethonium

There 1s therefore no doubt that the hypotensive actions of
reserpine and hexamethonium may be summated 1n hypertensive
patients There 1s also some evidence that after reserpme the
ndividual may become sensitized to the action of hexamethonmum,
though the site and mechanuism of this effect remain obscure



RESULTS OF METHONIUM TREATMENT
IN MALIGNANT HYPERTENSION
(5YEAR FOLLOW-UP)

1 McMICHAEL

THE plan of this therapeutic trral nas modified by two considerations
(1) The effects of a new remedy 1n a disorder so vanable 10 1ts
course as hypertension 1s most quickly judged by tnal i the
most acute and severe form {cf streptomyein w.luch was
hed a

s an \! remedy m
menmgitis)

2) The resuitsan the first few weeks show ed pronounced ameliora.
tion of lar]

of sight i those
who had been almost blinded by severe retimus This and

other symptomatic relief was so stnking that an alternate
case study would be unethical so our control cases had to be
coustructed from expenence of malignant hypertension 1 the
years before 1950 In the untreated seres of 123 cases 90 per
cent were dead 1n 2 year and $5 per cent in two ytats

MODE OF TREATMENT

The basis of treatment has been parenteral smjection of ganglion
bloclang agents at § hour mtervals 1n dosage adjusted to reduce the
Sanding bloed pressure to a nearly normal level Hexamethomum
Was used m the first mstance but fater patients were changed to
pentalinum and dosage after the 1nival acute phase was past has
been reduced to twice daily by means of a double might dose
Duning the last year the addition of small daily doses of reserpine
(usually meffective by atself) has enabled us to get the same degree
of blood pressure reduction with smatler and less troublesome doses
of the ganghome blocking agents Oral dosage has not been used
because of irrey

gulanty of absorption and some early and distres:
tragedies with oral hexamethomum Y e

RESULTS
‘Mabgnam hyperteasion remans a grave disease as 1t 15 often too
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fatlure may be arrested Vanous types of tnple thythm disappearand
systolic murmurs vansh The heart size dummnshes often dramatic
ally d h of left ventnicular hvper
trophy change only very slowly Where angind pectons IS an
actompaniment 1t may be relieved but drastic blood pressure

teduction can 1nduce anginal pamn and even promole COroRary
thtombosis

RIDNEYS
There 1s no evidence that Jeads 1o d
tiont of kidney function This 1s best iliustrated by mentioming one
patient who has had a blood urea round 100 mg per 100 ml through
5 years of treatment Pathological study shows that the fbrnod

necrosis tn arterioles and glameruli can undergo cotlagenization and
heating

CEREBROVASCULAR COMPLICATIONS

Gross cerebral softeming with residual pacalysis 15 of course
unaffected The nisks of thrombosis and haemorrhage are shl)
Ppresent m proportion to the severity of the anatomica{ vascular
damage which has taken place 10 the brun before treatment was
begun Transtent cerebral schaem setzuses may not recur with

treatment but like angina they can also be precipitated by excessne
Ppressure reduction

MODE OF DEATH

Most makignant hypertenswves die 2 cardiwosemal death with
uraemia and heart farlure playing equal parts A smaller number
(20 per cent) die of cerebral haemorrhage These stiif account for
deaths occurtimg urder treatment but am addinon dissecing
aneurysms are becoming more frequent and 5 pauents have
developed a peculiar type of organizing cedema in the fungs In this
ma‘g“?r drashe blood pressure reduction seems to alter the

TS e of the undeslying disease

otal picture however s one of progress a
certam that many patents are alive (?;dak; m gggd“lfe:\l'(chq::\l;
workiag who would have died ramdly without treatment
P

Nl e
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1
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far advanced 1n the degree of vascular damage to be amenable to
therapy Many patients are admtted to hospital atready dying of
cerebral haemorrhage or ad d This o be
the case even since 1951

Of 73 pahents with malignant hypertension 1 the last five years
I were regarded as untreatable for these reasons Treatment was
begun 1n 62, but we now regard an imtsal blood urea sigtficantly
higher than 100 mg per 100 ml as hopeless unless some extrarena
factor Iike vomiting gastrowntestinal haemorrhage or heart fatture
15 contributing, 10 of these 62 patients would be regarded as untreat
able on our present dav knowledge

Where the blood urea was imsually under 60 mg per 100 ml {52
cases) the 5 year hfe expectancy 1s 50 per cent and even among the
fatal cases life seems to have been prolonged Even when we start
at this level of blood urea vascular damage and progressive nephntis
or pyvelonephritis may make the prognosis bad It should be
T ed 1hit pyclonephntis wnderlies malignant hypertenston
m 17 per cent of cases, and i patients under the age of 30 nephaus
or pyel hritts 15 the responsible factor 1 nearly every instance

P

(25 out of 27)

EYE CHANGES

The disappearance of rettnitis 15 the most dramatic event which
follows blood pressure reduction Fresh haemorrhages and exudates
vanish 1 a few weeks and although a Iittle residual scarnng may
remain even thts may shrink and the retina look quite notrmal 1A
six months Pipilloedema clears up 1 2-16 months, but in one case
1t seemed 1o wtensity before finally tisappeanng Retinits has not
recurred except in one patient Who may possibly have had a subse
quent thrombotic occlusion of a smatl branch of the rettnal artery

HEADACHE

The intense crippling earlv morming headache 15 immediately
preatly rehieved but recurrence from time to ime 15 atways possible
as a result of blood pressure fluctuations There secms to be a type of
headache which occurs 1n the hypotensive phase if the pressure

1s too low
HEART

Gross and severe heart failure can vamsh dramatically and even
with imperfect bp control the progress of hypertensive cardiac



PRINCIPLES AND DETAILS OF HYPOTENSIVE
THERAPY

F H SMIRK

TrAvE chosen the ttle Principles and details of Hypotensne Therapy
because 1t has been our expenence that 1t1s necessary to be meticulous
wth detatl sn order to act 1n conformty with the principles

1t ys peneratly accepied that hypertension of the associated
vasoconstnetion leads 1o certatn chinscal mamfestations If this 15
true 1t should be possible by blood pressure reduction to prevent
the development of some chmical mamfestations and 1o obtan
tecovery from some manufestations which have already developed
Were thus a simple relationshup between hypertension and 1ats
chncal the object m should be to reduce
the blood pressure as pear 1o normal as 15 practicable This 1s what
we have tried to do except 1 certam instances In a few patients
with cerebral artertoselerosss a few with renal disease and 12 most
patienis with angina we have found 1t necessary 1o be content with
sratler blaod pressure falls and to adjust the extent of the blood
pressure red 1o the req of the ndividual patient

Our results m general wdicate that mmprovement 1n the climcal
mamfestayons and 1o proguoss are closely related to the degree of
control over the blood pressure Jevel We try to keep the systolic
blood pressure in the standiag posture between 110 and 140 but the
faage 15 often between 85 and 160 systolic At these levels of the
Systolse pressure the diastolic pressure will be satisfactorv

I should like to comment first on the extent to which smportant

himeal mamfestavions can be reheved or prevented by adequate
blood pres ure reduction

In our Dunedin senes we have had 44 patients with mahgnant
bypertension dunng the last six years who have either died or
Temaned on treatment Up to the present time We have 25 survivors
and three out of erght of them have lasted between 5 and 6 years
Ay 4 years we have 56 per cent survivors as agawnst approximately
5 per cent 1n the hErTi-WAGENER series of untreated patients
Swce 2 combmauon of a rauwolfia alkaloid and pentolimum
ecame our Standard for ad d cases the y
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% and have had 80
the present ttme about 320 patents on 1reatment
d:al‘;ls 1n the last six years (25 pet cent) We traced 57 out of 66

patients who stopped treatment Of the 57 26 had died a mortality
of 45 per cent

PRINCIPLES OF TREATMENT

Space does not allow me to say much about the selecion of
patents etcept we treat all Grade IV and Grade TIf cases all
cases with heart farlure cardiacasthma or substantial breathlessness
and all patients with repeated encephalopathue attacks Angnal
patients with Jugh blood pressures are gnen inal therapy as many
of them get 2 degree of relief when the blood pressure 15 redyced
Judictonsly Patients who have disabling symptoms are also treated
Looking to the futere I believe we now have evidence from the
follow up of untreated cases that we are justified 10 offering teeat
ment {o p patients as a pi measure This would
apply only to patients with high basal blood pressures—above
170 120 1 fernales and above 150/110 1n males Above these Jevels
the mortalty of untreated cases begins to nse steeply

The therapeutic regimes which we have relied on dunng the last
I years may be diaded into three periods first hevamethontum
by myection. second p and turd )i ar other
recently developed ganglion blocking agents i conjunction with
rauwolfia alkalords With the fater methods we have had better
contrs! over the blood pressure and results have ymproved con
currently

There area few tmportant principles Unfortunately the observance
of these prmeples involves a mass of detai) which can only be hunfed
at m the spyce available but which 1 my view s essentwl for
success The establishment of a good regme 1s 2 process in which a

techmque sinilar to that of bioassay s applied and at intervals
reapplied to the tndimdual patient

Factors influencing action of Ganghon blocking Drugs

Th sympathetiv nervous system plays a pacticwlarly important
Part 1n man probably because the adjustments which man has 1o
make whenever there 15 2 change from the sttting or recumbent to
the standing posture are of a larger order than those which occur
1n the expenmental ammal Ta wan modiffeations 1 homeostaue
activity have a profound effect on the action of ganghion blocking
drugs For example the Tesponse 1o ganghon blocking agents 15
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has been reduced further In the last 18 months the mortality 1n
malignant hypertension cases has fallen to 11 per cent per annum
Thus mortality 1s approximately halved when we eliminate the renal
cases

Until recently our retinal Grade III cases did not do as well as
the Grade IV cases Ths I attribute to the fact that we gave very
much more attention to our malignant hypertension patients In
malignant hypertension cases we were strict about adequate blood
pressure reduction, even m the face of unpleasant side effects In
Grade III cases we tended at first to forget about the grading once
the exudative changes 1n the retina had disappeared This was a
mustake I have no doubt now that Grade III cases remamn more
vulnerable even when all the clinical mamfestations which dis
tinguish them from Grade II cases have disappeared In the last
18 months we have paid more attention to our Grade III cases and
our annual mortality has fallen to 9 9 per cent as agamst about 30
per cent 1n the KEITH-WAGENER sertes This 1ncludes renal deaths
The mortality among Grade 1I cases has now fallen to 2 § per cent
per annum, as agamst about 7 per cent per annum 1n the series of
KEeITH and WAGENER

We consider that the results obtained provide a check on the
efficiency of the methods used Congestive heart fatlure and cardiac
asthma 1n severe hypertension are largely an expresston of cardiac
overload Therefore a majonty of cases should clear up on blood
pressure reduction alone Qur experience 1s that on an adequate
regime between two thirds and three quarters of a collection of
cases of heart failure and cardiac asthma should clear without the
use of ancillary measures such as digitahs mercurtal diuretcs, salt
restriction or prolonged bed rest The degree of clintcal improve
ment which occurs without using other measures 1s a gwide to the
efficiency of the hypotensive regime If the patient or the doctor
gets careless with the regime the recurrence of breathlessness 1s an
mmportant remmder Furthermore 1f pneumonia or some severe
infection causes recurrence of the congestive heart failure then
digitalis mercunial diuretics and salt restriction are all available as
reserves

In the retina all exudative changes—papilloedema retinal oedema
hard and soft exudate and haemorrhages should either clear up or
be very greatly dummished If more than an occastonal case fails to
improve constderably we feel that thus represents an mnadequacy of
the regime used We think ourresults representan improvement.n the
outlook of the Grade IT T and IV cases we have treated We haveat



PRCIZLES AND DETAILS OF HYPOTERSIVE Tueesry 3K

remember that manor or occastonally major adjustments of dosage
Tevels may be needed even afier drug toleration 15 complete )
We have found that adjustments n dosage have been greatly
assisted especially now that there 15 a vanety of drugs by staung
for each panghon blocking drugan nstal dose and also an increment
by whuch the dose may be varied. For example out intial oyal dose
of U 1520 mg and our 1susually 20 mg occasion
ally 10 g With mecamylamine we use an 1ual dose of § mgand
an increment of 1 mg We give our patients mstructions to ralse the
dose periodically by one increment at a tuwe until there s a Itle
fantness in the standing posture In the case of excessive action we
ask them to reduce the dose by one increment at 3 time Ve find
that if the dase 15 approvimately one increment below the dose whuch
produces a little fatntuess wn the upright pasture (hen 1 most cases
the blood pressure dunng the trough of the blood pressure fail has
dipped down 10 2 pear normal level We have used this method of

controfling doses with five different ganghon blocking drugs alone
and m comb with ifia al

1t seems 1o be applic
able g a number of drugs We check on our results by ali-day tests
conducted by techmtians The extent to which these have been used
1 our clime may be gauged by the fact that in the course of the last
s1x years we have camed out over 16 000 all-day tests

Our standard treatment at the present iime for severe cases 1s the
combigation of a rauwolfia alkalond with a gangbon blocking agent
The big adsantage of the combmation is that the dose of the panguon
Ylocker 1 decreased to two thirds or sometimes to a half of the
ofignat dose wath consequent reduction 1n side effects We have
used pure. {fia alkalowds 1n doses not dingQ Smg reserpne
20 75 mg of rescianamine or 1 mg of canescine per day On these
doses we have had very little mental depression but this was a
serious side effect when we were using larger doses

nesane and rescimnarome are less likely to produce mental

depression than reserpine In freedom from side effects canescine
bas been very satisfactory

The drugs Ecolid and mecamylamine are of considerable interest
1 that they are mote active sub than pentol M
mecamylaming appears 1o be completely absorbed from the alt

mentary canal 1t may be anticipated that ileus
secondary amine will be less danp o e

gerous than aleus induced by ora)
m::homum compounds Some of our patients who were una{)lc !an
W h= masohmum efiecuvely by mouth managed quite well with
either Ecolid or mecamylamine On ihe other hand both these
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mereased by the vertical posture, loss of blood volume or of extra
cellular fluid by venesection (300 ml ) purgation mercunal duurests
and salt deprivation Also the action 15 1ncreased during the splanch
nie dilatation which follows meals during the hyperaemia of muscles
after exercise with venous congestion of the legs after large doses
of alcohol during application of negative pressure to the body
surface after rauwolfia alkaloids after a major injury or surgical
operation after fever and after the admmustration of pyrogens

The action of ganglion blocking drugs 1s decreased by nfusions
of bleod or dextran solutions by rawing the blood pressure with
myections of noradrenaline angiotonin, or S methyl 1sothiourea
and by the application of positive pressure to the esternal body
surface

Almost all these actions can be explamed i terms of the eflects on
sympathetic activity which they mduce When homeostasis requires
an increase 1n sympathetic nervous activity the hypotensive action of
ganghome blockade 1s 1ncreased When sympathetic nervous
activity 15 decreased there 15 a corresponding decrease 1n the hypo
tensive action of ganglion blocking drugs

Knowledge of these actions enables appropnate adjustments of a
régime to be made with improved control over the blood pressure
level and decreased side effects

The Use of Posture

I think everyone agrees that when ganglion blocking agents arc
used 1t 15 necessary to take advantage of the standing or sitting
posture 1n order to enhance the blood pressure falls We insist on
our patients sitting propped up at mght or faling this to raise the
head of the bed on blocks 1 ft 4 1 high In the more severe cases
very large doses of ganghon blocking, drugs may fail to reduce the
blood pressure adequately if the patient lies flat

Meticlous adjustment of dose levels is required so as to reduce the
blood pressure to about 120/80 in the trough of the blood pressure
falt W ith this 15 hinked the-allowances to be made for the derelopment
of drug toleration

We have found that the dose of pentolinium by mouth requires
to be adjusted to an accuracy of 10 or 20 mg Many patients who
are on a good regime can appreciate the diflerence between the
addition or subtraction of these amounts even when their oral dose
1s between 100 and 200 mg

The occurrence of drug toleratton and the need to raise doses in
order to kecp pace with this, 1s well known It 1s also important to
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that good tesults cannot blc :;’chmcd by adopuing a serics of com
with the principal objective

m?g)“flc'}s\cr:l are fcpw pngcn(s who need suffer much dnscnlml'no‘ll‘: ::
order 1o get 3 good reduction 1n the blood pressure {eve! .
obtawn good blood pressure falls with few side effects regu § iyo
may require many chnical tnals and modifications of the rcgm\l 5
suit the indvidual 1 think this needs the support of a speciahize:
chme withtechnical help andarrangements foradequate tnstruction
supervision and follow up of patients

GENERAL DISCUSSION

PRoFEssoR Witsod  When ganglion blocking agents are pressed
how long does 1t take before the side effects diminsh and blood
pressures can be approvimated to the narmal level? My expericnce
which has been imuted to severe cases of hypertension has been
that there may be great difficulty 1n pushung the blood pressurc
m malienant hypertension to near normal Also does the lowerning

of blood pressure to the 140 level correspond to the actual trough
level or1s 1t a mean value?

PROF Swirn My mim would be to produce such levels as 140 or
120 m the trough of the blood pressure fall with the patient standing
1t does seem that in malignant hypertension one has much more
trouble with side effects than in most Grade 111 and certawnly more
thanin Grade 11 cases with congestive heart farture or other severe
mamfestanions and [ would say that this applies patticularly to the
alimentary side effects Tam sure that in the carly stages one must not
press 100 hard so that the side effects bring a pauent to the point
where he wants to abandon treatment However many of these
patients became much more comfortable in the course of perhaps
s‘::“(;l"“mh\ lmonlhs ‘\Vrc hf;wc had several malignant hypertension
s on treatment for
o dreatmen | our 1o six years and most of them are
am quite confident that 1n many patients 1 the ¢ c
there 15 a deerease 1n mrasympa\hcl:cpsldc effects cv:: ltl)r; ll?er sl::lce
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drugs nduce sensations of vague malasse more frequently than
pentol Mecamy} 1§ & more froubl drug to handle
and in the early stages of treatment, parasympathetic side effects
are often more promment Both drugs can also be combined effect
wely with rauwolfia alkaloids

The bload pressure 1s much less variable when a rauwolfia alkalod
is combined with the ganghon blockiog agent In the past we found
routine casual blood pressures at our oulpatient clime were very
unsatisfactory for controliing, the dose of ganghon blocking drugs
when these were grven alone but we have found casual blood
pressures become quite useful when this combined form of therapy
15 employed

There appear to be mdividual dsfferences between one drug and
another 1 the sense that one patient may be definstely more
comfortable on mecamylamune than on pentolmum and another
patient more comfortable on pentohmum than on mecamylamine
The same apphes to reserpine, rescinnamine, and canescine I think
there 15 scope for the use of several drugs and for making careful
comparsons to see which smts an indnvdual best

SUMMARY

{1) I think the object should be first to reduce the blood pressure
and second to decrease side effects but swithout mtetfering with the
blood-pressure rductton We fall short of our ideal but I think thst
every effort should be made to fulfil this objective

(2} 1 am unable to estabhsh the validity of all the measures used
mn our cliic—the permutatsons and combinations would be too
numerous—but they have 1 common the aim of returning the blood
pressure to as near normal as we can get it We have very convinciog
evidence that our results 1n the fast six years have umproved con
siderably as we have made an approach towards this objectine

(3) If we compare the mortality 1n our patents who were bemng
treated by hexamethonsum with the mortality on our present regime
we find there has been a reduction from 26 to 9 9 per cent per annum
1n Grade HI vases and from 12 to 2 & per cent per annum 1 Grade
1 cases The results in Grade 111 and §1 represent m all 701 e years
of expepsence with the treatments Dr VEaLe finds that the difference
1n mortalty i Grades 111 and 1 »» ssgnificant at the tevels of 1 1n 100
and 1 1 50 respectively

{4) To be content with symptomatic relief 1 a disservice 1o the
patients, who in severe cases are likely to dse from a stroke We think
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that good yesults eanfiot be el\)chlc\cd by adopting a series of com
rincipal objective

p{z;‘ﬁ:\:d;r‘ehef& pagmts who need suffer much discomfort 1n
order to get a good reduction In the blood pressure fevel But to
obtain good blood pressure falls with few side effects vegularly
may Tequire MARY chimeal trials and modifications of the regime to
qunt the indrvdual 1 thank, thys needs the support of 2 specralized
chmie withfechmcalhelp andar d

supervision and follow up of patients

foradeq uction

GENERAL DISCUSSION

PROFSSOR WILSON When ganzhon blockiag agents are pressed
how long docs 1t take before the side effects dununish and blood
pressures can be approumated to the normal level? My etpertence
which has been himtted to severe cases of hypertension has been
that there may be great difficulty . pushing the blood pressure
1 mahignant hypertension to near normal Also does the lowerning

of blood pressure 1o the 140 level correspond to the actual trough
level or 151t 2 mean value?

PROF Swikk My aim would be to produce such Jevels as 140 or
120mth trough of the blood pressure fall with the patient standing
Tt does seem that in malignant hypertension one has much mors
trouble with side effects than m most Grade HI and certainly more
thansn Grade 11 cases with congestive heart fanlure or other severc
mamfestations and Lwould say that this applies particularly to the
alimentary side effects § am sure that in the early stages one must not
Prﬁs too hard 50 that the side effects bring a pauent to the pownt
where he wants to abandon treatment However many of these
E‘:'\‘hems b‘:comc much more comfortable 1n the course of perhaps
p.ch:\ l‘s‘gu :: 3\:‘:\\“ er have had several malignant hypertension
iy comforl:b Ks:r::wm four to six years and most of them are

T
nmin:s qu(llls rc:nﬁdent that s many patients 1 the course of time
@ decrease in parasympathetic side effects even on the same
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ganghion blocking agent This 15 not mvanable, and the reverse can
happen One must also remember that there are several different
Rauwolfia alkaloids and several effective ginghon blocking agents to
choose from and a change from onc to another may lead to a
diminution 1n side effects

Dr Byron EvAns (Cardifl) Professor McMichael described a
dramatic reduction 1n heart size as observed radiologically after
treatment Ths picture is so unfamiliar to me that I would Iike to ask
hum what changes—if he had been able to have an autopsy before
treatment and one after treatment—he would expect to find?

Pror McMicraeL 1 do not think hypertrophy regresses very
rapidly but dilatation does The hearts would probably have been
almost of equal weights but I think the capacity would be reduced
Hypertrophy disappears very slowly The electrocardiographic signs
of left ventncular hypertrophy reman although the heart size may
have come down

Dr W BRIGDEN (London) Have Professor McMichael or
Professor Smicth met cardiac infarction or severe coronary in
sufficiency occurring at the trough of hypotension ? Do the speakers
consider that hypotenston in general has any mfluence on the genesis
of thrombosts 1n the coronary arteries or cardiac infarction and
particular 1n the acute hypotension caused by therapy?

PrOF McMichaEL In patients who have had angina, gross blood
pressurc reduction can induce further angina and 1n two patients
out of a total of about a hundred that we have had under treatment
frank winfarction has developed while the blood pressure was excess
wely lowv We have learnt from that experience to balance the
pressure reduction at such a level that symptoms of that sort will
not be mduced but these arteriosclerstic complications present a

very considerable problem

ProF SMIRk My experience is very similar In general if the blood
pressure 15 reduced with discretion | do not think there 15 much risk
of infarction angmna s not infrequent and that 1s an indication to
moderate the blood pressure reduction In a total of 460 patients we
have had one patient who developed a definite coronary nsufliciency
as a result of excesstve bload pressure reduction 1t was not fatal and
electrocardiographic signs regressed I think the great safeguard 1s to
control the blood pressure reduction by measurements made n the
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sture, because then 1f the patient knows to Tie down the
;ll:zﬁjggmc csn always be rased promptiy to a gher level We
do not pet womed about angiaal attacks we tell the patient to he

own 1f an attack occurs

¢ This problem 15 related to the question of whether cercbral
thrombosts oceurs when the blood pressure 15 low Our experience
f1as been that cerebral thrombosis 15 a rare complication of blood
pressure veduction provided hypotepsion 1 not induced under
condshons which make » difficult for the patient to get the blood
pressure up agam In other words hypotension 1n the standing
or siting po ture 1s not dapgerous 1f th patient knows when to ke
down We now of one cerebral thrombosss n our series that
developed as a result of excessive hypotension

Dr Lawsow McDonarp (London) Because of potential com
plicattons due to vascudar disease in this form of therapy some two
years aga 1t seemed reasonable 1n hypertensive patients with angima
or a past hotory of thrombows 1o place them on anti-coagulant
therapy before commencing hypotensive therapy 1n order to mitigate
th= effect of sudden falls m blood pressure We have done thus
possibly with benefit and I would Like to know 1f otners have any

of this i of hyp therapy

Dr A R Girenrist (Edinburgh) There are three ports 1 would
brke to rarse 1 regard 1o treatment The first of these 1s 1n relation to
acute Jeft Farture n the p Tmal hypertension
Tradonally these patients acutely distressed and dyspnoeic are
treated with sedatives morplua and digitals and so on 1 would
like to ask Professor Smurk what his experience has been when those
patients ate treated with pentphmum only Does he feel yustfied 1n
limuting the entirely to it ? Having
done so successfully does Professor Smirk then continue with hypo
tenswvs drugs or does he then revert to digitalis 1n the hope of
prg;;nung fu;lher attacks?

¢ second point 15 m regard to the response wl
with oahignant Wypestension who has a x::.;mm 1‘\‘1:;‘::\ eo‘f”r‘;;:‘l
damage will make 1 am sure that all of us who have used pento
Timum n mahignant hvpertension ace tremendous'y gratified with
\l]\: amazing response whieh the majonty of these patients make
¥ \:c(hl:;r:g:: : ‘gr;\:{)‘ c“\: 1\;::]:!1 the tenizl imparment has advanced to
urea ss a hittle o
Tunction 15 failing Schroeder and hys ¢o \\“o:t)\(e:ggh:if;:sg ;;er:::
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claims for the t n of hydralazine with a ganghion blocking
drug and my own experence has been that using hdralazine
ton with p } takes some of these mahgnant cases

over the hurdle, so to speah, the hydralazine 15 then stopped and
pentohntum continued T would like fo know »f 31 15 the expenence of
others that there 1s a barderland group with a rassed blood urea i
which hydralazine 15 a justifiable combinatson with pentohnium

Thirdly, when the patient 1s frankly uraemic does it not sppear that
giving pentohmiom mikes a bad situation worse? Docs not a
reduction of pressure aggravate the situation very considerably? It
appears that the therapeutsc response 1 mahgnant hypertension 1s
fargely deterrined by the degree of renal damage Expenence with
pentohmnum suggests that early renal damage 15 reversible thereisa
further stage just on the borderland where pentolmium combmed with
hydralazine may be occasionally helpful and there 15 a final stage
where a reduction of blood pressure aggravates the situatton
agnificantly

Prof Satire. I beheve that the treatment of the acute attack of
cardiac asthma when the patient comes m with gross breathlessness
18 one of the most dramatic demonstrations of the effect of this type
of therapy By mtravenous mpection of a ganglion blocking agent
m fractional doses—thss 15 just the one situation where we prefer
i h 10 p 1 because of its shorter duration of
action—the acute decrease of the cardiac overload may reheve
breathlessness wathan 2 matter of one and a half minutes without any
other measures whatsoever We always try these drugs first alom
and 1 cardae asthma it 1 seldom that any other meisure such as
sedaton or digntalis 15 required If we cannot get a result withm
fifteen or twenty rmnutes we would use other measures but usually
the attack 15 over within five minutes or less

In hypertensive congestive heart faslure 1t 1< also our practice not
to use dintahs mersalvl or a salt free regime unless we get an
wmadequate mprovement on the ganghon blocking agents alone
because theseby we discover whether the hypotensive repime 15
adequate or not The object s to reduce the cardiac averload andwe
prefer to see the effect of this before usmg other measures

Renal cases of mahignant hypertension constitute one of the most
awkward of 111 problems 1 thik mny of us feel we are not helpug
significantly with the treatment of renal disease thouph we may
setard detenoration  But we can treat the hypertension which
accompanes renal disease If the blood urea 1< ratsed as & result of
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heart failute ocournag concurrently then I believe by lmpro:‘ ng l:;
arculation something can be gained 1 agree that some &(anc
renal cases are made werse by teeatment but 1 believe they deserve
tnal therapy wath repeated esimations of the non protemn nitrogen
1n the blood If additional nitrogen retention 18 OCRUITINE DI TSt
aflow the blood pressure ta returm to a tugher level

1 have had Nttle pracucal experience with hydralazme which 18
generally beleved—T think on good evidence—10 1NCrease 1he tenal
crcntation 1have been prejudiced agawnst it because we had so many
«ide effects 1n the early stages and made our patients uncomfortable

PRoF McMicmARL 1 agree with Professor Smuk T found that
patients asked to £0 back on heamethonium when they were put on
ydral P by 15 very table and if hydra
{fazime was worse than that 1t must have been really bad Dr Hood

who has much expettence with this drug perhaps has another
opmion

Dz Hoop We have tned 1t m about four hundred cases to
gether with other agents We have used a combined regime i about
five hundred cases altogether and about four hundred are under
continuons treatment 1 entirely agree with Professor McMichael
that hydralazine used as a single agent 1s exceptionally unpleasant
and 15 of no vatue whatsoever But with the combined repme we can
achieve 2 hittle more blood pressure reduction 1n the severe and
malignant cases than by using only rauwolfiz and a ganglionic
blocker In 2 severe renal case with 2 marked rise 1n non proten
nitrogen we would give a small dose of reserpme start with very
small closely-spaced doses of puntolimum and then very rapidly
merease the hydratazime 3t 13 sm thas type of case and only ia this
type that we go up fo enormous levels of hydralazine and 1t 1s 2
striking fact that thus partcular type of case will easify tolerate doses
up ta 800 900 or 1000 malligrams dasly In a case wih advanced
renal nsufficiency we usually get duriag the first weeks a further
inerease in NON protein nitrogen and i serum creatinine we adjust
the blood pressure reduction carefully according 10 the results of the
laboratory tests We have perhaps been able to reverse two or theee
cases with renal function shghtly more impaired than those described

by Sokolow and Schottstaedt but we hay
complete reversal of the e o hle to by

m renal fusction i cases which have ha
as low as to be

E

and an 1mp, s
an tttial renal imsufficiency
p by an end cleara
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HYPOTENSIVE DRUGS
CLINICAL EVALUATION UNDER
CONTROLLED CONDITIONS

GEORGE A PERERA

Tie artenal Blood pressuse 15 urigue s the number of vanable
factors which can 1nfluence 1ts quanttauve determination Among
these factors are the posion and relaxation of the subject Tus state
of mind 20 the cwcumference of tus upper arm ot to mention
fhe mood and countenance of the examner Its noteworthy that
repeated contacts between physician and patient are apt to exert a
nentralizang effect on extrancous pressor stmuli with the result
1hat Blood pressure values dechine in the early neeks of casual study
more often than they nse Yet with surpnsing unawareness of the
magmtude of these response  many therapists attnbute thewr success
solely to the acuan of an assortment of hypatensive drugs

Since § find 1t difficult to evalunte the expenence of others Tshall
present only mv own—a strzes of himited observations by a single
investigator 1n a particwlar setting The hypotensive drugs were
studied both i the hospital and clmie The former offered cxcellent
controlied condions The drugs were admmstered singly vather
than 1o combsnation and their action was appraised not only by the
effects apparent dunng their use but also by 1he reversal of these
effects after their withdrawal Obseriatians on ambulatory subects
sere conducted 1n an out potient chink, to which they returned at
weekly intervals

The following drugs will be considered 1 this report the rauwolfia
<iafards which act prmanly on the centsal nervous sysiem the
veratrum afkatords and hydralazine with therr more complex action
dhrteted towards the cardiovasculdar system and the hexamethontum

an ) as ples of drugs which are potent

blockers of synaphic transmission ta autonomic gangha

The rauwalfia alkalowds sn addwion 10 bradycardia and tran
qullzsng effects may pravoke serious mental depression rarcly
postural hypotension and very rarely oedema even ta the pomt of

171
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HYPOTENSIVE DRUGS
CLINICAL EVALUATION UNDER
CONTROLLED CONDITIONS

GEORGE A PERERA

Tue actertal blood pressure 15 umque 1n the number of vanable
factors whick can wfluence its quantitative determination Among
these factors are the posion and relaxation of the subject hus state
of mind and the circumference of Yus upper arm ot {0 menhion
the moud and countenance of the exammer 1t 1s noteworthy that
repeated contacts between physician and patient ate apt to exert 2
neutrahiziag effect on extrantous Pressor smult wath the result
that blood pressure values decline m the early weeks of casual study
mare often than they rs= Yet with surpristng unawareness of 1he
of these resp wwany thevap byte thesr success
solely to the achion of an assortment of hypotensive drugs
Swce | find 1t difficult to evaluste the expenence of others 1 shall
present only my own—a senies of hmited observations by a single
mvestigator 1 & particular seting The bypotenuve drugs were
studsed both 1n the hospital and chime The former offered excellent
controlled conditions The drugs were admiistered singly rather
than 1n combmation and thesr action was appraised nat only by the
effects apparent dunng thexw wse but also by the reversal of these
effects after thesr withdrawal Observations on ambulatory subjects
were conducted 1n an out patient chme to Which they returned at
weekly ntervals

The following drags wili be considersd in thus report the rauw olfiz
atkatods which act primanly on the central nervous system the
veratrum alkaloids and hydralazine wath their more comaplex action
dire ted towacds the cardiovasetstar systemn and the hexamethonysm
campounds and pentohimum as examples of drugs which are potent
Blochers of SYNapuc transmssion 1n dutonomse gangl ..

The raunolfia alkalods s addition to brady acds
i3
quilizng effects may provoke senous m p i

ental depression  Tarel
postural hypotension and very Tarely oedema even to the point o);
w
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congestve fatlure (PERERA, 1955) We have determined recently that
serotontn (§ hydroxytryptamne) may give nise to sodum retention
and the clectrolyte changes foll g rauwolfia ad may
be refated to this activity The many side effects of hydralazme are
well known despite reported calenlations that st mcreases cardiac
output without impatrment of coronary flow or myoscardial nutntion,
sse have been impressed by the apparent number of patients who
developed cardsae pam o1 showed an ncreased frequency of anginal
attacks while recerving the drug The usefulness of the panghonic
blockers 1s lumited somewhat by tol postural hyp
the concomstant effects of parasympathetic blockade the necd for
close observation or self regulition and the development of rebound
phenomena upon withdrawal It 15 now rewsonably clear that the
panghomc blockers lower the blood pressure through a decrease m
cardiac output rather than through modification of pernpheral
reststance They appear to affect a signtficant redistnibution of blood
to the splanchnic bed

The following conditsons were employed n all patients studied 1
the hospital All suby had d d primary (essentsal)
hypertension and were without evidence of cardiac cercbral retinal
or renal involvement In most stinces a baseline pertod of at least
three weeks in the hospital preceded the adnumistration of the
drugs The sodium content of the diet was maintamned at more of
less constant levels and was not restricted Each drug was tested 12
at least 10 patients Casual measurements of blood pressure were
recorded daily and i addition the blood pressure was taken by me
each morning with the subject lymg quietly in bed the lowest
systolic and lowest diastolic of five successtve readings being
recorded Only those pauents whose resting  blood pressures
remamed 1n excess of 140/90 at the end of the baseline penod were
tncluded 1n the study Finally in those mstances 1 which a hypo
tensive response took place so regarded for our present purposes
when the resting  diastolic blood pressure fell 10 or morc mm of
mercury the validity of the observation w1s supported by witnessing
a nse on withdrawing the drug usually by replacing it with a plicebo

EVALUATION IN THE UNCOMPLICATED PHASE OF
PRIMARY HYPERTENSION

The raunoifia 1Ihatords (reserpine 025 mg brd or Raudiun®
50-100 mg b1d)} administered for perods of at least three weeks
1 the hosputal, produced a depressor effect in 4 of 10 patients
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omphicated phaseand

B i e rells T e
gX\?:x: to 30 such patients the raun olfia alkalords appcart% toire;u‘:
1 & lower caseally recorded blood pressure i 17 but in 6 o b‘l 5 3
dowbt may be cast on the depressor action nasmuch as the bloo
pressure farled to nise agawn on suthdrawing the drig for one month
3t should be mentioned 3t ths potnt that all those m whom a
response 10 sauwplfia was obsened ether o the hospital or
ambulatory were ciearly tense hyperkineuc and emationally
fabtle patients wsually wah tachycardia

No seratrum demnative whether given orally or patenteraily
was associated with a dechne 1n the blood pressure of nospwal
patients unts] dosages reached levels wiich gave nise to nausea of
somiting Furthermore only o of 10 patients grven smail doses of
4 veratram vinde preparation on an ambulatory basis shoned a
dramatie fall i artepal ter tich was then d at Jow
levels by & placcho

Hydrala me (begnning with 25 mg t1d by mouth and nereas
ing untsd an effect was produced of until the daly dosage seached
750 mg) modified the blood pressure sn 4 of 12 hospital patients and.
only 10 2 small extent even though therapy was mamiamed for at
least one month In no mnstance m the 5 ambutatory patients tested
with hydralazine e doses reachung SO0 mg per day was there a
significant change i the casual blood pressure

Although the mutial effective dose vaned considerably both
P b k and oral lowered the
secumbent restng  bload pressure n all but one of 20 hospual

patients treated with each drug and reduced the standing blood
pressure of afl

Our expenence concerning the use of these agents muncomplicated
hypertension can be summanzed briefly as follows The raunolfia
alkaloids wn erther crude or punfied form gwe sedanive beneht to
some testless and anuious patients We have scen no benefit from
any vezateum compoynd and no longer do we believe that hydrala
Tme 15 efftctive when used withous other drugs Until more has been
learned of the potency and assoctated reactions of the ganghonie
blockers n would seem wise 1o exclude them from usen an asympto
matic penod of a disease with such a Iong average duration As long
35 We rematn 1gnorant of basic mechamisms and without proaf that
vg:“ h::'e K;I:‘hxbxzcd the advance of disease the use of hypatensive
]\mﬁ C:m ns phase has only expenmental value 2ad lutile therapentse
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EVALUATION IN THE ACCELERATED { MALIGNANT )
PHASE OF PRIMARY HYPERTENSION

A crude rauwolfia preparation (Raudiaa® 100 mg b1d) was
admumstered to 10 hospital patients 1n the accelerated phase for
2-4 wecks without effect on exther the chmcal state ot the blood
pressure (PERERA, 1954) In a larger survey of ambulatory panents
thus drug has been seldom of value i thys stage, exther alone or in
combination with other drugs

In 30 hospital patients mn the accelerated phase—-without con
gestive faure, but with protemuna, some degree of mitrogen
retention and retnopathy with papilloedema-—pentohnim lowered
the blood pressure to normal or near normal This was frequently
assoctated with regression of the eyeground changes, but renal
wsufficiency was not unproved Only a small percentyge of this
group could be mamntamed adequately following discharge from the
hospital More extensive tnals were conducted m patients with
various complications and with earher stages of the accelerated
phase It will suffice to say that our expenence supports the view that
such ganglion blocking agents as pentolmmum lower the blood
pressure relieve symptoms mprove severe retnopathy and help
congestive failure more consistently than can be aclueved by rest
sedation, and routine hospital care However 1n our hands these
drugs fatled to modify azotemia~providing congestive falure was
not contnbuting—beyond the fuctuations one rught sece without
specific treatment In fact at times blood pressure reduction
decreased renal blood flow with adverse effects on the mitrogen
retention Side effects and difficultses of regulation have kept us from
using the gangl blockers {ully 1n other than cooperauve
patients with advanced disease Only rirely have we observed that
hydralazine has produced convincing additive acuon

In the accelerated phase we are dealing in most instances with 2
progressive condstion which leads rapidly to death If attendant
symptoms can be relieved 1f unpleasant mamfestations can be
smproved or if Life can be prolonged 1n a state in which 1t 15 worth
living then strong measures would seem justified

* * * *

There 15 no doubt that hypotensive drugs are useful in the manage
ment of some patients with pnmary hypertension but thetr use calls
for thorough famhanty with the agent 1 question and with the
smdsvidual patient I feel sure T will not be contradicted of 1 sav that
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d
1ve drugs may gove nse 10 symptoraatic mprorement at
’Xf;ﬁfa\ry Sbﬂg\t ofymge spanifestatons and comphcaucmls gi 1";1[:
discase—but these vesults do not take place consistently ! o
fucthermore that anyone can construe the results as being cumhh:
rather than suppresstve What of the effect of therapy on ¥ e
prolongation of hfe? It seems to me that tnsuffictent tume has thps»cd
to pesmit anyoue to make vahd statements about drugs employe
at other stages than the accelerated phase In that phage however
providing repal damage is not advanced the lives of some patients
have surely been fengthened by the ganghome blockers (PERERA
95
! L?ﬂam insestsgators beheve that reduction 1n blaod pressure by
such drugs as pentolinium can alter the evelution of the aceelerated
phase Others declare that the accelerated phase has Deen chiminaied
when tetmopathy and papiiocdema are Present no longes These
attudes discourage mquiry 2nd are meonsistent with all the facts
1t 1s possible that bloed pressure reduction 15 dependent on the
mfuence of these drugs upon the autenomuc nervous system and
that an envirely ifferent mechanst may bewnvolved in 1he beneficrsd
tesufts This point of view can be Hlusteated best by well known facts
P

states To regard st simply

4 In yp

as the product of a marked efevation of diastolic blood pressure
leaves unexpluned the hugher merdence 1n younger males rather than
alder generally temale patients 18 appearance after the blood
pressure has been fowered by other means the rare spontancous
anteliaration without a fallin artenal tension and while renal damage
1s becoming progressively more severe It may not be a justified

plion that reunal pathol p necrotizing

for retinopathy and papilloedema may be fouad wm patients wnth
phatochromecyioma—an the absence of any sign of renal dysTunction
and with no pathologial evidence of th phase We must

avatt further confirmation throvgh senal renal biopsies and other
devices  Althongh

one cannot exclude the passibality that &
achieve their benefit via the h ey prod o

ypotension they produce
‘nypothesis 15 Tar from validated ¢y produce such an

I should like t0 2dd a fina) Word of summa;
ry and prediction
Hypotensne m;lu 5;; have brought us new gad weful means to rehieve
10 help and to grolong lfe

f’rgre are no data as yet to mdicate that drug therapy ?; swciic ot
0 solve the basie problems of pumary hypertension Most imvesu

gators bebieve that an unknown humeral factes 18 sesponsible for
b artenolas constriction of thys drsorder superimposed upon which
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are vanable neurogenic influences If such be the case, drugs wheh
bloch newrogenic centres or peripheral gangha should not prove
curative and their advantages will probably not exceed thase of
sympathectomy
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DISCUSSION PAPERS

TREATMENT OF ESSENTIAL HYPERTENSION
WITH HYPOTENSIVE DRUGS

C BARTORELLI

1 sHOULD Irke to give 2 short account of the results of treatment of
artertal hypertension with some of the more recent anuhypertensive
drugs

All the patients considered were sufferng from essential hyper
tenston they were treated some 1n thetr homes others at hospital
The drugs used were hexamethontum Teserpine and Ecolid given
erther singly or i combination

HEXAMETHONIUM
Starting 1n December 1951 i has been ad d
to 67 patents enturely by the oral route The dose has averaged

0520 g bexamethonum 1on daily (usually 1n the form of the
bitartrate) The duration of treatment was from a few weeks up to
2 years § months

Of these 67 panents 12 bave died
4 of renal farlure 1 of

6 of cerebral haemorrhage
f: and 1 of d

aottic aneurysm In 23 treatment was stopped because of failure of
co operation 8 have been treated with other drugs 10 had to stop

treatment because of side-effects and m 9 the treatment was
meflective

Our results can be summarnized as follows

Excellent 8 (1240
Sausfactory 16 24 4)
Mediocre 17 (25 4)
Unsatisfactory 26 (39 4)

The difficulues of with Iy
are well knows
and 1 have referred to them previously (BARTORELLS 1953) Oll:r

121
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chinical results suggest that there are only very limited ndications
for the oral administration of hexamethontum salts particularly if
prolonged treatment with this drug alone 1s contemplated The great
number of side effects and the impossibility of obtaining consistently
low blood pressure readings throughout the 24 hours make this an
mmpracticable form of treatment, especially outside hosprtal practice

RESERFPINE

From October 1953 50 subjects have been treated with reserpine
The average dose has been [-3 mg daily Of these 50 patents 2
have died from uraemia 5 have received other treatment and
17 treatment has been stopped because of failure of co operation

The results are summarnized as follows

Excelient 12 24%)
Satisfactory 14 (28%)
Mediocre 9 (18%)
Unsatisfactory 15 (30%)

Of all the drugs available for the treatment of hypertension
reserpine 1s certainly one of the easiest to use on account of 1ts low
toxicity In the dosage employed treatment has never had to be
stopped because of side effects When diarrhoea has occurred this
has disappeared on reducing the dose However its hypotensive
actton 1s not very marhed and varies considerably from one case to
another

If the action of reserpine 1s predomnantly on the central nervous
system at the level of the hypothalamus as reported by most
authors we might presume that 1its effect would be most marked 1n
cases where there 1s an important neurogenic component to the
hypertension However as this 15 almost mmpossible to establish
clincally 1n individual cases one can only be guided by the practical
results of treatment

COMBINATION OF RESERPINE AND HEXAMETHONIUM

At the symposium on gangliomic blocking agents held at Milan
1n 1954 I drew attention to the advantages of combiming reserpine
with hexamethomum It was observed that when this combination
of drugs was given by mouth 1t was possible to reduce the effective
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saum thes had the advantaee of avoiding some
i?sl?n: gc\:::::::\‘\)m\ effects stmee on the one hand the dfoscsol' t:z
ganghon blocket 18 smaller and on the other the ncuonho reserpl
on ntestinal moulity counteracts the effect of hexametl omu’r‘n o
Twenty on:pa\xemsr:em\cdreserpme 1-2mgand hem?el oln um
© 5-10gduly Of these 2l 1 has died of renal fadure 10 (r;; rgc
has been Stopped owing to Jack of co operation and m 21t has been
stopped because of fack of any effect

The results are as follows
Excellent 9 (439)
Savsfactory 31440
Mediocre 419
Unsatisfactory 5(23%)

There 15 1o doubt that this combination ot others which ase under
mal will allow the use of ganghion blocking drugs 1 treatment
with a wider margin of safety than has been possible hutherto

ECOLID (SU 2088)

Thus drug Bas been given ntramusenlarly to 14 hypertensives and
oraliy o & A dote of 2 5-5 mg wirsmusentarty produced o {alan
blood psessute 1 every case in the upnght posture but was effectne
m only 2 few while recumbant Charactenstics of the drug are s
long duraton of action (12-14 hours) and a postural effect which 1s
often more macked than with other gaaghan blocking deups Witk
the doses used fainting 1n the upright positran has been observed yp
to six hours after admnsstration of th~ drug A conuiderable fall i
blood pressure may occur on standing even after 24 hours at a ime
when the lying bloed pressure hus xetumned o s normal fevel

With oral admimstranen the usual doses have been 25-100 mg
The longest dutation of treatment has been one month With this
dosage the hyps effect has not been ad inthe b
posttion but the fall of blood pressure which has always occurred
on standing has not been disabling Side effects observed have

snchuded dryoess of the mowh diffictlty 1n accommodation weak
ness and consupation

Our results demonstrase that the acyon of Esohid
1s prolonged
patucutarly as regasds postural hypotension We cannot yet maie a
defimite statement as to s Practcability as a form of treatment
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climical results suggest that there are only very hmited ndwations
for the oral administration of hexamethonmm salts particularly if
prolonged treatment with this drug alone 15 contemplated The great
number of side effects and the impossibility of obtamtng consistently
low blood pressure readings throughout the 24 hours make this an
impracticable form of treatment especially outside hosptal practice

RESERPINE

From QOctober 1953 50 subjects have been treated with reserpine
The verage dose has been 1-3 mg daly Of these 50 patients 2
have died from uraemna, 5 have received other treatment and tn
17 treatment has been stopped because of faslure of co operation

The results are summarrzed as follows

Excellent 12 24%)
Satisfactory 14 (28%)
Mediocre 9 (18%;)
Unsatsfactory 15 (30%,)

Of all the drugs available for the treatment of hypertension
reserpne 1s certamnly one of the easiest to use on account of its fow
toxicity In the dosage employed treatment has never had to be
stopped because of side effects When diarrhoea has occurred this
has disappeared on reducing the dose However uts hypotensne
action 1s not very marked and vares considerably from one case to
another

If the action of reserpime 1s predomminantly on the central nervous
system at the Ievel of the hypothalamus as reported by most
authors we might presume that its effect would be most marked 1
cases where there 1s an important neurogeme component to the
hypertenston However as this 15 almost impossible to establish
clinteally 1n individual c1ses one can only be gurded by the practical
results of treatment

COMBINATION OF RESERPINE AND HEXAMETHONIUM

At the symposium on ganghome bloching agents held at Milan
tn 1954, I drew attention to the advantages of combming reserpine
with hevamethomum It was observed that when this combination
of drugs was gisen by mouth 1t was possible 1o reduce the effective
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THE ACTION OF ECOLID ON VASOMQTOR TONE IN
THE LIMBS

Our attention was partcntarly attracted by the marked poﬂ‘ural
fall 10 blood pressure m hypertensives treated with the gang! 10‘1:
Blocking drug Ecelid In cortamn subjects and with certamn doscsdl c
hypotensive action of the drug was only manfest 1n the standing
position while in other cases thus action was so drashe 3s to make
treatment ympracticable

With the 2im of analysig the mechamsm of this well marked
postural effect the changes oceumnng im vaseular resistance 10 the
Iimbs have been calculated, 1 8 patients recewing 2 5-5 mg Ecolid
by mtramuscular myection from the vanations n blood flow
observed 1 the funbs by reans of & modification of the plethysmo
graphic method of Goerz In order to convert the observed value
for the blood flow mto the absolute value a correction must be
applied at the same ume 1t 1s necessary to know the exact volume
of the dizst wader observation, a measgrement which 15 never very
accurate If however differences in blood flow are considered only
1 relation to the bl fevel there 15 no need to mtroduce this
correcting factor {(wh ch Gorrz and other authors make equal to 3)
Tt s possible to caleulate with sufficient accusacy the slope of the
curve starting at the time of yenous occluston and for the duravon
of one pilse beat {Fig 1) The blood fow 15 then proportional to the
tangent of the angle of slope of this curve If the value of thus

tangent 1n basal conditions 15 made equal to 100 1t 1s easy to
caloulate the

in thy and hence
n blood flow

The changes 18 vascular resistance 1n the toes and 10 the distal
phalanges of the ndex fingars wese calonfated from the alteration
trarm blood pressure as compared to the resting level and from the
aiterauon in blood flow 1n the regions under consideration I these
vanables a3 measured under resting condittons are gwen the value
100 then any change 1 one or other varrable will alter the ratio
l;c:.\\:m them This 1abe which hus the value 1 upder basal con
1lions 15 an expression i arbitrary units of the state of the
resistance 1n the limbs & ¢ vaselas
Since finctuations 1n the mean arte;
ual pressure are thought 1o be
;r.msmmed similarly to different parts of the body at lca’it m the
&r‘;s:; gﬂm;s s\\t\; 25 the bractual or femoral any differences m
ow observed must necessart:
o nly reflect alterations in the vaseular
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After admmsstration of Ecolid the Axﬂéxmce bt:::{\ c:{hc( ;;‘sul\:k::
the W and lower fumbs 15 S0
:bs\gxz:s:i\-:;\o\xl r:sl?:m the ca\c\giu\m‘;s \%?;?f? :(t_m‘;: Eli;&lsmi
an be seen that after Ecolt
:\:s ?m:;\ :norc steeply whereas that of finger volume 1 unchanged
ot 15 even flatter

i
2|

300 e Ugper timb
200 b = Lower hrb
\,
\\
100
a =
4
g s
g T
H \
4
5 2 -
3
kS Ay
H © \
14
" t t 1 ——} X -3 N
- S At s R DO R
QP i St e S &
vt vt et 11

.
i !
. % 1‘
T 105 00 5 SO 8 8O 75 VO 65 60 55
7 fal v mean By after mjection of Srmg Econdg

U DR 2o
ARy
LA

Fig 3 Decrease i blood flow to hmbs plotied azaimst fail 1n blood pressure
produced by Ecolid i hyperten we patients For descreption see texy

Qur sesults are summanzed 1a Fig 3 1n whick the vhange in
vascular resistance as a percentage of the restng value 1s plotted
agamst the fall in mean blood pressuce also expressed asa percentage
of the mitial leve! In this diagram the observations have been
grouped accordig to vanatians of 10 per cent in the blood pressure
1t 15 clear that the decrease 1n vascular resistance 1 much greater
w the \ower himbs than 1 the wpper 1 those cases where the blood
pressure measured an the recumbent posttron at different times after
satramuscular injection of Ecobid bad not varied sigmificantly from
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FIVE AND A HALF YEARS EXPERIENCE OF
COMBINATIONS OF HYPOTENSIVE DRUGS
MAIN PRESENT DIFFICULTIES

B HOOD

int programme from two medical departments we have tered
{ﬂeanjmc: gypitxensx\: agents during the last S} years 1n mote than
500 cases of kypertensive disease Our general mim has been to reach
the best possible reduction of blood pressure with 4 minimum of
side effects using any comubsnation of drugs and way of adminsstra
tion Thus we have not been engaged 1n a climcopharmacalogical
study of a ungle agent at a time On the whole we have made an
approachintermediate bevw cen those of § NRK {195 and SCHROEDER
{1954) althonph a hutle closer 10 the Jatter After the start m 1950
with otal hexametbonsum as the syngle agent we have successively
added bydralazme raunolfia and veratrum to 2 flexble system
adapted not only to the seventy butalso to the degree of cooperation
possible 1n the dual case The tmp: m the bl
of treatment has been stnking and the chuef problem has gradully
switched from formdable side effects to how to find the level of
BY that mght be safe in the presence of advanced vascular disease
Some years ago we tried to make 2 retrospectve survey of our
tesults {rom the medical department whece oue study stasted Frg 1
shows that about 20 per cent of the patients were admitted 1n thee
termnal complication and dred usally in a few days One third was
considered to have too advanced vaseular disease {massive cerehro
vascular lesion advanced general cerebral deterioration fresh
myoctardiatinfarction marked nsen N P N ) for treatment We were
able ta try the newer bypotensive agents only 1 about 20 per cent
of the total pepulation wades 65 years About 11 per cent of this
Ppopulation remained under contimuous treatment at the end of the

three year penod These were all improved but the figures were on
the whole disappoiating As 1s seen 1n Fig 2the

preture has dunn
1954 and 1955 1mproved radically We have extended the attempts o%’
active trtatment both 10 the groups of too advanced and too
fuld bypertension Also 2 good number of the cases from the frst

n3s
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1ts imitial value When the fall in blood pressure 1 more marked, the
vascular resistance 1n both regions studied decreases sumilarly and
may reach a value of less than one tenth of the ongmal resistance
Thus considerable reduction 1n vascular resistance 1n the imbs and
the fact that 1t takes place principally in the lower limbs, may provide
at least a partial explanation of the marked postural effect of Eeolid

GENERAL CONSIDERATIONS

It will have been noted that a considerable number of our patients
have stopped treatment on rccount of fatlure to co operate and this
has been independent of whether treatment has been easy to
control or has been effective This 1s a very 1mportant problem It
15 difficult to get useful results without close co operation between
patient and doctor particularly in the early stages of treatment when
the dosnge has to be adjusted to the individual case The hypertensive
must be persuaded to regard us hypotensive treatment 1n the same
hLight as the diabetic hus msulin Too often the hypertensive patient
has a dangerous sense of well bemg when Ius pressure 1s high while
when the pressure 15 lowered by treatment his capacity for work 18
mpatred For this reason the degree of lowening of the blood pressute
achieved by hypotensive drugs 1s not necessanly the best criterion
of the efficiency of treatment In fact we do not attempt to reduce 2
grossly elevated pressure to physiological levels as 1s done by some
workers, 1f this 1s done, an 1ndividual whose circulation has been
accustomed to an elevated pressure over a long period of time may
have difficulty 1n adapting himself to a level of arterial pressure which
although phystological 1s much lower than that which had ensured
an adequate blood supply to vital organs hitherto The aim of treat
ment should 1n our opinton, be to avoid any sudden nises n pressure
such as commonly occur 1n hypertensive patients and may have
serious consequences This can be done 1f the blood pressure s
maintamed so far as 1s possible at the basal level—that 1s to say
the level observed 1n the patient at rest and after several days in bed
a level which we establish for each individual patient It s neverthe
less possible 1n some younger patients with hypertension of recent
onset and 1n the bemgn phase to achieve levels of pressure that are
near the normal

(Pro

I gave his n French)
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d

enod of 1nvestigatian The hypoteassve agents have been ines
24 cases We have somenhat arbitranly dwaded these 10to tho
groups one adequately and the other madequately treated To the

Essertal Wypertenson

Trestment with the Hewer Hypotensive Agents

woftotal | % ofmaternl below the age
materwal ] of §Syenrs

1955

~
Reascn why
ot treated

Above 65 years
Below 65 yeors

il
i
i

Dead soon gfter
adrrvtrance
Advanced

vascular

disease

Vapious causes
specific ugents tried

Under continuous treatment Nw:“]‘gg%

E Coses admitted O 10S0-0cL 1953 {total number S03)

Oct 1953-0ct 1954 {
==} Oct 1954-Oct 1955 { g;%%
Fig2

madequitely treated group we have referred cases where the teeal
ment was gven up at least one maonth before death (mataly our ow
%arly ¢ases treated with oral hexamethonium) and those which hav

cen treated 1n the three medical departments outside owr own are

of actwity ard thus have
bl o Ano(‘ been handled accotding to W

1 a 2
parenteral hexamethonm " fier the

1
The pati nts considered to have had the best treatment obtamat
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three year period, where treatment had been abandoned due to side
effects have been brought under control These cases do not appear

mFig 2
We have thought that the time 1s not yet ripe for a definue analyss
of the results 1n benign hypertension In this group of more than
375 N3%

ABOVE &3 YEARS —

 IN—
s18_s85%

BELOW b3 YEARS

NOT TREATED WITH SPECIFIC AGENTS

DEAD SOON AFTER ADMITTANCE "] 100=19/
ADVANCED VASCULAR DIsEAst [ ———————3 i3 R%

CANDIAC = n/
CEREBRAL T

AENAL — 30/

VARIOUS CAUSES | s ————— T RN LR
100 HILD 90/

NEURASTHENIA ETHYLSM £1C C== 24/

QTHEA SERIOUS DIAGNOSES == 24/

BONDER ACE e 3/

NO CONTRAINDICATION FOUND O 6/

TREATED WITH SPECIHC AGENTS

SPECIFIC AGENTS FRIED AR -1/

TREATMENT DISCONTINUED
DURING HOSPITAL STAY = a3/
TREATMENT DISCONTINUED oty 40/
AFTER HOSPITAL $Tay

UNDER CONTINUOUS TREATMINT w60 = (4 /
NOV 1Y 1953
Fig 1

400 patients we have had 6 deaths two of which werc unrelated to
the hypertensive disease

Six months ago we made a survey of our results in Grades IV and
III Fig 3 shows the findings mn cases with papillocdema For
purposes of companson we collected matenial from 5 Swedish medical
departments between the years 1945-1954 The total comprises 178
cases Of the 87 cases treated with older methods only 3 were alive
and of them two were 1n a very bad condition at the end of the
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as follows We start with a single dose of reserpine (0 § mg or less)
a day Then pentolinium s started 11 5 oral doses a day (parenteral
pentolimum 1s reserved for cases with renalnsufficiency encephalo
pathy or those developing severe or on oral
d The dosage s d until side effects occur and
these are thoroughly discussed with the patient A small cut

TR grede Hypertenslon-First Medical
Department Sahigrens Hospital
Gothenburg

m Qbserved survivals

P cumuicted deaths

[ surviving sept 1955

40]
30

20] /

Number of cases

dosage 15 made and then hydry) 15 duced and ad
10 300-500 mg per day (gn)y 10 very exceptional instances have we
e e 500 g hydratazine per day

have been

dorc 2 mixed pill has 1n 5

Tugs two pills being given

Y Table U summarizes the re:

m ad:quauly treated cases of Grades IV axnii“;tl; and ansesof death
The two deaths d 23 due to b

Infatction—o

ocurred m bed dial
:1;:: fived longer and more ‘:l;rmg sleep Both are considered to

mfortable Liveg
2 th~y would have done without O the olhe:‘ llxl:nc‘lh\::;lca:/‘em htan(;

9
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at the time have been referred to the adequately treated group To
begin with some of the early cases were given parenteral hexa
methomum but have later been transferred to a combimed regimen
Among the patients n this group are 5 with advanced cerebral

Mabgnant Hypertension — Five Swedish Medical Departments 1045-1055

30
20

Sympathectomized 1945+1055
B3 observed survivals :
W Cumuigted deaths

T surviving sept 1955
months

Not treated with newer

Hypotensive Agents 1945 ~1955 Inadequately treated with newer

Hypotensive Agents 1050-1055

50
0N Y2338 months

Adequately treated with Hypotensive
Agents 1050 1055

Number of cases

Fig 3

deterioration 6 with nonprotein nitrogen between 50 and 90 mg
per cent and 2 with advanced congestive failure

Fig 4 shows the survival in hypertension Grade III For rather
obvious reasons matenal collected for companson from several
departments might be very misleading 1n thus group and we have
therefore only given the data on the patients treated with the newer
hypotensive agents

In Grades IV and III as well as 1n the most severe of the benign
variety the progtamme of treatment has gradually been worked out
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nonuraemc malignant hypcx(e{:smn than 1:1 the big group of severe
ngstanding cases of the benign vanety

mev?hie n:veg} been able to accomphish a complete reversal of
the malignant syndrome 1n the presence of reduced renal function
when the endogenous creattine clearance 15 below 30 hitres per
24 hours which would correspond to a filtration of about 20 ml
per miute It has however been fanly easy to normalze a raised
NPN (hughest figure 89 mg per cent) particularly where factors
as vomiting and dehyds due to halopath;
farlure or b of chronic p
to play a role

Our mam difficulues at the present time may be summanzed as
follows

phritis Tught be assumed

No of elab methods ding ECG during
graduated and increased work load vector electrocardiography
and cholesterol determinations seem to give us accurate enough
sformation about the state of the coronary vessels to know what
to expect when the blood pressure 1s reduced particularly 1n the
elderly A detailed chinicat hustory and a very cautious system of trial
and error seems to be the best way when the problem 1s 1o reduce the
blood pressure 1n hypertensives with angina pectans as the dominant
symptom

A few of the patients 1n Grades IV and 111 are still referred to us so
fate that their renal function 1s at or below the cnitical level It
shonld be possible to 1mprove on the early diagnosis of retinopathy
and renal msufficiency Blood NP N determination 15 too
insensitive Serum creatimne 1s better

There 1s the forever present question—when and with what should
the early or the moderate case be treated”
As for Jate toxicity I enly want to mention the fact that m about
100 patients treated with hydralazine we have only seen the fully
ped [upus eryih like d once a butterfly
cxanthema once some ten cases with mild articular symploms two
cases with moderate thrombocytopenia and 1n the early days two
cases of reactnation of chroaie polyasthrits lasting for several
months Qnly very seldom have we used doses above 400 mg a day

REFERENCES
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three deaths similar to those Smirs. has described m faly well
controlled patients where a lapse in treatment led to 3 sharp blood
pressure nse and a cerebral catastrophe

Since this series was completed § further cases with papriloe
dema have come under my personal control In the whole sefies
of 31, 21 patents are either stnctly normotensie or only on
1solated occasions exhibit diastolic pressures as high as 10 mm

Table }
Hjypertension Grades 1V and 111, adeguatel treated
Living v Hl
Fult work 16 21
Able to work 4 10
Unable to work 3 i
Complete reversal eyegrounds 18 27
Al Tmproved renal funct nd
treatment 6 -
‘Total Number of patients j 23 32
Dead [v
Encephalomalacia -
Cerebral haemorrhage —_— 2
Cerchral oedema — 1
2 —

Hypotension— "myocardiif infirction
Organized fibrinous pulmonary oedema —|

Doniach
Swicide 1 —
Uraemia~—congestive fatlure

(Cortical adenoma--pselonephritrs) — 1
Unknown — 1
Cancer of the pancreas — 1

5 6

Total number of dead

This 1s a stnking fact a result hke this can 1 our expertence
not be reached with a combination of rauwolfix and ganghonic
blocker We agree with SCHROLDER that the mechamsm of action
of hydralazine in these cases 15 worthy of thorough investiga
tion On the whole the cstablish of nor m the
malignant hypertensive human does not seem to have aroused such
great mnerest or basic research as partly successful procedures have

done 1n the renal hypertensive dog
As to blood pressure reduction our results are 1n fact, better in
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days of 1950 were fullof reports of disasters occurning from the oral
use of hexamethontum 1t 1regulanty of absarpuon made uts oral
yse extremely dangerous Since We went systemancatly on to sub

cutaneons mection we have had e teouhle with severe side effects
such asntestmal paratysts That was the major cause of disaster The
bowel became paralysed tablets which had previously been aken
were stll lying about i the bowel and hewamethomum pasontng
sometirues weat on for days on end Patients often died 1 uraema

and one of our patients became practically decerebrated That sort
of experience practically brought this whole therapeutic business
10 complete disrepute Twould hike to hear Professor Stk s views
on the oral use of pentolinum

Pror Swime. We did not use ogal hexamethontum except on an
expenmental basis at the begmntng We were strongly opposed to the
routine use of oral hexamethonium because of the side effects 1o
hch Professos MeMuhael bas tafersed end allaue eacly watk was
done on parenteral therapy When pentolinium came along we
found we here able to handle a lasge proportion of patients by oral
th rapy bwt some patients sttt had so many side effects 1hat we had
10 revert 10 injections When later we used rauwolfia alkalords so as
10 dymimysh the efiective dose of pentolimum  we found that a large
majonty of panems could be managed using oral thetapy and n
our expertence very much more comfortably and with fewer side
effewts than by mjection So we have gone ovet almost entirely~not
completely we sufl have a few on injection~to osal therapy

PrOF Burn How s 1t that pentolsnium can be give il
not hexamethonium e orelly but

Dr M HARINGTO « We have made a few studics of the excretion
of pentoimum 10 the unne after oral admimstration The drug 1s
excreted quantitatively i the unias after parenteszl injection so that
‘\l&::\ exeretion can be taken as a measure of absorption We have found
om‘\ da: J1lh hewamethomum the absorption of pentolimum after
ol us:ge 5 botlh paor—onty 5-10 per cent 15 absorbed—and 1n
s ‘: n}t\":dg}x ar In the same patient absorption Y Vary as
e ‘03 10 one day to another In view of this possibihity
b ‘ﬁuour amsorpuon westatl tend (o stiek 1o parenteral admunisira
bduleti ‘:'m ;f‘iha‘::lsmg; :;;ny people have reported more con
there 15 evidence of f.u\lfr‘; of :e:;:{’hﬁ:g s garhularly whers
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GENERAL DISCUSSION

DRr § Locker (Romford) I should hke to refer to some chincal
expertence with the recently developed ganghon blocking drugs
356C54 and 139C5S, whose chenystry and pharmacology hase been
described by Bilfmghurst and Green Duning the past two years we
have tried these drugs out in some 60 cases of severe hyperteasion
As with other ganghon blocking agents we have found oraf admint
stration too varable 1 sts results and for the purposes of this tral
they have always been given by mjection The blood pressure bas
beens measured with the patient stttng 1n a char, as this 18 normally
the way n which the patient has 1t taken by the doctor in his surgery

The type of result we have obtamed has been as follows Taking
100 mm diastolic pressure as a maximum desirable level, with 5 mg
139C55 we may get five and a half hours of hypotenston, while mn the
same patient with 15 mg we may gt twenty hours below ths
arbitrary level It seems that sncreasing the dose not only mncreases
the ntensity but also the duration ot hypotensive action and this
relationshup may be greater than hinear at these critseal doses

We have given the same dose of drug to the same patent at
repeated mtervals over a fortnight and observed no change i the
hypotensive response, i other cases some adyustment has been
necessary dunng the first few days, but as a whole wath this group of
drugs gwen by myection tolerince does not seem to be a marhed
feature and the dose remains relatvely constant after the first
three weeks

Companing 1 the same patient the different drugs given i the
same dose we have observed that 356C54 was less effective than
139C55 The only difference between these two compounds 15 that the
latter has one methylene group less between the benzhydryl grovpmg
and one of the quaternary mtrogen atoms If thus methylene group
15 remstated further along the chain between the two quaternary
nitrogen at M a recent d 444C55—the result 15

again a loss 1n potency

ProF McMicHAEL 1 think that we should give some discussion
1o the question of whether orat dosage 1s 2 practical hine of treatment
as agawmst parenteral dosage It so happens we have vsed snections
but we have no emotsonal attachment to this of oral dosage 1s gotng
to be easier and better for the patient it 1s very wmportant The
correspondence columns of our weekly medical journals in the latter
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which 15 the effect of the drug. I think we agree that we have pro
duced some penpheral vasodilatation and T think 1n (hat respect we
aaree with the phatmacologists

Dr PERERA 1o ot thunk there has been any major disagreement
in thy but one of my oby 15 that we retain a question
mark where 1115 mdicated as 3 result of wmcomplete kaow ledpe For
example I think we are all in agrecment that 1n certain stages of
hypertensive drease drug therapy may tesult in prolongation of life
Yet papilloedema may disap headaches may be rebiesed and
there may be a lengtherung of survsval 1n patients with the accelerated

\i phase of hvperten b d 1o sympath Y
who fal to get a drop m blood pressure This 1s not a contradicion,
but it suggests that other mechanisms than hypotension may be
wvolved 1n the vanous treatments we employ

In untreated patsents m the accelerated phase we are all in agree
ment that survival 1s rarely beyond two years Sympathectomy n
qur experience 15 beneficual to some 30 per cent of thus group 10 the
extent of a five year aserage sursival In pauents with progressive
organt. changes who afe not 1o the accelerated phase the average
survival 1s cfose to five years Hence we must wait and see whether
the results of drug therapy will exceed both control senes of patients
and patients who recewve surgical therapy Only after a companson
1 made between all control groups and treatments of varous sorts

gan we draw conclusions that are appheable 1o all stages of the
sease

DR DornHORST 1 wish to support Dr Perera I am sure hus
expenence of these drugs 15 exactly that of many people who have
used them although not making systematc studies of large numbers
::wl v“ appears q:;lc possible that hus view far from being a minority

*Wa 1t may have seemed may very well represent experienc
the majority of chmcians P pernce of

W € accept that (h‘c real benefits of these drugs come in the

o or the phase of kv 1 would suggest

o mai point of organization would be to agree not 1o take the
0od pressure until there 15 papiilosdema

Dz R W D Turan {Edinbuy,
2h) For some eight years 1
Sﬂ:\cb\su?we have been trymg 10 study the effects of these d‘{ugs ma
e rel uhp; for the purpose The evolution of therr use has been
37 10 that of Professor Smirh we have had simularly entouraging
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ProF McMicnaglL, I would confirm that Dr Murphy i
collaborition also finds that the excretion of pentolnum mdweates
very irregular absorption We are stitl hesitant 1bout gomng back to
oral admnistration because of that difficulty

PROF SmiRk I am sure we all agree sith Dr Perera that potients
who present themselves for treatment with renal disease atready welt
advanced are a most unpromsing group however we have recently
analysed our results ;m malignant hypertension, and tn those who
started treatment with moderately good renal function we found very
little detenioration 1n the renal function over pentods of four, five o
six years 1 think we can commut ourselves to the view that m
malignant hypertension the development of renal amparrment 1s much
retarded by treatment 1 would also like to conmut myself fiemly and
defimitely to the view that advanced Grade 1T and Grade I cases
have a much better outlook as regards hfe expectancy

DR Hoop 1 should hhe to take 1ssue with one statement of Dr
Petera s he said that in cases with the most advanced reaal m
sufficiency we might do harm to the k:dney by using these drugs
Below that critical level which [ d anend
clearance of a httle above 20 litres per 24 hours we have three
patients 1 2l of whom we have repeatedly produced a very sharp
015¢ of non protemn mirogen and serum creatiune and as 50on as»e
have allowed the blood pressure to go up agam the renal function
has returned to the ongal level

We have been seeing studies 1n acute experiments but a chromc
expeniment 1s the one to teflin a disease ike this Dr Perera suggested
that the bulk of evidence showed that the primary cffect of ganglion
blochers would be to decrease the cardiac output and mnute vofume
of the heart That 1s what happens n an acute experiment we have
done sumilar expeniments ourselves and have found that after a single
large sntravenous dose of hexamethonium we may get a severe
decrease 1n cardiac output But that 15 2 different siuanion from the
patient recesving fong term treatment

Pror McMicnaer The cardsac output normally falls when you
stand on your feet so the cordiac output s always down when you
get postural Ryy but after honm we found i 1o be
no lower than 1t was before the drug had been given The only
difference 1s that the correcing vasomotor reflexes are not working
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5¢ Mary s Hospital there are probably thiricen thousand hyperten
Swes guw mg\y of these people will m fact develop mahgnant
hypertension? Various estimates have been given up to as high as
seve per cent but 1 thunk the most vahd study was that of Bech
gaard who 1n a ten year study of a thousand hypertensives found
that five of them developed makignant hypertension {05 per cent}
“To our own hospial which senes a repon of about 100000 150
malignant hypertensives were admutted 10 twenty years So the nisks of
malignant hypertension work out on the average 10 aboul one per
centar less m 3 gven hiypeniensive subject

Mal ver 132 d hing risk after the
age of sixty ater suty Sve it 1s exceedingly rate Under the age of
thiety 1t daes oceur but niearly all those patients are exther nephnitic
or pyelonephritic 8o that focuses our attention on the age group
Between thurty and sixty

Heart fmlure 15 certainly an dication for taking the load off the
Peart and that 1s another major indication for these drugs You must
be convinced that the patients hfe 1s senously threatened by his
hypertension before you start pushung the blood pressure down

lamglad however that Professor Sturk 1s taking 1o 3 wider group
bewause someone has got to study hypertensive patients and see
whether o1 not zather blood pressure reduchion wit diminish the
tneidence of the complications wiuch may come on at any tume They
may kive thirty years without any trouble but on the other hand they
Tay ooly lne a3 many months or as many weeks before s rous
trouble complicates the picture and that 1s our great difficulty

Dr Hooo About that most mportant question of how to select
the patrent for treatment we are 21l agreed that malignant and
complicated cases of hypertension should be treated but § tend to
take a rather broader view 1 do not mean that the ndwidual
Physiian shoald start to treat every patsent who comes along but
‘; hen & group has thoroughly famibiarized tself with the technucal
etalls of treatient they may extend the treatment both ‘ways more
Ln\o the advanced field and backward to the mid and moderate
0:}5:5 lln the gross mortality among hypertenstves the group of cases
mahgnant bypestension do not play any considerable role at all

My view ss that we shyuld t
Pt e sh Eu ake the broad outlook on the prablem that

ore and 1 think we are yusufied 1n doy
once we have achieved expenence eng 8 at
A e antuered. (pe! ugh m the cases which everyone

The point was ta1sed whether we are really domg something to the



146 GENERAL Discussion

results to those Professor McMichael has described 1n malignant
hypertension  though on a smaller scale our general conclusions
over some years have been closer to those of Dr Peresa than to any
one else whom I have heard speak i the past or who has published
hus results

We are fuced with the didemma that we are all agreed that these
drugs have an important and useful part to play in those with severe
hypettension, and by severe T mean not only those with malignant
hypertenston but those with evidence of hypertension ruflected in the
heart or 1n the fundi with or without papitioedema We have come
more and more to deplore the widespread and pr use of
these drugs m numerous pafients 1n whom the onfy finding 1s that of
a sased blood pressure not reflected as hypertensive disease objee
tively 1n any organ and there are thousands of patrents 1 the world
now whose ltves have been rendered unhappy or ble or who
are having dangerous side effects for no proven resson 1 think we
should probably agree that no drug, has vet Ined up to the claims of
the manufacturers

We are then faced with this dilemma We should vse drugs 1n
severe hypertenstve disease we should not use them for those merely
with a hugh blood pressure Clearly we should be treating those
patients m whom the severe mamfestations might be prevented or
postponed and that [ think 15 our dufficulty How can 1t be done
except by keeping under observatton without specific treatment
those mn whom high blood pressure 15 found or with only mid
objective manifestations and at the same ume endexvouring to have
such an ascendancy over our patents that they are not rendered
anxious and mserable, but have the confidence that the objest of
keepmg them under observation 1s to preserve their good health for
the future ? It 1s a very dufficult problem

There 15 only one other question 1 would hke to rmse Professor
MeMichael referred to wmprovement in the electrocardiogram that
15 to say regression of unequivocal signs of left ventricular hyper
trophy which of course brings up the problem of how to define the
early stages of such hypertrophy Qur experience has been that with
few phions the electr d phic signs—thy pted signs of
left ventricular hypurtrophy not of sschaemua—rarely regress 1
should be mnterested to know the experience of athers

Pror McMicHAEL We have rather dodged the issue as to when

hypotenstve drugs are really mdicated In a population unit of one
hundred tt d an pol from the popul: studes at
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of these drugs 15 on the blood pressure mise that would accur with
exerene becatse if you are just measuring the blaod pressure ina
casual or basal way you may not be gettmg the necessary nforma

tion about what happens to the patient s blood pressurc when he
gets up and goes about tus ordmarv daly activties It seems 1o me
that ought to be taken into account

DR Hoop We have made some obsérvattons using oral hexa
1 thontum i a dosage which was msufficient to producc any
decrease 1 the resting homzontal blood pressure We showed that
during work an a bicycle ergometer (300 hgM) there was a 70 mm
difference 1n the peak reached and there was » stiking difference in
the post-exertional drop in blood pressure 1 that dunng the
ganghon blocking the drop was very much more marked than
before

If o work periods are faken the result 15 augmented 1n the
second peniod If the ganghon blocking dosage 15 pushed a bttle
funthe alevel can be reached where during the work penod the blood
pressure 1s fower than n the honzontal resting position while still
rot exceeding a chmcally tolerable do age

ProF MCMICHAEL We too have made some studses on this and
certamiv immediately after exercise the blood D essure can fall pro
foundly m the pauient under methonum The patents sometimes
note that 1f they stand sull afier watking up stawrs or other exertion
they feel famt so that 1 think that the pressure does pot rise so
tuek duning exercyse and certamly falls more profoundly afterwards
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hypertensive disease Schroeder, 1n a recent report, pched out 79
cases where he thought he had achueved excetlent blood pressure
control and calculated how much hexamethomum was needed to
maintam that excellent control At the end of the first year, 75 percent
of the imtial dose was needed, at the end of the second year some
thing Ithe 55 per cent was needed at the end of the fourth year about
35 per cent of hexamethomum was needed, and approxmately
corresponding figures for hydralazine 1 a fow patients he was able
to omat the treatment entirely We were struck that by using a rather
simular approach our requirements of pentoltnium have gone down
very muchn the fourth fifth or sth year and to our way of reason
g there cannot be any other explanation for thss than that under
lying hypertensive process has been in some way, aflected by the
freatment

Dr Conway [ should like to ask whether there 1s any assoct
ation tn Professor McMichael s senies between the effectnveness of the
hypotenstve agent on the patient and the duration of survisal I feet
1f we are going to say that reducing the blood pressure 15 prolongmng
Iife, the effect of the hypotensive drugs should be demonstrably
greater 1 the surviving patients

ProrF McMicuael Two of the patients who have now survived
beyond five years have been women who have required the biggest
doses of all One of them at one stage required a single mjection of
about a gram of hexamethonium to bnng the blood pressure down—
a large dose involving a very large bulk of flurd—and that patient 18
downg exceedingly well now five and a half years after treatment was
begun There 15 no correlation 1n the dosage needs and the length of
survival One of the astonishung things 1s the enormous vanation 1n
the individual requirements of these drugs There is no standard dose
you must work up to the dose which brings down the pressure

Pror A 5t G Hucoert (London) Has anybody had experience
of drug therapy when surgical therapy has failed *

Pror Swirsn  We have about twehe patients shose sympathec
tomes faled and they responded very well to drug therpy They
react to smaller doses of ganghon blocking drugs than people who

kave not had a sympathectomy

Pror C A hesLe(London) I would like to know what the effect
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CLIFFORD WILSON

CLINICAL AND EXPERIMENTAL INDICATIONS
Tarne 15 very httle common ground between our knawledge (;l‘ lh;
Phynotogical tegulation of aormal vasculat tone and clinycal :md
expenmental observations 1n man and anmals with fugh b]ond
pressure o attempting to bridge thas gap vesigation has proceedes
along three man hines .

{1) Observanon of the chimcal P of human hy
with partcular reference to s onpns nawral tstory and
reverssbility

) Txpenmental stadies of the penpheral vascular yystem in
man using 1n particwlar blood flow techmques

(3) The study of 1 hyp i animals espt
of renal hypertension produced by the Goldblatt technigue

1 shall deai chiefly wath the first of these three aspects of the
problem the clinical phenomena of hypertension 1 man

Hyp rtension 15 a disturbance of function common to a vanety
of disorders mcluding renal disease endocrine diseases especially
those affecting the adsenal cortex and medulfa coarctation of the
2orta and pregnancy toxaemia When no such puimary disorder 15
Tound we speak of essential hypertension and thisss the Jargest group
of aly

1

For the chinician however the most pressing problem 15 that of
chromic persistent bypertension for it 1s this form of high bipod
peessure which feads to dar b !

hy
arteral degeneration by which reasen 1t b

o phy and
as become one of the most
serlous causes of morbidity and mostality

It bas become a habyt particulacly m recent yeats to emphasice

the mulupheuy of factors which appear to play 2a aetiologreal vole

in the production of tugh blood pressure  The list includes psveho

dogical stress vasomotor reflexes the Dressor ammnes renn Yadney

disease sdrena) cortical hormones age sex and finally or perhaps

one should say initaally herednty so that the idea of finding 2 stagie
153
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\ Arenal Lrenal be
an ncrease 1 and e can
4 M

Mor the d symp palp
pitlar of the slan nausea and abdominal pain are the ditect result
of excess of circulating pressor ammes and the whole syndrome can
be reversed by adrenergic blocking agents In recent years however
attention has buen directed to atypical vanants of this classical
peture Thos the presenung feature may be perststeat rather than
paroxysmal hypertension or alternatnvely the blood pressure may
rematn hugh between enises or occasionally the patient may present
th the fuify developed pictare of malignant hypertenston
Persistent hypertension 1n phacochromocytoma may of course be
butable 1o a p Tugh level of 1 pressotr amines
this 15 nat alvays the explanation for m some cases high blood
pressure persists when the tumour has been remaved and adrenaline
and noradrenaline fevels have returncd to norms) Thus a second
& th h of lished hyp ‘has come
irto play and Temains operative after the primary cause of the
bypertensian has been removed This stage of established hyper
tenson differs i no recogmssable respect from chronic essential
hypertenston In fact unsyspeeted adrenal medullary tumours have
occastonally been discovered when lumbo dorsal sympathectomy
has been 4 for supposedly essential by,
This rare disease provides us therefore with unequivocal evidence
of acute hypertension of known hormonal ongn developing tnto
chronte tiypertension with a change 1n the physiolagnat mechamism
which continues to operate when the primary cause 15 removed

ESSENTIAL HYPERTENSION

Turming now from the vaguely known to the clearly unknown
\:; s consder the ongins chromic phase and malignant termmation

exental hypertension The mode of development of
hypertension s without d . fhratvon

lqubt the mast obscue problem 1 the w!
field For nearly forty years it has been rccoggwcd that u:dcr“lo!::
wfiutnce of environmental stiuly particalarly anxiety the blood
g;s:lmieva: r_;chomcﬂ caswally may be Wgher than the restng or
su‘,’&‘: Eb . xshapphcs both to notmotensive and hypertensive
s )ab))euaas ll ¢ diastohc level rises the blood pressuce becomes
e asal pressures can be obtamed under conditions of
e bmaﬁ\clxn‘ \a\::);::,’:]ﬁ’f\,:;""g sedatives ot ganglion blocking

ity rerpains 1 thy
isnotabsolute Even when § vere hypertension 1s w:&\bg;‘u}:r;;:;ug;
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physiologieal disturbance to account for the common forms of
hypestension has come fo be regarded as an over simplification

Yet I believe a study of the natural hustory of hypenteasive disease
m the vanous conditions I have mentioned, leads us to the con
clusion that however dustmilar the modes of ongm hypertension
m s fully developed and chronic state presents as a sigle disorder
with no distingwishable differences sn chimeal pcture marbid
anatomy or, as far as we know n the underlymg physiological
disturbance of the cardiovascular system Moreover this final
common pathway of the different hypertensive diseases may lead to
a remarkable variant m vascular behaviour, the so-called malignant
Sform of hypertension, which 1n terms of functional pathology has
been one of the most profitable fields of experimental observation
Malignant hypertension may be described as a late or termimnal stage
of most forms of hyperiensive disecase The blood pressuse 15
unusuaily lugh the diastolic often 140 mm or more Charactertic
changes appear 1n the optic funds and of these papilioedema 1 the
diagnostic clinieal sign Vascular disturbances i the bram may lead
to the syndrome of encephalopathy with biind, disor
convulsions and coma paroxysmal dyspnoca 1s due 1o left heart
fatture and progressive renal damage results from acute fibrinod
necrosis of the arterioles and endartenus of the small artenes of the
hidney Similar artenolar lesions are found o other abdominal
viscera and i the bram They are a consequence of the hypertension
and progressively mcrease 1n frequency and seventy unless som
reduction 1n blood pressure 1s brought about

I shall try to assemble the mam chnical facts which seem to me to
support this unitaty concept of chrome hypertension taking n
turn three types of disease associated with igh blood pressure
essential hypertension renal hypertension and phacochromocytoma
It each disease I shall deal with the three matn phases of the natural
history first the stage of anset second the stage of established or
persistent hypertenston and lastly the malignant phase I have
separated these three phases because it seems hkeiy that each has its
special disorder of penipheral vascular behaviour

PHAFOCHROMOCYTOMA

Although this 15 probably the rarest hypertensive disease 1t 1s
the most suntable starting point since 1t 1s the only one 1n which we
ate reasonably certain of the cause In the classical case a tumour
of the adrenal medulla gives nse 10 paroxysmal hypertenston and
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h cannot
there 15 2 generalised increase 1n penpheral resistance whacl
be al!nbutged {o ¢ympathetsc hypertonus or o any known fumoral
agert ‘The increase 1 penpheral resistance 1s fimited to the syslcmllg
cucnlation the absence of associated pulmonary hypc‘::nslm\'\\ou .
appear to exclude a \ pressor as g
ags\i\ onless ity action 15 selectwe A further remarkable buy
d 1adap 1s evident from the observation

(hat the aortic and carotid sinus refiexes are sull active but the
threshold sumulus appeats o be set at a tgh tevel

Qbstructive lesions of the renal arteral system can be excluded
as the cause of chromic essential hypertension at any rate i so
far as these can be observed microscoprcally for such Jesions are
aw knawn to develop as a result of the hypertension There ts of
course the possibility that some form of functional renal circulatory
deferency may play an actiological role The fact that clearance
studies demonstrate 2 teduction 1n renal plasma flow only in severe
or advanced cases of essential hypertension does not preciude this
possibifity for i established expenmental renal hypertension
cdlearance studses have shown that blood flow through the clamped
hidaey may be within normal limits

Whatever the nature of the penpheral vascular disorder i
essentisl hyperiension there are certmn recogmsed factors which
have an actiofopical stgmficance or may influence the natural
hustory Inh 1 an undoubted factor The meidk of the
disease wmereases with age Women tolerate all forms of chrome
hypertension better than men Obesity predisposes to hypertension
and weight reduction 1s often an effective form of therapy It s
doubtfit bowever whether 2 more mformed understanding of these
genetic and enviconmental factors will reveal the mtimate natuce
of the vascular disorder whach determines chromcity

Thss brings me 10 1he question of reversibiy of essential hyper
fenston  Spontaneous reversal 15 reported but only m a small
mmonty of cases A prompt and lastng reversal or 2 marked
reduction wn Blood pressure may foliow carduac infarction or a
cerebral v

4

ascular accideat but in neither case 15 the mecharusm
d Reversal by ext

y 15 usual 1n bemgn
essential hypertension bt 2 Teturn to pre operative levels within
Toonths of years 15 not anfrequent Occasianally the lowerng of the
blood pressure produced by hypotensive drugs may persist when
lh:éa%:; 154 con 4 Thisism my P a rare ph
and the possibility of spontaneous reversal cannat b
patticular interest in veference to our fater d:sc“{:‘:;lonense Yt‘;‘c“r&:\irsoa;.
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ganghion blocking agents envir I stress may produce a farge
upsw ing of the blood pressure These observations serve to show that
emotional labihity of the blood pressure cannot be definitely ascribed
to any recogmsed physiological mechamsm  Recent insestigations by
Worrr and hus collaborators have emphasized the role of particular
forms of mental stress 1n provoking reversible episodes of hyper
tension these workers found no fund 1 diffe e 1N resp
tn notmatensive and hypertensive subjects

Physwological studies of emotional and reversible hypertension
are only relevant to the problem of essential hypertension iof the
former can be proved to be a precursor stage of the latter On this
potat the evidence 15 not conclusive The analogy with the hyper
tension of phacochromocytoma 1s & suggestive one and st 1s for this
reason that 1 have d d the two d: m ths
but so far as I am aware there 15 no direct evidence, chnical or
biochemical that emotional swings of blood pressure are due to
over praduction of adrenaline and noradrenaline Essential hyper
tension 15 a common condition anxiety reactions are still more
common and the two must coexist 1 a large section of the popula
ton But many patients, especially women continue for many years
with mternmttent hypertension and yet fail to develop persistent
clevation of the basal diastolic pressure or the cardiovascular
hypertrophy which 1s 1ts anatomical counterpart Nor have we any
proof that such patients are more hable to arterial degeneration than
norm by Moreover { hypertension 15 occasion
ally observed to develop rapidly and even to pass wnto the mahignant
phase n a shost space of tume from a previously normal blood
pressure level

If the mwal stage of essental hypertension 15 obscure the
established stage 1s 1 my view well defined as a pathologieal state
1t 15 unprofitable to argue where the dividing line should be drawn
between normal and raised blood pressure Like many other
diseases particularly of metabolic or endocrine origm  essential
hypertensson 1s a disturbance of the homeostatic mechanism of the
body and as with other such disturbances of dynamic equiibrium
there may be no precise defimtton of the pomt of departure from the
normal For our present purpese it is enough to recogutse that 2
persistent elevation of systolic and diastohe pressures under basat
conditions s a clear mdication of the estabhished stage of this
disease This 1s the commonest chronic hypertenstve state but 1t has
no specific features which distinguish 1t from chromic hypertenston
ansitg from renal or endocrine disease Cardiac output 15 normal
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there 15 2 generalised sncvease 1@ penpheral resistance \\\uc}}\‘ canno;
e attnbuted to sympathetic hypertonus or to any known \fmom
agent The increase m penpheral resistance 15 Timited to the sy slem‘lc
arculation the absence of associated pulmanary hyp::\msmn ‘wo“ d‘
ar o exclude o \ pressor sut as the
:‘;s:t‘uukss 1ts action 15 selective A further remarkable but
lained logical adap 15 evident from the obscrvation

that the aorte and carotid sinus reflexes are sufl acuve but the
threshold sumulus appears 10 be set at a hugh level

Obstructise lesions of the renal artenal system can be excluded
as the cause of chromc essential hypertension at any rate m so
far as these can be observed microscopically for such lesions are
now known to develop as a Tesult of the hyperiension There 15 of
course the possibility that some form of functional renal exculatory
defitiency may play an aetological role The fact that clearance
studies demonstrate a reduction in renal plasma flow only mn severe
or advanced cases of essenuial hypertension does not preclude ths
posstbility  for sn d 1 renal hypertenstor
clearance studies have shown that blood flow theough the clamped
hrdney may be within normal imits

Whatever the nature of the penpheral vascular dworder in

estential hypertension there are certain recogmsed factors which
have an 2! 1

or may mnfl the natora}
history Inhentance 15 an undoubted factor The incidence of the

disease mncreases with age Womer tolerate all forms of chromc
hypertenvan bettet than men Obesity predisposes to hypertension
and weight reduction 15 often an effective form of therapy It ss
doubtfu) however whether a more informed understanding of these
genetic and envitonmental factors wall reveal the mtimate nature
of the vasculas disorder whick detecmunes chromenty

Thus brings me to the question of reversibility of essentiaf hyper
tension Spontaneous reversal i1s reported but only m a smaj
minonty of tases A prompt and lasting reversal or a marke
reduction 1 blaod pressuee may follow cardiac snfasetion ot k
cerebral vascular accident but i nesther case 18 the mechanisc
understood Reversal by extensive sy mpathectomy 15 usual n beng;
essential hypertension but a fewrn to pre operative levels withs,

months or years 1s not nfrequent Occasionzlly the lowe

blood pressute produced by hypotensive drué' may pe?s‘:sg\ o\fd\x‘:\
herapy 15 discontinued This s in my éxpenence a rare phenomeno
sud the possibiiny of spontaneous reversal cannot be excluded €
particular interest wn reference to our later discussion 15 the revers:
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of establshed hypertension by sodium deprivation, for example,
bv the strict rice diet regume Thus reversal 1s only partial and some
times fails completely but even in the malignant phase there may be
a sigmificant fall 1n blood pressure with disappearance of papill
oedema

The malignant phase of essential hypertenston develops m only
a small percentage of cases It was 5% in a hosprtal series studied by
hammecstier and myself (1936), but hospital admissions must be
heavilv weighted 1n favour of malignant hypertension While the
diastohie pressure 1s 1 general higher 1n malignant than m bemgn
hypertension the absolute level does not seem to be the determuning
factor It may be that a sudden rise at a ugh pressure level 15 more
significant Thus malignant hypertension 15 observed i about 50%
of patients with chronic renal disease and 1 these there 15 oftena
rapud rise m bload pressure before papilloedema develops It may
be relevant that the malignant change occurs relatively frequently
n hypertension due to phacochromocytoma where rapid exacerba
tions are common I beheve that m mahgnant hypertension there ar¢
regional ch m lar tone especally 1n the bram, retina and
kidney, which differ qualitatively from the generabised merease m
penpheral resistance of benign hypertenstion This regionat vaso
constriction, or the paralytic vasodilvtation which follows, may well
lead to fibnnowd necrosss of the artenoles Byrow s observations
(1954) of cerebral vasenlar spasm durng attacks of hypertensive
encephalopathy 1n the rat support this view One of the most
puzzling problems of altered physiology s the explanation of the
increased intracramal pressure and papifoedema n mabgnant
hypertension These phvnomena are not sumply a reflection of the
high diastolic pressure level Any form of treatment which reduces
the blood pressure may cause reversal of papilloedema but subse
quently hypertension may return to its previous level without the
recurrence of papiloedema

In my view these vanous abservations clinical and expersmental
on the malignant form of hypertension support the concept of 2
qualitative change n the phystological state of the blood ve sels
from that of benign hypertension 1 think this »s best described as

uncontrolled regional vasoconstniction

1n our ongnal experments Byrow and 1 (1941) produced expent
mental evidence that severe hvpertension coutd produce renal
vascular Jesions which themselves might aggravate and perpetuate
the bypertension It 15 hikely that a vicious circle of this nature
aperates n advanced cases of malgnant hypertension but 1t 1s




ConTroL OF VASCULAR TONE TN HYPrRIENSION 159

obvious that orgame tenal vascular changes cannot be mpc[l‘ls‘:;:c
for the mnal development of the mahgnant phase smce a t.h:
evidence mdicates that such vascular changes are secondary to the
hypertension

RENAL HYPERTENSION

The early stage of renal hypertension 1n man 15 rarely observed
except In acute nephnbs In many respects acute hypenension i
(hus disease differs from the acute forms already discussed Tt 1s
usually of moderate seventy and relatnely stable Yet the pressure
fevents to normal rapdly as the nephnbs smproves o On the other
hand a sudden exaccrbation of the disease may produce a sharp nse
1 blood pressure and lead to hypertensive encephalopathy and acute
fett ventncular falace These complications are usually transient
and compl ble and the di features of mall
h {1¢ papiliotdema and t are farely
seen—probably because the hypertension 1s short hived

‘The nature of the d penipheral vascular n acute
neghats s contraversial and there 15 no consistent evidence for
¢sther a neurogenic or humoral basis By analogy it seems Iikely that
the mode of prod bles that of acute exg 't renat
hypertension 1 animals and there 15 some reason to believe that this
&%ers from the mechamsm of established experimental renal
hypertenston

‘The transition from acute to ¢hronic renal hyperteasion may be
continuous or nterrupted Wah a severe rapdly progressive
nephnts hypertension persists after the acute attack and may
increase rapidly n severity with 2 mahignant termination withyn a
matter of months In the mare slowly progressive cases hypettension
3 very vanable The blood pressure may return to normal after
the acute stage 15 passed but subsey y a shght or mad
degree of hypertension 1s observed and this 1s often labide or inter
mittent Over the course of years persistent elevation of the diastolie
level develops and the hypertensive state 15 then 1 all respects
sirular to that of berugn essenual hyperiension Freatuslly a more
o less sharp transsiton takes place 1he blood pressure nsing steeply
gfel\m over the c:u\;sue of a few months Comcidently yenal function

enorates and thes 1s greatly acceles
(Crtom Sopratats greatly rated when malignant hyper
Thus i renal disease we have the o THn
same patient—over the course of mon\“)*zn of ygrsloz}s:c“?r{n:;(:g:
from acute hypertension to wmtcrmittent labile hypertension to fixed
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hypertension and then to mahgnant hypertension, and st seems
Iikely that different physiofogical mechamsms underly these vanous
disorders of the penpheral vascular resistance

Of outstanding importance 15 the clinical observation that chrome
hypertension may develop as a result of umlateral renal discase This
agam closely resembles essential hypertension and the distinction
may be made only when radiological exanmunanion reveals an
abnormal kidney Removal of the diseased kidney may resalt m
return of the blood pressure to normal even after matignant hyper
tension has developed Of parhicular interest however are those cases
m which hypertension persists after nephrectomy—about haif of
those so treated Here s an apparent analogy with phaeochrome
cytoma-—~persistence of hypertension after removal of the pnmary
cause A similar sequence was described by Byros and myself (1941
n rats s wiuch hypertension w1s mduced by constriction of on¢
renal artery We attnibuted peraistence of hypertension after removal
of the clamped kidney to secondary hypertensive artenal lesions
i the opposite kidney Dr Froyer will present evidence that,
whatever the mechamsm of this persistent hypertension, it certamly
depends on the presence of an abnormal kidney 1 see no reason to
doubt that a stmilar explanation holds good 1 most cases of per
sistent hyperiension after neph y 1 man Histol 1 evidence
of hypertensive renal lesions n the opposite kadney 15 frequently
obtawed post mortem m such cases

The explanation of persistent hypertension after removal of the
pumary cause 1s obviously the crux of the whole probiem of chronic
hypertension Dr FoLkow s experiments have a direct and important
bearing on this question and so have the experimental observations
made by Dr Leninguas and Dr Frover 1 think we can exclude the
possibality that generabised orgamc artemal changes—either hyper
trophy or degeneration~contribute to this persistent hypertension
for gien the appropniate conditions it can be promptly reversed 1n
both ammals and m man The discovery by GrouLman (1943} i
rats and by PICKERING (1945) 1n rabbits that hypertension induced
by renal sschaemia might persist after rofal nephrectomy appeared
to exclude a renal factor and led them 1o postulate an extra renal
mechanism Further studies of renoprival hypertension have led to
the hypothests of a combmned renal adrenal mechanism controlling
penpheral vascular tone possibly by vanation in the dwsttibutson of
electrolytes n relation 10 the smooth muscle cells of the artenofar
wall Dr Frover and Dr LrpinGHAM will present some of the
evidence they have obtained on the renal snd extra renal factors
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1myolved 1 the maintenance of experimentat r;n:\\ hypc:\:\:\g\c;:a\;
the rat The owcome of \h:sfc \é\\cst\%&“ngl?‘\,‘i }:e ssu: fs:g\c P
3go to tum to the study of the respo
c&iulauon to the physlokyglc:\\\ sur(m:uss :&:\:g%m;‘):czs:r;?:‘:l‘cai
mg conditons As a result of hw
t::g:\\i spasm 10 hypestensne encephalopathy Byrout als; \\‘.‘\)s_
led 10 the view that the responsiveness of the artenoles n[a physt
lopical stmult might well be relevant to the genesis of chrdo;a‘x‘c
hypertension, By an entrely different toute Dr Forwow a{\ :;
calleagues have toade a siadar approach from the phystologic:
side and have obtamed valuable and suggestive data supporting this
hypothesis
Thus the emphasts has softed from the rols of c\rcu\almg‘prcssor
b and factors 1n hyperiensiontoa
of e sesponsiveness of the smooth muscle cells of the artenoles
condioned by changes 1n they immediate chemical environment
{15 along these lines that 1 befreve the problem of chronic hyper
tension and perhaps of regulation of the narmal blood pressure
may find 2 possible solution

To summanse thus rather diffuse survey of chnical and expent
mentai phenomena T think the mam relevant points are as follows

{1) There are diverse causes of acute hypertension of Which the
most impartant may be termed hormonal neurogensc and yenal

{2} All kands of acute hypertension may lead to a common form
of persistent h 1n which the ph ! 1 h

15
differsnt from that which operates n the atute stage Thus new
mechanism may remain in action when the primary cause of the
bypertenston 15 removed

{3) A Teature of atl forms of persistent hypertension 1s the change
from so-cafied bemgn to malignant hyperiension In thus vanant the
evdence points to a breakd in the physiological rel hip
between mtra artenal pressure and arienolar resistance Frcessive
regiomal vasoconstinton  partenlatly n the bram  reuna and
Kidneys feads to severe disturbances of blood fiow and probably
forms the basis of fibrinoid necrosts of the arteroles

{4} iterference wih the renal crculation mo t simply produced
by renal artery constnction 1s the one type of phystalogieal dis
turbance by which the chrome hypertensive state way be reproduced
o ammals 34 seems rea onable 10 assume that this s the common
factor 1 the vanous renal diseases which give nise to fagh bivod
Pressute 1 man
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(5) There 15 unequivocal expenmental evidence that hvpertension
can itself produce a disorder of the renal circulation which leads
to the chronic hypertensive state

(6) Whatever the nature of the senal pressor mechanist there 15
strong evidence which suggests that an extra renal factor 1s mvohed
and that renal hypertension results from 2 breahdown of the
regulatorv function which the hidney normally exercises on the
extra rena] factor

REFERENCES

Byrom F B (1954) Lancet u 201 1

GROIiLMA; A Harxson T R and Wittzans 3 R (1993) Amer J Physio
39 293

KDMELSTIELE and Winson C (1936) Amer J Pa h 12 45

Pickering G W (1945) Chn Scr 5 229

WiLson C and Byrow ¥ B (1941) Quart J Med 10, 65



STRUCTURAL, MYOGENIC, HUMORAL AND
NERVOUS FACTORS CONTROLLING
PERIPHERAL RESISTANCE
BJORN FOLKOW

Tnany remon maximal blood flow ata given pecfusion fressure aad
blood viscosaty 15 tn the final mstance determined by the morphology
ofuts vascular bed 1¢ by the resistance to flow offered by the vessels
when their smooth muscle cells are conpletely telaxed It 1s reason
able to assume that this maximal blood flow capacity is to some
extent related to the maximal nutnional needs of the tissus con
cerned Setung out from this structurally determined bascline

the extent of vascular smooth muscle tone as controlled by the
interaction of nervous blood bome and focal snfluences will
determune the actual resistance to blood flow

THE REGULATION OF VASCULAR TONE IN THE
NORMAL INDIVIDUAL
1t1s of interest to know to what extent different types of excitatory
and inhibstory b 3}

tothe of vaseular
tone 1n vanious regions in a normal orgamsm It 15 often taken more

or less for granted that vascular tone 15 primanly a matter of vaso
motor fibre acuvity and that any remaining tone after acute cutting
of the fibresisa of agents
the blood stream There are however very few studits avanable that
have 1n detail 1nvestigated this problem Observations made on
eg restricted cutaneous vascular areas are usually assumed to be
valid for the vascular tree 1in general (see ¢ g 1& Compre 1941) which
by no means necessanly 1s the case To study thes question more
closely expeniments have been performed on tats with an analysts
of the regulation of the tone of the vessels 1n the skeletal muscles as
compared with the skin of the paw where the vascular bed 15
dominated by numerous arteriovenous anastomoses

The constrictor fibre activity and consequently s contribution
fo vascular tone s naturlly enough a ghly vanable factor
depending on the actual balance of central and reflex ifluences on
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the medullary vasomotor centre In animals under hight anaesthesss,
carefully prepared and kept in good condition as far as ts possible
expenmental evidence ndicates that resting  sympathetic tone 15
maintamed by an impulse flow of one to three ympulses per secord
(for it see FoLkow 1955) Cutting the vasomofor nerves 10 the
mentioned regions 1esults in an tncreased blood flow to the sheletsl
muscles by 50-100 per cent and to the paw by some 100-800 per
cent, the variation of the latter figure depending on the actua} heat
exchange balance of the ammal The bigger figures for wcrease of
blood flow mn the paw are a consequence of the fact that 2 gven
vasoconstrictor fibre discharge as a much more powerful effect in
this regron than in the muscles (CELANDER and Fotnow 1953)

To what extent does vascular tone rematn after 1cute sympathets.
block m the resting orgamsm? This remawung tone will here
throughout be called basal sascular 1one Obvioushy enough sucha
question can only be answered by a correlation of the penpheral
vascular resistance for any given region at the basal tone level with
the resistance that remamns after complete relaxation of the vessel
Acetylcholine, ATP or mtntes are knowa to be able to mduce
powerful vasodidatation in both areas studted If supramaximal
concentrations are used mn close artenal njections a complete
vascular relaxation should be obtamed and from tins blood flow
Jevel the penpheral resistance at maximal difatation can becaleutated
Such an analysis indicates that the basal tanre of the vessels of the
skeletal muscles 1s considerable as the penipheral resistance can here
be further decreased some 500~700 per cent The vessels of the paw,
on the other hand seem to be almost maximally dilated after acute
sympathectomy as in this region the penpheral resistance can only
be further decreased approximately 20-50 per cent (CFLANDER and
Foukow, 1953 LofvinGg and MELLANDER 1956) This latter

naota q of fow seasttivity to dilator agents
as a prompt and powerful dilatanion of the paw vessels 1 easily
obtamned by ditrtor drugs 1f only an mmual vascular tone 1s created
by, e g, low frequency stumulation of the constrictor fibres Thys 15
probably alse true for man as here acute sympathetic block mnereases
blood flow n the muscles only about one hundred per cent{ BARCROFT
and Swan 1953) while ¢ g muscular sorh ss known to be sble to
wcrease the flow ten to fifteen times On the other hand cute
sympathetic block of the finger vessels i man which correspond 10
the pad vessels in the cat s paw results 1n what scems to be a netrly
maximal dilataton (for It see BARCROFT and Swav 1953

FoLxow, 1955)
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To take some other vascular beds st 1s known from studies o‘fg \Sl'(\)c
coronary (GREGG 1950) and the cerebralarculation (Saumapt )
{hat regronal vasomotor fibrs block docs not to a sigmficant extent
\nertase the blood flow Nevertheless mcreased metabolism of the
respectne tissues or mjection of dilator agents are able to dilate
these vasculat beds quate considerably Therefore as 1n the skeletat
muscles the basal tone seems to be pronounced i these regions

1y itie ot d by fibee activuy

1{ basal vaseular tone were primanly due {0 Constrclor agents m
the blood stream 1t should be expected that the cutaneous arteno
venous amastomoses should be very msensiiné to such agents
because—as mentioned—therr basal tone 15 by far the lowest
Honever the vessels of the paw show a greater senstuvity ta biogenie
constrictor agents such as adrenaline noradrenal
seratomn and vasopressin than do those of e g the skeletal muscles
(Lorving and MeLLANDER 1956) Under such circumstances it s
very defficult to behieve that basal vascular tone 15 a consequence of
Hlood borne constnictor agents Nesther 15 1t hkely that sigmaficant
amounts of such factors are present 1n normal blood under con
ditions of rest

Basal vascular tone must then be a consequence of 3 local
moecharasm There 1s 1o fact very good evidence of automaticaty of
smooth mascle cells in general (see Bozirr 1948) and those sn the
vaseular walls do not seem to form an exception {(Forxow 1955}
It 15 obvious that an inherent actvity of va cular smooth muscle
cells must create a certain vascular tone The distending force of
the blood pressure seems to exert a certawn exctatory infikence on
the actity of the smooth muscles too (Bavis 1902 Fouxow
1949 Hiton 1953 Woop eral 1955} Automatiity seems to be
nehigrble only in certasn hughly specialized smooth muscle cells ¢ 4
the mtainsic muscles of the eye Here an intimate central nervous
control has been estabished and Yocat factors cannot be allowed
to nterfere with this central regulatian The smooth muscle celts of
the eutaneous arterovenous anastomoses are speciahized in a simlar
Wiy to serve the central control of the heat loss and are also
qutte dommmnated by thexr constoictor fibres An absence of auto

matiaty would also here be natural as 3t would oth
wnterfered too much with the centrall crise have

y induced adyustments 1€ this

1350 115 easily explam~d why the paw vessels are al

dilated after sympatheic block most mammally
To sum up basal vascular tone

smoath musele automatiaty,

seems to be pnmanty due to
while the wfuence of b\yood bomac
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constrictor agents seems to be neghgible under resting conditions
The tmportance of such agents for the establishment of vascular
tone has often been overestimated, and even the secretion from the
suprarenal medutla ss here of small relevance under basal conditions
(see FOLROW, 1955) On strong reflex actvation of the sympathetic
nervous system the direct effect of the constrictor fibres domtnates
the vessels to such an extent that under such circumstances too,
an ncreased secretion from the suprarenal medulla becames of
almost neghgible rmportance (CELANDER, 1954) The marn field of
action of these hormones 15 probably ta be found in their contro}
of specific events of the carbohvdrate metabohsm

Superimposed on the basal tone the constrictor fibres exert a wide
range of control, though in extent highly varable in different
regions There 15 a general trend towards an mverse relationshup
between constrictor fibre domtnance and basal vasculer lont
Vessels serving the local nutntional needs of tissues highly :mmportant
for the mamtenance of life are hittle nfluenced by the constrictor
fibres A “blood flow reserve” 15 here created mamnly by a marked
basal tone The control of such a vascular area 15 therefore fargely
withdrawn from vasaconstrictor reflexes and the strictly locally
controlled blood flow reserve ' 1s easly mobihized to the exient
needed during sncreased wctivaty of the tissue At the other exireme
there are the cutaneous artenovenous anastomoses of neghigible
mmpartance for local tissue nutrition but specialized to serve the
centrally directed body temperature regulation These vessels are
completely dominnted by their constrictor fibres with no or very
hittle baszl tone

SOME ASPECTS OF THE REGULATION OF THE PERI
PHERAL RESISTANCE IN THE HYPERTENSIVE
INDIVIDUAL

What happens to the control of vascular tonc n hypertensive
disease? It 15 obvious that several factors might increase smooth
muscle actiiity such as an increased vasoconstrictor fibre activity
wcreased amounts of constnctor agemts in the blood and {or)
ncreased reactivity of the vascular smooth muscle ¢ells to con
stpictor influences These alternatives for explaining the mncreased
vascular resistance all smply increased smooth muscle tone and have
attracted by far the greatest wnterest in recent years Generally it 1s
taken for granted that the baseline 1s unchanged i¢ that the
vascular resistance at complete smooth muscle relaxation 1s the same
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niduals I however thisis o longer the case there

Tss :ongzz;?\drﬂmncc pont for an evaluation of the extent of
ased smooth muscle tone

mcsr;pswsc Ibat a secondary hypertrophy of the watt t\emems‘ ‘\‘::.
caused 2 generabzed wall thuckenimg that partly takes p\ac;ka! .
expense of the Jumen Such 2 change 15 not a prion) quite unhkely n‘
1t micht be loohed upon as an example of an adapine s\mc\\l‘:a
p ocess the other extreme of which would be an outgrowth with &

WELL-ESTABUISHED

NORMOTENSION KYPERTENSION

IT% HONTENING OF 7% HORTINING OF
SMOTR MUSCLE SMOOTR WUSELY
{119 CELLS

\™~
HYPEATHOPHIED
¥EL L O%E

OILATATION

fiz 1 A schematic drawing ilfustrating the consequences for the resistance 10

blood flow 1n 2 given vessel after wall hyperirophy 1o 2 shght exteat has mter

fered with the fumen at maumal dilatation Note akso that g given shortening

of the smoath muscle cells wall icrease the resistance ta blood fiow considerably

mort 1 the hypertrophied vessel The relative dimensions chosen are of course

arbitrary though they may not differ too much from those of a systermic smal
anery

widerung of the vaseular trée as a response to lasting lowenng o
blood pressure Few quantitative data are available but st seems 1y

lngct asifsucha process takes place dustally 10 an artenial obstruction
h Y

prop 3% phic change, let vs take som
arbitrary figures and assume that the hypertrophy has interfers
with the lumen 10 such an extent that the internal diameter of th
mavimally dilated vessel 13 decreased as hittle as five per cemt Th
haemodynamic consequences of such a small narrowing will neve:
theless be pronounced as the ressstance to Bow of such a completel
diiated vessel will be raised 2bout twenty per cem {¥ig 1} Further-
\\hazdn also T hm eahize—th t would rema
raised as compared with 2 norm:

e atnwtypn al vessel for any level of smoot
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Thus possible effect of hypertrophy 15 however not s only
consequence for the functional equiltbrium of the changed vessel
Tt canalso be caleutated that—for any given shorterung of the smooth
muscle cells—the resistance of the hypertrophied vessel would m
fact be increased proportionally more than in & normal vessel This
18 because a bigger ussue volume must now be situated msidv the
main hne of force for the smooth muscle layer This bigger tissue
volume must at smooth muscle contraction be pushed towards the
tumen and therefore cause a more pronounced narrowing In other
words at one and the same degree of smooth muscle actity the
hypertrophied vessel must for purely mechanieal reasons, exhibit
an fied v; nictor effect as compared with 3 normat
thin walled vesset

Thus latter consequence of vascular wall hvpertrophy s not
dependent on the possibility that there mght also be a hypertrophte
mterference with the lumen atready at complete maximat difatation
Possibly the often discussed  hypersensitivity  or increased “re
actiaty  of the vessels in hypertension 15 at least partly 2
consequence of such a structural change 1t should be remembered
that we do not measure the actual shorteming of the swooth muscle
cells but thewr net effect on the vascular lumina, and a changed wall
to lumen ratio may change the whole picture On the other hand
this does not 1mply any vascular ‘ngidity’ or sclerosts’, and the
decrease of distensibility that must be associated with a hypertrophic
wnerease of wall tissue mass should be balanced by the mereased
distending pressure as tong as degenerative lesions have not changed
the very elements that bmid up the vascular wall Tt merely meansa
new equilibrium at a hugher fevel but with a normal range of vascular
Teactions

Hypertrophic vascular ct as a resp to d blood
pressure have been described by numerous investigators {eg
hernouan cf af 1929 FrrGusow and Varco 1954) Later on they
are followed by the well known vascular lesions especsally i regions
Tike the kidneys For the present purpose only the haemodynamic
consequences of a generahized viscular hypertrophy wiltbe examined
1t should then be pointed out that such a structural change very
welt might exert signtficant haemodynamc effects long before 1t can
be convincinglv d rated by histological techniques In morpho
logical studies of vascular hypertrophy the hazard of not knowing
esther the evact w o lumen or the extent of smooth muscle
confraction at the moment of tissue fixation makes 1t afmost
impossible to 1ell whether there really ts a defimite change except in
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ore advanced cases It seems to be 1n hine with \hhc:l dm::;tg
haemod effects of hypertrophy of the vessels that w "l
frachon of the pulmonary vascular tree 15 exposed to mnerEased
blood pressure the vesscls show a hypertrophic change “““ ol
endence of an mmcreased resistance 10 blood flow (FERGUSOS a T
VARDo 1954) The increased tessstance can hardly 1n the type of
exp niments wsed by these authors be aseribed to either ner]\mss
factors ot increased amounts of vasoconstrctor agents m the bloo

Setting out from these theoreuical considerations an atletopt
was made to put the suggested mechanism (o an expenimental test
(Fotxow Grivey and THULEsiUs 1956) The general sdea was
simply to compare the peripheral resistance of a vascular region at
complete manimal dilatation 1n normal and hypenensie subjects
One of the matm dificuftes was how to be sute that the vessels really
were maumally dilated Forearm blood flow was measured by a
plethysmographic method with the hand ereculation excluded and
the perfusion pressure was recorded 1n the other arm at the moment
of blood flow Tntense vasodat was induced by
the combined action on the forearm vessels of increasing penods of
ischaermia (wo five ten and somenmes fifieen mumutes) with
wereasing amounts of work of the forearm muscles dunng the ast
mnute of schaemia (twenty te &fty strong hand contractions)
Further to facilitate the dilatation of the cutaneous vessels the
temperature of the water in the plethysmograph was kept at 4243 C
Under the ¢ cireumstancss the Mood fiow increase had already after
five minutes of sschaemia reached some ninety per cent of its highest
obtanable value both 1n normal and hypertensive subjects It might
be argued that the concentration of dilator agents may not have
been i by prolonging the period of ssch
from five mivtutes ta ten munutes However all subjective phenomena
potated (o a stronger 1schaemia at ten minutes of vascular occlusion
4nd furthermore the dilator response was then much more prolonged
than after a period of only five minutes of wchsemua An attempt
was also made sn most cases to facditate the dilator responises by
putting the penads of i1schaemia so close together that the blood
debt was not repnid 1n between bt 1 spite of thas the blood flow
cauld not be further increased 1t therefore seemed yustified to believe
that manimal vasodilatation really was reached both 1n normal and
hypertensive subjeets

When acute hypertension was mduced m nommal
steady 1nfusion of noradrenatine the blood flow mcree‘lsz“?glc;:w:i
the above menhoned procedutes for chaiting maximal drfatation
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was raised proportionally to the mcreased mean blood pressure
In other words, the peripheral resistance m the forearm vaseular
bed remamned essentrally the same at maximaf obtanable dilatation,
1 spite of the fact that now there were inceeased amounts of vase
constrictor agents i the blood (see Fig 2 and 3} This 15 to be
expected of the accumulation of dilator agents was pronourced
enough easily to avercome the mcreased smooth muscle tone In

Normetens on Acute hypertens on (BF)
@®F1 Norgdrenghine wfus an
Bloos pressune Blood pressure o
i 0mn
130/80 wofro P Rferma

™ [SRma 2
/,// Vea
NV

5mt Sgm 0 SOom s 70m
Rengs hyperieasion Essental hypertensan
{KED) Semity 101 (EF) s o
min i mn 10min
Er’i‘éim 2min, )\, jtechaemia g0y ELENAN Vlmq
20/120 pressure
260/30 /
A »
NN
6IM=*_4  “BEemt
73m! ~ S0ms S8mi B2

Fig 2 Plethysmographic recordings of forearm bicod tlow when atfempts art
made 1o mduce definite maumal dilatauon of the vessels by exposing them o
the procedures desvtibed 1n the text Upper left 2 normotensive indidual
upper night the same individual made acutely hvpertensine by intravenous
snfu 1on of noradrenaline Below two cases with chrome hypertensve disease

some earher studies (PICKERING 1936 WiLsoN and PRINTZMETAL,
1936 WiLkins and KicuNa  1941) a sumilar hoe of approach has
been used but to judge from the present figures for maumal blood
flow the procedures unthzed to mduce vasodiatation in these studies
were only exceptionally suffient to induce a defimstely miximal
dilatation

One of our maa techarcal difficuttics was n fact caused by the
huge blood flows as they jed to an almost immediate and marked
venous pressure rise 1f no spusal precautions were taken Such a
venolis pressure rise will of course rapidly decrease the effectnve
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t anything fike

ecsure and make 11 mpossible to g«

sp\e}iugs‘:?r‘\mzrc“wts and thus rtbabl; blood ﬂ&wm{c&::rg:?gn;‘l'bz:}e‘s
3

fore 1t P\'Dth necessary 10 mereast 1he capacy o
fe venous pressure I

to take up the huge biood flows with as fut

a pcmh?c Thos was done either by rasing the arm well above

] 1
T

/min
»

8 5 BEfa0g flow/ 100,

Meon bleod prassure by

Hormatension

4 Essentiol hypertension

B Rencl hypartension

1 33 hypertension with normalsed prossure
fo ot least one year

Fig 3 A dagram flustcating the correfation between the vascular resistance
per 100 ml of forearrs tissue at mawmal obtamable vasodiatation and the mean
blood pressure of the individuals megsured i the other arm at the moment ol
he blood fiow The arrows that connect two ponts ; the diagram
illusteate theshaftin and acutely h
1 hormotensive individuals In one of the renal  hypertensive cases the arrow
mdscates the shift m mean pressure and resistance after sbout three weeks of
treatment with hypotensive drugs For further explanation see text

heart level yust before arterial obstruction or—sull better—by
exposing the forearm to a posttive pressure of 75-100 mm of mercury
which emptied the veins very effectevely 1f the hand errculation was
first obstructed completely so that no extra blood was trapped 1
the hand veins ‘Thereby 1t proved passible 1o collect a somewhat
bigger mflow of blood mn the forearm veins than that corresponding
ta a two per cent mcrease of forearm volume a figure which forms
the upper Wit for relable blood Jow recordings under circum
stances where the vems bave not been emptied by some specual
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device (GREENFIELD and Pat1ersoN, 1954) In spite of blood flows
that not seldom amounted to 60~70 m! per mmute per 100 mi of
tissue, the venous pressure in the forearm did not then increase
significantly until after 34 seconds (CELANDER 1956} Thts means
a 34 per cent increase of arm volume with ittle venous pressure
rise at best After thus short anterval the venous pressure started to
nisevery rapidly which means that under all circumstances the curves
will flatten out after 34 pulse beats when such big flows are
recarded Obwiously this must make calculations of the actual flow
difficult even if one always follows exactly the same procedures
Such difficulties seem to be unavordable but 1t follows that great
care must be taken In mterpretation of the results We therefore
prefer to look upon this study rather as suggestive evidence
of a certam structuralinterference with blood flow 1 well established
hypertensive disease and by no means as a definte expenmental
proof

Fig 2 tlustrates a scres of blood flow curves taken from technt
cally satisfactory recordings ;m a normotensise sndiadual made
acutely hypertensive and 1n two cases of hypertensive disease, one
of renal onigin and one  essential

In Fig 3 the relatton between the vascular resistance of forearm
vessels at maximal obtamable diatation and the mean blood
pressure of the subjects s given It as seen from this figure that even
under circumsiances where smooth muscle activity shounld be
completely el d the d: 1y raised at
least in welt established essential hypertension while~ns mentioned
—this 15 not the case 1 acute hypertension caused by noradrenalne
infusion Cases classified as defintte renal hypertensives {e g due to
cystic hadney degeneranon or other types of kidney malformations
chronic pyelonephnius etc  but generally with no posiive fanuly
anamanests for hypertension) are closer to the normal matenal It
1s of course pure hazard to speculate on the background of this
difference but 1t 1s tempting to assume that most cases with
essential hypertension mught have a somewhat more pronounced
generahzed hypertrophy of the vascular walls Physteally these
subjects often show a  mesomorphic  constitution which might
1mply also a more pronounced tendency 10 react with hypertrophy
of tissues exposed to increased load which then o ats rn might
have some bearmng on the mhentable element of this vanant of
hypertensive disease

Luttle 1s known about the possibthuies of regression of a hyper
trophte vascular change but they mught be goad if only the increased
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s are not
pressure 1s elmunated provided that degtnemll;:s 1:&‘:"; ot which
tooadvanced Ina small group of hyperiensive cas h

tension but where therapy wil
had previously had severs hypertens! e
hypotenstve drugs had been so successful that for a1 feast nY“-“h Yl
had beed kept at an almost normal blood pressure, the P"’Pn‘nrz
ressstance at maumal dilatation was almost the same as :in mssurc
tensie cases (Fig 3) From the figure thar actual hlo¥ hpr:: e
mght appear hugh enough but this 15 a consequence o the et
strenuoys expenmental procedures Thew gesuing  pressuce i
1smore near normal blood pressure values The rather low penphera!
resistance at manimal obtainable dilatation might be due 10 a 1wt
Tegression of 2 hypertrophuc vascular change Chmcal obscrva!\njons
of these cases also support the view that there must here have ch
a egressian of vascular changes as 1 sorae of the cases too raps
falls of the pressure at the beginnug of therapy had dangerous
con equences € ¢ for eerebmal ot myocardiae blood supply whie
fater on they could tolerate much stronger reductions 1 blood
pressure {see Hoob et ol 1955)

Tt 15 dufficult to deduce from the data 1n Fig 3 the exact proportion
of the ncreased penpheral resistance 1 chrome hypertension that
might be 2 consequence of a morphologieal vascular change This
& because 1n practically all cases studied the influence of smooth
musels activity on the renstance to blood flow was 1n fact artfically
damped down by more or less successful therapy with hypotensive
dregs Turther 1t 13 necessary 10 know the txact wall 10 Jomen 1ano
of the vessels concerned 1f one wants to know also to what extent
awalt thickentng might mtensify the vasoconstnctor effect of a given
smooth muscle contraction Unfortunately such an estimation must
be next to 1mpos 1ble It should m this connection also be pointed
oat that if the vascular walls also get thickened by an ncreased
amount of issue flwd content (see e g Tosianand Brviow 1954) the
consequences for the vascular reactions should be about the same
thongh establishment and regression of such a change might occur
mare promprly than 1n the case of hypertrophy

The questions here taken up 2re mainly intended to direct some
of the sterest wheh 1 vecent years has been Jargely confined to
the search for consteictor agents 1n blood and tissue fluds towards
the possible functional consequences of even a moderate buy
%cnm\ued hypertrophy of the vascular walls In well established

ypertensive dusease the mereased resistance to blood flow 15 not
fiecessanly 4 consequence oni

y of wcreased smaoth rayscle activity
Tt may also be sigmficantly infu nced by a secondary vascular
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hypertraphy, which—for purely mechanseal reasons—as far as can
be judged must contnbute to the wncreased resistance, without at
the same ttme smplying any element of definite vascular sclerosis
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RENAL FACTORS IN HYPERTENSION,
THL RELATIONSHIP BETWEEN THE KIDNEY
AND THE BLOOD PRESSURE

M A FLOYER

Wi GoropuaTT (1934) produced sustauned hypertension by partial
renal astery comstrction 1t was thought that the probiem of hyper
tension would soon be solved Today however we have not yet
discovered the mechantsm of Goldblatt hypertension stiff fess dowe

s d the rel of this to human hypertensive
disease T would like to start from first prneiples desenbe some
stmple anmal experiments duscuss therr meaning, and mention some
simifanities between these expertmental results and observations on
patients with hypertension

Let us begin with the simple Goldblatt expenment an which one
tenalartery 15 partially constricted and the opposite kidney remaved
This ansenal develops persistent hypertension For a long time 3t was
thought that these observatsons could be explained by (he reun
angiotorun mechanism In the early phase of hypertension following
Tenalartery constrition remn can be demonstrated in the airculation
{HAYNEs and DexTer 1947) and at thus stage removal of the kidney
results i the return of blood pressure to normal m 2 short time
(PrckeRING 1945) 1 shatl not discuss the evidence about the nature of
the mecharusm of the early stage of expenmental renal hypertension
but will state my view that the early phase may sometrmes but not
always be caused partly by a pressor substance hiberated from the
kidniey (Fover 1955) But whatever this mechanism may be renal
hypertension in the later stages1s certainly not maintained by a renat
pressor substance Remn 1s said to disappear from the cireulation
with tme aithough the hypertension persists or increases (Haynes
2nd Dexter 1947) The most important observation however 1s
that n the Jater stages nephrectomy does not restore blood Ppressure

to normat PICKERING (1945) showed that 1n rabbits with rena)
hypestension of one week s duration

otal nephrectomy restored the
blood pressure 10 normal 1 a few hours but 1 anmals with esght
weeks hypertension this operation did not affect the blood pressure
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which remained rased until shortly before the rabbit died  We have
shown that total nephrectomy in rats with hypertension of 2-6 days
duratton restores the blood pressure to normal within 12 hours a
subsequent rise occurs (FLOYER 1955) which I will discuss Jager In
contrast 1nanwmals with hypertenston of more than 2 weeks duration
the blood pressure after nephrectomy shows only a transient fal}
compatible with the shock of the operation  after this the blood
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Fig 1 Curve A Effect of total nephirectomy in rats with chrome hypertension
Curve B_Effect of remaval of chp in rats with chronic hypertension
Curve C Effect of total nephrectomy in normal rats
{Reproduced by kind permission of the Fditor of Chmeal Semence )

pressure persists at or above the previous level until a few hours
before the anunal dies (Fig | Curve A) Thus after a short ume
expertmental renal hypertension becomes ireversible by neph
rectomy

The possble explanations of these observations can be grouped
under three headmgs

1 Themtial hypertenston 1s due 1o a rena) pressor substance and
that later 2 change occurs i the set  of the sympathetc nervous
system mantamnng the blood pressure at a high Jevel ndependently

of the ladney
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2 Ureversible natrow ing of the penpheral artenoles develops afier

few weeks hypertension
: [3 Av:chanue (Y,‘Zims in the artertoles erther in tone Teactivity orin
{he zctval size of the muscle cells which s reversible but which 15
matntataed by some mechansm other than a renal pressor substance
or the sympathetic nervous system

The observation which excludes the first tho possibilities 15 that
temoval of the renal artery constriction always restores the blood
pressure to normal even very chronic hypertension can be reversed
by testoring normal carcutation to the kidaey ByROM and Dopsox
{1949) showed thatin rats with a single  chipped  Yadney and with
hypertension of 12 weeks duration the blood pressure could be
restored to normal m 12 hours if the constricting clip Was removed
BAcKeTT and SeLLERs (1951) reported a rather slower but neverthe
Tess complete fall to normal following removal of the clip in rabbus
with chrome renal hypertension We have found that provided the
kidney 15 not mfarcted or otherwise damaged removal of the con
stacting clip restores the blood pressure to normal within 48 hours
{usually 1 a much shorter time) 1n rats with renal hypertension of up
toa year s duration Fig 1 contrasts the fall to normal of the blood
pressure after removal of the cip (Cutve B) wath the persistent.
hypertension after nephrectomy (Curve A) in rats with chronic renal
dyMeriension

Thus indicates that renal hypertension remains reversible by
removat of the constnction from the renal artery and excludes the
Ppossibslity that changes 1n the blood vessels or 1n the sympatheuc
set can maintain the hypertension independently of the kidney 1
;Vllll ceturn to a & of the mes} of renal y
ater

fn 2 further study of the reversibinty of renal hypertension
(FLover 1951) we have repeated and extended an experiment first
Performed by Witson and Byrowt {1939) who showed that hyper

tension could be produced m the rat by partial consthiction of one
renatartery without remaval of the opposite kidney They found that
after a few weeks hypertensve vascular lesions developed sn many
Organs but that these did not occur mn the kadney with the repal
attery constriction (the  chipped Widney) They presumed that the
onstricting clip protected the chipped kidney from the hugh blogd
Was excised at an early stage before
affected the blood pressure was
damage due to these vascular Jesions
kidney hypertension ‘peruisted after

pressure 3 the cipped kidney
the untouched kidney was
festored to normal butsf much
occurred 10 the  untouched
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temoval of the * clipped kidney Wilson and Byrom concluded that
vascular Jessons rendered parts of the kidney 1schaemic and that
this way the untouched” kidney could maintam hypertension

We used rats with hypertension of between 20 and 50 weeks
duration produced by constriction of one renal arfery without
removal of the opposite kidney Allanimals were subsequently shown

200, .,o\’1
180,
A) (&
GO i
o Gr
/’\,x—-\-\ /\X,A
Upper rmt L/'\,. /
180 fot nocmat .
¥
a0
o0 Clp. r;emoved Nephr;&c!bmy
15101520 12 3 4 5 6 7
Doys after

fst. operotion Weeks after 2nd operotien

Fig 2 Effect of removal of chip and of subsequent removal of either kadney in sats
with hypertenston of 20-50 weeks duration

{Reproduced by kind pernrussion of the Editor of the Ciba Foundation Symposium
on Hypertension 1934)

to have derabl lar damage 1n the hed kidney but
the chpped kiudney remamed structurally normal The first
protedure was to remave the constricting chp thus resulted 1 2 fall
of blood pressute to a level a little above normal (Fig 2) Aftera
pertad of observation the rats were divided 1ato two groups n the
first group the kidney which previously had been chipped was excised,
teaving only the damaged kidney w these animals the blood pressuse
rose 2 httle In the remamung rats the damaged kidney was was
excised Jeaving a structurally normat kidney with normatcerculation
ip this group the blood pressure was restored to normal This
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demonstrates that i rats excision of 2 damaged kidney and sestora
ton of normal eirculation to a notmal kidney can reverse hyper
tensionofuptoa year s duration Thisexpenment further emphasises
that any change which occurs 1 the penpheral vessels 1n chronic
1emad hyperiension 35 not ssrevessible and thatn 1enal hypertension
the blood pressure semans under the control of the kidney

1 would Iike to compare thus last expeniment with 3 remarkable
study recently made 1n Boston by MERRILL and his associates
{1956) Oftwo brothers aged 23 who were shown tobe homozygous
twins one had nephntis with mabignant hypertension and renal
fafure while the other was healthy One kidney from the healthy
twan was transplanted 1nto the pelvis of the sick brother the astery
and vemn being Joined to the internal shac vessels and the ureter
mplanted 1oto the bladder The transplamted ludney secreted unne
at once and the blood urea was restored to normal in a few days
Immeduately after the operation the blood pressure which had
previausly remarned at a hugh level for a considerable time fell to
normal buta few days fater 1t rose to Jevels somewhat above normal
but very much fower than previnusly After a few months the two
diseased kidneys were removed leaving only the implanted kidney
this operation restored the blood pressute to normal at once and 1t
has remaned rormal since Thus study indicates that chromic renal
hypertension i man as 1n the rat can be reversed when abnormal
reaal tissue 1s eteised and a normal kidney 1s gnven a normal blood
supply The similanty of the results of experiments n rats and this
study m man at Jeast gves some hope that expenmental renal
hypertension tn animals beats some relation to human disease
N Let u consider agawn the contrast between the persistence of

llowng total and the of

blood pre sure to normal when the lip 15 removed (Fig 1 Curves
Aand B) Ths result does not support the view that hypertension 1g
caused by a renal pressor substance but 15 compatible with the
hypothests that 4 normal kidney does somethung to mamtam normat
blood pressure and that when the Xidney 15 rendered abnormal by
renal artery constrietion this function s lost and the blood pressureis
raised by factors outside the idney we can call these factors
collectively the extrarenal pressor mechamsm  This would

explain why sub equent removat of the kidney g
blood pressure whereas restoration of n o e et the

ormal crreylatsor
the function of the kadney to maintam normal blood pr:ssl‘l\r;t;‘rc:;:s
ts true we would expect that total nephrectomy 1n normal amm: ls
would result 1n hypertension Grorramy (1949 and others h.:av:
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demonstrated that this does indeed occur and we have confirmed
their results Curve Can Fig 1 shows the mean blood pressure of 2
group of normal rats following consecutive removal of the kidneys
five days after total nephrectomy considerable hypertension develops
LepiNGHAM (1951) has produced hypertension for up to 6 weeks
duration 1 the nephrectormised member of a pair of parablotc rats
and has cowned the term  renoprival hvpertension
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Fig 3 Companson of the effect of bilateral nephrectomy (O} with that of

removal of the chipped Jadney ( ) in rats with 2-4 weeks hypertension

(Repraduced by kind permission of the Editor of the Ciba Foundation Symposium

on Hypertension 1954)

The result of these three experiments suggest that 1 the chrome
stage of renal hypertension the kidney 1s fathng to perform some
function which maintains normal blood pressure and that other
factors which we will collectively call the extra renal pressor mech
amsm can then rane the bload pressure The most obvious objection
1o this hypothesis ss the fact that o the rat and tn man a smgle
abnormal kidney can cause hvpertension we must ash why the
normal remaimng ¥idney does not mantam normal blood pressure
since removal of one kidney does not cause hypertension At first
sight this might appear to be evidence for the existence of a renal
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pressot mechamsm but this possibility 1s excluded by our finding
(FLovEr 1954) that removal of both kidneys i a rat with hyperten
sion of 2-4 weeks duration produced by constriction of one renal
astery without removal of the opposite Jodney, fais to restore the
blood pressurc to normal (Fig 2 eurcles) Incoutrast, removal of the
cipped kidney alone in sumlar ammals restores the blood pressure
tonormatina few hours (Fig 2 dots) This suggests that constrietion
of onc renal artery produces a temporary change in function of the
opposite untouched  kidney so that the latter behases Iike a
thpped Yadney and does not prevent the blood pressure from
msng When the chpped  kidney 1s removed provided that the
unfouthed  kidney has suffered no vascular damage the un-
touched kidney resumes normat function and is able to festore the
blood pressure to normal
Thus effect of one kidney on the function of the other rught be
rought about by a humoral agent or by the sympathetic nervous
system Destruction of the sympathetic nerve supply to both kidneys
by stripping the renal pedicles does not prevent the development of
Typertension after chipping one renal artery s0 1t 15 possible that the
clipped idney secretes & substance which canses a temporary
change 1n function 1n the opposite  untouched kidney The results
of all our amimal expenments and also the observautons of Mernll
on hus patient with a tramsplanted kadney ate m keeping with this
Bypothest
We must now ask what 1s the nature of the extrarenal pressor
mechansm  and how the normal kadney mantains normal blood
pressure The normal Fidney mght secrete a depressor substance it
pught destray or excrete a pressor substance secreted by another
organ or it might control by internal regulation the level i the blood
of vanous substances which affect the perzpherat blood vessels and
$0 mamtain constant the tone reactivity or the actual size of the
smaoth muscle cells 1n the artersoles thercby mamiaming normat
Peripheral resistance 1 have only one more piece of evidence which
s that the part played by the kudney 1 the masntenance of blood
Pressure 18 independent of its power 10 excrete GROLLMAN (1949 }?
demonstrated that whereas removal of both kids ) e
neys 1n dogs results
in hypertension removal of one kidacy and implantatu
reter of the other into the infenor vena cava does not on of the
blood pressure We have confirmed these results T opsein
1955) In a senes of rats one kidney was removed w ;3‘5 (Froven
ureter was waplanted 10to the nferior Yena cava a?}.g‘s‘f,zf? e
mantamed altve by penitoneal dialysis The blood urearoseiog ;&.:r:‘
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sumlar to that seen after removal of both kidneys but provided that
the kidney did not become dilated the blood pressure remained
normal This suggests that a structurally intact kidney even though
not excreting, can mamntain normal blood pressure We have also
shown that removal of the constricting chp and simultaneous
smplantation of the ureter 1nto the vena cava restores the blood
pressure to normal, indicating that a normal kidney can restore the
blood pressure to normal even though 1t 15 not excreting
In conclusion, 1t appears that i experimental renal hypertension
a state 1s reached soon after renal artery constriction 1 which total
nephrectomy faxs to reverse the hypertension, this occurs whether or
not the oppostte or  untouched kidney s removed In animals with
two kidneys removal of the clipped kidney alone restores the
blood pressure to normal provided that the untouched ladney1s
mtact but if this kidney has suffered hypertenstve vascular damage
the blood pressure remaws elevated following excision of e
clipped kidney The hypestensian is always reversible howeves
when the constrcting chip 15 removed and normal circulation s
restored to a normal hidney and the damaged untouched hidney,
if present 1s removed The hypothesis which explams these results
best 15 that the normal kidney 1n some manner mawmtasns norma
blood pressure when the kidney s rendered abnormal or 1s excised
this function 1s fost and some mechanism 15 allowed to raise the
blood pressure R of normal n to the kidney
however appears to mhibit this mechamsm and to restore normal
blood pressure no permanent change occurs in the circulation which
severs the hypertension from renal control This reaal control of
blood pressure is exercised through some snternal metaboltc function
of the kidney and does not depend upon the power of the Ifter
to excrete

REFERENCES

Brackey R P and Seuisrs A L (1951) Chn Ses 10 177

BrroM ¥ B and Dooson L F (1949) Clin Scr 8 1

Frover M A (1951) Cha Sce 10 417

FLover M A (1954) Ctda $) mposum on Hypertension Churchll London p 155

Frover M A (1955) C/in Sa 14 163

Gorpotatt H Lyaci) Hanzat R F and Suseervitee W W (1934) ) e
Med 58 337

GROLIMAN A MUIRBEAD E E and VANATTA T (1949) Amer J Phssiol 157 21

Havnes F W and Dexter L (1947) Amer J Physiol 150 190

Leomouam I M (1951) Chn Ser 10 423

Mermit 3 P Nélf;?;l] E Harrison] H and Guino W R {1956) S Amer
med ass 16

PrexerinGg G W (1945) Clm Sor § 229

Wizsox C and ByruM F B (1939) Lancer 1 136



EXTRARENAL FACTORS IN THE
PATHOGENESIS OF HYPERTENSION

J M LEDINGHAM

PrOFESSOR WiLsoN and Dr FLOYER have outhined the experiments
which have led to the concept of an extrarenal pressor mechanism
the pathogenesis of experimental renal hypertension and shown
evidence for the belief that this mechanism 15 closely related to that
which underlies renoprival hypertension My purpose is to discuss
what 15 known of the possible factors mvolved in this extrarenal
pressor mechamsm It was natural first of all to consider the impor
tance of the adrenal cortex and of electrolytes in this respect The
adrenal cortex 1s now well recogmzed to be necessary for the mamn
tenance of the normal blood pressure Adrenal cortical farlure 15
issncm(ed with a fall in blood pressure not always accompanied by
an

P an fore not directly
attnbutable to a diminution of blood volume (Khowrton 1953

SWINGLE ef al 1954) This would suggest that adrenal cortical
factors have some direct wnfluence on arteriolar tone That this
wience s at least partly exerted through the adrenal cortical controt
of electrolyte distribution 1s clear from the fact that the circulatory
disturb i adrenal Ui can be d hed by the
replacement of sodium lost 1n the unine Available information con

cermng the relationship of the adrenal to vanous forms of hyper
tension 15 presented 1n Table 1 Tn thus table are included two other
forms of expenimental hypertension not yet mentioned which are
of mthisd that1s salt hypertension
and steroid hypertension It will be seen that the adrenal 15 necessary

for the of

4l renal hy and reno
prval hypertension but can be substtuted 1n thys respect at least
partsally by sodwm (FLOYER 1951) Both deoxycortone and cortl
sone are pressor in \he absence of the adrenals and under these
Cireumstances s}(\-pdm;_n patentiates the pressor actran of deoxycortone
algcsl:;;.ressest at ol corbisone (KNOWLTON et af 1952 Lenincriam

The problem posed 15 whether the action of the adrenal cortex
o 183
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o¢ of the sodwm ton) 1w the maintenance of expcnmenl:l“r:n:i
wpertension and rcnop;:v:xl hrydim“:}s\m:d‘ts: ‘::\crt:\zm;z:‘m; usrc\y or
ly causatine In other words 15 the

%c\;‘mymc?a basic artenolat tone on which same other prcsscc; Tac:;:;
eterts 1ts action of 15 the adrenal more directly nmpl;;:lat u:‘ the
extearenal pressor mechantsm? This 1s a very vexed pto! ;m :md he
only evidence we have which bears on it 1s that from 1 c‘slqu

Bypertension 0 parabione rats (LEDINGHAM 1951) (Fig 1) From

0] @

Blood Normal Resed  Normal Normal
press re

Normat Normal

F‘Eml)t “The blood pressures in the twe members of a parabiotic parr of rats one

member of the part (Rat B} bene subjected to various operative Drocedures
ncluding nephrectomy and adrenalecronmy

these experiments we must conclude that in the hypertensive nephrec
tomyzed parabiont a greater quantity of adrenal factor or factors are
Tequired to matntain the hypertenston than are required to mamtain
the basic arteroliar tone mn the normotensive adrenalectomized
nephrectomized parabiont We have further evidence that expert
mental renal hypertension 1nduced m one member of a parabiotic
paif 15 also dependent on the presence of the adrenal (LEDINGHAM
1955) (F1g 2) Thus st would appear that more of arculating adrena)
factors ate required 1o mamtatn hypertension than to mamtam the
normal blood pressure and sy

ggests that they may be directly con
cerned whe Pressos mech Tus tentat

does not mean 1hat the adrenal 1s necesszrly producing mose of
these factors 1n experimental tenal hypertension and frenoprival
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hypertension, but simply that the factors are more readdy avarlable
1 the circulation Thus coticept 1s outhned schematically 1 Fig 3
The knowledge that sodum chlorde 1s trttmately bound up with
the production and masntenance of vanous forms of hypertension
has natueally led to the investigation of disturbances of body water
and efectrolytes 1n these conditions Studies of thus hand have et

Normol Normaf

Bisod Normat Raised Normal  Normal
pressure r
s1 ghtly
ro sed
Fig 2 The blood i the two of a pair of rals
member (Rat B) by the

Expenimental renal hyperension was induced 1m one
apphcanon of a cip 10 one renal artety Subsequenily adrenectomy was per

formed an this member

with at least two obstacles In the first place st was soon found that
changes 10 the extracelfular compartment of the body fiuds were not
an essential concomnant of the hypertensive state Thus m expers
mental renal hypertenstoa the concentration of catsons n extra
cellular flurd may be normal and the volume of the extracellular
fimd may be normal also (LiDINGHAM 1953} Renoprival hyper
tenston more readily occurs if the extracetiular fluid ss atlowed to
expand through the admimstration of saling (RRAUN MENENDIZ and
COVIAN 1948} though st has been shown that st may arise in the
absence of such expansian (MUIRMEAD ef af 1953} furthermore the
Nular canion may be normal although theretsa
orrelatton between the fevel of sodium ard the hypertension

€Xi
joose ¢
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1f they existstall

fal 1954) Hence cleavotyte disturbances

gx\ :;;;eismn m)nsl bem the \n\\'gat;\\ﬂﬂ;; cemp:mx;t y\!;{::v; I:;

>S5 3

atsts the first difficulty Swudies of Yot $n2ng y e ane
& extractitular spaces a8 8

electrolytes embracing the mitra an o

1y 1n (htrt COMPRSIIOT
ave wnrewardmg Speusfic (sues vary wide] S Aty
tatat ¢l ctrolytes and 1n the freedom with Wiy
‘l‘;t?t:omcn(mmns \{\l\m under different Qrcumsiances T)-;‘r‘;fm;
ctudies must be made m vanous sites mcluding the heart and bloo:

e ‘1‘ i

Avobit. Areoat
Vo veorstreior Fostor

Caartnce of wbiuen of
Focter wt Koarer

Yormat nput Increased tnput Ungitered
! Clegrunce Unaltered Clearance Decrecyed

Fig 3 Schy ftnop ways it which (h 1!
 fiypothetical adrenal vasocanstrictos Tatlor mught be at ered

vestels 1t would be logical to include 1he arterioles i these studies

but ther s1z¢ precludes this In the second place techmques for
definmg the extracellular space ary the subject of wuch coutraversy

The common prastice of using the chilonde space for this purpose 15
Pastcularly open ta crticsm The use of tuhin is less ghycctsanable
on the electrolyte disturt n
expenimental renal hypectension are rather at vatance due at least
n DMt to the vanous chemical aethods and also o the dyfferent
techmiques employed to tesfere with the renal siewlatien Inter

ference with the kidoeys suck as stoiple upilaterat neplirectomy

broduces distarbances wn the extracelular 8uid volume ond opers

tions o the sole temamng Xadney may mduce further disturbances
possibly tavalvng 1 ! %

Aypertension (LEDINGHAM 1953 Tariay

Repans from various tab

y paned by
and Brviow 1954) Hence
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interpretation of the significance of observed changes becomes
extremely difficuls

Our own studies (LEDINGHAM 1953 19542 and b) using wnulin to
define the extracellular space have been confined to the water and
electrolyte disturbances in heart and skeletal muscle taking place 1n
various forms of experimental hypertension In experimental renal
hypertension the changes 1f they existatall are small Some evidence
was obtatned for a reduction n the ntracellular concentration of

Normal Experimental
control rena
hypertension
f—mt

ECFV per 100g

body wt -
Plasma

sodium conen

Heart muscle ICF
sodium conen

-6/}

Skeletal muscle ICF
sedium concn
-127)
Fig 4 Changes in the extracellular fluid volume (¢ ¢ f v ) and the concentration
of sodium 1n the plasma and the intracellular fluid (1 ¢ £) of heart and skeletal
muscle in experimental renal hypertension in rats

sodium 1n heart and skeletal muscle (Fig 4) After total nephrectomy
we have evidence that the adrenals cause withdrawal of sodum from
the ntracellular compartment 1n heart and skeletal muscle and
thereby bring about a reduction 1n the ntracellular sodium concen
tration (Fig ) It 1s under these circumstances that renoprival
hypertenston occurs Studtes of the changes occurnngin hypertension
following the administration of cortisone and deoxycortone are more
complex in view of the many vanables involved but here again there
15 some evidence that hypertension 1s associated with an increase of
extracellular relative to intracellular sodium 1n heart muscle
Qur conclusions up to this point are therefore that greater quan

tuttes of eirculating adrenal pressor factors are likely to be found 1n
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1 hyperienstont
tal renal hypertension and 1n renopnival
:;%c:;:: ‘(\haese may p;’sslb\)' exent thew pressor achion (hmufhb;t;::l
wfluence on the clectrolyte distnbution in the heatt z:'nd
vessels Further studies along these hines are urgently neede

Normel  Nephrectomy  Nephrectomy

Adrenclectamy

Water Water Water
A +28 +22%
bady wt

Plasma
sad um cofien

Heart muscle 1CF l l
s0awm conen

-1 -22%
Sksletal muscle

1TF B | =

sadum concn, ey [WYTK)
" cellular

SVATRydTON ony -

- +
Fis. 5 Changes in the extraceliolar furd volume {€ ¢ € v ) and the concentravon
of sodium yn the plasma and mtracellutar fuid

(¢ £} of heart and skeletal muscle
1 rats followmg total of total rep! and
it the provision of drimkimg water afier optration

Lastly we must consider how these hvpothetieal pressor factors
nught operate 1n the production of hypertension Various passibilines
ate discussed below

1 Fusstly these factors may sensitize the artertoles to normally
arculating pressor agents of nonrenal ongin known or unkfiown
Muchwork hasbeen directed 1o the vascular reacuvity 10 adrenaline
noradrenaline and other pressor substances 1n adrenalectomized
ammals both uatreated and treated with adeenat sterowds Varous

hmgues have been employed Using the blood pres
sure response iself as an indcation of reactivity 1t has been found
that 1n advanced adrenal insufficiency this response 1S depressed
(RAVEY ef al 1951 SALMOIRAGHI 3nd McCupery 1954) but i
mamtamed after treatment with adrenal corncal steroids (Ramey
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et al, 1951) However, the mitial blood pressure wn the adrenal
isufficient animal 15 1n general Jower than 1n the normal control and
the sigmificance of differences between blood pressure elevations
under these cuwcumstances 15 uncertamn Furthermore differences
cannot be attributed necessarily to differences 1n vascular reactmvity
but rather to differences 1n reactivity of the cardio vascular system
taken as a whole Recently studies of the blood flow through the
peripheral vascular bed in adrenal msufficient dogs (BrowN and
REMINGTON 1955) have failed to demonstrate any decrease m
responsiveness On the other hand using the rat mesoappendix
preparatton the vessels were found to be refractory to topical
noradrenahn after adrenalectomy tesponsiveness betng restored by
the topical application of adrenal cortical extracts (FriTz and LEVINE
1951) As regards the possibility of enhancing responsiveness to
vanous pressor agents by the adminstration of adrenal cortical
steroids to man or to intact ammals there 15 as yet no agreement
Observations 1n rats and dogs revealed no increase m the blood
pressure response to adrenaline remin, and angiotonin after treat
ment with deoxycortone (MAssON ef al, 1950) and m dogs no
increased response was observed after the acute injection of adrenal
cortical extracts (RAMEY ef @l 1951) Using the rabbit ear chamber
technique no 1ncreased sensittvity to noradrenaline was observed
after cortisone (WILLIAMS ef @/ 1954) On the other hand 1nman an
increased blood pressure response to infusions of adrenaline and nor
adrenaline was reported after treatment with deoxycortone
(RAAB ef al 1950) In conclusion 1t must be admtted that this
first possibility cannot be substantiated 1n the light of available
evidence

2 Secondly These factors may have a direct action on artersolar
tone themselves We have no conclusive evadence for or agamst this
view
The results which Dr FoLrow reports are superficially 1n oppost
t1on to these first two possibilities There are some comments which
we should like to make 1 this context In the first place his materral
1s from human cases of long standing hypertension 1n whom the
complicating factor of atheroma in the larger artertes arises
Atheroma 1s accepted to be accentuated by hypertenston and 1s a
well recogmzed cause for reduction mn blood flow through the
penipheries Expenmental renal hypertension induced 1 young rats
1s not complicated i this way and there 1s no doubt that long
standing hypertension of renal ongin 1s quickly reversible (BYROM
and DopsoN 1949) as 1s also renoprival hypertension by kidney
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Afung (hOLFE and PAGE 1954) These observations strongly oppos¢
E‘mnc:p(t of structural change In the second place Dt FoLrow con
«iders that the smooth muscle cells in the artenoles are completely
relaxed by Yus treatment of ihe arm This may be so but 1t 15 stll
possible that the shape of the relaxed muscle cell 1s different from
normal by reason for instance of changes 10 s electrolyle content
Thas sterpretation, would permit @ reconciliation with our own
expenence of the rapid reversibility of hypertension In the thy rd place
we question whether 1t 1 justifiable 10 consider that myogeme tone
sympathetic fone ete are strictly summated on this basal relaved
state

3 Thirdly These adrenal pressor factors may not after all act
upon the artenoles but upon the heart The concept of local myogenic
actvity first suggested by Bavuiss (1902) by whuch the smoath
muscle of artenolar wall reacts to an increase of mtravascular
pressure by vasoconstnetion has recewved strong support from the
work of Dr Forkow (1949 1952) Thus1dea opens up the possibilitv
that more forcible contraction of the heart 1s primary i the genests
of hypertension and that the vasoconstncuon of the vessels i
secondary to this and medtated through the focal myogemc activity

The tesung of such a possibility presents physiclogists with a most
complex haemodynamic probler

Finally we should say thatn the study of the cause of hypertension
the seasch for a b 10 the usual
s nse of the word may be frustless Furthermore 1t1s 1n the bounds of
Dossibility that no alteratron may be found mn the normal function of
the vessels at all but rather in the heart We are ndeed stll very far
a#ay from the ful) understanding of thus difft ult problem
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DISCUSSION PAPERS

THE PHYSIOLOGICAL RESPONSE TO NITRO-
GLYCERINE IN NORMAL AND HYPERTENSIVE
RABBITS

JAMES CONWAY

HyeerTenstoN 15 particutarly interesting for the physiologist because
Risa \hturcuca\ll; mpossible copdition On the one hand there are

processes 2z pheral and rassing
blood pressure and on the other there 1s a well established system of
homeostatic reflexes based on the carotid sinus and aoruic stretch
teceptors appatently 1ghoting it As the blood pressure nses at no
stage does one see a penod of bradycardia to indicate the onset of
reflex actisity and yet from the work of VEXNTY and Voot (1938)
GowpBLATY ef al (1940) PICKERING et al {1936) and others i s
known that the carond sinus refienes semain active sn the presence of
bypertension and could depress the blood pressure Recent electro
physiological studies by McCussiy Green and Pacr. (1956) have
shown that the baroreceptors in the carotid sinuses themselves
3ppear to be set tugher and 1o operate about the hypertensive
fevels

Since the effectiveness of the control of biood pressure 1n hyper
tension 15 of some practical importance expenments have been

it 1o test y the effi y of the reg reflexes

An ngection of mutroglycenine 1nto the marginal vein of the ear
of a conscious normotensive rabbit leads to a depression of the
biood pressure and s rapud restoration 1 10-20 sec degending
upon the dose (Fig 1) After injections of very large doses of
hexamethonmium  60-80 mg 1 divided doses mgections of nitro
glycenne can be repeated from more or less the same titral fevel of
pressure but with hittle inteeference from the reflexes

As far as pressure regulation 15 concirned there are two points
of 1nterest 1n these responses to nitroglycenine the onset of tachy
cardra and the restoration of pressure to normal

iz
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A. Before ganglionic block

3 5 sl wmm , AL
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T
005mg {17 mmHg)

B After ganglionic dlock
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o EaS )
Tal/sec
005mg
Fig 1_The effect of of ne in the rabbit before
and after the ad o (60 mg) The blood pressure

f
was recorded directly from the central artery of the ear by a condenser mano-
meter T==indrcates the point at which reflex tachycardia appeared

(1) The level at which tachycardia appears indicates the deviation
from the resting level of pressure which can oceur before the
reflex 1s excited and from Fig 1 1t can be seen that the fall m
blood pressure 1s temporarly arrested at this pont

(2) The return of pressurc 1s produced reflexly By companng the
response to mitroglycerine before and after hexamethonium
1t can be seen that the reflex restoration of pressure occurs at
a time when the response after hexamethonium shaws the
dilator effect of the drug to be fully active

Repeated experiments of this kind have been performed on 5
rabbits in their normal state and again after producing hypertension
by perinephric fibrosis the pattern of the response was unchanged
with the development of hypertension In repeated tests the mean
fall 1n blood pressure after which tachycarda appeared following a
dose of 50 pg of mitroglycerine was 12 mm Hg n the normal and
15 mm Hg in the hypertensive The mean duration of the effect
before ganglion block was 22 sec 1n normals and 21 1n hypertensives
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The reflex response to a mse 1n blood pressure was also assessed
from 1njections of noradrenahine (1 25 pg) before and after hexa
methomum The onset of bradycardia and the restoraion of blood
pressure within halfa miaute endicated the acuvity of the depressor
refler Agamn the behaviour of the hypertensive anmmal was indis
tingusshable from the normol (CoNway 1955)

These exp show wndyrectly that the regulating refleves lose
aone of thesr effictency with the development of hypertension

Two pots of practical interest anse from thus work The first
15 that any therapeutic atterapt to reduce the blood pressure 1n
bypertension will be ressted by these powerful homeostane sefiexes
and 1t seems that a therapeutic approach to severe bypertension aught
be made by utiizing the methonuern compounds to block the restora
tve reflexes while a vasodilator agent—perhaps a long actuag tutcite
~1s used to refax artenal muscle directly

The second porrt 15 of tnterest w view of what De Founow has
said sbout the mability of the forearm vessels to dilate 1 hyper
tension The ability of niteutes to reduce the blood pressure has been
studt d 1n & rabbuts on different oceastons m therr normal state

e

Lowest level of dastalic pressur:

102030405060708090100
trical disstolic pressyrg mm Hy
F1g 2 Degre sconof the blood.
(&:gg‘ﬁ i ot e blood uv"‘“s\rrc by supramaximal dases of nitroglycerine
CXPErIments wese perfc
< “}‘\hk.\( normal s‘\a\éx ormed nd rabbus
after
bwszpemmn for the production of hypertension by perinephric
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and agam after the production of hypertension by perinephnc
fibrosis

With the development of hypertension (Fig 2) the masimal re
duction of blood pressure achieved by mitroglycerine became pro
gresstvely himited roughly in proportion to the sevenity of the
hypertension

‘While the conclusions that can be drawn from experiments of this
kind are necessarily muted they do support the contention that
something other than vascular spasm must be responsible for the
increased peripheral resistance 1n hypertension
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SOME CHARACTERISTICS OF PERIPHERAL
ARTERIOLES IN HUMAN HYPERTENSION

ROBERT § DUFF

THERE 15 unfortunately a slight difference between wild animals
more or less eviscerated and human beings more or less civilized

Chronic artertal hypertension results from a widespread reduction
in the calibre of arterioles of the systemic vasculature Investigation
of the peripheral circulation 1n man may therefore provide a direct
approach to the understanding of the nature of human hypertension
The following observations are derived from an enquiry nto the
functional state of arterioles of the hand 1n patients with tugh blood
pressure contrasted with healthy subjects

Three studies of these vessels have been made to determine
(1) their mean calibre before and after treatment (2) their response
to directly apphied chemical stimuhi and (3) the influence of cortisone
on vascular reactions

The normal subjects comprised altogether 60 healthy adults
most of whom were medical student volunteers Many of these were
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1at Sy Thomas s
wvestigatedin Prof HENRY BARCROFT § Departmen!
Hospital with the collaboration of Dr Jean G\\sml;mkﬁ;n::!
Bartholomew s Hospual by courtesy of Dr GrorfREY BOURN o
Dr Graram HAYWARD more than 30 hypertensive patients have
been studied so far

Norvrat ‘ Hypertensive
under 130

Diastolic blood
pressure

130-160mmHg

Ho d blood flow  mi/100mI/mie
ke

Fig | Mean resung bload flaw in the bands of groups of healthy and hyper

tensive subjects (he latter are graded according 1o the fevel of diastohc antenal
pressuse (From Dusf 1956)

In every test the blood flow in the hands was measured by venous
occlusian plethysmography under standard conditsons (Dyrr 1952
BARCROFT and SWAN 1953)

The hand blood fiow atrest of members of a fanrly large group of
healthy subjects extended over a very wide range but averaged
105 mi/mnute/100 m) hand volume In patients with ugh blood
pressure the flow vaned with an overall range ike that of the normals
and with a mean value not significantly different from the normal
group (Fig 1) But when the hvpertensive patients were grouped
according to thew duastolic blood pressures two further facts
emerged The first was that the blped flow tended to be mversely
refated to the arterial pressure the second was that 1 the least
severe group (with diastolic blood pressuses between 100 and 130
mm Hg) the hand blood Now was actually greater than normal
Thus finding 15 of mterest, for st suggests that 1n bypertension the
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vascular narrowing though widespread, does not 1n the early stages
mvobe the vessels of the hand

After tre with b honwm (and related drugs) the
resting Jevel of flow 1n the hands was consistently lowered {(Fig 2}
No doubt thus was partly the result of the reduction m asteral
pressure n the upper half of the body by the hexamethonum
However the fall in blood flow was usually greater than the fall s
blood pressure

5 Hand blood flow a hypertensive indiwiduols
> 301
£
8
< Untreoted During systernit
[3 hypotensive
20f theropy
: !! “ |
< L
v
S wh Meon Meon
& of o ,
30 0
J ﬂ \”:”
oLl T

Fig 2 Resting hand blood flow 1n untreated hypertensive patients compared
with patients tn whom the blood pressure has been reduced by hexamethomurm

It 1s likely therefore that hexamethonsum diverts blood wnto tissues
other than the hands The blood flow 1n the feet and legs 15 known
to be sncreased by the systemuc adoumstration of this drug
(HavetoN, HENLEY and MorrisoN 1954) The lfowernng of blood
pressure by hexamethontum may therefore be the result of an action
on the autonomic nervous system producing a more or less selecive
relaxation of those biood vessels mainly responstble for the pent
pheral resistance

The second investigation concerned the response of artenoles
of the hand to the constrictor effects of adrenaline and noradrenaline
These hormones were infused umlateratly wnto the brachsal asterv
i physiological amounts at rates of between | 64 and 1,8 micro-
gramme per munute These doses wese small enough to produce
effects confined to the mfused hand The results were analysed to
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assess changes tn bloed flow due solely to the local action of each
substance on the perspheral artenoles

In the first s;:s the efects of adrenaline were measured u;_
hypertensive and 1n healthy subjects When the mean n:spon;es oh
the 2 groups were compared (Fig 3) 3 was Jn\)vmus that wit eac.n
dose of adrenahine the hyp e more

[ toemat biood pressurs

l Hypertersive

M a hreductan o biood faw

1464 s e
Ad engll &

#ofmn
Fig 3 Mean constrictor responses of groups of healthy (elear rectangles) and
l)\{g;:mnswe (Black rectangles

) subjects 1o 1ntra artenia) nfusions of adrenaline
1126 and 18 ug minute (From Dure 1956b)

than the normals Three obvious ¢xplanations for this suggested
themseives Tt smght be (1) a physwcal consequence of vascular
tamowing or (2) the result of actual hypertrophy of the smaoth
muscle of the anenolar spncters or else (3) a specific change 1n
the chemical susceptibility of the artertoles

Vascular natrowing could hardly be respoastble for there was
B0 precise relationstup between the level of flow and the
to adrenalme (Fig 4) This was so not only for the hypertensives but
alo for a fairly large group of healthy subjects It anythng the
subjects with a low resting blood flow had 3 comparatively smati—
ot large~—rtesponse to adrenaline

response
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A0 heotthy subjects
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under5Q 100 15Q WOoa200
Restng hand bioed flow  mADCmfmn

Fig 4 Adenaline vasoconstrichion h hualihy subgects grouped accecding 1o
the resting Jevel of flow in the hands The respanse to adrenabine 18 pgaur
bears no precise refationstup to the resting flow and 15 cestarnly not increased
1n thase with low resting flows

Boongn  rypertens ve
| {l Progress ve
§ o grant

nd viduals

1 3
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N
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Mebn vostulor senativy

WNormall
Meon

i

Mean response af the bleod vessely of the hand 1o adrenalme of hyper

::)“gs“sc mdawdua)g geaded according, 1o the severity of the disense showing the

1ncreased responses of she m)on‘\’y especsally those with smore severe grades of
)

hypertension {From Dutr 19481

3




CHARACTERISTICS ©f PERIPHERAL ARTERIOLES T HUMAN HYPIRTENSION 201

buted d reaction of
The second bt the
hypertensives lorhypcmophy of the arienolar sph\ncm‘ m:xsc\‘c
Tr 5 shows the \ P of hyp s
Patients with no evidence of vascnlar damage in the reunac‘hcan‘
orkidneys are indicated by clear rectangles those with mnllgnan
fiypenension by black rectangles and those with vascular lesions

20
»
5 [Bengn
- Deroges
- Phoi g ent u&
2 Bty 11 11
% Meon
i o
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Fig 6 Mean responses il
TeSponses

of B duals to d The
ajorrty fall within the range of a group of healthy subjects
ndicated by the dotted Tine

of wtermediate severity by shaded rectangles In most of these
patients the adrenaline responses were greater than the normal
which 15 shown by the dotted line Increased adrenaline vasocon
steKcton was an general velated to the seventy of the hypenension

But 1f the mereased vascular reactions were simply an eApression
of hypertrophy of the smooth muscle of the arterioles then a stmlar
cahancement of the Tesponse 1o other constzcter stimuls should be
demonstrable Fig 6 however shows that when the same hyper
tensive patients wert tested n 1dentical manner winh noradrenakine
ost of them were nol more reactve than normal to the penipheral
Vvascular effects of the latter drug

It therefore seems Wikely that the increased adrenaline Tesponse
10 bypesiension 1s 3 speaific chemical change 1 the smooth muscle
of the terminal artenoles

Systemic treatment with hexamethons
tstng change m theseTesponses (Fig 7)

ym resufted 1n an snter
was not greatly altered but that to

The senstnty to adrenalipe
foradrenaline was markedly
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Meon & eduction in bisod Tiow

P etmns ¢ 1 dngs

fiect of cartisone on direct responses of the yessels of the hand §o
f(’i%enghsc and to noradrenalipe In a prehmunary senes of 8 nonmal subects
an ncreased senstrity 0 adrenaline was found an effect resembhing that

present 1n essential hyperenssen
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screased This 15 ferther evidence that the artenolar effectors (ot
should one say receptors ) respond differently to the two adrenergic
hormanes

Attempts ate now bemng made to unravel the mechanssm of this
increased senstivity to adeenaline in hypertensive patients

Since ugh blood pressure 1s a disease of eivilization then possibly
thiere 55 a derangement of the system 1avolied w the reaction of the
body to stress It seemed reasonable therefore to examine the
sofluence of the suprarenal contex on waseular reactions To getsome
indication of this the peripheral tomtra artenal 1
and 1o noradrenalime have been tested before and after infusing
smaffamounts of a preparation of cortssone 1nto the brachsal artery
of normal sybjects

Prebminary findmgs suggest thal cornisone may enhance the
1 sponse of vessels of the hand to ad butnotto drenal
{Fig 8) If confirmed then thus 15 evidence that the suprarenal
cortex may be mvolved in essential hypertension for the previous
study sndicated an increase in vascular sensitwity speeiically to
adrenafine 1n patients with high blood pressure

SUMMARY

(1) Studies of the blood flow in the hands of patients with Tigh
blood pressure indicate that in the early stages the vasoconstnction
does not snvolve the vessels m Ahese extremities

(2) Inthe of hy h seems to be
particularly effective on thal portion of the vascular tree mainly

postble for the d

() In the hands of panents with hugh Blood pressure there 1s

enidence of a speaific Increase n the sensitivity of the sessels to
adrenahine

(4) Hexamethonium does not appear to alter this though 1t does
cause hypersensitvity to noradrenaline

{5} Prelimtmary studies suggest that 1n high blood pressure the
suprarenal cortex may be involved n the disturbed response of the
vessels to the adrenergic hormones
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THE CONTROL OF VASOMOTOR TONE
IN HYPERTENSION
W S PEART

It seems fawly <lear that most forms of hypertension are due to an
merease 1n the peripheral resistance and that other factors such as
cardiac ountput and blood viscosity are ustally normal (PICMERING
19362 Prcacring, 1955) The distubution of blood flow has not
been completely studied but some measurcments suggest an merease
n muscle blood flow m patients with hypertension {ABRAMSON and
Firrst 1942) and a decrease in renal blood flow m some cases
(Gororing et al | 1941)

INCREASED PERIPHERAL RESISTANCE

in vestigating the nature of the 1ncreased periphersal resistance
we have measured the blood flow 1n the hand by means of calont
metry (GREDNFIFLD and SCARBOROUGH 1949) and compansons of
the so called maumum heat eltmmation after warmng the other
arm or legs have been made This method gives quite reproducible
results from day to day in the same subjcts and st does seem that
vasoconstrictor tose is removed completelv swce no further
ncrease occurs i the nerves to the hand re anaesthetized (PIChER
NG 1936a) However 1t must be mentioned that Roovie and
SHEPHERD (1956} have shown by venous occlusion plethysmography
that the blood flow can rise sull hugher 1f local heating 15 combined
with heating of the other limbs Therefore what we have measured
s presumably not the mavumum vasoddataton possible bt
represents the hand blood flow when sympathetic tone 15 ehmmated
Under these conditions a ise of arterial pressure should be accom
panied by a nse of hand flow unless the hand s the sue of the

d peripheral tance This ts thustrated by the effect on

the maximum heat elimination of dosing 1 {arge femoral anterio
venous fistula m a patrent Occluding the femoral artery proumal
1o the fistula rased the blood prescure and the maumum heat
ehmination (PICRERING  193ba)

The results we hae obtaned refevant 1o the nature of the pers
pheral resistance n various forms of hypertension are as tollows

—nd
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ential hypertension the maxtmum heat elsmiation 18
v«:ll‘l)w}&xzstshc norlep:ange It seems therefore thatincreasedarteral
pressure 15 balanced by increased penpheral resistance in the hand
and that there 15 no evidence ofincreasedvasomotor tone{PICNERING
1933 Steap and KUMREL 1940 MevpLowstz and ToUROFF
1957

(") In chroni, nephatis with hypertension the maximum heat
chimination 15 withun the normal range
3} Tn CustmnG s syndromse wsth hypertension the matuoum heat
ehmination was normal 1n two cases In one case removal of a
maltgnant adrenal tymout led to a fall of artenal pressure to normal
fevels and the maumum heal ehminavon fel} 1o nse agamn to s
previous levels with the development of metastases and a return of
the blood pressure to high levels The non nervous increasc in
heral heref d relatively unahiered 1n the

face ofa changing blood pressuze

(4) Inacute nephnus duvng the phase of hypertension maxsmum
heat ehmination 1s 10 the upper normal range or above 1t Moreover
as artenal pressure faffs so does the manimum heat ehminanon
{PickerInG  1936b) Cardiac output 1s not particularly mcrea ed
(Davies 1951) and 1t can be concluded that there 15 no evidence for
2ny non nervous vaseconstriction 1n the hand i contrast to chronie
I;;L;‘mm and essential hypertension {see also ARNOTT and MATTHFW

%)

{5} In ph the heat 15
vitally much fess than in normal subjects {BARMETY ef af 1950
HAwLTON ef g 1953) The reduction 1s conspicuous duning the
charactenstic attacks 10 which the pressure rises sharply but st ss
also reduced 1n patients with sustained hypenension not subject
10 obvious attacks (HaMiLTON ef o/ 1953} Removal of the tumour
in four patients was as ociated with a return of the maximum heat
elizunation to nasmal levels This applies abso 10 those pattents who
still had persistently raised blood pressures (BARNETT er af 1950
HamivtoN et af  1953) We can say with reasonable certainty that
the dyimnished hand flow 15 due tp oweulating adrenaline and
noradrenaline 1 this condition

In 1o other conditton 1s 1t possible 10 do more than s
but with the exception of acute nephntis the prrsisience OF;C:;;?‘!
penpheral resistance when the effect of the vasomotor nerves i
cltminated rules out a nervous cause It might be dug 1o 3 hum, sl
factor ot a structural change tn the. Tesistance vessels e
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FAILURE TO REVERSE HYPERTENSION BY REMOVAL
OF THE SUPPOSED PRIMARY CAUSE

There are a number of observattons m man which suggest that
chrome hypertensson may not be completely reversible if the
supposed ongmnal cause 1s removed Thus i patients who seem 1o
have unilateral pyelonephrniss removal of the affected hidney more
commonly fasls to reduce the blood pressure to normal Undetected
disease m the opposite kidney s a possthihty however More
con g, but not yet tustve 1s the evid from patients with
phacochromoceytoma  In five cases investigated at St Marys
Hospital (HAMILTON ef ol 1953) three had sustained hypertension
and removing the tumour left the pressure clevated m two patients
(seen respectively 34 and 14 years after operation) even though the
urmary excretion of catechol amnes returned to normal (PEART,
1954)

Finally Crrzanp Counanan and Goopwin (1956) showed that
reparr of coarctation of the aorta leaves an arterial pressure which
though lower than before s still higher than 1s normal i patients
of the same age and sex

Therefore prolonged hypertenston may be accompanied by some
change which tends to perpetuate the hypertension after removal
of what seums to be the primary cause
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GENERAL DISCUSSION

Dr Dorauorst It scems to me that Dr Folhows m\;r
pretation of hus findings rests on three assumptions T{\c first 1sl l‘ :‘(;
tis relationship of flow and pressure the completely r’;“ ;
sascular system 15 hineat over the whole range Thatistosay if flow 1s
plotted agawnst pressure in a completely relaxed systern s gives a
straght lime throughout If 1n fact thisis not so but the flow pressure
relatronshup 1y somewhat curvilinear 1n the tugher pressure range
then 1t may be that the calculated tesistance will go up as one 1s
working over higher pressures It may possibly not be justifiable
therefore to compare the results 1n hypertensive cases directly with
those 1n normals

This objection could be met if the effective pressure in the imb
were decreased by applying pressure outside the limb It can be done
quite stmply by lengthening the chumney of the plethysmograph and
50 mereasing the hydrostatic pressure This Teduces the effective
pressure m the htmb ang one can get the hypertensive pressure back
into the normal range Italso of course automancally gets nd of the
trouble of the congested veins

The second assumption 1s that he has 1n fact achieved maximal
vasodifatation by his method of exercusing presumably to pain 1
thesschaemic imb This indeed may beso butIthink one has to be
vather careful about assuming that full vasodiatation has occurred
Our expenience with vartous dilator mfluences and exercise as well
has been that 1n general it seems almost 1mpossible to saturate the
flow so to speak to get really maximal dilatation It would be
interestmg to repeat some of these expeniments after prving a long
lasting difator substance mtra arterially It may be that the flow
would not go up but 1 suspect that 1t would

There 15 2 thurd assumphion and that 15 that the blood pressure
measured in the other arm simultaneously 1s the local effective blood
pressure This assumption 1s not correct At these high flows there 1s
adrop 1n local blood pressure It does not amount to very much but
itss definitely there If one measures the pressure with a needle m the
brachial artery and with an occluding cufi on the arm lower
down when that cuff is taken off even with a normat vessel therersa

very defioute drop aftter 2 long period of ischaemia One might think
that the drop ought to be the

same 1n normals and 1n hypertensives

butif 1nfact theress some inthe zxrm'yyp of
where the circulation 1s being occluded his mught lead to a greater
than normal drop 1n pressure 1 think one must measure the pressure
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where stis effective This 15 not techmically very difficult and st would
strengthen the results very much It may very well be that 2l these
objections can be romoved by further work, but because this 15 such
a fundamental matter ¥ think they ought to be met

Dr FoLnow As to the first question dealing with the pressure
flow relatonship of maxmmally dilated vessels we have performed
many experments on ammals and have found that the resistance 10
flow decreases with increase of pressure sn the Jower pressice mtige
but at pressures above approvimately 100 mm Hg there 15 an almost
inear pressure flow relationship In other words the resistance fo
flow of the maxumally dilated vessels then remuins relstnely un
changed Buston s explanation of this finding which we also find to
be the most reasonable one 15 that the vascular bed 15 surrounded by
a delicate fibrous network When the maxumally diated sessels are
distended by mereasing pressures the sndistensible network will soon
be reached preventing further distention and thus further decrease
of resistance  when the pressure 1s rased In the present expenments
on man we have assumed that ssmlar relanonships hold for the
maxmally dilrted forearm wessels Jt 15 n agreement with this
assumption that when acute hypertension was mnduced by nor
adrenaling 10 normotensive subjects therr forearm resstance to
blood flow at maxmmal dilatation was not essentially changed
Further if the resistance to flow should further decrease due 1o the
rarsed pressure in acute hypertension the observed differenice between
normotensive subjects and essential hypertensaves should only be
more pronsunced 1t 15 1mpossible to smagne that for pure physical
reasons the pressure flow refavonship of maxumally difated blood
vessels shouid be concave to the pressure axy 1n other words that
the reststance of the vessels should merease when wtravaseufar
pressure s raised

It 18 of course a very mporfant question to know whether the
blood vessels were really maxunally dilated It 1s one of the iherent
difficulnes an this problem Nevertheless our method 35 as far as we
can see the only way by which one can determine whether the vesscls
in chronie hypertension have an altered architecture with generahized
structural changes causing a shght inerease i resistance We have
tried to tncrease the dilatation both by nereasmg the period of
wschaetnia and by forcing the subjects ta work very hard with ther
schaemic forearm muscles We were not able however further to
increase the forearm blood flow ficantly by such pro In
fact we usually found shat about 75 per cent of the maximal
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cbtamable flow was already reached after two minutes of ischaemia
and added muscular work and after five minutes of 1schaemia about
90 per cent or mare was reached Yn other words the cunve conek
laung the period of 1schaemia and muscular work with the pea
hyperacmua flattens out after a very steep ise at shorter occlusion
penods and there 1s very lntle sign of fuether crease of flow when
the 1schaema pertod and the muscular work 1s increased further
Sucha curve can be regarded as 3 dose response Tune correlating
the Jocal concentration of vasodilator agents with the vasodilator
response The very definite flattening out of this curve suggests at
feast i our view that the vessels are thenat ot very nearto maximat
difatation

Dr Dornhorst s third question 15 also quite wteresing As far as
1 can remember Pickening has measured the pressure drop between
the brachia artery and the small finger artenes and found this pressure
drop to be very small and essentially equal 1 notmatensive and
bypertensive subjects under resting conditions Normally therefore
th farger arteries contnbute very hule to the resistance 1o flow
These conditions may however change when a huge dilatation of the

resistance vessels 15 induced as then the great velocity of flow
through the larger vessels must magnify the pressure deop along the
larger artenes—and also the vemns Whether this pressure drap 15
agafivantly greater wm uncompheated hypertensive disease 13 un
fortunately not known Tt does not seem 10 be so when vascular
smooth muscle tone 1s mcreased acutely by mtravenous wnfusion of
noradrenalme 1n normotensive subjects Under such circumstances
the forearm blood flow at maximal dilatation »s 1a our experience at
least 1mcreased 10 proporuen to the wcreased blood Pressure as
measured {rom the other forearm Of course 1t 15 highly desirable
4150 10 measure the blood pressure lotally but the factors of stress
are so many 1n thus type of expeniment that 1t 1s often quite difficult
to get the pauents to co operate Ten minutes vascular occlusion
wath the forearm m water at 43 C with muscular work added 15
tenerally quite uncomfortable

We are well aware of the fact that many pufatis are mvolved and
for this reason we only want to look at thys serses of €Xperiments as a
suggesuon that afier aWl a generabized structural change too small
to be easily found by histol 1 techmg; may execta

wfiuence on the h y m well-establiched

disease Increased vascular smooth muscle tone 15 Ot 1
on! or myolve eessanly the
lot:yg ;2::" 3 4 once blood pressure has been rased for o
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PrOF SRk Dr McQueen has been performing some expers
ments which are related to the question rassed by Dr Floyer
concerning the relstionship between renoprival hypertension and
chipped kidney hypertension He has been mterested tn the reactions
of blood vessels to noradrenahne taking blood vessels not only from
normal rats but from rats whieh have been hypertenswe for vanous
periods of tsme esther as a result of a undateraf chpped kidney a
bifateral chpped kudney or a bilateral nephrectomy McQueen finds
there 18 an increased reaction of the perfused blood wvessels to
noradrenalme Thss reaction persists during the peniod of perfuston
for quite a pertod of ime for at least twenty munutes or hatf an hour
of the perfusion period The difference 1s significant~—at about a one
m a thousand level McQueen bas made the observation on blood
vessels taken from rats with renoprival hypertension and also with
clipped kidney hypertension Perhaps the mcrease in the reactivity of
the bload vessels to noradrenabine and possibly to other stmul 13
one of the factors wiich are common to the clipped kidney type of
hypertension and to the renoprval type

McQueen also found some degree of increase sn réactvity with one
chpped kidney and the other kidney present and one wonders
whether that means that a substance commng from the kidney may be
mfluencing reactivity as well as a pure renoprival state

ProF Witson Is this sncreased redctivity constant m all the forms
of expernmental renal hypertension and renoprival hypertension?
Is 1t present any more in one than another or doss the ncreased
sensitivity apply only to all forms equally®

PrOF Saurk Tt applies to bilateral nephrectomy and to uniateral
nephrectomy with a clipped kidney I beheve that the degree of
enhanced reactisty s approximately the same in the two casés
With 2 wmianteral chipped kidney and the other kidsey mtact and
present the degree of increase n reactivity i fess

Pror WitsoN Is the difference i reactivity related to the height
of the blood pressure®

Pror Swiks The mcrease 1o the reactivity may ocour before the
blood pressure actually rises

Pror Witson I feel that when we tatk abowt mureased reactvity
we may not reatly be dealing with an actual snereased responsiveness
we may be dealing with a normal response 1 a narrover vessel We
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cannot tell whether the vessel 1 over responsive if the blood pressure
tsratsed so that the lumen of the artenole 1s narrowed

PRoF SwiRk This 16 of course a perfused hind quarter of a rat
ot a whole rat and the finding 1s present as early as two days after
the operative procedure It would require a very exacung form of
Investigation to prove that there was no hypertrophy 1n that penad
of time but 1t seemed to us that the hkelihood of hypertrophy
within two ot three days after clipping and before the blood pressure
actually rose was not a very great one

Pgor Burn 1 wonder whether Dr Ledingham and Dr Floyer
bave considered this possibility that what happens when the
kidney 15 clipped 15 that the amine oxidase which 1s present 1 the
kidney 15 prevented from working T have learned from Dr Blaschko
that 1n the body there 15 a great deal of dopamine produced as 2 yesult
of the action of dopadecarboxylase on dopa This dopamine does not
normally have any effect because 1t 1s being destroyed by ammne
oxidase Blaschko has suggested that this1s perhaps, one of the main
functions of amine oxidase m the body 11 seems at first sight an
obvious possibility that what happens when a kidney 15 chipped 15
that the kidney ceases to destroy dopamine the dopamure then
causes the hypertension and that hypertension Mself may cause the
Iestons 1n the oppasite kidney

There are two potnts which one might test Js there 1 fact any

raised excretion of dopamine in the urine of these hypertensive rats?
Holtz d the of d

n man and found that it
was about 03 mg daily whereas the amount of noradrenaline

excreted 15 down at 004 mg daily Presumably some dopammne 15
excreted in the unine of rats 2150 and s rmght be raised 12 this clipped
kidney hypertension

The other question 1s whether there 15 an unusual response in the
chipped kidney rats to marsihd a substance which mhibits amue
oudase 1t rmght have some stnking effect on the blood pressure 1f
there were anything n thus hypothesis

T would also like to refer to the guestion of
Dr Folkow discussed 1 behieve ?hax vaxcul.x?stf:rl\l: rr‘:?::nsw 3("::}‘
quickly atter denenauion 1learnt from Sir Henry Dale a long u s
ago thatf the sciati nerve 1s cut the vessels of the hind leg 1055 “‘m:
fone at onice but it very quickly comes back ma day or two 3o Qh::
there 15 some mechamism responsible for rapid recovery of .
which 15 hardly hikely to be vascular hypertraphy 7 of tone




212 GeNerat. Discussion

Asmy colfeague Dr Kottegoda has shown besides the sympathetic
nerves there seems to be a penpheral nervous mechansm of some
kind which survives the degeneration of sympathetic fibres and
sensory fibres in the ears for example of the rabbit hottegoda
workmg together with Dr Ginzel showed that m an er deprived
either of s sensory or sympathelic nerve supply 1f nicotine or
acetylcholine was iyected the result was constnefion That con
striction seemed to be due to the hbermuon of an adrenaline bike
substance because it could be reversed with tolazohine Without
gong 1nto details the evidence suggested that there are penpheral
nervous mechamsms which may play an important part after
denetvation

Pror HevMans There 1s another mechanssm which must be
Gearerd

m any ¢ of the control of vascular tone m
hypertenston My feehing is that the pnmary underlymg cause of any
s1s¢ 1n artenal blood p must be a fund 1 disturbance m
the normal h i€ h of blood p zulation

These homeostatic mechanisms are very powerful The aortic and
carotid sinus baroceptors are able to counteract any drop m artensal
blood pressure and also a nse 1 arteral blood pressure and they
work m such 3 way that they are able to heep our blood pressure
within normal hmits As 15 known these receptors and thew
nenves are working permanently as buffer nerves for our artersal
blood pressure If they are ehmnated immediately the systesmuc
blood pressure rises from the normat fevel 10 a very high level from
120 mm Hg to perhaps 250-300 This shows that we all Incn 3
condttion of potential hypertension and if our blood pressure keeps
withia normal limtts 1t 15 because our moderator nerves are workng
properly

These receptors were orsginally thought to be darectly sensitnve 10
pressure Later experiments showed that these so called baroceptors
are not directly but sndirectly sensitive to pressure They are located
aside the artenal wall and are sensitive to stretching of the artenal
wait 50 that any factor causing & change 1 the amount of stretching
of the arterial wall without iny change mn the pressure i the lumen
snduces very marked reflex changes n the systemuc artenal blood
pressure An wmerease in the stretching of the astersal wall of the baro
cepitve ared brings down the systemuc blood pressure whsle a decrease
produces a marked nise in blood pressure

The question anses what could induce a change in the biological
condition of the artenal wall so that the amount by which 1t 1s
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stretched 15 altered as atso the reaction of the artepial wall to the
stretching which occurs when the arteral pressure rises This s a
question whuch 1t 15 not possible to answer at the present ime but 1
beliese that we should seek some factor acung to decrease ihe active
gretchimg of theartenal wall sothatanincreased pressureis necessary
norder to restore the tension 1n the arterial wall to s previous level

The experiments of Page and Green have shown that what really
happens in chronic hypertensive animals 15 that the threshold of the
baroceptors to pressure 1s m~reased and 1 would sugpest that the
explanation 15 that the acuve stretchung of the arteral wall has teen
decreased so that now more pressure s needed to stmulate the
: than 1n normal cond

Wehave studied chrome renal hypertensive dogs mwhomafterine
of three months the blood pressure was about 220 mm Hg In these
ammafs focal application of noradrenaline to the baroceptive area
increased the stretching of this section of artenal wall and i
meduately the blood pressure dropped from 220 to the low level of 50
the sume response as in normal dogs The hypertension 1s rapidly
reversible and mdeed we would not expect a permanent increase of
penpf to be praduced by of the homea
stat ¢ mechamsms of regulation of blood pressure

Dr J H Green (London) I we record from a single baroceptor
Fre showng the impulse actvity passing up the baroceptor nesve to
fhe meduliary centres sn an animal with 4 normal artenal pressure of
2y 120 mm we find acuvity corresponding to each heart beat duning
Systole and early diastole and then there 15 generallv a pause and
Zcttvity starts agaan with the nextheart beat andsoon Ifthe pressuce
s very much hsgher ¢ g 250 mm i a normal animal the activity 15
very much greater and may be steady throughout the whole cardiac
¢ycle If the pressure s fower eg 30 mm actwty s only tn short
bursts 1n early systole On the other band 1 a hypertensie ansmal
for nstance one with chranic renal hypertension we find the normal
actmty at a tugh pressure of perhaps 250 mm and the levels of
pres;ur:l produzm‘g m‘cx‘::nscd or decreased activity are all corres
pondingly raised Tt 1s like re setting a
m the ch";omc renal hypertensive 82 hermostss 1 5 reset so that

state 1t Jooks as thou
ceptors now tend to keep the pressure at s new fovel £ the baro

Dx FLover One would antiwpate that i
an ammal w;
fiyperiension the baroceplor mechanism would bcco);x:{ch ct::scnrc
Or Green has pointed out that the carptsd simuses give qut -
vumber of impulses at a hughe e

non
T level of pressure The work of“l;:‘
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Folkow and of others suggests that mn hypertension the sympathetic
contribution to vascular tone s normal thus appears to exclude the
posstbility that 8 change n the sensiuvity of the baroceptors alone
could mamtamn the hypertension But it 15 possible, as Dr Heymans
has suggested, that whatever affects the vascular tree and 1s respon
sible for the mcreased perspheral resistance also affects the baro
ceptors and fowers their sensitivity so that the whole cardhovaseular
system 1s stable with the blood pressure at a higher Jevel

PrOF MCMICHALL One factor that was put forward as a means
of elevating the blood pressure was an ncreased strength of con
teaction of the heart I think that 1s a complete impossibility because
the systohc pressure m the aorta entirely depends on sts pressure
volume relationships and the volume of blood put ito the aorta at
each beat The aortic run off (penpheral vascular resistance)
determines the diastolic pressure There 15 no way in which the
strength of the heart or strength of the contraction can be sncreased
which would itself produce an elevation of pressure unless the
baroceptors were completely out of action There are plenty of
conditions 1n which the sirength of the heart can be increased or the
stroke volume mcreased such as fyperthyrowdsm or mifusion of
adrenalme (not noradrenaling) in these conditions the strength of
contraction of the heart 15 1ncreased but the blood pressure does not
go up at il

It 15 often stated that st 3s the height of the blood pressure which
determines artertolar necrosis  Artersolar necrosis 15 a mamfestation
of an extreme degree of injury of the small vessels In addition to
bemg determined or ctused by experimental elevations of pressure
1t also occurs ra certam conditons of arteritts 1 which there 1s ne
elevation of pressure I do not thunk that arteriolar necrosis 15 10
fact purely and simply the result of an extreme elevation of pressure
In fact we have been rather struck n Jooking at our pathological
matersal with the frequency with which one sees artentolar necrosts
1 the kidney m the territory of larger vessels i whach the fumen ss
severely narrowed by omonskin indartenns 1 think there are
many pomts that can be raised aganst the ‘hypothesss that artenofar
necrosis only results from high pressure There s some other

damaging factor
Dr LepinciaM [ do not thunk the hypothesis that a more forceful

cantraction of the heart could be primary ean be completely dis
omssed 1t 15 rather an extreme instanice but 1 was thinking of the
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possibility of local gemc activity fol Bayliss s sug
20d Dr Folkow sownwork Admittedly thewr cxpenments were very
shott term ones but they do suggest that the smooth musele of the
artenolar will constricts as the perfusing pressure rises This 18 well
Lnown to happen mn the remal vessels and Dr Folkow has also
observed 1t sn the vessels of the sheletal mauscles

Surely 1t 15 concervable that of the heart were to contract more
forcibly the effect would be to ra1 e pressure and increase moment
anly the cardiac output the myogeme activity would result 1n some
degree of vasoconstriction of the penpheral vascular e and the
blood pressure mught stabilize at a hugher level This T agree 15
purely hypothetscal but I do not think 1t can be ruled out completely

Dr Zantis I would like to comment on Dr Duff’s results n
connection with the different deprees of sensmity of the blood
vessels m hypx drenaline and drenal Posstbly
fus results can be explamed in a different way We know that the
blood vessels of skeletal muscles respond 1o adrenaline either by
ddataton of constaction It may be that 1n hypertensives the mote
pronounced decrease of the blood flow 15 due not to an mcreased
sensivity of the vessels to the action of adrenal
but to the fact that the normal dilataton 15 prevented Such an

¢xplanation fits in better with Dr Folkow s hypothesss of a structural
change in the wall of the vessels

Dz Durr 1 do not thank that this suggestion would hold 1n the
pattents with comparatively early hypertension 1 whom there 15 no
vaseular narrowing so that one has to look for another explanation
1 suppose Yhere arc many possible explanations for the differentia)
reaction to adrenafine and noradrenaline

Pror Witson Regarding the relation of the anatomseal lesions to
the blood pressure m hypertension it 1s true that Dr Byrom and I
postutated that a vicious circle might anse as a result of secondary

hypertensive lesions but I fecl one has 10 use extreme

arguing from structural changes to fuscuonal dxstfxrbt;‘nc:“}‘?:u::
1 stated hat these anieral lesions are only the most obvious mant
festation of a damaged kidney The really impartant thung 1 thay
expeniment shows that this damaged kidney can certamly marnt:
Typertension The evidence does 101 show that (s chan ed ren
function 15 due to the actual structurai I sions and [ lhmk!‘;w .
0 keep our minds open gbout the Possibility of functional chzught
1 the udney which can affect thys regulatory function 1‘; ‘;‘“g;:

n
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obvious from Dr Floyer s expertments that an apparently normal
kidney must have 4 changed function m relation to the production of
hypertenston Although 1 the early stages of the experiment where
one kidney 15 clamped there are no structaral lesions m the un
clamped kidney 1t apparently has an altered function and I think
that 1s a pomnt on which more mformation 15 required

Dr Peart suggested that there was some doubt whether a viclous
circle, 1 fact operates i chrome renal hypertension F believe hus
doubts are based on the fact that removal of a diseased kidney 10 man
may considerably lower the bloed pressure even though astenolar
necroses are present m the excised (and therefore presumadbly i the
oppostte) kidney 1 do not know how many arteriolar necroses an
necessary to bring mto operation the vicious circle or how much
damage m the opposite kidney is necessary to make the process
wreverstble The pont is that m the rat some change does take place
mn the opposite kidney under the influence of hypertension by virtue
of which that hidney alone can then maintam hypertension In my
view climcal ang hustologicl evidence supports the wnference that 2
simlar sequence occurs sh man But 1t 1s only an inference and [m
sure we shonld keep our mnds open ort this pomt

Regarding artertolar necross being due to hypertension I should
have thought the evidence 1s fairly clear that a high blood pressure is
wmportant in the production of arteriolar necrosts in hypertensive
disease It 15 quite obvious of course that in polyarteritis nodosa
rheumatic fever acute nephritis and colfagen diseases artertofac
pecrosts may ocer 1 the absence of hypertenston That does not
mean that it 15 pot produced by the same fi tal h
There may well be local vasoconstriction of some schaemic process
affecting the arterial wall m these diseases In terms of causatie
mechamsms we must disunguish therefore  between artenolar
necrosis due to hypertenston on the one hand and that due to
hypersensiivity states on the other In mahgnant hypertension we
cannot dissociate the occurrence of artenolar necrosts from a high
fevel of blood pressure or a sudden nise in blood pressure Endartentis
13 of course a typscal lesion of makignant hypertension and one must
regard 3t I think as the result agam of a very ugh blood pressure
Fahr used 1o say 1n fact that endarterstis was the dimgnostic lesion
of mabgnant nephroscierosts because in so many cascs exammned
postmorten there was no arteriolar necrosss but only healed lesions
and the outstanding vascular change was endartents
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CHAIRMAN § CONCLUDING REMARKS

1 am sure all will agree that durng this session we have had a

sertes of of great interest to clinicans

strugghing with the problem of chromic hypettension A partculady
hopeful s1.n 1> the recent mncrease in physiological studies on the
periph ral erculation inman 1 think the rat s a most useful antmal

and ever since 20 years ago we duced the tul pleth h
techique for studying chrome hypertension expenments with rats
Iy

hay 4 to yield most g results many of whichare 1
believe directly apphicable to human hypertension

On the other hand we obviously want to study hypertension n
man The communications made during this session on changes in

the perspheral resistance and on the probfem of vessel responsiveness
indicate how fund: 1 physiol Ltect

7 canbeapplied to
the problem of human hypertension

I think this discussion 1n bringing together physiologists and
chmeians has shown how much common ground there 15 1t 1s quite
remarkable how our vanous experimerits widely differing 1n
approach are apparently leading 1o the same hind of conclusion
They are focusing attention on the peripheral vessels and there 1s less
tendency to search for some renal pressor substance which acts on
normal blood vessels 1 have always found 1t very difficalt to believe
that @ damaged kidney functions better than a normal kidney
It & abso possibie that the search for some focal abnormality in

the peospheral vessels m hypertension may throw hight on the nature
of phystofogtcal control of vascular tone
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