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FOREWORD

The role of the sympathetic nerves in the control of the blood
vessels has been the object of investigatron of many physiolo
msts from the pioneer worh of Cackell Langley and Ellot i
this countrv  In recent years interest in the nature of the
chermieal transmutter of the svmpathetic nerves has widened
the topic It appears to us opportune te describe the sympa
thetic control of certain blood vessels 1n man and to comment
on the function of the svmpathetic hormones—adrenakne and
noradrenahne

This work has been wntten primanls on the basis of studies
on the circulation m the extremities but we feel that the
re~ponses have a more general application to the function and
behamour of blood vex els in other parts of the body We
have deseribed certatn fundamental experiments 1n some detail
m order to 1mpress their true importance on the reader In
many aspects however omssions will be readily evident both
1 problems still to be solved and n ob ervations of others on
this topie  Bat we do not regard a review of the subject as
our pre~ent tash our object 1s to present the concept of the
control of the blood vessels from the view pont of the imes
tigator 1 this special field

It 1s a great pleasure to achnowledge our gratitude to
Dr O G Edholm Director of the Division of Human Phys
ologv of the National Institute for Vedical Research who
callaborated with one of us i the work desenbed 1n the early
chapters  Without his wise counsel and outstanding expen
mental shill this book would never have been wntten

The investizations on sympnthectonized subjects were made
po-stble by the hindness of Mr Hedley Athins Mis Diana
Bech Mr P Fitzgerald Mr Ian Frazey Mr J B Rinmonth
Profesor Sir James Learmonth Mr J S Loughndge Mr Peter
Martin Mr D W € Northfield the late Mr G R B Purce
Profe-.orC G Roband 8ir Tames Paterson Ross  The expent
ments on famnting were begun with Professor J VMcVichael and
Profesor E P Sharpey Schafer To all of these we express
our deepest gratitude o

Once more we should hke to thank all those who have gen
S



Vi Forenord

up their time to act 43 subjects In particular the members
of the Belfast Medical Students Association and the students
of St Thomass Hospital Medieal School

We are grateful to Professor W G Barnard Dean of St
Thomas s Hospital Medical School for the provision of many
facilities  to the 5t Thomas s Hospital Endowment Fund for
2 grant towards the expenses of one of us  and to the Medics!
Research Couneil for finaneial assistance

Wealso wish to thanl Dr L E Bayltss Dr A C Dornhorst
Dr O G Edholm Dr W Feldberg Dr P Gaslell Professor
E P Sharpey Schafer and Dr R F Whelan for reading all
or part of the manuseript and for valuable criticism

We are indebted to Dr Aziz Ahmad for the preparation of
the mdex to Miss L Stoles for cheching the referencos to
Mrs D Lyddon for drawmg many of the figures to Mr A L
Wooding for photographic assistanco and to Mr G T Hales
for techmeal assistance

For permission to quote passages or reproduce figures from
bool « and Journals we express our thanks to the following
American Journal of Physiology Fig 76 top left and nght
Assocration for Research m Nervous and Mental Disetses
kg 711 Bntish Medical Journal Fig 112 (mbrdge
University Press  quotation from Foster s Lectures on the
History of Physiology € hnical Science Figs 41 43and 75
Heart F1ig Ap 4 Journal of Physiology quotation from Brodie
and Russells article and Figs 12 21 22 23 32 34 35
37 38 39 42 5> 56 57 63 64 65 77 81 82 817
93 101 103 104and 123 Lancet Tigs 78 70 710 106
121and 122 Zeuschnift for Areslaufforschung bigs 12 4 and
125 Macrmllan Fig 122 (and legend)  Pfligers Archa
Fig 510 St Thomas s Hospital Reports 72 73and 74 Sur
gery Cynecology and Obstetries Fig Ap 1 (and legend) In
each mnstance the author of the article from which the figure
was borrowed has been mentioned 1n the legend

Finally we are most grateful to tho I ditoral Committee of
the Phy-ologieal Soctets for sponsoring the publicition of thu

book
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HJCS
Gth August 1922
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CHAPTFR 1

SYMPATHFTIC VASOCONSTRICTOR NFPVIS TO
SKELETAL MUSCLE

Tn 1941 W Mchee Bonnar obtamned the ML D of the Queen s
Univeraty of Belfast with Gold Vledal for a thess entitled

The action of the sy mpathetic on the blood vessels of human
sheletal muscle In this chapter with special reference to
Bonnar s thesis some evidence will be given that the blood
vessels of human sheletnl muscle are suppled by sympathetic
vasoconstrictor fibres and subjected to ners ous vasoconstrictor
tone

At the tume the work was done a great deal was known nbout
the action of the sympathetic on the blood v essels in the muscles
of ammals  Section was generally followed by 1asodilatation
due to relense of constrictor tone  strong stimulation eqused
vasoconstriction or weak vasodidation (Baetjer 1930 Burn
1932 Gilding 1932 Anrep Bliloch and Samaan 1934
Bulbring and Burn 193, 1937) Y asoconstrictor fibres were
found 1n the muscles of all animals examined but vasodilatot
fibres mn some species only (Bulbring and Burn)  Very httle
was hnown about the sympathetic innervation of the vessels
of human muscles  Some thonght that 1t was constrctor and
advised sympathectomy for internmttent claudieation others
belies ed that 1t was dilator (Finch 1944) and others considered
it to be of very little mgmficance (Abrimson Zazeeln Marrus
1939 Grant and Hollng 1938 Prinzmetal and Wilson
1936 \oollard and Philips 1932) It w4s not concerned
with vasodilatation m evercise which was caused by metabolites
(Grant 1938)

Bareroft Bonnar Edholm and Effton (1943) noticed that
warming the body caused a conspienous inerease i the blood
flow 1 a very muscular part of the body tho forearm
(Fig 11 top plethysmographic method see Appendiv)
This was of nervous ongin mediated by the sympathetic since
1t was abolished by sympathectomy (Fig 11 bottom left)

It occurred after adrenaline had been introduced mto the
BCRBY 1 A*



2 Sympathetic vasoconstrictor nerres to skelelal muscle

forearm shin by clectrophorests to suppress the creulition
(Fig 11 bottom nght Tig 12) To see 1f 1t was due to
the release of sy mpathetic 1 asoconstrictor tone m the muscles
the median radial and ulnar nerves the motor nerves of the
forearm which would be expected to convey any sympathetic
fibres to the muscles (Gilding 1932) were blocked by novocaune
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4 Sympathetic 1asoconstriclor neries to sheletal muscle

on one side of the body (Fig 1 3) and the circulation i the two
forearms was compared The blood flow was approximately
doubled on the side of the nerve blocks (Figs 14 and 15
Table 1)  Before concluding that this hyperaemia was due to
release of sympathetic tone 1n the muscles other possibilities
had to be conaidered

Median

Radral

Ulnar

Fig 13§ tes for blocking the deep ners e supplying the shelotal mu cl
of the torearm

(1) The nerve blochs had all been done on the left forearm
It was concervable that the normal circulation on the left side
was faster than that on the right Comparison of the blood
flows on the two sides showed that the rates are approximately
cqual (Fig 14 top nght)

(2) A small area of forearm shin about one third generally
became nnaesthetized due to unavoidable diffuston of local
anaesthetic outwards to the cutaneous nerves The sympr
thetic supply to this shin must have been bloched and the
merense m forearm blood flow might have been due to release
of tone 1n the cutaneous vessels The effect of blocking the

Fig 14 Results showing sympathetic va ocon tr tor toro 11 the s easel
m human skeletal mus le

Top left. Wten the deep nerves (conta ning sympathetic) to th left fore
arm mus les are blurked the blood flow (cir ie anl broken hn ) 13 about
double that i _the epposite normal forcarm (dots and continuous hne)

Top riglt  This 1s not du to eny nhercnt d fleren o 1 the sasculanty
of the twa 1les (control 1)

Muddle  Or to unsyoidatle blocking of the sympattetie supply t § of
the forearm skin {control .)

Boitom 1 ft Or to rem xal of the meet anical hinlran o of the t n
traction of tho &k 1 tal muncles {control

Bottom gt Or to passive wncreaso n fl w threugh th forcarm ekin
following releaso of +as motor tone leep tn the artenal tree (control 4)

Conclus on It must be lue to the re) ass of sympathetic vax>eon tr tor
tone in the blor 1 ven ela which are protatly in the kel tal muscles

«n
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6 Sympathetic 1aoconstrictor neries lo sheletal muscle

cutaneous neries of the forearm on the forearm eirculation was
therefore tested (radial median and ulnar antebrachind nerves
locahized by the method of Trotter and Dawvies (1909)) and
found to increase the forexrm blood flow on the average by

Fig 15 Smultancou recorls of 1oo ! flow 1n the normal forearm (€}
and in_the opposite farearm 1n which the deep ner:es wero blocke ! (T} The
rate of tle tlood flow in the nerve blocke 1 forearm 15 incren ed owing te th
relea © af tono n the mu le blo 1 ves els
Rec ircled at the Cambn Ige meeting of the Physiologt #l Sxsety Oct 1041
3

o ¢ o o ¢ Calibratt n in milliltros
No time tracing was ma le

Tabre I
Blood flow P r entag
Subp ct  mi per 100 ml forearm perrin  Diff rence lifference
R ght Left L-R T ; R

H B 69 103 134 5 40
W B 41 6. +21 1
HBEB 44 8 43 +9
J s L 40 81 41 +103
DCH 18 4- +29 + 161
W B 20 ’9 -39 +19>
ASE 3. 98 66 +206
Average 38 ~- +39 +105

24 per cent  Anaesthesta of one third of the forearm rkin
would hive increased the flow by only 8 per cent (Fig 14
middle)  This could not explun the far groiter mercase m
flow found after blocking the deep nerves (100 per eent}
(3) Blocking, the deep nersves paralyced the forcarm mu cfes



Sympathetic rasoronstriclor neres fo sheletal muscle 7

Concenvably the hyperaemiy was due to abolition of musculr
tone and decrease of mechanical hindrance to the cireulation
However similar blocks performed on sy mpathectonuzed himbs
did not mcrease the flow (Fig 14 bottom left)

(4) Clwde Bernard (1876) observed a nise of 2,-60 mm Hg
m the central end of the Iabial artery of the hor<e following
section of the cervical sympathetic  Conceivably the hyper
aemia 1n the forearm after deep nerve block was caused by
releace of tone in the artenal tree beneath the deep fascia and
passive merease in the cutancous circulation  This was tested
by observing the effect of deep nerve bloch on the forearm
circulation after blanching the shin with adrenahne  Table IT

TasLe 1T
Protocol

Subject O ¢ L Luving on couch 1lethysmograph diaphragms
fitted to toth forearms but plethysmograpls not put on till later
T mo
Minutes
0-15 Rest Forearms kept warm under blankets
15-20 Cottonwool pad bandaged round both forearms between the
diaphragms ~ Electrode put on ench pad  Left pad soaked
1n adrenaline solutton at room temperature right one sonked
n saline ot the same temperature
%0-30 Flectrophoresis
33-35 Pads off 9% of shin of left firearm intensely blanched
with marhed gooseflesh
35-40  Deep nerves blocked in the left forearm (blanche 1)}
40-45  Plethysmographs put on  Wmnist cuffs put on (titl 60th min )
and mflated to 200 mm Hg to prevent bload from the hands
from affecting the temperature of the forearms
Blool flows recorded smmultaneou Iy m both forearms at
2 mm ntervals 6 sets obtamed fx averagmg Results
left farearm (blanched deep nerves blocked) 2 1 ml  right
forearm (normal) 0 4 ml
53-55 Mlotor movements tested Complete paralisis of tho e med:
ated by the radial and ulnar nerves Weshening of those
mediated by the median
5560 Calibration
60-61 Cuffs and plethysmographs taken off Intense blanching of
shin on left atle
81-64 Circulition 1n both firearms arrested for 5 min  After
relea e flu lung cf the shin of t} e nght forearm and of the
left ahove and b low but not in the blinched area
7. 74 Skin temperatures tihen Left forearm (blanched deep
nerves bl ched) 29 C  Right firearm (normal) 291 C
In acconlance with reduet on of the eutanesus blood flow
on the left side

45-53



8  Sympathelic rasoconstrictor nerves to sheletal muscle

1s the protocol of a typical experiment  Fig 1 4 (bottom right)
shows the results  The blood flow was small because the fore
arms were cooled to make the blanching more effectne  The
important point 1s that 1t was trebled 1n the blanched forearm
m which the deep nerves had been blocked  Control expen
ments showed that adrenaline alone c¢ansed constriction The
vasodilitation must have been eaused by the nerve blocks and
1t could not have been n the shin

The whole series of experiments may be summarized as
follows —After deep nerve block the blood flow in the left
forearm 1s about double that mn the mght This 1s not due
to an herent difference 1n the vasculanty of the two sides
{control 1) or to relewse of vasoconstrictor tone mn the shin
(control 2) or to the remozal of the mechanical hindrance of
tonte muscular contraction (control 3) or to a passive increwse
n flow through the forearm skin following release of tone deep
1 the arterial tree (control 4) It must be due to the relese
of sympathetie vasoconstrictor tone m the blood vessels in the
sheletal muscles
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CHAPTER 2

SYMIPATHETIC VASODILATOR ANFRVES TO
SKFIETAI MUSCIE

The discovery of sympathetic vasodilator fibres to human
muscle vessels was made accidentally dunng the war at the
Brntish Postgraduate Medical School (Barcroft Edholm
McMichael Sharpey Schafer 1944) During an experiment on
haemorrhage one of the sub) {n Frnends Ambul Unit
volunteer) famnted and the tracing of the forearm blood flow
shown m Fig 21 was recorded The faint began soon after
the twentieth mmnute and was fully deseloped by the twenty
fifth The mcrease n the forearm blood flow during the faint
was unexpected for Lew1s (1932) and Wallace and Sharpey
Schafer (1941) had shown that the arterial blood pressure falls
precipitously  The increase must therefore have been due to
decreased vascular tone  The circulatory changes mn 9 faints
are shown i Fig 22 and the averaged blood fiow results m
Fig 23 (topleft) They leave no doubt of the increase m fore
arm blood flow or of the decrease 1n the tone of the forearm
vessels

W hereabouts in the forearm was the decrease in tone ? It
was unbhely to be i the skin—the face went deadly pale—or
m the relatively avasculir bones and was probably n the
muscles which make up the bulk of the forearm tissue (Abram
son and Ferris 1940)  This was confirmed by the observation

B

Pl thysmogr phic tra ings of t}  forcarm tlood il w mcorded
by m o'c P holm 1 ofrtexperm nton pr thaemorthage I nt
mg Ty b w craomflwde ngtle funt

Fant ng began wn fter tt Oth mimute and was fi 1y de. i‘\o’pP 1 nz lho

othmnute 'F th 1til oftt ecxpe ymentaroshownin k g
(Ba oft and Etholm 104s)
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Sympathetic vasodilator nerves to sheletal musele 1§

that duning the famnt the blood flow through the hwd winch
contams only & small amount of muscle decreased (Fig 23
top right) {Bareroft and Edholm 1045)

It w19 now necesstry to find out 1f possible the cause of the
visodtlatation  Wiasat neryous or hormonal * It nught have
been due to the vasomotor centre (Chapter 1} or to the action
of adrenahne for Crant and Pearson (1938) hnd shown thay
small doses of adrenahne caused yisodilatation m humwn
muscle  This conld be decided by experiments on sy mpathecto
nuzed subjects  If the vasoddatation did not oecur during the
fant 1 sympathectommzed subjects 3t would be because the
visumotor centre could not dilvte the muscle vessels Y did
oceur 1t would be due to the action of 1 hormone

The results of the cxpertments on the sympithectormzed
subjects are shown i Fig 2 3 (bottom left)  Dunng the famt
forearm blood flow decreased  the wcrease recorded m the
forearms of normal subjects must have been due to the action
of the vasomotor centre

Was the moreased rate of blood flow due to release of tone
m the muscle vossels or to the exatation of aetne vasodilata
tion as well + Thiy mught be settled by companng the blood
flow i normal and yecenthy sympathectomzed forenems during
the fmnt  If 3t was greater in the normal one there must be
aetnve vasodilatation as well « release of constrictor tore It
would not be posable to use for this comparison the results
obtuned on the sympathectomzed patients Owing %o the
return of tone m the first few werhs after uperition (see Chap
ter 7) the blood flow m their hmbs would be far less than that
m freshly sympathectonuzed ones Normal forearms would
have to be used in which the pathway from the vasomotor
centre to the tessels was aentely mterrupted by nerve hlochs
{see Chapter 1)

Fig 23 {bottom night) shows the results obtamned mn subjects

g Bape i ate ahow ng that vesed datat n takes place i the
forearmn turmg nduced p tF mo thag ¢ fanting

Shatel efnpl  ten mta ng ! u batl thgha t trap abat
900 mi Floc Led the Tg (Fhet aalb st 4l 130}

le tengl vsetin B okeasertiallpe fantf By d s ped
Uppe v dte ¥ dpes noam He Lomere se tholfiw
ath 3 onaf forcarm mt WOmY fren rma Tmesnmnt (B

ft ool Fiholm 194 }
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Fig -3 Resilts showing that the vasxd Iatation 1n th forearm during
anctuce | posthaemorrhagie fainting 13 mediate 1 by the sympathetic inners ation
of the skeletal muscl vexels

Broken vert cal lme  fame fully develope |

Top left  Increns 1n hloo! flow m the n rmal { rearm during fanting
A erag>d resilts of experim nts slown m kg _

Top r git  Decreaso i flow 1n t}e han 1 dunng famting  The inerease i
firw n the forearm (tcp left) 1 t}eref ro probibly in the skel tal mu cl ¥

B ttom I ft  Decreasa i fl w 0 the symyatl ectomuzed forearm durir i
fanting  The in reace n flow in the normal forearm (top ! fi) mu t be 1w
ta tho a t1 n of the sympathetic mnervatin of the kel talmu | veww]

Dottom right  Deerease i tood flaw 1n the forearm 1inr g fa nting aft ©
acute 1 nenation of the muscl>s by nerve block Tl recults shown 1
this figure were used to dee lo wheth ¢ the in rease m fl w an normal fon
arms 13 da merely t the reler of sympath tio vasm ntrt rt neor i
allition ) active vas | latatien ex ited 1y aympathets va  lat v f1res
Yor further letails ace Fig - 4

tveragrdrosults  \umberof ul jectsnrachets (Bar nftar 11 1h tm
1940)



Sympathetic vasodilator nerces to skeletal muscle 13

funted after deep nerve blochs There was a large resting
blood flow due to the release of vasoconstrictor tone  During
the famnt the flow decreased passively with the fall in arterial
blood pressure  The results obtaumed on the normal forearms
(Fig 23 top left) and i the forearms after deep nerve blocks

—— NORMAL FOREARM
o - DEEP NERVES BLOCKED

of— \
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4 Pesults showing that the blo 1 e 1 m hunan muslo o
euppl d with sympath 1 vas diator fbre

ﬁgnm \hs ve ults seen n Fig -3 (top 1 ft an1ottom rgtt) Fa o
™

W henpfh B was fully dev lope1 {brok n vert cal 1 ne) th blood flow
m the pormal fo carm was con d yably the groater Th pnlably

explan 1ty act ve vasod Iatat on mn the normal forearm ex ted by sympa
thet isod Jator fib 5

(Fig 23 bottom right) are shown supenimposed 1 Fig 24
Vhen the funt was fully developed the blood flow m the
normel forearms was constderably greater than that in the nerve
blocked forearms This must have been due to active vaso
dilatation mediated by sympathetic vasodilator nerve fibres



14 Sympathetic rasodilator nerres fo skeletal muscle
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CHAPTLR 3

THE ACTION OF ADREMALINF ON THE
CIRCULATION IN SKFLETAL MUSCLF

In the previous chapters we were concerned with the action
of sympathetic ners es on the errculation in the sheletal muscles
It1s convement to turn now to the changes caused in the muscle
vessels by the action of adrenaline

The first relevant observations 1 man were made by Grant
and Pearson m 1938 They found as shownin Fig 31 that
the mtravenous 1njection of small doses of adrenaline caused a
great merease 1n the calf blood flow as measured with the
plethysmograph  However 1n a later paper not directly con
cerned with the subject Holling (1939) pointed out that if
adrenalme 13 given as a continuous mnfusion the dilatation 1s
not mamtauned

nt
5

w &

CALF BLOOD FLOW
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Fg 31 Plthy m graphc results oftan 1 ty Gant ant Pearson
showng asod lataf onin the alf fillowingeach of foursu & ye ntrasenous
nje tons of 1 ug of airenal no
Swnce adrenaln always catacd vasooon t ton o the skn thy on
tufed that ¢ mu t have'n va ol lator a tion on tic ool vesse] nth calf
mu s (Grant ani P arson 1975 )
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Allen Bareroft and Edholm (1946) investigated the problem
1n some detai «lso using the plethysmograph  They confirmed
Holling s finding observing a Jarge transtent dilatation mn the
forearm dunng intrn enons mfustons  This did not Tast longer
than 2 min  after which the flow subsided to about double its
mihal salue  Fig 3218 taken from their paper

It wul be conventent now to follow first the mve.tigations
on the cause of the transient sasodilatation and then to pass
on to those on the subsequent sustained vasodilatation

THe TRANSIENT V ASODILATATION
The problem whih mierested Allen et al concerned the
nature of the mutsn] trwnsient dilatation It was not due to
emotional changes for 1t did not accur m expersments w which
the subjects thought they were recening adrenaline when
fact they were not  Also sery small doses of advenalne

Fig
n the Radotier fy Work Top St Thomass Hosp tal

By alternato use of tF _evinge 5 20 it 1004 infus on of salne 1s kept up
throughont an expe 1n nb at atott 4 ml mn

8 yTnge 1k newh empty the alaptoron ] t g badag to

33 Photograph of the mfu >n apparatis made by P T Machell

A o

iFe reelin 15 pullet off the 1 2zl an L p mhed on the no o of the otte

yenge Theemity ymirgs s thenren ved reflled a1d replaced
Adrenafne alimtiot) sal s andwh nrequsred (Duff J Phy of)
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wsufficient to cause symptoms frequently caused the trinsient
dilatation without the subjects knowledge

The s1line containg the adrenaline could not have caused
1t for 1t wasnfused at a constant rate during the whole of exery
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Fig 74 Reault shawing that ntravenous a lrenaline cau ca a transi ot
va odiltat; n n the aympathectornized forearm '
The vasod latat on 1 not m~diated ty the ymrn\) etie supply to
skeletal mu cle vessel  (Allen Bareroft ani F1l Im 1046)

expertment  the adrenabne was merely added tot  Tig 33
shows an infusion apparatus

The effect could not be a passive one due to nerease 1n
artenal blood pressure Careful exammation of the records
showed that the transient increase in flow often conerded with
a transient fall in the blood pressure  For a simple increase 1n

ressure {0 cau<e the mncrease in fion the mean artenal pre<sure
wonld have to excced 400 mm Hg
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Fig 3 2 shows that there was a transient change in the heart
rate rather like that m the blood flow  Atropine was given to
paralyse the vagal nerve endings adrenaline was then infused
intravenously s before The transient heart rate change was
abolished but the transient vasodilatation persisted They
were not cause and effect

Could 1t have been due to activity of the vasomotor centre *
This seemed unlikely for 1f the forearm and calf blood flows
were measured smmultaneously the transient vasodilatation
appeared 1n the forearm before 1t did n the calf This sug
gested that the dilatations were due to the local action of
adrenaline reaching the forearm first and the calf later  To put
the matter to a more direct test mtravenous infusions of
adrenahine were gnen to subjects who had undergone sympa
thectomy Fig 3 4 shows a typical result It was clearly not
d dent upon the p of the v nerves

TFinally Allen et al showed that intra arterial adrenaline
caused the transient vasodilatation {Fig 3 5) It must havebeen
due to the direct action of adrenaline on the vessels of the hmb

The whereibouts of the transient yasodilatation was< then
considered  Sice at the begmmng of the mfusion the shin
always paled 1t was probably n the muscles To test this
observations were made on the circulation m the hand which
contams relatively much less muscle and relatis ely much more
shin than the forearm (Abramson and Ferris 1940) Tf the
trangient dilatation was in the muscles then 1t would be less
congpicuous 1n the hand than in the forearm  If1t was mn the
shin 1t would be more conspicuous n the hand  The results
showed that 1t was much less evident in the hand so the dilata
tion 1 the forearm was mn the muscle vessels

The possibility that 1t was due to operung of the vessels
the muscles followed almost immediately by closing of those
m the shin was considered and had to be rejected for the follow
g reason  Before the beginming of the mfusion the cutaneous
blood flow could not exceed the total forearm blood flow 1e
about 3 ml/mmn (Fig 32} Closing the cutaneous vessels
could not reduce the flow by more than that amount Yet
the decrease in flow 1mmedmtel§ after the peak of the imtial
transient chl on d 1t and d to
o ml /mun (Fig 32) Therefore both the imtial dilatation

.
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and the subsequent abrupt decrease took plics 1n the same
vascular bed 1e that in the museles

There 1s a certan amount of information relevant to the
whereabouts of the vasodilatation in the muscle vessels Dile
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¥y 3v  Rewult showmng tiat an intra arteral infu on of a krenabin®
couses 8 tran nt va  Dlatation 11 the el

Tie vasochlatation 15 due 1o & hrect local a i 1 of the a jrcnaline m the
shel tal muscle blool sessel  (Allen Barersft a 1 F 1} Im 1)
and Richards (1818) concluded from the analogy of their find
ings with aectyicholine and histamine that adrenaline cnsed
a dilatation of capillaries but a constriction of arterioles
Hartman Fians and Walker (1928) confirmed this
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An explanation of the trinment vasodilatation in man on
the bass of capilary vasotilatation followed by artemolar con
striction Presents some difficulty  Forexample Fig 3 2showns
that at the begumng of the adrenaline wfusion the blood flaw
mereased fourfold  That 1s tosay the resistance wn the musele
creulation must have decreised to 4 quarter of its resting
amount I this was due to capillary vasoddatation then
before the imfusion at least three quarters of the total resistance
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¥ig 36 Results showsng the eff ct on the calf bloud flow of stepwise
fxase L tha intra aree 16l wnfuson of adrenalne fom I to 8 pg /mn

nnsle t 1as diateton o¢ urred wheneter the rate of afu n was
n roase

Dunng th most rapd afusion aft ¥ f2ens nt vesod latation 1) eve was
yvasoe nat Whon

must bave been i the capillaties and must have been abolished
by the amval of the adrenalne It 1s coneers able that this may
beso but 1t has never been demonstrated and seema unbhely
Moreaver the explanation of the effect of adrentdne must
sccount for the fact that dunnga ceu{m\mu‘ mfusion successn e
mereases i s Tite exuse fatations ag
shown in Fig 3 6{Allen 1946 Stead 1930 Swan 1951} and
for the fact that durning intrayenous infusions at rates rangng
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from the mintmum to be effectise (1 g , num ) to tho myamunt
that can be tolerated without diseomfort (20-30 g, /nun ) both
dilator and constrictor phases of the transient dilatation are
present  the two cannot be dissociated as one would suppose
mught happen 1f the adrenaline had ndependent acttons on
two distinct parts of the tascular bed

According to Zweifach (1949) the anatomneal arrangement of
the vessels in sheletal muscles 15 more complex than 1s com
monly supposed He describes arterio venous anastomoses
thoroughfare channels precapilliry sphineters and true capil
laries  If this 1s confirmed the interpretation of the transient
vasodilatation becomes more difficult

It may be that when adrenaline reiches the perphery it
causes the momentary hberation of a vasodilator substance
from the arterioles which 13 swept on and causes transient
dilatation of the precapillary sphincters  Or 1t may bo that
1t has a dual action on the artertoles—first dilatation and then
constriction  Many substances have a paradoxieal action—
that of nicotine on the ganglia 1s a good example—conce1y ably
while adrenaline begins to pass across the membrane of the
smooth muscle cell normal function 1s temporanly mhbited
and vasodilitation occurs  and when equilibrium 1s reached
the s escels return to a state of tonus governed by other factors
Tither of the mechanisms if they cwsted could explun why
successiy e transient vasodilatations oceur n response to sueees
sive increses m the rate of a continuous infusion

The fundamental cause of the transtent vasodilator action of
adrenaline 13 complex 1n the extreme and more precise state
ments on the causation are not at present posstble

TuEg SUSTAINED VASODILATATION
At the begimning of this chapter it was shown that intra
venous infi of ad Iine ciused a t vasodilatation
mn the forearm followed by a smaller sustamed one (Fig 3 2)
This was confirmed by Duff and Swan (10,1  Table III)
Stmultr sustaned vasodilatation follows transient vasodiats
tion n the calf {Duff and Swan 1951 Ilig 37) The sus
tauned vasodilatation 19 of smngular interest as it probbly
represents tho respon.c of human musclo blood vessels to the

natural physiologieal secretion of the suprarenal glands
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TasLe 1T

Changes m forcarm Yocd flow snnormal and i sympat! ectmt el limbs

during wntrarenous infuswons of adrenaline and tn normal Limbs during

ntra arteral snfusions of adrenaline  Bird flow wn ml fmun /100 ml
tissue (Duff anl Swan 1921}

Blood 8 w
———— A . Blood pressurs
Age BAY
No {yr) Se A4 B BA A B Condst on D
() Norm Uforesrm  ntraven us adrenalm 10 g fmin
118 M 34 58 + 2 463 12880 160,65 Normal -
19 M 34 84 +30 48 11685 14080 Norm 1 -
3 18 M 34 77 +43  +17 13550 165/65 Nrml -
4 19 M 0 48 + 6 4130 13580 15570 Norm 1 —
5 19 M 4 3 408 433 13580 15077 Normal -
6 19 M 17 39 422 4130 — —~ Norm | -
7 18 M 35 54 £19 455 13480 1606 Norm 1 —
8 33 M 15 47 +8 4l — — Neml -
)38 M 18 42 +24 418 —  — N rmat -
Av 8 51 424 4lo1/
() Symp th tom ed forearm mt  novssdr abn 10 g frum
1 M 31 39 408 +2¢ 12 /76 140776 Hype td oms [
43 M 40 35 05 13 13074 156/80 Ceusalpa 7
3 3 M 46 8§55 409 + - = rhdross 1
03 6 44 418  +69 1189 14874 Rayueud duase 4
5 20 M 58 2 -07 -1 11066 140/64 Ceuselp
¢ 29 M 61 59 ~-08 -1 — — usalg 1
7 F 5 4% +19 476 M2/10 140/63 Raynaud dueass 18
Av 42 AT 405 42/ = - - —
{) Notmal forearms ntra artenal adrenan  § g jmin.
128 M 30 31 401 43—  — ormal -
29 M 87 38 -49 _56 —  — Norm 1 -
3 2 19 17 -0 -1 — @ — Normal -
4 M 80 83 403 45— Nml -
. 2 80 70  +10 +l1 —  — Norm 1 -
& 20 M 53 80 +07 413 —  — Nomm 1 -
av 5 4T =05 -5/ — — —

A=m ndun gth 4mu pno toth start fth sdren line

B=mean d rmg the last 4 min,
ofth adre alinei fusio

D=dusst nof ymp thectomy in months

The explanation of the sustamed vasodilatation 1s still
unlnown  The search for 1t has been narrowed down by Duff
and Swan (1951) and by Whelan (1952)

Arteral hyvpertension accompany ing the intravenous adrena
line does not seem to be responsible  Mean pressure 18 rased
by only 10 mm Hg whereas the blood flow in the forearm 13
doubled  In individual experiments the changes in pressure
and flow often seem to be quite unrelated

The sustained vasodilatation does not appear to be due to
& direct action of adrenaline on the muscle blood vessels Duff
and Swan found that during mtra arterial mfu 1ons of small



24 Action of adrenaline on sheletal muscle vessels

amounts of adrenaline the blood flow m the calf and forearm
after the imtial transtent vasodilatation returns to the imtral
level (calf 1 pg /min forearm } ug min  see fig 37 and
Table III) A larger amount (2 sg /mun ) caused constrictron
m the calf

Percentage of average

~ N N AN N N
ADRENALINE Normat rv (2]
——— Normal 1a {6}
Sympath v {6}
300}~ | l -
CALF
I I BLOOD FLOWS
200 l l’
100 ,

I 1 L

Minutes

Fig 37 Result of experimenta n th su tan dsn  [latat on in musel
causedd by antravencus a leenaline |
€ tin"our line Intravenous o lrenalne 1w cs trans nt anl su ta 1

vasodilatations in the calf (10 pg /mun )
ontt tous I e Intra artcrnl adrcnalme cause trans rt va odl ta

The u taned vasshil tation cannot b lu to the lirect local

ton only
actton of alrenalino on the skel tal mu clo veasels (1 ug /min )
Dotted | Intr venons adrenaline caus tren et vasod Istats o only
i chroniealls rympatheet mized hmbs (10 pg /)
In ncutely svmpatheetom z+d onea Lowes r the a1 ta ol vas |latation
rew nt (kg 3 8]
"X Hren umberof ut et mboaket (DuF

Avcraged ronults of exp ¢ nert
anl Swan 1901)
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Whelan thought that the failure to find any direct vaso
dilator action might have been because the rates of adrenaline
infusion were too great  For the intra brachial infusions Swan
and Duff had used a rate of } ug /mm  Whelan thought that
the amount of adrenalne entering the forearm during an
mtray enous infusion at 10 g /mm would be about r's #g /mm
and might be very much less if adrenaline left the arculation
or was destroyed on 1ts way round  He therefore mnvestigated
the effect of intra brachial infusions rangmg from 15 to
1oos #g /mun  In all these after the itial transient vaso
dilatation the flow was unchanged or very shightly wmereased
There was no sustained vasodilatation in any way comparable
to that duning 10 g /mun mtravenous infusions  Both Swan
end Duff and Whelan are agreed that the sustamed vaso
dilatation cammot be due to a direct local action of the adrena
line (Whelan s estimate that not more than % pg adr /min
would enter the forearm during a 10 pg /min mtravenous
nfusion was made as follows forearm volume 1000 ml
resting blood flow 5 ml /100 m! forearm/mm  Therefore for
whole forearm 50 ml /min  cardiac output 5 Iitres  There
fore fraction reachmng forearm 13 y35 fraction of 10 pg 1s
5 ng)

Swan and Duff thought that the sustained vasodilatation
was mediated by the < mpathetic because 1t was unobt unable
1n chromically sy mpathectomized imbs (Fig 3 7 and Table ITI)
However Whelan observed 1t mn the nerve blocked forearm
His results are shown in Figs 38 and 39 Returnmg to the
sympathectomized limb he showed that the sustained vaso
dilatation was present a few hours after operation but that 1t
grew less as hours passed between operation and the time of
testing (changes in other vascular responses following sympa
thectomy are desenbed 1 Chapter 7) This explamned why
Duff and Swan had not been able to find 1t  The results of
Whelan s experiments on one of his threo sympathectomized
subjects are shown i Figs 310 It appears then that the

1 vasodik 15 definitely not diated by the
sympathetic

The only other explanation left for 1t 18 that 1t 15 due to the
direct action on the muscle blood vessels of some humoral sub

stance other than adrenalme Ths substance might be formed
sLwBY B
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from adrenaline itself during its passage from the venous to
the arterial side  or 1t might be released by adrenaline 1n some
other part of the body  Staub (1946) found that intravenous
infuston of adrenaline released histamme but Mongar and
Whelan (1952) have not been able to confirm this The sus

N N N\ INTRAVENOUSADRENALINE N N N N N N 8
NN oupg/min NN

DEEP NERVES
BLOCKED

(ml ACO mt /min)

L
(] 5 [} !
Mimnutes

Fig 38  Re ults ot exper ments on the susta ned vasodilatat on i muscle
caused by intravenous adrenaline

Owing to the releaso of va oconstrictor tone resting blood flow in the nerse
tlocked forearm 1s about doubled  Apart from the difference 1n the g nerl
lovels the behaviour of the bload flowa during the adrenalme nfu 1cn 1oke !
very much alike  For better compariwon the bloo 1 flows have been graph |
1 F g 39 after subtraction of the respective resting rates

Averaged result of 10 wnfumicna on 6 subje tr Flethy m g apl wat s
temperature 4 3 C (Whelm 19 7)
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tamed vasodilatation 13 not likely to be due to the relenso of
Instamine At preeent the nature of this substance remams
unhnown

Before leaving the subject of adrenaline and the blood flow
1n human muscles mention must be made of & curious reepon ¢
which Whelan (19,2) described and winch 13 seen when the
simpathetic zupply 14 bloched or rovered  After stopping an

R
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mtrayenous adrenaline mfusion the blood flow instead of
gradually subsiding to the resting Jevel subuides for a short
time and then shows a well marked secondary merease  This
15 seen 1 the nerve bloched forearm m Figs 38 and 39 n
the acutely sympathectomized forearm m Fig 310 though
not 7 hours after operation in this subject and n the chrom
eally sympathectomized calf in Fig 37 1t was recorded in
o forearm which had been completely denervated by avulsion

INTRAVENQUS ADRENALINEN N\ N\ \ \ 1\
N\ Opg/mn N

(mt/t00mi /mn)

BLOOD FLOW ABOVE RESTING LEVEL

Mn tes

Fig 39 Ixpenmnt nth sutan 1sax llataton nomw 1
by antravenou  adrenal n

Re um senmn Fg 38 graphed after aut t act or of tho re peetne re ting
bl L f
Trln e'm vaacdilatat on was followe | by su tanelva ollataton b th
normal an i neryve blocked forearms

‘The sustain | vaso hlatat on cannot bo med ated ly the sympathetic
n e supply to the sk | tal mus lo vessels (Wh lan

caused

of the brachial plexis (Whelan 19,2) Its signifieance 13 not
yet hnown

Finally 1t 13 of interest to compare the action of adrenaline
on human niuscle vessels with ite action on those of the cat
In the animal muscle blood flow can be recorded by more direct
and satisfying methods  In studies of muscle blood flow
the intact cat however adrenaline has usually been given by
ntrasenous mjection  The observed blood flow changes have
therefore been himited to those which correspond m time to
the transsent vasodilitation m man
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Fig 310 F xperiments on t}o sustained yasodiatation caused Py b trs
1eno 1s adrenal ne

Results show ing the eff ct ¢ titravenoud a Irenaline on the forearm |lood
flow 2 lays bef re  lots) an 17 hours (trianglw) 281 trs {circl s} an 1 4 days
(crossea) after aympat] ¢ tomy

Trans ent ani eustawed vas Idatation are consyreuous s the acut ly
svmpatt ectemized It (triangles)

The autaned vesodilstati n ann t be mediated 1y tle sympattetc
nerve supply to the muscle yeusel

After sympsthectomy nal ura pase tlesu tamed vasad itation dwin it
1t 15 aba nt in ol ronucaily sy my ath ectomrzed 1 mbs (Fig 37} (Wt lan 193 )
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In this respect there 1s good agreement between the findings
n the two species Hoshns Gunmmng and Berry (1916) and
Gruber (1929) found that small intravenous doses of adrenaline
caused active vasodilatation m felime muscle and Clark (1933)
and Folhow Frost and Uvnas (1948) showed by 1intra artenal
mjection that this was by virtue of 1ts direct action on the
muscle 1 essels
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CHAPTER 4

THE ACTION OF NORADRENALINE ON THE
CIRCULATION IN SKELETAL MUSCLL

In 1910 Barger and Dale observed that the substance we
now call noradrenalne caused responses more hke those of
sympathetic nerve shmulation than did adrenahne The sug
gestion by Bacq (1934) that noradrenaline might in fact be
the mediator of exertatory sympathetic nerve impulses was
not finally accepted until 1946 when von Euler identified 1t
mn extracts of orgns and nerves His dmcovery was the
starting point of numerous investigations on its action n
different organs In this chapter we shall be concerned with
its effect on the circulation in human muscle which as we
<hall seo differs irom that of adrenahne

The first observations in man on the effect of noradrenalmo
on the blood flow 1n muscle were communicated to the Annual
Meeting of the Amencan Phystologteal Society at Detrost
1949 by Duncanson Stewart and I'dholm  An abstract of
thar paper appeared 1n the Federation Procecdinys of the samo
yewr They found that intravenous infusions ciwsed a shght
decrease 1n forearm blood flow  Therr finding was Iater con
firmed both m the forearm and calf (Swan 1049 Bareroft
and honzett 19491 b de Largy Greenfield McCorry and
Whelan 1950  Barnett Blacket Depoorter Sanderson and
Wilson 19:0) Fig 4 1 1s from the piper by the last named
authors  Although Bareroft and honzett did not observe any
mital transient vasodilatstion dumng intravenous infusions
at 10 pg ‘min & small one often occurs at the beginning of
20 yrg ,min mfustons after which the blood flow 1n the forcarm
returns to about the resting, rate (Whelan and Young 19:2)

Owing to the presence of both shin and muscle in the plethss
mograph and to the fact that noradrcnaline constricts cutaneots
vesoels 2519 evidenced by pallor of the shan 1t 15 dufficult to tell
with assurance from the experiments just described whether
on the average it caused any change m the calibre of the muscle

v easels
30
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Barcroft and honzett (1949) and Swan {1951) myestigated
the direct action of noradrenaline on the circulition mn the
calf TFig 42 shows at the top the results of short mtra
artersal infusions  Inall cases L noradrenalme caused a simple
decrease 1n the calf blood flow 1 some the flow was reduced
by 75 per cent Since slan forms only a small proportton ot
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Tg 41 Results showng the & t an of an ntravenous nfus on of nor
adrenali _on the for arm blood fow  (Bamett Blacket Depoo ter Sande
s n and Walson 1)50)
the calf they thought 1t reasonable to conclude that 1t must
have had a direct constrictor action on the muscle vesscls

We must now briefly compare the actions of adrenalme and
noradrenaline  The most striking difference 1s the absence of
the transient vasodilatation in the ealf during intra arterial
infusions of noradrenalme Fig 42 shows clearly that the
transient v1sodilatation only oceurs with adrenalme  Barcroft
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and Konzett (1949b) found that the transtent vasodilatation
also oceurred with 1sopropyl noradrenalme which has two
methy] groups

It 13 of some interest too to compare the actions of the
two substances from the point of view of deaiding which of

NORADRENALINE
3 75 ] T 7
iR L L |
K 30 30 10 30 3
ADRENALINE
3 T 3 ] —
10} L L L L
Sk + L | .
o L
3 10

Fig 4 Results  howing the action «f intra arter al nora irenaline on
the errculation 1 human mus le

Absence of th  transient vasodilatation during intra arterial nors lrenaltne

S nce the skin forms only a small proportion of the calf and nora lrenaline
reduced the eslf blood flow by as much as 75 per cent 1t 15 reasonatln to
#uppose that 1t had a direct asoconatrictor action on th musele Hoody seld

"The figure un ler th top margm of each d agram i the rato of infu Jon int
the femoral artery in g /min A filled plethy mograph  (Iarcroft anl
honzett 1949)

them 13 likely to be the transmutter at the sympathctic vaso
constrictor nerve endings  The following points are relevant
1 Moradrenalne causes stmple vasoconstnction  Thisaction

1s manifest during intrafemoral arterial infusions ag as low
a rite A3 05 ug per minute (Swan 19,t)



Action of noradrenaline on skeletal muscle ressels 33

2 The local action of adrenalne depends upon the 1ate of

infusion  In the calf rates of 1 xg per munute cuse
transient vasodilatation with 4 return of the blood flow
to approximately the imtial level Only when the
adrenaline enters the femoral artery at a greater rite
does constriction tahe place (see Chapter 3 Table 1IT)

On the by no means certan supposition that the effects of
1ntra arterial infusions are compirable with those of continuous
liberation at nerve endings we can speculate on the probable
transmitter substance If 1t were adrenaline a vasodilatation
would have to precede any + 1ction  also !
amounts of adrenalme would have to be liberated to cause vaso
constriction  This would not seem to be the most economical
way to cause constriction  In contrast noradrenaline 1n very
small doses causes constriction without iy vasodilatation and
1t appears very much more hhely that this substance 18 the
meduator of the sympathetic nerve impulses to the muscle
vessels

Now let us consider the effect of a areulating mediator n
distinction to that Liberited at the nerve endings It 1s un
hkely that n natural conditions the cireulation would contam
only drenaline or only noradrenaline a mixture of very small
amounts of both would be expected The question of which
of them 1n a mixture will have the predommant action was one
which interested de Largy Greenfield McCorry and Whelan
(1950) They recorded the blood flow m stx subjects durng
mtrasenous mfustons of mrxtures at the rate of 8-10 pg per
minute lasting for 5 minutes Fig 4 3 shows the averaged
results Begmnning at the top on the left the noradrenalne
contents of the mixtures i the six groups of experiments were
18 33 53 75 89 and 100 per cent The figure shows that the
effect of adrenaline predominated m mixtures containing as
much as 75 per cenc noradrenalme Thus mdcates that 1t 1s
hikely that P overwhel Iy at
the nerve endings

In conclusion there appears to be a difference 1 the action
of intravenous noradreniline in man and the cat We have
seen that in man mtravenous infusions usually cause vaso

conatriction mn the forearm and calf (Fig 4 1) however mntra

venous mjections cause vacodiatation 1n the eats leg The
scusy

n*
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observations on the et were carefully made by Meter (ross
and Eichenberger (1949) and by Cobbold and Vass (1112)
Cobbold and Vass have shown that this vasodilvtation » m
the vessels supplying log muscles and that 1t 18 only transient
for 1n ntravenous mfusions 1t soon gives place to sustuned
constriction  The mitial vasodilatation appears to be due to the
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kg 43 Pesulta showing the eff ¢t on tho calf blood A1 w of intravenius
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The tran sent vasod lator act on «f alrenaline wa e nperu tll the
proportion of nora Irenaline w8 m re than o per cent

Averiged result of srv expsnme it mm nfuson  Black re tang!
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abrupt rise n blood pressure and the subsequent constriction
to the more gradual devclopment of the constrictor action of
noradrenaline on the muscle vewsels The prevention of the
rise 1n blood pressure by a compensator abolishes the mitial
vasodilatation and only the subsequent constriction 14 scen

In the cat asin man n all effectine mtra arterial doves 1t
has o direct vasoconstrictor action upon the muscle ves els
(Crows 1949 Folkow Frost and Usnas 1948)
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CHAP1ER 5

THE CIRCULATION IN SKELETAI MUSCIE
DURING EAERCISE

It1sgenerally believed that sy mpathetic ners es and hormones
perform 1mportant functions during stress  Their action upon
the cireulation 1n active musele 13 therefore of special mterest
But before discussing this 1t will be com enient to deseribe some
experiments on the effect of exercise on muscle bleod flow
These cin be divided 1nto two groups—those on the effect of
sustamed and those on the effect of rhythmic contraction

SusTAINED CONTRACTION

In 1877(a b) Gaskell established by experniments on the dog
and frog that the two most important vascular changes taking
place 1n skeletal muscle during sustained contraction are yaso
dilatation and opposed to this mechanical compression  Later
the relative importance of the vasodilatation and of the com
pression became the subject of an interesting controversy
between Anreps and Rems laboratories

In man the existence of these factors had been recognized
(Landhard 1920a b) but there was some difference of opmion
asto their sigmficance  Dolgin and Lehmann (1930) compared
the times for which graded strengths of hand gnp could be
mamtained with and without prestous circulatory arrest i the
upper arm  The duration of the weak grips was shortened by
the arrest but that of the strong ones was not affected  They
concluded that in strong grips the eirculation had been arrested
1 the muscles  Yandell Henderson and his colleagues (1916)
studied the effect of contraction of the calf muscles on the
intramuscular pressure as recorded by a needle and water
manometer  As strong contractions only caused a very small
rise 1n intramuscular pressure they concluded that there could
not be much resistance to the blood flow  Grant (1938) used
the plethy smograph to record the changes in forearm blood flow
duning strong hand gnps  He found a sght nise 1n flow during
the contraction and a large one immedntely after  He con

6
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cluded that vasodilatation occurred during sustained contrac
tion but was restricted

Barcroft and Mllen (1939) also studied the behaviour of the
blood flow durng sustained contraction The principle of
their method was as follows  Muscle temperature was recorded
thermoelectrically By & limb 1 het or cold water
for «n hour or more a constant difference 1n temperature could
be achieved between a muscle and the blood enterng 1t (at
appro<imately body temperature} Sustamed contraction was
then performed Hyperaemia could be inferred if hot muscle
cooled and 1f cold muscle became warmer and if these tem
perature changes were abolshed by previous eirculatory -rrest

The muscles used were those i the calf of the leg  Detarls
of the self retaning thermojunction and of 1ts msertion 1nto
the calf muscles will be found in the ongmnal paper Four
different strengths of contraction were studied namely 005
01 02and 03 maximal (According to Weber (1846) hoster
(1868) Hermann (1895) and Peys (1915) the irmtng load on
the ball of the foot 15 about 225 kg and the pull on the Achilles
tendon about 675 kg —more than half a ton) To perform
any one of the three weaker contractions the subject sat with
one leg m a waterbath (a dustbin) and Leeping s knee
straight exerted a steady pressure with the ball of the foot
on a stirrup attached to a suitably weighted lever To perform
the strongest the 03 maximal he stood on tiptoe with the
knee straight on the leg in the waterbath  The two strongest
contractions and all the contractions performed during presious
crculatory arrest mn the thigh were mamntained till discomfort
became ntolerable The two weaker ones were given up after
a quarter and half an hour respectively and no acute discomfort
was felt

The results obtamned in the weakest contraction are shown
mFig 51 The upper curve on the left hand side shows that
the temperature of the warmed muscle fell durmng exercise
the curve immediately below 1t shows that the temperature
of the cooled muscle rose It tended to approach the tem
perature of the blood enterin,, 1t This suggested hyperaemia
The results obtuned when the exercises were performed during
urculitory arrest are shown on the right hand side  They were
quite different  there was a shght rise in the temperature of
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both the warmed and the cooled muscle which could hasve been
due to metabolic heat production The convergence of the
temperature towards body temperature ob erved when the
crculation was free was not seen and must have been due to
hy pertemia

In this experiment the exercise performed with free circuly
tion lasted half an hour and could have been hept up for longer

O 05 MAXIMAL CONTRACTION
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When done with the errculation arrested however 1t had to

be stopped after about 10 because of durable
discomfort The absence of fatigue n the free crculrtion
experiment W 1S ¢ with the 1 that the muscle

was recerving an adequate supply of blood
02 MAXIMAL CONTRACTION
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¥ig 53 Result showing that strcng su tamned contraction of the gasteo
encmuiu soleus mu le 1 aschaemie

Upper cur ¢ W aterbath temperature §. C hot mus la

Jower curve V) aterbath temperature 3 C col1 murele

Hatched rectangle 0 5 maximal contraction

Soli1 rectangle  circulat: n arested 1n the th gh

During exercise the temperature of both hot enl cold muwl!
mereased swhen cireulstion free an 1 when 1t wa arreste]  Thero ¢ i ot
have been any appreciatle ol f1 w through the mtcle 1n either case

Hyperiemia  also of functional sigmificince  occurred too
duning the 01 maxamal contractions as will be seen from
kg 52

The behaviour of the cirenlation during the stronger con
tractions was altogether different  Fi, 5 3 shows the results
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of the ©2 maximal one  Durning contraction the temperature
of both hot and cold musele increased  In the absence of wny
sign of approximation of the temperiture of the hot muscle
to thit of the blood 1t was difficult to beheve that there could
have been hy peraemra  Indeed the strilang sinulanty between
the temperiture changes recorded while the crculation wasg
free and those obtaned dumng circulatory arrest strongly
suggested that there could hive been no cireulation 1n erther
case This could easily be expluned on the grounds that the
1ntramuscular tension had overcome the arterial blood pressure
and occluded the vessels supplying the muscle  Moreover the
duration of the exercice performed with free circulation and
mamtamed for as long as possible was no longer than that
the corresponding circulatory arrest expeniment Such a
Tesult would be expected 1f there was no eirculation through
the muscle 1n either case

The temperature changes after relaxation are also instructive
Fig 5 3 shows that the temperatures of the hot and of the cold
muscle changed abruptly in the direction of that of the blood
This and the delay of sumlar temperature changes in the eircu
latory arrest expermment till after the circulation had been
released sigmfies that they were caused by marked hyperaemia
Marhed hyperaemia would be expected after release of the
arculation to potentially widely dilated vessels

The results of the strongest contraction the 03 maximal
tiptoe standing on one leg shown in Fig 5 ¢ were stoular ag
also was the nft that mech il comp: had arrested
the crculation through potentially dilated muscle vessels

A number of nteresting pownts need discussion  Perhaps the
most striking finding 15 the suddenness of the change from
hyperaemua to 1 chaemia with increasing strength of contrac
tion  After relaxation of the 01 mawmal contraction the
blood flow apparently began to subside almost at once  there
was no evidence of the removal of any mechameal obstruction
Yet 2 10 per cent increase m the strength of contraction
changed the whole picture to one of ischaemia  On the one
hand the exercice wis gnven up voluntanly after 4 quarter of
an hour and on the other st becime intolerable 1n less than
5 munutes It seems that the circulation through the calf
muscle must have been very free below a cntical strength of
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contraction (between 0 1 and 0 2 maximal) and nearly or quite
obstructed above the cnitical pomt

Marschah (1931) found that strenuous contractton of the
forearm muscles could obliterite the ridial pul ¢ This sug
gests that rschaemua of the calf museles could concervably hawe
been due to nippmg of the mamn artery or ven This would
reconcile Hendersons (1936) finding of low mtramusculyr
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pressure with our finding of ischaermia It would be interesting
to repeat s expernment

It will be remembered that Crant {1938) concluded that
strong sustamed contraction of the forcarm museles dut not
prevent hypernena but restncted it This was because there
was & shight nerease m forearm blood flow dunng contraction
and a lrge ncresse after  There may have been a smait
meretse 1n flow not shown by our method during the two
strongest contrictions  Amother snterpretation of Grant s
results scems possible  Dunng contriction there may have
been sschiemta m most museles and hyperaemin in A few
The hyperaenua mght tecount for the small merease i flow
found daring the contraction  After relixation the rush of
blood through the previously ischiemic museles could explun
the conspeuous werease o flow

1t 12 mteresting ta recall that Gaskell (18774) found that the
blood flow gradually mereased duning tetanse stimulition of
the do,, s extensor muscles  Simafar results have been obtamed
for the dogs pastrocnemius sven dunng strong stimulabion
(Pem Mertens and Schneader 1935 hramer and Quensel
1937 Balbning and Bum 1939 The merense was manfest
after + minute s contraction  But there was no mgn of thie
dupng our two stronger contrachions which lasted still longer
This 1s probably expluned by the faet that the dog e musele
may have been contracting weahly esen though strangly
stunulated  The mnportance of the tenwon developed m the
muscle does not seem to have been appreciated  hramer and
Quensel do not mention the strength of therr contrictions
Rewnet al apparently tied the Achites tendon toa 1 hg weight
#0 that the tension developed conld not have exceeded that
amount  Bulbring and Bumn recorded tenstons of about
185 kg but these soon fell to & kg et the mavimum
strength of cantriction of the eats gastrocnems 18 125 Lg
(celes ane Sherrmgton 1920 and by analogy that of the dog
should be about 31 kg The rewson why strong stimilation
apparently eheited werh contraction mn the dog 1 not clear

Tur Mesrer Pow

Before dicusung, the behasiour of the blood flow through
rhythmically contracting muscle a few words must be «ud on
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the subject of the muscle pump Its action 1n man has been
demonstrated by Smurk (1936) who recorded the pressure tn
a vem m the dorsum of the foot of a subject standing upright
Marked fall 1n pressure occurred when the subject raised and
lowered his heels rhythmically due to emptyng of the leg veins
by the pumping action of the muscles Further mnteresting
work along these hines has apperred by Pollack Taylor Myers
and Wood (1949) and by Walker and Longland (19.0)
The action of the muscle pump cn very eastly be shown
with the plethysmograph (Barcroft and Dornhorst 19494)
Fig 55 18 from an experiment m which calf volume was

¥ig 55 _Plethysmographic recor 1 of the volume of tho calfof leg  Shri ik
age denoted by downward movement of writing pomnt

Rosults showing shrinkage m calf volume during rhy thmic exerci o due to
the action of the muscle pump

E pedal pressed down on © & second for 10 see R rest for 10 sec  CP
cuff just ebove knee inflated to 90 mm Hg till eni of record ng  {Barcroft
and Dornhorst 1948 )

recorded with the plethysmograph in a subject lying down
Periods of 10 sec of flexton and extension of the foot alternated
with periods of 10 sce rest During exercise pressure was
exerted about once a second to the sound of a metronome
with the ball of the foot on a smitably weighted pedal Calf
volume decre1sed at the begmmng of the exerciso as the blood
m the veins was pumped out (Fig 55) Increase took place
at the beginming of cach rest perod as they refilled The
muscle pump has considerable power Yyhen the svenoud
pressure %1s Tused to 90 mm Hg by mflation of a cuff above
the hnee the solume of the calf still shranh t the begmmng
of exercises  The contractions had forced the blood out under

the cuff
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Ruyrivie Conraciion

The expinments on statre contriction suggest that there
would be free hyperienna n muscle dunng gentle rhythmic
contractions Durning strong ones however an intermuttent
flow would be expected stasis during contraction and free
flow through widely dilated vessels during relaxation This
had not been studied plethysmographically 1n man as 1t had
been assumed that the to and fro movements of the muscles
would mterfere with recording Thanks to the mgenwmty of
Dr A C Dornhorst 1t has now been done Details of the
method are given m the ongwnal paper {Barcroft and Dorn
horst 1949b) and showninFig 56  Calf volume was recorded
with the plethvsmograph m the supimne subject as 1n the previous
experiment on the muscle pump The subject pressed the
pedal once a second to the sound of a metronome relaxing as
completely as possible after each contraction ~ After the nitial
pump out of the venous blood the record usually showed very
even up and down movements of the recorder due to the to
and fro movement of the calf muscles This may be seen m
Fig 57 Inflation of the thigh cuff to a pressure of about
90 mm Hg was usually followed by a regular upward trend of
the oseillations from which the mnflow could eamly be esti
mated Howeter this was only the apparent mflow for some
blood was usually forced out under the cuff by the muscle
pump To estimate the rate of blood loss the mnflow was
arrested by digital compression of the femoral artery i the
gron  There was usually a regular downward trend of the
oscillations from which the outflow could easily be estimated
(Fig 57) This figure was added to the apparent inflow  To
see whether arterinl compreseion had succceded mn arresting
the mflow the subject then stopped exercise I ~cape of blood
{from the calf was prevented by the venous occlusion cuff  If
the inflow had ceased the recorder drew a horizontal strmght
line  In some subjects though there were no pulsations the
line sloped gently upwards due to unavoidable mflow from
collateral vessels A smalt allowance was made for this 1n the
caleulation

Fig 5 8 shows tho blood flow results obtamed hefore during
and after stx minutcs of strong rhythmie exercise  Fhe blood
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Fig 56 Appwatu u d 1) the experiment on the Loy 1 fl wan the call
duning rhythmic exerc se

The plethysm graph  lnga 1 ounterpis w ight (4) ¢ leetng cull
on the lower part of tle thigh anklo cuff for arresting the ciret lntion n
the foot  heels rest ny, on fixed upports feet on peddals  h rizontal bure
at nght angles t) pedals ea h i pvoted s parat [y where pu lal anltor
jon  weighta on bara f 1 alju ting work dono  pa nter actuated by m 1¢
Ient of peal an | bar on right mdo {B) stopa at heal enl of far one I ¢
taking we ght Off pedal luring relaxati n_the ofler to pr vent mov m It
of peinter beyond ent of cal (1) metronome (B) straps & pl il
il Ject s should e (4)  ontrol }ard or enl (f kym graph w1 (1Y
e et 141 kg at the ponter  (Barcrott a3l Dok et 1080}
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flow mercased both during the exetere and immediately after
This proves thit 1t was obstructed mechameally  There 13 no
alternatine ¢xplunation for the sudden mererse m the flow
immediately afterwards  But the obstruction did not prevent
hyperiemia.  The blood must have been flowing m spurts 1ts
progress bemng obstructed duning contraction and free through
widely dilated vessels during relaxation  Fig 5 8 shows further
evidence to the sameeffect  The exercise % as interrupted eight

40— RHYTHMIC EXERCISE
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Fig »9 D agrammatic representation of change i Hood flow i the
calf during strong thythm e ccntraction

times for a few seconds cach time  four trmes to rccord blood
flons during sustamed pressure on the peddl and four times
while the subject relaxed the calf muscles as completely as
possible  The results show as would be cxpected, restnicted
flow during sustamed contraction (circles) and free flow
during relixation {crosses) This 13 seen dragrammatieally 1
Fig 59

It 1s interesting to compare the results obtamed in our
expenments (Fig 5 8) with those obtarned on the dog & gastro
cnems by Rramer Obal and Quensel (1937) and shoun m
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Fig 510 Thev are very alihe Their mterpretation too 1s
the same as ours

The expeniments just described show that the ewrculation in
calf muscles during strong rhythmic contraction 15 affected by
three factors local vasodilatation mechanrcal obstruction and
the muscle pump They enable us to visuahse the spurting
blood flow  the overall hyperaemia  the forceable return of
bleod to the heart the shrunhen vens and prradoxieally
the redistnibution of blood from the calf to other parts of the
vascular systemn

EXERCISE | j

\

|

~. 160}~ i

14
E

> 1
€ |
= i
]
z \
pu (]
& gol- |

a 1 |

(3 i 1

3 | !

3 1 L

@ i

b

1

H

o 11

o 4 6
Minutes

Fg 510 Evpe iment showng the effect of rhythmic exerct e on the
tlood flow through the chlo aloged dog 8 gastrocnem us mus 1 The changes
g o st skingly ke those reord d in man Fg 58 (hrame Obal and
Quenel 1337}
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CHAPTEP 6

THE ACTION OF SYMPATHETIC NEPVES O\
THE CIRCULATION IN SKELETAL MUSCLE
DURING ENERCISE
In Chapter I 1t was shown that the vasomotor centre main
tams vasoconstrictor tone 1 the blood vessels of sheletal

musele It was natural to wonder whether this was released
m exercise and if 50 to what extent 1t was responsible for the

FOREARMS
e Normat
Sympathectomized

™
(s}

BLOOD FLOW (ml /100 ml /min}

[[e]

Minutes after exercise

Fig 61 Results show ng vaswod latat on n sympathectoms ed masclo
after ex cee  Ave ag 1 re ults of experiment on one suby ct

(Crant
193%)

1nerease 1n blood flow through the active muscles It will he
remembered that  rant (1938) had found that during exercie
the vasodilatation in normal and sympathectormzed limbs was
similar and concluded that 1t was due 1n the main to the action
of metabolites  This may be seen 1n Fig 6 1 which has been
drawn from hus results  However athletes find that they run

51
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better if they warm up  before 2 r1ce and the explanation
of warming up might be that the nse in body temperature
cused the vasomotor centre to release the constrictor tone m
therr muscle and so potentiated the vasodilator action of the
metabolites

This posstbiltty was nvestigated by Bareroft Dornhorst

FOREARMS

oe—  Before heatin;
o o During heitlig ®

~n
(2]
T

- o o o

BLOOD FLOW {mi /100 ml fmin}
o
>
¢

EXERCISE

5

i

ol
o o
Minutes M nutes after exercise
Fig 8. Results showing the effect of releasing sympathetic 1830
ronstrictor tone 1 muscle on the Ie hing snd post exercise blood flow m

the forearm
Apart from an increase m the general lex el of blood flow the post everciso
changes o>k alike To enable more accurato comparidon they hove been

superimpo ed and graphed in Fig 63
Fach ’."Sbm 03 ’:hythmxc exercisen lasting 3 to 4 minutes before and
after relea © of vasoconstrictor tone Tone released by immersion of f et
mn water at 45 C h water filled 343
Averag d result on 4 subjects

McClatchey and Tanner (1951) The general plan of ther
expenments was as follows If release of constrictor tone
speeded up the circulation 1n working muscles the rate of
aceumulation of metabolites should be retarded At the end
of the exercise the hyperiemia and blood debt should be
reduced (Tewis and Grant 1925 Freeman 1935 Taunhel
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Stewd and Wes
1141 Fichnt and

1939 Abrameon Rhatzen tun and Ferris
Wilhms 19041} To see 2f thes was so, care

fully dardized rhythmie were performed with the
foreatm or calf and the resulting hyperaemia and 1ts subudence
were measured with the plethysmograph  One or more of the
subject § humbs was then wnmersed m water at 45 € to rase
Jus body temporiture and relesse tns consteietor tone (Bar
woft Bonnar and Edholm 1947) The exeraises were then

200 roREARMS

0]

a
o i

7 Before heating (4.0 ml Pestung flow sul:tra:tedl
° o Durmghests § (10 7m

\\\‘_

M rutes after exerc se

k4 3 “ 5

Fig 63  Post exer iso bloosd firw changear  orded in the forearm muscles

Yefore ant darr

release of sympath tic vaso onstrictor tone kg o7

G aphe { after ssbtraction of the x'e pectine post exerome TROlng rates

The differen o 1n the

$3omd d bta  (ascas unde the cures)is iy 97

per cent  {Bareroft Darnh st McClatch y and Tanner 110 )

repented and the ensuwg va culir changes recorted and com

pared with those previoush obtamed
Fry, 62 shows the rusults The resting blood flow was
40 ml per 100 ml forearm per mnuty  after the release of

tonert ro ato 107

ml  Apirt from the meresse in the general

b vel of the circulation the post cxeres e changes looked rather

alike

To comprre them mare arcurately the respective seat

ihg rete was gubtracted from the post exereise rate in each

ease and they were

graphed asshownm Esg 63 The difference
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m the blood debts ( areas under the curves ) was
only 87 per cent  Further experiments on the ealf were done
on a much larger number of subjects Fig ¢4 shows the
results of the first series superimposed after subtraction of the
respective resting rates There was no difference Fig G5

20L CALVES  Seres T 20L CALVES SeriesIT
o Before heating { 3 6mi) «— Before heating( 3 9mi)
oDuring heating( 7 8 mt} o During heating( 8 1 mi)
1o 10
&
ol \\‘\
t 2 [] i 2 3
Minutes afte exercise
Yg 64 tig 6w

Figs €4 6, Postexerese calf blood flovs recordect bef re an i durng
release f ympathetic aso onstrictor tone n the calf mus(lc Griphed
after ubtraction of the re pe tive po t exerc: e resting ra

Relea g vasoconstrictor tone scarcely affected the rnrcula(or_y changes
nl'lc-r nerﬂsc

64 Avemged results of exper ments on !4 suljects Fuch bd

; { 1and ®min rhythmic exeresss before and during reflex va u(hl tation

Fig 65 Ave age | results of expersments on 9 subjects Fach
4 ond 8 min  hythmic exerciso b fors and durmg reflex va iratation
(Bireroft Dornh rst McClat ey anl Tanner 190, )

shows the results of a second series the post exercise changes
were the same

Conaidering all theso resuits on the forearm and calf there
w1s no reasonable escape from the conclusion that the activity
of the 11somotor centre had had no effect on the circulatory
changes taking place during or after musculr activity In
deed 1t could hardly have been acting, on the sxme vessels as
the metabolites If so surely there would hwe been some
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miere relition between the general level of the blood flow
and the blood debt

To surm up then relewse of sy mpathetic sasoconstrctor tone
rmereaves the blood flow through musele {Chapter 1) but appar
ently not through the same vessels as aubserve its metabohe
requirernents VW hat s the
anatomical basms of this ¥

200
The facts would be exmply caLvES
s Before Adrenatine
explamed if the vascular (-42mt)
bed contamed arterio o -0 During Adrenaline
venous anastomoses if the {(~8omi}

vasomotoreentreregulated
them 1n the genernl m
terests of the arculztion
and 1t the expillaey bed
was controfted by metn
bolites according to loeal
requirements  But the
classieal  deseriptions  of
musele vessels by Spalte
holtz {1885} and hrogh
{1822} do not melude A V
nnastomoses ket recent

BLOOD FLOW {ml /00 ml /min}

S
observations on  lInang o :_ 2
tissues by Zweifach (1949} Minutes after exercse
have comvinced him that Fg 66 Heeuita 5hfl)w ng  that
aneress ng resting o e blood Bow b
Tmmute anastomases  or Wty news ke on of 5 enabrie
preferential  channels searcely nftemd”aw © rewtat
hanges o the calf § tiow ng exere se
ewist in many ssues Foch mbisct 2 . av 3 thy then
meluding skeletal museles vertises Jashng 1 mn before endt
Timg the infusion
where thewr presence was OB e it exper s
hitherto unsuspected Tt 8wty te

¥ very important to see
if this can be confirmed 1If so our understandmg of the
cireulation m muscle would be conaderably extended

It wall be recalled that ntravenous mfusions of adrenalins
cansed a sustained increase m the blood flow 1 muscle due
it was thought to the action of an unknown arculatmg
hormone (Chapter 3} hxpenments were therefore done to
seo 1f the relerse of vasoconstrictor tone by adrenaline would
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incretse the rate of repayment of the blood debt (Swan and
Swin 19,1) During the exercises the blood flow was probably
relatively amall as the muscles were never relixed completely
Fig 66 shows the results Adrenaline increased the average
resting blood flow 1n the calf from 4 2 to 80 ml per 100 ml
per minute The average post exercise blood flows obtamned
after subtracting the respective resting rates were agamn
simtlar  Although the stmulanity 1s not quite so perfect as that
obtuned by Barcroft et al 1t 1s clear that the difference
post exercise repayment 1s shght It 15 worth mentioning
that the adrenaline made the exercise more difficult fatigue
did not occur to any grexter extent but muscular tremor and
mcoordination of fine movements impeded the rhythm of
action It appears then that increwsing the rate of the ewcu
lation 1n the musele by adrenaline does not hasten the repay
ment of the blood debt and this too suggests that the sessels
controlled by the sympathetsc may be different from those
controlled by the metabolites

The existence of two circulations 1n muscle—nutritnve and
anastomotic—may explam an mmportant discrepancy between
the results of plethysmographic and sodium clearance exper:
ments  The radio active sodium method introduced by hety
(1949) 15 briefly as follows  Sodium 241s 1njected mto a muscle
and 1s cleared from 1t at a rate depending on the ability of the
local arculation to remove it To determne the clexrance
counts are made over the muscle with a Geiger Muller counter
and plotted semi loganithmically aganst time A downward
sloping line results whose steepness depends upon the rate of
the nutntive blood flow and 1s denoted by a constant £
Usmg this method to study circulation 1n the gastrocnemius
MecGurr (19522 b) found that the rate of clearance from the
muscle was decreased during reflex heating  Ripaport Saul
Hyman and Morton (19.2) observed that tho clearance from
the calf muscles was not ncreased by lumbar sympathetic
block  These differences from the results of the plethysmo
graphic method (Chapter I) would be expluned :f the vessels
controlled by the sympathetic 1 muscle were artenovenous
anastomoses Increase m blood flow through anastomotrc
vessels due to reflex heating or lumbar bloc] would not be
detected by the sodum clearanco method However the
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difference between the results of the two methods may well be
due to some other cause snd further work 1s needed to
explam 1t
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CHAPTER 7
SYMPATHETIC DENERVATION

Changes 1n the behaviour of sympathectomized blood vessels
can convemently be divided into two categories—earlv and
late  The carly changes hate to do with the deselopment of
mtrinsic tone and the later ones concern the re establishment
of connection with the vasomotor centre It wall be conventent
to describe these separately

Tae EARLY CHANGES

Goltz and Freusberg (1874) seem to have been the first to
notice that the vasodilatation following denervation only lasts
a short time  They found that a freshly denervated dog s leg
was warmer than its fellow but that the difference did not
persist  other observers have confirmed the phenomenon m
animals (MeDowall 1938)

In man the early results appeared to conflict Adson and
Brown (1920) found that lumbar sympathectomy caused a
permanent tise i the temperature of the toes of 12°C  On
the other hand Lewis and Landis (1929) deduced from mspec
tion of the skin that the capillary vessels recovered their tone
two days after operation and from palpation of the digital
artertes that the arteries had contracted considerably by the
fourth day  More recently a number of observers have shown
with the plethysmograph that there 1s very httle difference
the blood flow before and some weeks or months after sympa
thectomy (Grayson 1948 (Grant and Pearson 1938 Wilkms
and Eichna 1941)

To obtamn more quantitatrve data on the errculatory changes
1 human vessels following sympathectomy the blood flow in
the hand and foot was measured daily with the plethysmo
graph before and for some time after nerve section  For use
1n the wards the techmque was sumphified  air filled perspex
plethysmographs were used and the rccording apparatus was
mounted on g trolley cupboard ~ Fig 7 1 shous tho apparatus
being used to determme the blood flow in the foot Further

58
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detuls of the method will be found m the ongnad articles (Bar
croft and Walker 1949  Lynn and Bareroft 190 Walker
Lynn and Barcroft 19:0)  Only the results obtained on hmbs
operated upon for excessne sweatng or deep venous throm
bosms will be deseribed here s they alone represent the response
or normal human artenal vessels to &y mpathette deneryvation
In the case of all of the feet and some of the hands the pre
ganghome fibres were severed i the case of the other hands

g‘:f;,)i.,’x by B W B ST e 4t o
the section was predommantly thou h not entirely throngh the
postganghonie fibrea

Table IV and Fig 7 2 (left) show the effect of 83 mpathectomy
on the cwculation m the hands After disconnection of the
vessels from the vasomotor centre and the release of vaso
constrictor tone there was an tmmedsate eight fold inerese mn
the blood flos  Tins hyperaemia sabnded gmchly  on the
sixth day the blood flow was only double the mtial rate and
on the fourteenth the difference was still dess  The figure
shows that the fingers remawmed warm though unfortunately
the temperature records are meomplete
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The results obtamned on the feet are also shown n Table IV
and m Fig 72 In general they resemble those obtaned on
the hands The maximum flow did not oceur till two days
after the sy mpathectomy and was only about half that in the
hands The final flow 2-3 months later was about double
the preoperative one A large number of toe temperatures v ere
obtamed the toes were much warmer after division of theiwr
sympathetic nerves and they remamed so for 2-3 months

HAND Foor
T

o

w3l NDIS

T
| | 35
. N f\,\ o
1 25
| |
0] ,
|
30| |
I
§
b i
10
I
" L s L ;
oF 7 1% B 7 %13
Dy bef re( ) ndafter( ) peratin M tn

g 7. Re ults showmg the effe t of sympathe tomy on the blood flow
= the band and foot and on, the tempemmre of the dgtal km

The blood flow subs ded ema ned warm

As roged re ult from Tabio T (“alker Lynn and Barcroft 1950 )

A number of pomts need comment It was surprising that
the blood flow did not always nse to a maumum at once In
three of the five hands the maximum was not reached till the
day after the operation  Unfortunately the blood flows in four
of the feet were not recorded on the day of the operation but
1 the other two the maximums were recorded on the day after
operation in one case and on the second day after in the other
This cannot at present be explamned

The finding that the maximum blood flow 1n the hand was
~bout double that m the foot (Fag 7 2) which accords with the
obseryations of Greenfield et al (1951) using a different method
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13 probably because the circulation in these parts 13 mamly
through the shin and the hand.contains a relatys ely much larger
proportion of skin

CEFT
SY'MP
14
'
sop '
.
,
a0k
L N HAND
39 A BLOOD FLOW |
[ ' P 3
E
~ 20f )
> -
E
Q 0
g .
N
> 1oF E
E
vleft
Right
oL T " L.,——l
] 7 i4 24
Days

Fig 73 Results showng the effect of unlateral sympathectomy on tho

circulation 1 the hands
arked hyperaernia 1n the ipulateral hanl  \o change 1t the ¢ reulation
m the contralateral hand
The sasoilatation 1n the 1p ilateral han { cannot be dua to any factor
conpected with the operation other than section of the sympathet ¢ fitre
(Walker Lynn and Barcroft

1In several cases of which Fig 7 313 one example the symp
thetic was cut on one side only and the merease occurred on
that side alone  this served as a useful control showing that
the hyperiemia was not due to release of metabolites from
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the traumaitized tissne or any other factor connected with the
operation other than the sympathetic denervation

In the case of two of the subjects operated upon for the
hinde preganghonic section was performed on one sde and
postganghomie on the other {ganghonectomy) as Fig 74
shows the reauits did not appear to shffer  Fig 7 5 shows that

RIGHT PREGANGLIONIC SECTION
LEFT GANGLIONECTOMY
1

a0l

I
Q
T

f
!
i
{
|

N
o]
T

HAND BLOOD
FLOW

mi /10D mit hand /msn
3
T

Right
 Lett

1 i i
-~ O 4 7 12
Days before ( ) and atter {+}operation
¥ig 74 Chenges n blood flow n the hands after sympathectomy by
Pregenglionic gection on one & de and !y gang! onectomy on the other
Ths wheteabouts of the eyvapathectomy mode no differencs to the owren
Iatory changes (Walker Lynn snd Barcroft 1850}

in muscfe vessels too the rate of recovery of tone after pro
ganghonic wection appears to be much the same as that after
gnghonectomy (Duff 191}

Adson and Brown (1929) found that after sympathetio den
eryation the toes were warm for many dags  this was con
firmed by our results {Fig 72y The fact that they remaned
warm m spite of the subsidence of the hyperaemus m the foot
a8 & whole cinnot ay present be explamed  The finger tips
are hpown to contam great numbers of AV anastomoses end
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1t may he that these regain relatriely less tone than the vesels
generally 1n the foot Another possibility 15 that of a greater
heat loss from each mullilitre of blood passing throngh the toes
owing to the mereased capacity of the vens after sympathetic

[ SY)I»APATHECTOMY 7]

HAND BLOOD FLOW

201
£
E
~
€
8
S 1o
E
FOREARM
F %, BLOOD FLOW
'I - ~ s
~d bl Rl S
N ) N
1 O+ 4 8 10

Days before (-) and after (+) operation

Fi Records of the effeet of ympath ctomy on the blood flow

g T
the forearm and han R
The maximum flow wae vecor le Learl er wn the for arm 14 waa smaller an

1t &absi ted more quickly
‘This may have been due to slight differonces in the hehaviour of the blood
vessel in muscls and skin  (Duff 1901
denervation (Goetz 1950) Orit may be that the digits remun
warm because they cannot sweat
The vascular response first described i the hand and foot
probably represents essentually the effect of sympathectomy on
the cutaneous vessels The response of the vessels in the fore
arm probably that of sheletal musele blood veasels has been
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exammud with the phthyunoginph by Duoff (3hHi)  Lhe
results obtuned on forcyrms wath sormd blood sewicds are
shownin Fsg 75 and the fijure 1o shows the resuits obtaned
simaltaneously n the hands of the awme subjeets  The general
resemblance 1s clear  Duff deserbed the following differences
The mavimum was retehed sooner 1 the foresrm than in the
hand  ite extent was smaller and the regam of intunsic tone
wag quicher  The mavimum was of the <ume order as that
recorded after blocking the deep nerves to the forearm muscles
{Chapter 1} Swumlar results were obtamed m the calf by
Dormnhorat {1951) who found that the maxunum calf blood
flow ocourred on the day of the operation

Ve must now turn to the explanation of the return of tone
¥t 13 generally recogzed that after seotion of a nerve the distat
put undergoes wn ordered process of destruction hnown s
Walleran degeneration  These chanes take place at much
the game rate w all mammals (Loung 1956} Camnon and
Rosenbleuth {1949) have shown that the consequences of den
triation extend beyond the distal newrones to the effector
cells  They do not die but they undergo very fundamental
dterations w their way of ife  The striated the smootk the
cariac muscle cell and the gland cell are ali affected  The chief
mantfestation of this 13 their mereased sensitivity te ehemical
stimulation It holds for exestation as well as for mhtbition
and it apphes to k by the oh 1 tr ]
adrenalme and acetykchohne which act outside the cell and to
stimulation by other drugs which only act after penetration
Supersensitivity oceurs to a less extent if the nerve enpply 13
cut through the penanltimate neurone

The facts have been aptly summanzed by Cannon and
Posenbleuth (1949) mn  the Jaw of denervation It runs

when 2 fi ) chaw of one of the ek
Waevered the ensung total or partial denervation of some of
th subsequent elements in the chan causes & supersensitntty
of all the distal elements wmeluding those not deticrsated and
effectars 1f present to the eveitatory or mhbitory nction of
chemcal agents and nerve mpubes  the supersensitsssty 13
greater for the inks which immediately follow the eut neuroney
and decreases progressively for more distant elements

The hnawn changes i the deneryated oells which eause the
ACH B *
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supersensitivity are very wmperfectly nnderstood  They myy
affect imong ather thungs enzyme systems and the permeability
of the cell wall to potassium and phosphorus (Lyman 1942
Friedlander Perlman and Chahoff 1941) ind to Instamine

© 23] T
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Fig 76 Results showmg that the time relations for the devel pment
of intrins o tone in the veseels of the hanl anl foot after sympathectoms
closely re emble those for the detelopment of a lrenaline s 1persen 1 ity 21
the rabbit ear ves els and miet tating mem? rane

Irtrnsic tone levelops at 16 sama time as the phenomena 1 seribrit by
Cannon ani Ro nbleuths law of lenervats v (T [jt  Himpel
193 Top rght  LeC mpte 1941}

(Cannon and Rosenbleuth 1936) The permeabihty of capil
Inries may also be affected (Gabbe 1926  Fngel 1940)
Many of these facts have been established for many jears
and have been the basis of attempts to explain how tenc 13
regmned  The connection between the law of denervation and
the regun of tone appears to us to be still more firmly estab
lished by the experiments on the blood flow through the hand
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and foot  For s By, 76 shows the retc of regun of tone s
~o rem whably stmlar ta the rite of development of wdrenalme
supersensitnity fter compinng these curves t s dithenlt to
eseape the conclusion that the events they represent must be
very closely reluied  Sympathectomy must start 2 chmn of
biophysical and hochenieal events i smooth muscle which are
mamfested by supersenstivity and the regam of tone

The followmg hypotheses hase been suggested to explun
the return of tone

{1} It may be due to the arteries becommng supersensitite to
creuhitmg adrenahne (Freeman Smuthwich and White
1934  Smuthwich Freeman and White 193¢ Vhite
Qlelberry and Whtelaw 19306 Ascroft 1936)

(2) 1t may be due to supersensitrvity to an unknown hormone
{Grant 1935 LeCompte 1941)

(3} It may be the direct effect on the contractile process of
wtringie changes m the smooth muscle (Cannon 1937
Doupe 1843}

Thase m fasour of the adrenahine sensitivity theory have
based therr view prinespally upon experiments showng that
sympathectormzed sessels in man and animals aTe supersens
tive to mjected adrenahing wnd to the seeretion of the suprarenal
thnd when excried by mnsulm or strugghng  That they are
wdeed supersemsvtne to adrenaline 1n some subjects has
recently been shown with the plethy smograph by Duff (1852)
and may be seen 1n Fig 77 However these findings are m
therselv es no proof that regain of tone 13 due to supersenuitivity
to eirculating adrenaline since m the resting state there may
not be suffiment m the bload to cauce the vessels to contret
This questron rught be settled by ascertasning if vessels that
had regamed tone could Le reopened by an adrenergie bloel mg
agent

Grant (103%5) and LeCompte (1941) shovwed very clearly how
the syvapathectonuzed arteries of the mbbia ewr beeame
supersensitive to an unknown constrictor substance It was
nat adrenaline or prwdnn sinee 1t was secreted wn the adrena
lectomzed and in the hypophysectomized ammal  Howsever
there 1s no conelusss e ey idence for the presence of an 1etive con
strictor substanse 1 the blood of & nermal resting huinmn bemng
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THE LATE CHANGES

Paterson Ross (1946) has stated that the results of a well
planned and correctly executed sy mpathectomy are permanent
On the other hand Summons and Sheehan (1939) and Haxton
(1947) found that m many cases vasomotor and sudomotor
reflexes returned The question of the completeness and
permanence of sympathectomy 13 obviously important 1n both
clhinical and research work So we shall now describe tests
performed on a lirge number of sympathectomized arms to
assess the completeness of the denervation

Altogether 56 were studied (Bareroft and Hamulton 19484 b)
Most of them had been operated upon for vascular disease In
all cascs the sympathetic path was cut through the pregangh
ome fibres (Smithwich s operation 1940) The interval be
tween the operation and the performance of the test vared
fiom 1 month to 6 years

The completeness of the sympathectomy was first assessed
with the plethysmograph which gives rather more quantitatrve
information about the blood flow than the finger temperature
method used by the previous authors The prneple of the
test 1s that in normal subjects warming the body causes a cen
tral release of v asomotor tone which 15 manifested by flushing
and mcreased blood flow i the extremities In sympathecto
muzed ones the circulation m the extremities 13 not affected
(Landis and Gibbon 1933) The test was carried out as
follows (Fig 78) The blood flow n the hand was recorded
at 5 mmute intersals for a prehminary control period of half
anhour The subject was then covered with two blankets and
both his or her feet immersed to well above the ankles at 45° C
Recording continued for an hour more  Afterwards the blood
flow at the end of the period of heating was divided by the
imtial resting blood flow the result was the heating ratiwo
In the experiment shown m Fig 7 8 the heating ratio was 6
warming the body had ncreased the blood flow mn the hand
sixfold In a completely sympathectormzed subject the
heating ratio would have been approximately 1

The heating ratros of some normal hands are shown n
Fig 79 Inall of them warming the body ciused a three to
fivefold ncrease in the eirculation  The figuro shows also the
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reselts obtmned on the 56 sympathectomized hands  Thesu
are arranged from left to right i inereasing order of interr al of
time between operation and testmg  All hands tested within
srx months of operation had heating ratios of about l—te

e ~24 cC
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pliE 8 Vesomotor st for svrupathetic v omoto < iration of the
an
The han | blood fow s re onded before and davung 1 <mersio s of the feet

1 warmn water to releass aysipathetic onstnietor ton - The e ease in Row
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reflex heating bad no symhcant effect on thewr vessels In
contrast to these early results many hands tested between one
and s years after deners ation had heating ratios constderably

greater than 1-~that 13 warmnng the bods had ehctted reflex
vasodilatation
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In many cases the test was repeated and instcad of warming
the body to release the vasoconstrictor tone the deep nerves
were bloched (radial median and ulnar Chapter 1) The
results of the two different methods were similar

Fortunately the state of the sympathetic paths could be
assessed by another altogether different test a sudomotor test

INORMAL O 6 MONTHS
SYMPATHEC TOMIZED —' RETESTED
[o 6 MONTHE] | 6 YEARS I I YRS LATES

(«A) HEATING RATIOS
-~ )

8 &

o

i

Fig 0 Resultsof va omotor and udomotor tests performed on w6 | mb
after sympathectorny arrange | from left to mght i or ler of time interval
between operation and testng

Vasomotor snd sudomotor reflexes were absent 1n | mbx tested 6 months
or less after operation but present in 1 mbs tested [-6 years after operstin

The results show that the sympathet ¢ re e tablishes conneetion with the
blood vessels and sweat gland in the hand  (Bareroft and Hamilt n

194% h)

CURRENT DIFFERENCE (,

The principle of this test 1s that the resistance to the passige
of a current through the body lhes almost entirely m the skin
and 1s determmed mamly by the activity of the sweat glands
This n turn depends on nervous excitation mediated by the
sympithetic (Richter 1046) The apparatus for testing the
resistance of the skin consisted of a £} solt battery with one
of the poles connected to an indifferent electrode and the other
through a microammeter toa brass appheator with an msulated
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handle (Haston 1947) The test was cartied out as shown
m Fig 710 The mdifferent electrode was strapped 1 the
aulls  The shin current over the pulp spaces of the thumb
muddie and hittle finger was mensured nt mtervals of 5 mnutes
After a control perod of half an hour the subject was warmed
to wnduce maximal activity of the sweat glands and the wine
nerve was bloched with ¢ per cent proeune and drenaline to
prevent any impulses from reaching the httle finger  Slan
current readings continued for another hour  After the test
the current that had pssed through the little finger (control
skin) at the end of the period of body wtrming was subtracted
from the averge of the currenta that had passed through the
thumb and nuddle finger (test skm} The result wes the
current difference In the expenment shown m Fig 710
owing to the relative mowsture of the test slan causod by
actnaty of the sympathetse sudomotor fibres there was 2
curvent dyff of 243 g In pletely symp
thectormzed hands the current difference 13 approvimately zero
snce there 1s no material difference i the amount of sweat
m the test and control shin arees

The current differences of a number of normal hands are
shown in Fig 790 m al of them there were quite 11rge cusrent
differences  The figure ahows also the results obtamed on the
56 sympathectornized hands  They are arranged as before in
order of mereaung wmtenval of time between operation and
wmyestigation and sertically below the corresponding results
for tho vasomotor test The reslts of the sudomotor test
Ide those of the vasomotor one fall wto two groups—those
obtamed on them s« months after sympathetic dener ation
and those obtamned a yeir or more after Al hands tested
withm si< months had very amall current differences  “Mang
of the others however had quite large ones warming the
body had caused sweating

Conaidening the revults of both vasomotor and sudemotor
tests it was clear that there was no evidence of any significant
eonnection between the heun and the hand for zev eral months
after sympathectomy  However a year or more after opera
tion vasomotor and sudomotor reflexes were often present

hinally sixteen of the seventeen hands tested within s
months of aympathetic denervation were retested 1-1} vears
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Fig 710 Sudomotor test for sympathetic inneration of the hani

The electrical conductvity 15 mea ured through

{1) ‘The skin of the 11ps of the mid e finger and thumb n which raswimal
act1 1ty of the sweat gland has been excited by warming the subject The
Te ults are eseraged (test skin)

{ ) Tho skin of the tip of the fifth finger which has been deprived of sym
pathetic setivity by ulnarnerye block {control skin)

differen o between the conductivity of the test and control skins

(current difference  1-9) 13 a useful ndex of sympathetic sudomotor activ ity
(Barcroft and Hamulton 1043a)
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fater The results seen i Fig 79 showed that vasomotor
and sudomotor refletes had returned to many of these hands

A number of pomts need further comment In the first
place the blood vessels of nit the hands (serventeen) examined
within stt months of operation must have been to all intents
and purposes completely sympathectoruzed by entting the
am commumeantes of T2 and T3 and the sympathetse cham
between T3 wd T4 as was done at operation i every onse
The exmtence of other paths that nould have been left mtact
by these sections 1 suggested by the work of huntz Alexander
and Furcolo (1938) van Buskah (1841) Burgis and huntz
{1942) Skoog (1047) Ray and Console (1948) and Boyd and
Vonro (1943) However as far as the blood vessels of the
hands we examuned are concerned such paths cannot hwve
been of much importance We cannot speak with such assur
ante 2bout the completeness of the sympathetic deneriation
of the sweat glands i the first place our appiratus was not
sery sensitive wd m the second we were concerned only with
the glinds in the shan of the finger tips

1t would be of great interest to know how the new connection
established by the sympathetic compares with the onginal as
regardy function o doubt there will be great differences
from one smdiiidual to another 1t 13 worth evamumng the
meagre data avatlable The figures in Table V suggest that
m most subjects the new connectiont functions poorly  The
table shows that 1-5 years after sympathectomy the hands
TasLe V
. Syropathectomized

' 16 t !
m nth Y |

| ! !
i

Aserags heating ratt 10 8 a5
{ Average hand blood flcw during
bo ly wasmng {mt per 100 mi
. _por mmte} 9t i} 281
i Fifect of operation o freguent
§ vssospastic attacks—
i cured 18
rehesed 1
unralteret +
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resembled completely sympithectomized ones rather than
normal ones both as regards their heatmg ratios and blood
flows during reflex vasodilatation (Hamilton 1947) This
suggests a deficient mnnervation  However 1t may have been
rather better than would appear from the figures for vaseular
dise1se would have shightly
GTTS restricted the capacity of

™
N the vessels to dilate  There
\ \_\’"\W Y B another reason for think
™ RN mng that lttle funetion
C \/ returns It concerns the
benefiainl effect of the sym
pathetic denervation on the
vascular disorder Of 36
Iimbssympathectomzed for
frequent vasospastic attichs
and first seen 1-5 years
later 18 had had no re
currencesince the operation
Yet to many of them the
reflexes hid returned  This
too suggests that the re
connection was a poor one
How the reconnection 1n
the sy mpathetic path comes

R:Ef,,“z;‘lg ,,},’":"g’;‘,i;’,,‘;‘,’;‘g';'g n};‘;‘; about cannot at present be
of f l}l:x'h ma cats rght corveal explamned Thero are two
e« 1 of the om  Possbilities  The develop
ps(lheuc ner\e'] are shghtlyths k ne!  ment of a new path n the
fn;h;:: l"gxl?::d e :ﬂ":tld rami communtcantes above
artry | agu merve (Lee 1930) the level of T2 and regen

eration of the cut fibres
across a gap of about aninch  The former has been descnibed in
the cat by Geoheganand Aidar (1942)  Following interruption
of preganghome pathways to the forepad preganghome path
way s developed hugher up from roots which normally contnbute
nothing to the forepad  As regards regeneration the powers
possessed by the sympathetic i ammals at any rate seem to
be very much greater than those mith winch somatic sensory
and motor fibrez are endowed  An experiment of Lee s (1030)
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15 worth quoting  Iee cut a et s cervicl sympathetie and
fixed the ends so thnt they were separated by meh of musele
After 27, days stunuhition of the prouimnal end exated the
typreal retraction of the mctitatiny, membrane and entirgement
ofthe pupst  Stimulation of the tissue between the nerve ends
showed that the regenerated fibres had taken & course partly
through the musele and partly round 1t Histologreal sections

firmed that reg won had d  The results of
another of Lees expertments are shown m Fig 711
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THE ACTION OF ADREMALINF AND
NORADPENALINE ON THE CIRCULATION
I\ THE ShIN

Both adrenaline and noradrenahne cause pallor of the face
in man  Thes effect 15 usually attnbuted to the diwect con
stnetor action of the amines on the cutaneous vessels  How
ever a more detamled study of the problem reveals certamn
interesting facts in regard to the action of these substances on
the vaseular system 1n the shin

Although visual mspection of the shin colour may mdieate
ta vascular state objective studies of the shin sutface are
unsatwfactory if we 1re attempting to follow rapid changes
skin blood flow  Shin temperature measurements are of httle
vge 3n awch myestigations because the change wn surface tem
perature lags belmd an alteration 1n biood flow by an appre
table mterval  Av an extreme example of this 1t may be
shown that when the bload flow 1n a b 1s completely occluded
by a pressure euff there 11 only @ gradual fall 1n skin tem pera
ture  Alsof the blood flow mereases from o state of moderate
dilatation to one of full diatation only o swmall mse of skin
temperature occurs wherens changes from moderate dilatation
1o a lower flov may be accompamned by a considerable fall in
skin temperature (Lewrs 1927) Heat elimmation (Cooper et
al 19,0} 1 alxo unsatiefactory as 1t reflects average changes
which have occurred over v period of time  The use of the
hand or foot plethysmograph asvoids the response lag and gres
an accurate pieture of the varmtwon m flow It has the dis
advantage however that meisurements of blood flow are
made on & speciatized shin site and on a structure contamning
some musele Nevertheless the blood flow changes m the
hand and foot vefleet predomnantly elterations i the sk
vessels {Abramson and Ferns 1040}

Ve wilt consider 1n detail the ch:mgcs m blood flow n the

hind duning and after mf of ar narad;

Precantions have to be taken lest the response 1 due to chance
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for the hand blood flow underyoes consderable spont ieous
varntion and 15 abo miluenced by emottonal stanalr (W tthuns
and Ekichnr 1941)

THE V4SOCONSTRICTOR ACTION OF ADRENALINE AND
NORADRENALINE

In order to compare the constrictor properties of these sub
stances on the shin blood vessels infusions were made mto
the brachial artery thus avording any central effects which
these substances might canse Because of the experienres
guned 1n an earlier investigation infusion rites of § ¢ % and
¢ #g per mmute were used Table VI summarizes the find
ings  There appears to be httle difference 1n the constrictor
activaty of the two substances This 1s somewhat surpriang
for the fruu pallor caused by idrenmaline 1 always more
evident than the pallor resniting from a simar amount of
noradrenaline  VWhat 1s the explination of this apperent
anomaly ¢ We recogmze the preponderance of shin over
muscle 1n the tissues of the hand but some musele 15 present

TasLe VI
The han blood finw response to ntra arteral infusions
of alrevaline and nradrenaline t
Average of 10 subjects
Average bl o1 flow
Gl 100m! miv)

Doe
g fmun BIr Durng Ve
1drenaline
& 129 120 131
* 103 % 109
i 121 o 09
i 90 29 86
Noradrenaline
& 94 80 -3
b w02 - 100
3 11 44 93
H 102 27 77

1 Intra arteral infusions of adrenaline at | sx /pun did not_cause
any vesoeanstrirtcn m the hand of Daff s experiments Fig 7 In
thus reapect they differ from tho e seen in Table V1  Thia dnm)fm'\,r:v
1% probably due to small differences m the vascuhir responss u”‘ ]w
subjecta andin the pracedures and analy tical methods Tt 13 unbheds
that the eonclusions of cither investigator are incorrect
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{dbramson and Ferns 1940} Therefore the blood flow
through the hand 14 the sum of both slun and musele blood
flow  DNow in small doses as used in this study adrenaline
cwses o transent dilatntion 1 muscle blood vessels foliowed
by & return to the resting vajue wherets noradrenaline causes
& powerful vrsoconstriettion {Chapters 3 and 4)  Therefore
doses of adrenalme winch reduce the blood flow to say 2, per
eent of 1wy resting value accomphsh this almost entirely by &
slan vesoconstnetion while noradrenaline reduces the muscle
blood flow m addition to decretsing the shan flow  Therefore
one can conclude that adrenalne 13 stronger m constretor
action on skin vessels than noradrenakne which v m heeping
with the mpreseton gawned from visusl mapection

Tur CENTRAL DILATOR ACTION OF ADRENALINE

After intravenons infustons of moderate amounts of adrent
o i man Rushing of the shin of the face frequently occurs
This had been attnbuted to renctive hyperaemia following the
vasocenstriction cansed by the action of adrenalme on the
blood vessels It appeated to have sts counterpart m the
‘essels of the hand for in « small <eries of subjects st wasg clear
that the hand blood flow sncreased after the intraienous mfu
sion was discontinued  The  after diatation  was not seen
 sympathectonuzed hmbe nor after intrabrachial mfusnions
m normal ones (Swan 1050)  As this seemed to be of some
importance the matter was more carefully examined (Swan
1901}

The effect of intravenous infusions of adrenbine and nor
adrenalme on the hand blood flow was studied usmg a plethys
mograph filled with water at 83 C  The room temperature
was maintained 4t 28 ¢ Under these conditions subjects
chosen at random from n class of medical students showed &
surpriaingly i to 20pg ad hine per minute
and to 20 ug noradrenaline per mmute Intravesous mfu
stons of exther of these substances for 3 minutes caused a dechine
in blood flow for approumately the duration of the winson
1n the ease of noradrenalime the blood flow retumms to about the
previous lesel after the infusion 13 discontinued  With ndrena
Ime however the phase of constriction 13 succeeded by an
inererse in blood flow which occurs with sufficient frequency
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not to be due to chince Twehe successive etpertments
which wft of 20 ug adrenaline were gsen fo rormal
medical students are depreted 1 Frg 81 Table VII gives
a summary of the findings 1n & number of these expervments

It must be pamnted out that in the experiments mentioned
above the adrenahne and noradrenalne affected the tissues
besides the vessels i the hand and alterations in cardiac out
put blood pressure and heart rate oceurred It waa therefore
deerded to carry out a similar senes of expenments using the
techmque of brachinl artery mfuson and by giving a dose
suffictent to camse a powerful constrrction By this methed
a study of the dwect effect of adrenahine and noradrenaline
on the vessels of the hand could be made while the central
effects were anowded Smaller amounts of adrenaline were
used for the drug was not diluted m the general arcnlation
as dunng intravenous mfusions The findings are shawn in
Fig 82 Dunng the period of infusion the hand flow 15 much
reduced No after dilatation was obsered wn these expen
ments orin the expenments described 1 the first section of
this chapter m which smaller doses were mfosed intra
artertally

Tame Vit
The Fand Blwod flor rapcrse to infuse na
{Fach grup » 11 sverag of t1 ten nost recent experim wa)
S gnificancs of
Aserage blood flow ans ncrease

{mt /100 ral hani e} sfter tha
nfus on
B fae During  Afz
Normnl tunts
1 Intrssenous
Adrenaline 10 ug 84 44 88 P
20 pg -8 28 98 P o< 003
Noralrenatine 10 pg 81 35 8 P =2
20 ug, 80 3t 4
2 Intra artenat
sdrenaline iz ~1 to 4 F =3
8 smpatl ectorm ed
Intesvenous 104 -8 28 "1 ~ o eubects
Adrenaline oD ug 88 3 59 ~ 8 subjecte

Room  temperature 21 € Plothysmgraph  water temperature
33 € 3 maute mfusons e ye

o

~
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Wil the noradrenabne flush s of pather 1 dushy ting the
adrenaine flush 13 bn bt and mntense and 1s necompamed by a
sensation of warmth winch spreads oser the body—but iy
chefly evpenenced m the face and hends

It 13 clear that the flushing has 1ts counterpart 1 the hand
blood flon response As we have pomted out there 13 a
sgificant merease m blood flow 1n the hand following mtra
venous nfustons of 20 pg adrenalne per minute for 3 mun
The changea followin, norwdrensline and smaller doees of
adrenshne are not sigmficnt  What 1s the cause of this
mereased blood flow ¥ A change i blood flow may result
from an alteration m the artersal pressure nto the organ or
from & change i the vascular resstance in the blood veseels
themeelyes  Increase wn artemal presture could sot account
for the increase m blood flow after adrenahine smce blood
Pressure observations make 1t clear that there i3 no increase
Moreorer the observations of Green et al show that flushing
of the face comeides with a phase of hypotension There
fore 1t 13 reasoneble to consider that there 13 1n fact a dilatation
of the blood vessels after the termmation of the adrenaline
mfuson  This ddatation might result from the direct action
of substances on the blood vessels or 1t might be due to changes
1 the nervous mfluences which regulate the vessels  The first
of these alternatives seered lihely on the grounds that the shn
vessels had been constrmcted for the duration of the mfusion
and dilator metabohites might have accumulated locally  But
this powibiity eannot be the explination for 8¢ we have
posnted out earker sntra artepal infusions are not folowed
by ddataton It rught bhe argued that w the miras enous
expenments the adrenaline itberated a dilator substance from
some central organ mto the general circulation and that ths
substance was then bome by the blood to the skin where 1t
caused ddatation To test this hypothesis the response to
intravenous adrenaline was studied wm ay mpathectomzed sub
Jects  Fig 8 3 shows that no didatation followedd the mfusion
By elsmmation we may conclude thwt th dilatation which
follows mtravenous adrenaline m normal aubyiets 13 due to
slteration m the ner ous contrat of the blood ey We may
be more precise for Arnott and Macfi (1018) have shown that
the skan of the hittle finger does not contam diltar nerve Ghres
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It 1 probable that the whole hand 15 sinular  Therefore the
adrenalme dilatation 1s due m fact to an inhibition of sympa
thetic constrictor nerve impulses  How may this mhibition of
constrictor tone come about ? It 1s unhkely to be due to 2
depressor reflex because 1t frequently comerdes with a phase
of hypotension But there 13 considerable evidence to show
that adrenalne affects autonomic transmission  This has been
shown m amimals follow ing the mjection of very small doses of

7

A
0 g

0 1 20

0
Minutes

Fig 83 Results showing that intravenous adrenal ne infu 1ons m sym
pathectomuzed subjects are not foll>wed by hyperaemia mn tho hang

The erata after intratenous infu 10n9 n normally nneryated haa 1
(Fig 8 1) cannot bo due to the liberation of & va odilat)r s aub tan o into
the general circulation and ita subsequent a tion on the han 1 vexaels

It 16 probably due to a central dilator act on of & lrenaline med ated ty
the sympathet: and abs Iished by sympat} ectomy

The ehaded blocks represent (half scale) the average fl wa reconl 1in the

rod 0-10 and 17->7 mn 3 mun ntravenot infusions The arrow
e cated the time at which the maximal blood pressure gisen on th - liagram
wan recorded  The number of limbs sympathectomized in 1 Ing the teat
{mb 1 shown m tho top r ght hand comner (Swan 18 1)
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adrenaline and after reflex stimulation of the sympathetic
supply to the adrenal gland (Marriza 1930, Bulbnng and
Bur 1049 Posternsh and Larrchee 1930) Ve muy con
clude that the after dilatation seen i normal Ismbs 13 due to

direet dep of vas nctor tone probably w the
sympathetic ganght
Finally—what 1 the eig) of this 3} * e

may consider it exther as part of the emergency veaction {(an
non 1928) or as & protectne mechamsm (Marrazzs 1930b)
or as & harmful mechanim (Bofbnog and Bum 1942} As
regards the third we feel that it 18 anltkely that under mormal
conditions sufficient amounts of adrenaline are hberated to
cwse & humful hypotensne state  also we consider that

frenaline shock depends on an mability of the Hlood vessels
10 respond to pressor hormones and this shonld not result
from ganghiome blockade or depression of ners ous Tasocon
gtmetor tone  The sphsbstion of vasomotor tone may o the
other hand do vauch to mtigate against exvessive mises of blood
pressure thus acting ss a protect on aganst harmful effects
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CHAPTER 9

THE ACTION OF ADRENATINF AND
NORADRENALINE ON THF GFNERAL
CIRCULATION

The presence of both adrenaline and noridrenahne 1 the
human body makes 1t of great interest to compnre their actions
an the geveral crculation The more so smce they differ
remarhably

The effects of intravenous infustons have been studied by
Goldenberg Pines Baldwin Greene and Roh (1948) and by
Barcroft and Starr (1951) Small differences wn the findings
may be explamed by the fact that the rates and durations of
the mfusions differed 1n the two mvestigations  Both authors
recorded the changes m artenal blood pressure and cardiac out
put  Goldenberg et al used the cardiac catheterizatton tech
mque Barcroft and Starr the ballistocardiograph

The effects of infugions at the rate of 10 gg per minute may
be summanzed as follons Fuirst as regards symptoms and
aygns  Wath adrenaline an erly sensation was a curtous feeling
of expect incy with 4 transient mild tingling all over the body
Then there followed an 1ncrease n depth and rate of respration
and the subjecti e sy mptoms assocrated with hypen entilation
It was possible to hold a moderate mspiration for only about
10 15 sec  About 10 sec after the start of respiratory symp
toms the heart rate icreased—but this merease might not be
noticed by the subject for seseral seconds Gradually the
force of beat mcreased for a further 3 nun after which the
rate frequently fell back to a few beats above its resting value
The subject ¢ mamed aware of the forzefulness of the heart bet
Shortly after the start of cardiac symptoms a feeling of fatigue
spread mto the bach—and mto both le,s A conrse tremor
of the extremties was common  After the first two mnutes
the symp d hed very conuderably

With noradrenaline the symptoms were very different  The
feehing of anxiety or expeetancy was absent 1n most subjects
although two subjects repartegsnpprelunsmn with noradrena
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e and no psyehteal symp with adrenal, Respiration
was nereased bt there was no pipitation fatigue or musel~
tremor  Infusion of bath amines caused s factal pallor but

adecnalne to & greater extent thm noradrenaling
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Fg 91 Disgrammnts represontation of the efficts of intavenvun
tafia 1ons of edeenaling and af noradsenal ne on th heart rate arterial bhod
pressure cawhee output a3 totel penpheral o mtence

Tbe n tial tranm nt fecrense 1n the artensel Blood pressure wh ch oceuta
furng 1nfustans of edrenahne (Fig 9 3) 18 not hown )

Other changes are shown digrammatielly m Fig 93
Adrenabne caused tachyrarhe which bhe the palpitations
usally sub sded though m this vase not altogether durmg the

coure of the miusion {sen also Hume 19827} Noradrenakne
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on the other hand caused bradyeardia  Before this curtous
padox cin be discussed tho other cuculatory chinges m
Fig 91 must be descibed  Adrenaline did not have much
effect on the mean blood pressure 1t rused the <ystolie but
1t either did not affect or lowered the diastolic  Noradrenalme
had much greater effect beeause 1t rarsed both the systolte and
diastolic pressures (see also Barnett et al, 19,0) Adrenthne
mncreased the cardiac output whereas noradrenaline erther did
not affect 1t (Goldenberg et al ) or decreased 1t (Barcroft and
Starr) The chan,es m the total peripheral ressstance were
calculated from the cirdiac outputs and mean blood pressures
Adrenalme decreased the overail ressstance whereas noradrena
hne mcreased 1t That 1s adrenalne acted as an overall
va<odilator noradrenaline as an overall sasoconstrictor

To return to the explinttion of the different effects of the
two substinces on the heart rate Both exete the isolated
and atropmized hearts (West 1947 Ahlquist 1948) adrena
Itne more so than noradrenaline But in the human subject
this action will be opposed by increased vagal inhibitory tone
reflexly cxcited by the rise in the mean blood pressure  This
nse 1s less with adrenaline than with noradrenalme The
difference 1n their actions on the heart rate i man is there
fore probably due to the predommation of local excitation with
adrenahne and of reflex mhibition with noradrenaline

The different actions of the two substances on the diastole
pressure 15 probably due to therr different effects on the periph
eral resistance  Dunng infusions of adrenaline 1n spite of the
tachyeardia and increased output the blood probably passes
so0 rapidly through the peripheral resistance that there 13 time
for the pressure to fall precipitately between two successive
heart beats Viith noradrenaline however although there 13
bradycardin and perhaps decreased output the escape of the
blood from the constricted artertes 13 slow and the change in
pressure during diastole 13 comparatively small

Studies of the arterial pulse contour changes aro in accord
with these observations Using a low displwcement cxprat
ance. manometer Peterson Duff and Swan (19,0) recorded the
changes m pul e contour during nfusions of adrensline or
noradrenabne  Fig 92 1s typical of ther findings

In the case of adrenaline 1t 15 clear that the mereased pulse
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pressure and pulse rate sigmfy mereased stroke volume and
mereased cardiac output and the absence of a corresponding
rise 1 the mean blood pressure signifies peripheral vasodilata
tion  In the case of noradrenaline the decreased pulse pressure
and pulse rate signify decreased stroke output and minute
volume, and the nse of the mean blood pressure signified
penpheral vasoconstriction

To turn now to the whereabouts in the peripheral vaseular
svstem of the vasodilatation caused by adrenahine In what
parts of the body 15 1ts action so different from that of the other
substance * Evidently not m theskan where both cause pallor
Fortunately in man the circulations through most of the internal
organs can be studied indivadually and the results show that the
blood flow through the liver lhidneys sheletal muscies and
brun accounts for most of the output

Bearn Billing and Sherlock (1951) have described the effects
of the two hormones on the hiver blood flow  They uscd the
bromsulphalemn (BSP) dye method  The principle 1s as follows
The dye 13 infused mtravenously at a known rate the Iner
abstracts 1t from the blood at the same rate and exeretes 1t in
the bile  The lhver flow 1s calculated on the Fick principle
from the rate of hepatic uptake (infusion rate) and the differ
ence in the amounts of dye i the blood entering and leavn,,
the liver {estimated m samples taken by artenal puncture and
by hepatic venous catheterization) (Bradley Ingelfinger
Bradley and Curry 1945) Bearn et al found that adren:lme
creased the hver blood flow by about 100 per cent nor
adrenalne did not matenally alter the Inver blood flow

The circulatory changes m the kidneys have 1lso been
studied Barclay Cooke and Kenney (1947) measured the
renal plasma flow mn eight subjects before and during 25-40
minutes mtrayenous wfusion of adrenaline at rates of mnfusion
varying, from 0 5 to 10 pg per minute  Constriction occurred
1 every subject  the average decreasc 1n flow being 40 per cent
They were not concerned with the effect of nordrenaline
which was exanuned later by Barnett Blacket Dipoorter,
Sanderson and Wilson (1950) It too caused constriction
but apparently not so much as adrenaline mince even with more
than double the rate of infusion (20 30 ug per mmnute) the
average decrease i flow m si¢ subjects was only 20 per cent
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The blood flow through the skeletal muscles probably
accounts for another large fraction of the cardiac output at
rest It will be remembered that after the transtent vaso
dulatation n the forearm had passed off the blood flow remamned
approuimately doubled (Allen et al 1046  Chapter 3) This
was due to increase 1n blood flow through the muscles which
must have been at least doubled  In spite of the rse in general
blood pressure intravenous infusions of noradrenaline do not
increase the blood flow through muscle (Duneanson Stewart
and Fdholm 1949 Barcroft and honzett 1049 DBarnett
et al 18,0}

One of the large individual circulations 13 that through the
brain  The effects on 1t of adrenaline and of noradrenaline
have heen studied by hing Sokoloff and Wechsler (19,2) by
the mtrous oxide and nternal jugular venous blood sampling
method ~ Adrenaline ncreased the flow by approximately
"0 per cent  Noradrenaline caused constriction  the average
decreace 3n flow was 10 per cent

The changes in the different organs have been collected
together in Table VIII and afford mdependent evidence not
inconsistent with the findings previously described namely
that adrenaline stimulates the cardiac output whereas nor
adrentine does not  They show that the overall vasodilator
actton of adrenaline 13 essentially due to 1ts effect on the cireu
Iations 1n the hiver and skeletal muscles
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Fmally 1t 13 of interest to compare the actions of the two
unines on the blood pressure m man the cat the dog and the
rabbit It will be seen that differences still need to be ex
plamed In ammal expenments the hormones have usually
been mjected and not 1nfused so that the corresponding cffects

NINTRAVENOUS
ADR. 107 ¢/mn

SN INTRAVENQUSN
ADR 10; ¢ /mn

ADR 0 /m_

Minutes
Fig 93  Expeniments showing that the first effect of intraven us nf t (ng
of adrenaline on the human artersal blood pressuro 1s to caus & small transicnt
decrease
The blood pres ure records were made every § min by the auscultatory
method (Allen Bareroft and F lholm 1048)

1n man will be those taking place at the sery beginning of an
nfusion before the establishment of equhbnum Careful
measurement of the human arteral blood pressure by the
auseultatory method usually reveals a smll transient deereasc
before the sustained rise  This may be seen in Fig 93 Thrs
transient decrease 1s readiy displayed by the intra arteral
manometer (Barnett et al} In this connection 1t 18 worth
noting that infusions of adrenline into & normal subject
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never cause a sustaned fall n pressure however great the
dilution The transient fall i the human blood pressure
probably corresponds to the fall seen following the injection of
smill doses in the cat (Cannon and Lyman 1912) and dog
(Hoskins and McClure 1912 Lands Luduena Ananenho and
Crint 1920) This 1s apprently unobtanable m the rabbit
(Cannon and Lyman) With noradrenaline the situation 1s
different  In man the capacitance manometer shows that 1t
causes a simple rise in pressure (Barnett et al ) this 1s son
the cat too (Meter Gross and Eichenberger 1949) but oddly
enough noradrenalme causes a fall in pressure 1 the dog (Lands
etal) Asfar as we are aware the response in the rabbit has
not been studied  The explanation of these differences though
of great fundmental mterest 13 not at present known
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CHAPTER 10
ADRENERGIC BLOCKADE

In 1906 Dale found that large doses of preparations of ergot
of rye paralysed the exator function of the sy mpathetic nerves
and also of adrenaline These observations were the bawus of
the considerable volume of work on adrenergic blockade and
adrenergic bloching agents which has been carried out since
then Adrenergic agents  are the natural amines adrenaline
and noradrenaline which mduce the responses of the great
majority of the sympathetically innervated effector cells

Adrenergic bloching agents  are those substances which
specifically snbit certam effects of adrenaline noradrenaline
and sympathetic nerve stimulation The terms  sympatho
Iytic and  adrenolytic should not be used for in general

neither nerve endmg nor mediator nor effector cell 18 Jysed
by these agents (Nickerson 1949} It should also be clear
that adrenergic blockade refers to an action at the neuro
effector junction thit s a pertpheral effect  other actions on
the efferent vasomotor pathway are by definition not part of
this topte  Nerertheless many adrencrgic blocking agents
cause vascular changes not due to theiwr adrenergic blocking
properties and we must endeavour to distinguish between
these effects and true adrenergic blochade

‘There are four mam groups of adrenergic blocking agents
and wm this chapter we will consider therr action i man so far
as 1t 18 at present known  The effects of the alkaloids of esgod
w.1]) be discussed 1n rather more detail than the other substances
not only because we have mvest gated them to a greater extent
than the other agents but also because we may make certam
generalizations which are appheible to all adrenergie blocking
agents to varymng degrees
1 Hydrogenated Alkalords of the Ergoloxine Group

Although the anti adrenshne properties of the ergot extracts
was recagmized tn 1006 the towue effects of yaspactne doses
prevented any serious myestipation of the crrculatory effects
of ergot n man  The pnnclp’}e of ergot winch possesced the

"
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gretest vaseular activity (ergotoxine) also cau ed the most
adverse side effects  Stoll and Hoffman (1943+) shoved that
ergotoxine 13 made up of threc separite alkalods ergocornine
ergocnstne and ergoeryptme  The same workers {1943b)
found that the lysergic acid molecule which 1s a component
of each alkaloid could be hydrogenated to form new and stable
substances These compounds hnown as dihy droergocornine
dihydroergocryptme and dihydroergocnstne (the  dihydra
alkaloids) were much less toxic than the natural alkalowds vet
retamed certain anti adrenaline properties

Because of the dimmished touaty the dihy droalhaloids
were extensnely investigated 1n man IDihy droergocorpine
(DHO 180) was studied by Bluntschh and Coetz (1947) Freis
Stanton and Willans (1948) and others Less attention was
gien to the effects of mixtures of the dihydro alhalods or
to the effects of dihydroergocryptine or dihydroergocnistine
probably because dihydroergocorune displayed the preatest
vaseular activity The majonty of these mvestigators made
little attempt to mterpret the action of the dihy dro alkalowds
describing many effects as evidence of the sympatholytic or
adrenolytic properties of the compounds 1t 13 clear that not
a1l of these effects would come withmn the more rigid defimtion
of ad g1c blockade set out at the beg) of thus chapter

Bareroft honzett and Swan (19>1) myvestigated the eficct
of dihydroergocormine and of a mixture of equal parts of the
three dihydro alkaloids (Hydergme) on the human penipheral
crculation  They measured perpheral blood flow with the
plethysmograph and found that either dihydroergocormne or
Hyderpime mfused intravenously caused an increase n the
hlood flow 1n the hand and foot i all of ten normal subjects
Fig 101 1 from their paper  This confirmed the observations
of Coetz (1949) who measured the finger blood flow and

ayes et al (1949) who measured the blood flow n the whole
hmb  Barcroft et al found httle change in the calf blood
flow 1n normal subjects

The cause of the dilatation mn the hand and foot was con
sdered  Goetz (1949) had concluded that the dilatation was
due to central mhibition of sympathetic vasoconstnctor tone
and not to peripheral adrenergic blockade but his evidence

did not exclude an adrenergic blaching effect  Goetz concluded
acHBY D*
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that the dilatition seen in normal hmbs was due to a
ccntral depression of vasoconstrictor tone because sympathee
tomnzed limbs fail to dilate  He assumed that if the alkaloids
dilated normal vessels by a peripheral action they should also
cause dilatation 1n sympathectomized vessels This does not
necessarily follow for a substance which blocks the adrenergie
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Fig 101 Results showing that atksloi ls of the ergotoxine grvup cause
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trmsmitter of sympathetic nerves m normal hmbs mght not

cuse vasodilatation an sympathectomized vessels  In such

hmbs v ascular tone may not be due to the action of adrenaline

but to that of some quite different mechanism (Chapter 7)
Vasodilatation 1n the hand due to pharmacologienl agents

can result from inhibition of constrictor tone at a number of
HIGHER CENTRES

VASOMOTOR CENTRE

POSTGANGLIONIC FIBRE
~— LOCAL ANAESTHETICS

| SYMPATHETIC

/ GANGLION CELL
— TEAB
— €5 €6 d~TUBOCURARINE

4
7
ADRENERGIC BLOCKADE
O——pLOOD VESSEL
— NITRITES
— DIRECT DILATORS
PREGANGLIONIC FIBRE
Fig 10

D ngrom shawiig 8 tes of nh | € ry aet 0 of Ir1gs on sympa
% teraoo t ®
Ponts along the sy mpathetic efferent pathway or from a direct
tflect on the blood vessels This 12 shown diagrammatically
w Fig 102 We do not need to conmder activity of dilator
nerves—beciuse these do not exist in the hand (Arnott and
Macfie 1948)

Firstly an attempt was made to see 1f the dihydro alkalows
hada pertpheral action  This was done by recordmg, the blood
flow 1 hoth hands and then mfusing the thalowd durectly into
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the brachial artery on one side  Fig 10 3a shows thas the
ntra arterial nfuston of 0 2 mg dihydroergocornine cansed an
nerease 1n blood flow 1n the 1psilateral but not mn the contra
lateral hand A sumilar response was obtamed mn ten other
subjects This indicates that the dihydro ll aloids either
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Fig 108 Resulta de orbed fully i tie text revealng two d ¢nct
v odilatOr actions of the alkalods of th ergotoxine group on ft  Flood
vessals of the hanl

1) Low ¢ n entrations 84 have to he use 1 nintravenous experiment to
avorl toxic effects have little of the peript eral LI cking acts n an | refease
aympath tic tone by a powerful central il ibttory a t on

() High concent aton as can ba usel i jntra arterial exper m ntx
evert a true local a lrenerg ¢ blorking acti n anl rel ase aympath t ¢ vaso
constnctor tone penpherally  (Barcroft K nz tt anl Swan 10 1)
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block the tomic constrictor impulses arnving by way of the
sympathetic neryes—or otherwise cause a vasodiatation by
therr direct action on the walls of the blood vessels  To decide
between these two powsibilities we mvestigated the action of
the dihiydro alkalosds on sy mpathectomized hmbs forif dilata
tion occurred in the sympathectomized limb one could con
clude that the alkaloids caused a relaxation of the blood vessels
This was not found to be the case VW iile there was no sigmfi
cant change on mtravenous admmstration of the alkaloids
m four subjects (Fig 10 3b) intra artenial infusions actually
caused a v riction 1n tw o sub) Therefore the vaso
dilatation seen on ntra arterial infusion of the dihydro
alkafods 1n normal limbs was due to bloching of the tome
constrietor impulses mediated by the sympathetie nerses—
true adrenergic blochade

1t does not necessanly follon however that the vasodilata
tion seen after intras enous infusions 1 normal subjects 18 due
tothe same mechamsm  Although the dihydro compounds are
fess toxie than the natural allalods of ergotovine they still
retaw certain unpleasant mde effects which limt the do e which
can be given  Barcroft et al were unable to give very Jarge
doses of the dihydro compounds intravenously and clearly the
amounts gw en intra artenally are much larger than the amount
reachmg the hand following intravenous admimstration  The
following, experiment was therefore devised to ste whether
central mhib of v netar ton d by
Goetz—was responsible for the penpheral dilatation after
ntravenous admimstration (Fig 10 3¢)

The resting blood flow was determuned in both hands of a
normal subject Then the flow in the left hand was occluded
by a cuff for 10 minutes after which the resultant perod of
reactive hyperaemia waa recorded  After a sustable peniod of
Test the circulation n the left hand was agamn occluded for
10 minutes but during the first 3 munutes of this penod du
hydroergocornine was given intravenously  The blood flow in
the unoceluded mght hand increased m the usual manner
Now the dihydroergocornne reached the adrenergic nerve end
ngs 1 the nght hand but not in the left hand  Pothhin (1947)
had observed that in the rabit 99 per cent of the dihydro
alkalords werc remon ed from the circulation 1n 5 minutes  We

rd
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considered that little 1f any dihy droergocornine would remam
m the blood when the eireulation 1 the hand was released
On release of the oeclusion on the luft hand the peah of reactine
hyperiemua passed off but the blood flow did not return to 1ts
previous value—there was a peraistent yasodiatation of almost
the same degree as in the nght hand  This must hase becn
due to inhbition of sy mpathetic 1asoconstrictor tone centrally
The question arses as to whether mhibition could have been
caused mn the sympathetic gangha This appears to be un
hkely for honzett and Rothim (1930) found no such action
on the perfused supenor cervieal ganglion of the eat  Also
the occurrence of nauser and vomting as mde effects of the
dihydro .ubstinces suggest a medullary action  Therefore we
conclude that the hvdrogenated alkaloids of the ergotoxine
group have an adrenergic blocking action m man when gnen
n relatively large doses by the mntra artertdl route When
grven mtrasenously however the adrenergic blocking effect 15
small and the vasodilatation 15 m the mam due to central
mhibition of sympathetic vasoconstrictor tone as suggested
by Goetz {1949)

Barcroft et al (1931} then investigated the effects of the
alkalowds on the response to mfusions of adrenaline and nor
adrenahne for substances which block sympathetic nerve end
ings are said to be more effective agamst circulating sympatho
mmetics  Fig 10 4 shows an experiment 11 which short infu
sions of adreniline and noradrenalne were gnen befure and
after the mtravenous admumstration of Hydergme It mnd
cates that the dihydro alkalods had very Ittle effect on the
arterial blood pressure or heart rate response to adrenaline or
noradrenalme  The constrictor action of adrenaline on the skin
vessels and of noradrenaltne on the shin and muscle vesscls
was not affected  From this and five other stmlar expin
ments Barcroft et al concluded that the dihydro compounds
had no hlocling action on the effects of adrenaline and nor
adrenaline In this respect themr resuits differed from those
of Qoetz and hatz (1949) who desenbed reversal of the
adrenaline pressor effect after intravenous diby droergocornine
and from those of Kappert (1949) who concluded that dthydro
ergocornme  Teressed the conatrictor action of adrcnaime on
the shanvesscls  We are unable to account for these diffcrences
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Adrenahne and noradrenahme given mntravenously act upon
organs and structures which are almost unaffected by the
direct action of the intrasenous dose of the dthydro alkaloids
It 1s therefore difficult to see how a strong ant: adrenaline effect:
should hatve been obtaned from doses ot alkaloid which when
guen mtravenously act i the main centrally

Regarding the effect of the dihydro alkaloids on the pressor
response to adrenalme Goetz and Katz (1949) reported that
adrentline cuused a fall 1n blood pressure when given after
dihydroergocormne  But Barcroft et al (1951) were unable
to confirm this  An explanation of this divergence of response
might be that while mn Barcroft et al s experiments the subject
lay supme with one pillow under the head the other miestt
guors miy have placed therr subjects n a more upright
position  If the posture 1s altered fundamental cardioy ascular
dy are affected and differing results may be obtained
This 13 all the more true when vasodilator substances have been
grven and may be responsible for the fact that Barcroft et al
found that the dihydro alkaloids fuled to lower the blood
pressure 1n normal subjects although a hypotension was
reported by several other workers

Barcroft et al also mvestigated the effects of Hydergme
grven mtra arterrally on the constrictor response 1n the foot
to wdrenaline and noradrenaline  The observations made did
not mdicate any bloching effect to adrenaime or noradrenaline
but they thought that the doses of sympathomumetics used
might have exceeded the normal physiological range for man
Swan (1951a) studied this aspect of the problem in more detail
using the hand for lis mvestigations Definite constrsction
occurred 1n most subjects at a dose rate of § yg adrenalme or
noradrenalme per minute when given into the brachial artery
Constriction 1n the hand was also recorded on immersing one
foot 1 water at 12 C The cold constrictor response so
obtained 18 mediated by the sympathetic pathway and 13 &
convenient way of testing sy mpathetic constrictor tone Then
dihydroergocormne 0 1 to 023 m, was given intra artenially
and the ensuing response to mtra artertal adrenahne or nor
adrenaline or to the cold coustrictor test was observed
Fig 10 513 an example i which the constrietor effect of nor
adrenaline and of the cold stimulus are compared before and
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after the dihydro alhalmd Tt wall be seen that the constrictor
respanse to § pg noradrenaline and ta cold were abolished
by the dihydro alkalowds and the response to § g noradrena
hne g very shghtly reduced  The same obsers wtions were lso
made with respect to adremalne  The blockade so produced
can be overcome by larger doses of adrenaline or noradrenaline
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Fig 103 G enmtra arter ally reachi g the nght hand m h gh conoen
fration d hvdroergocorn  {DHIO) bl cked the per pheral 1asmconstr etor
setion of & small dows of noradrenal (X }} and sl that mdueed reBexly
by placing the feet n cold water (between pars of ert cal broke 1 lmes)

3t has been provent up to 30 mm after the dihydro alkalods
were given  The effect of the dihydro alhaloids on the adrena
hne and noradrenaline effect on the muscle blood wessels 15
variable—but 1n genersl the responce 38 unchanged

Ve are not i this work concerned with the overall effects
of the dihydro alhalouds on the ereulation  An adrenergic
blocking action has been . but g
we have already pomted out the effects observed must be
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cntically interpreted  The responses mn the ntact organmsm
are complex representmg the sum of Jocal and general effects
At times the local effect may be marked  Grayson and Swan
(1950) found that local injection of the dihydro alkaloids into
human colonie mucosa exposed at colostomy caused n 13s0
dilatation et when the alkaloids were grven ntravenously
2 vasoconstriction occurred mn the colome mucosa

To summarnize the position m regard to the effects of the
hydrogenated alkaioids in the human perspheral circulation we
m»ay say that although m large wmounts they produce true
adrenergic blockade toxic effects pernut the general admunts
tration of doses which only cause vasodilatation by a centrl
inhibition of sympathetic v asoconstrictor tone
2 The Ben.odioranes

Although these bloclung agents have a relatively weak action
1n comparison to others one of their number 1s of considerable
mterest m man—because 1t 15 used 1 the diagnosts of phaeo
chromocytoma of the adrenal gland  The several members of
this series fall wto two different types and are designated by
a numera! folloned by the letter F (Fournenu—who synthesized
the series) Those substances which are more effectin e agunst
the effect of sympathetic stimuiation than agamst eirculating
adrenalme and noradrenalne are typified by the compound
833F while those which e more effectn ¢ agunst circulating
adrenal hormones are represented by the compound 933F
The adrenergie blochade produced by the benzodioxanes m
ammals 1s weth when comptred to other substances There
are many aspects of sympathetic and humoral action which are
not affected by them Finally these compounds are the only
adrenergic bloching agents which accelerate the mactn ation
of adrenahine (Mormson and Lissak 1938)

In 1947 Goldenberg Snyder and Aranow described the
benzodioxane test for phieochromocytoma In this test
025 mg 933F per hilogram body weight 13 injected intraven
ously If the artenal blood presaure 13 clevated due to the
preseqnce of errculating pressor hormones then a fall m blood
pressure of 10-15 min duration 1s observed but f the et
15 one of essentral or renal hypertension then the blood
pressure wsually 1 esslightly  This test 13 now of proven vatue
sn the diagnosis of phaeochromocy toma In their orgmal
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paper Coldenberg et al (1947) reported an i eshigation 1n
which continnous mfusions of adrenaline sere g en to normat
subjects When the blood pressure was stable 832F was
injected wiravencusly producing & falt m blood pressure

From Goldenberg s expenmental results it would appear that
933F was either blocking the augmentor effect of adrenaline on
the eardiae output or was lowenng further the already dimin
1shed total penipheral resistance From ammal expeniments
the former possiibty appeared unlikely (de leeschhouwer
1947)  Ytoceurred to Prunty and Swan that plethysmographic
determunation of imb blood flow mught assist w the intetpreta
tion of the action of 933F on the oserall peripheral resistance
The latter workers also wmnestigated the effect of 933F on
the hypertension produced by of drenaline
normal subjects

Prunty and Swan (1950) measured calf and hand blood flow
in notmal subjects Iying supine with the head elevated 15 to
the honzontal The blood pressure was measured with the
sphygmomanometer Continuous mfasions of adrenbne or
Boradrenaline were gisen and the vaseular response recorded
for sbout 26 munutes by which tsme the arculatory changes
had stabihzed Then a dose of 01 mg 933F per kidogram
body weight was slowly mjected erther derectly mto the tube
through which the adremalime or noradrenaline infusion was
bung mamtuned or 1n some subjects was myected nto
another smtable vem  The ensming responses were noted the
infusion of adrenibine or noradrenshne bemng mamtmned

An experiment 1n which a continuous adrenabne nfusion was
gwen 13 shown m Fig 106 The adrentline infusion mcreased
the systolic blood p whale the d he p techned
The calf blood flow 1s merensed At the arrow 16 mg 993F
was mjected over about 90 sec  This resulted m a bmsh
icrease mn heart rate and an mtense fushing of the fice and
neck  There was a further wcrease m ealf blood flow  The
rastolie blood pressure fell further but recovered to 1ts previons
vatue within a fow muinutes  The systolic pressure alzo decied
shghtly but then rose to 2 maximum vilue of 185 mm Hg
There was a moderate but geadual falt m blood preseure for
the remunder of the adrentlme wfuston  This subject chd not
complawn of symptoms other than palpitation  Most subjects
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however experienced a metallic taste m the mouth—with
severe palpitations a burming sensation i the face and nech
pulsations mn various parts of the body and a sense of alarm
One subject (No 6) expenenced symptoms suggestive of an

SALINE SOLUTION
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| 8F | ¥
gL 0l [N
! »L | 101
a1 W ol
) ~6 501
b 08t o5 Gol
99 59
Loent ot 0 sol R
1
»ol i
9 it _ 4 FLl
I 0ot
ES RN 09 061
ot <l
[RA] 19 b2l
[On§ [ 33
sp/sLl LerLl
ar 3
/80l oL/1
IELY 1880
3y 4oy
Vgl uwg

o
9 591
9!
W ol

o1
AR T

%
»5 CF1

1344
0t/¥Ll

gL
ot el
01
CHGEL
051
0F/881
gL
= /a8l
1686

a g
wr

98
ol oLy

i
01/ 991

a9
0T/ 481

ks
BOL/SF

0
99/0°1
(43
oB/gl
8
pg/est
06
TL/ASL

ot
FL/T

dLsu
ot Jo1
wg

Sant [ f w0

3]
< 0Bl

)
o 071
it
e egy
9
ey
99
0 s
o
0% OF1
[
oS Sl
[0
s gl
s
0 vt

e

NI vy

o ng
dd
anng
dd
arug
g}
o mg
d gl
° |ng
44
»ing
ad
o ud
J4
8 qui
ad
o g
1

sanegs £ poied

svq

A

My

RA)

R

LAY

a0y

<t

ay
afy

~

N
it



110 Adrenergic blockade

encephalopathy  Table I\ shows the response of blood
pressure and heart rate i mne normal subjects of whom five
received adrenaline and four noradrenaline It was thought
that apart from subject No 9 no sigmficant fall in blood
pressure had been demonstrated In the penpheral circulation
an merease m blood flow accurred after the njection of 933F
mn both hand and calf

The results reported above were at variance with thosc of

A

o

U Ay

]

tig 107 Record slowing that benzod oxane (§39F) jrobably 1 1 e
cardac outpat

Intra arterial tracings of the blood pressuro in the beach al artery @ ming
the continuous wmntravenous infusion ot a {renaline at the rate ot 10 pg min
A B before € D after mtrayenous snjection of 1o mg benzo! xano (933F)
After the 933F the pressure falls more rap 1y dunng 1astole an! the Jeart
rate 18 an rease ! Thes impli s a decrease in total peripheral res tan o ani
an ncrease 1 card ac output

Goldenberg et al (1947) and Goldenberg and Arinow (19,0)
msofar as Prunty and Swan did not consider the responses they
obtained could be regarded as depressor  How ean this differ
ence be explamed ?  Firstly 1t must be remembered that the
blood pressure 13 a balance between the erdiac output and
the total penpheral resistance  Although Prunty and Swan
id not mesure the erdrac output they thought that 1t was
mcreased  Pulse contour tracings obtamed with a senutne
capacitance manometer (Fig  107) supported this  The
increased cardiac ontput was considered to ov ercompensite for
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the undoubted peripheral vasodilatation and so a mse m
systemic arterial pressure soon occurred Now posture may
play a derable purt 1n det vascular responses
because 1t will affect the distribution of blood n the vemns
the right aunicular pressure and other variables It 13 possible
that this factor 15 at least 1 part responsible for the different
Tesults obtamned by Prunty and Swan and also by Freis et al
(1921) Tt 1s difficult however to describe the short hypoten
son produced by 933F as evidence of adrenergic blockade

Using the intra arterial mnfusion techniques Swan (1951b)
miestigated the effect of 933F on the blood flow mn the hand
and also on 1ts effect on adrenahne and noradrenaline aso
constriction  Briefly—2 mg 933F given intra artenally caused
a moderate mncrease 1n blood flow of 5-11 mmutes duration m
St¥ normal subjects  But almost the same vasodilatation was
observed m two sympathectomized hmbs when 933F was
gven intra artemally This suggested that 933F in these
doses has i part at least a direct dilator effect on blood vessels
Further expenments are needed to prove this pomt

If an myection of 1-2 mg 933F was made durmng an mnfusion
of adrenaline or noradrenahne m intra brachial doses up to
0+ ug per minute a transient abolition of the vasoconstriction
Wwas seen The constrictor effect of infusions of } pg per
mmute adrenaline or noradrenaline was reduced by the prior
Mjection of 1-2 mg 933F Small doses of 933F (01 mg to
05 mg) had little effect on the adrenalne or noradrenalne
Yasoconstriction although they did cause some 1ncrease in
blood flow

These results at present mcomplete indicate that 933F n
large doses has a weah adrenergic blocking action in man
They do not however explain the action on the arterial blood
Pressure deseribed by Goldenberg et al (1947) and Goldenberg
and Aranow (1950)

3 Priscol

This substanee 13 an effective vasodilator m doses which may
be gwven to the human subject The side effects with large
doses melude tachycardia flushing and conjunctival injection
We have had hitle expenence of 1ts use in this laboratory but
our findings ngree in general with those of Wakim et al (1950)
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Our observations are reported only to mdicite future
problems to be dealt with

Ve hue seen vasodilatation mn effectively sympathecto
nuzed limbs thus confirmmg Grimson et al (1948} In add:
tion we have mvestigated the effects of intravenous mfustons
of adrenghine and noradrenahne on the peripheral blood flow
finding that the constrictor effect in the skin (and 1 the case
of noradrenaline n muscle) 1 much reduced after 50 mg
priscol given ntravenously The blood pressure response to
the ewrculating sympatt ties 18 1 d
4 Dibenanune

This substance 1s probably the most effective adrenergic
blocking agent available (Nickerson and Goodman 1947) It
has not been the subject of extensive mmestigation m man
apart from that reported by Hecht and Anderson (1947)
These workers reported that dibenamine inhibited the pressor
effects of adrenalime and the pressor response to cold One
of the difficulties in the study of the effect of dibenamme n
normal subjects 1s the duration of 1ts action Orthostatic
hypotenaion may last for hours after effective doses of diben
amme The use of intra artenal technique should oyvercome
this obstacle to experimental myestigation
Summary

Adrenergic blocking agents are those substances which
speaifically inhibit the response of the effector cell to the sympa
thetic transmitter and to circulating sy mpathomimetic agents
All the groups of substances which produce adrenergic blockade
m ammals can be shown to do so 1n man also  However the
dose required to be effective by the mtravenous route 1s fre
quently not tolerated beeause of unpleasant side effects so that
only 1n the case of dibenamme and perhaps priscol has true
adrenergie blockade been demonstrated on intravenous edmin
\stration  The hydrogenated ergotowne alkalowds and 9331
have a blocking action when gien m relatwely lrge doses
wtra artertally
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CHAPIIR 11
PHALOCHROME TUMOURS

Recent advances in our hnowledge concerning the nature of
the transnutter agents of the sympathoadrenal system has led
to better understanding of the effects of these substances n
man A condition which gives mse to an excesarve liberation
13 a secreting tumour of the adrenal medullary tissue The
majority of such tumours hie 1n or near the suprarenal glands
but also arise i para aortic rests of medullary tissue  The
tumours are usually benign adenomate but about 10 per cent
are malgnant They are known as phacochromoey tomatt
and are commonly umlateral 1 12-15 per cent of cases more
than one tumour 13 present

Until recently phaeochromocy toma was thought to be a rare
condition but 1t 13 now clear that if the posstbility of medullary
tumour 1s considered 1n certam hypertensive patients unsts
pected cases may be diagnosed In all 270 cases had been
reported up to 1949 of which 67 per cent were proven post
mortem (Smithwick et al 1950)  Early diignosis and surgici!
remosal frequently results in complete recovery of normal
health  Therapeutic adsances now permit more aceurate
dragnowis of the condition and hase redueced the operatise
mortality  thus a more favourable prognous may be green
We w1l therefore consider the chnieal aspects of the conditton
and diseuss this sole example of disordered physiology of
adrenal meduilery function

A reasonable concept of the role of adrepaline and nor
adrenaline 1n the body would be to aseribe the sympathctic
transmussion to the Iatter and emergency adrenal medullary
function to the former It 13 probable that the adrenal medulls
discharges an effectir e amount of adrenaline mnto the circulation
duning stress  Although the natural secretion of the adrenal
gland contains up to 70 per cent noradrenaline the mixture
will hase the offect of adrenaline (de Largy et al 19.0) But
1n phaeochromocytoma this function 14 disordered Tarstly

Jarge amounts of the medullary hormone are released mnto the



Phaeochrome tumours 115

areulation  The quantities hiberated are far i excess of the
need during emergency and eause re sponses which are harmful
ko the predominant hormone Iiberated from phaeochromo
evtoma 15 not always adrenalne for exress of noradrenaline
may be found Noradrenthne does not further the response
to emergency —ndeed 1ts actions antagomze adreniline in
many respeets  Finally n a large number of cases there 15
endence of & libcration of excessive amounts of medullary
hormone osver a long period of time which 18 1n contrast to
the mtermittent Tesponse to stress

The majonty of patients suffering from phaeochromocytoma
Present symptoms referable to their hypertension but some
times metabolie aymy d ate A tentatnne classt
ficatton 13 a9 follows

() Hypertensive Group
1 Paroxyymal hypertension —sympathico adrenal syndrome
2 Elevated resting blood pressure—paroxysmal hyper
tension supenimposed
3 Sustamned hypertension 1n many aspects stmlar to essen
tial or malignant hypertension but certain metabolic signs
are present
4 Sustamed hypertension 1dentical with essentinl hyper
tension
(B) Metabolic Group
1 Glycosuna eleyated metabolic rate and sustained hvper
tension
6 Metabolc symptoms episodes of paroxysmal hyperten
81on

! Paroxysmal hypertension This syndrome 13 tharac
tenzed by sudden attacks consisting of palpitation nausea
and sometimes vomiting headache substernal pan pallor of
the face and extremities and tremor (Mackerth 1944) At
tunes fear out of proportion to the seventy of the attack occurs

The symptoms may be quite mild or of great Aeverty—
Mdeed the patient may die dunng or after an attach The
duration of the attack 13 commonly about one hour—but fre
quently attacks last only a few minutes They may recur
daily or only at mtervals of monthy and may alter 1n seventy
1f the patient 1s seen dunng an attack pallor of the face and
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extremities will be noted while the general condition will vary
with the sevenity of the attack The systolic blood pressure
1s sometimes 300 mm Hg and there 1s also a diastolie hyper
tension The blood pressure frequently vares durng the
attaick  The radidl pulse 1s usually hard  the rate vartes from
patient to patient In several patients extreme bradycardia
has been noticed during the attack  The extremuties are cold
and blanched but usually moist Sweating 13 common durning
the attachs at tumes streams of sweat course down the
patient s face and trunk while the hands and feet are relatively
dry The mouth temperature 1s usually elevated dunng a
paroxysmal attack Urinary examination frequently reveals
glycosuria  The paroxysm may terminate fatally by reason
of acute pulmonary oedema or cerebral haemorrhage Other
wise the patient suddenly becomes aware that his unpletsant
symptoms are dimimishing  Sweating may persist and indeed
merease while flushing of the face and extremities 18 common
The flushing may be associated with a sensation of warmth
spreading over the neck and face The blood pressure falls
rapidly to normal or subnormal values In some cases this
fall may be extreme and ultimately fatal For a more complete
account see Mackerth (1944)

2 A number of patients have been seent in whom the resting
blood pressure level 1s high and who suffer from further
paroxysms of hypertension sup posed upon a symp
hypertensine state They may represent an intermediate
group between 1 and 3 and are separated here from the other
groups because they rep a different d 1¢ problem

3 Patients with sustained hypertension closely resembling
essential hypertension and without evident paroxyams of
hypertension This group probably contams the greatest
number of patients ffering  from pk hromoc) toma
Green (1946) reviewed 51 adequately reported cases which
he selected from the literature and observed that 70 per cent
had suffered from sustaned hypertension during hfe

The patients may have mld or severe hypertensino
symptoms or may at times exhibit mgns consistent with
ypertenston The differentiation of the rarc

ytoma from the easential hy pertension

:ﬁ therefore a problem to test the diagnostic shill of the

malignant  h;
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physcian  Intle majonity of these cases however symptoms
ardsigns are present which may suggest the correct ciagnosis
The most ymportant, of these 13 excessne sweating Smith

Wik et al (190) reported that this symptom occurred 1n only
2 per cent of patients with essential hypertension but 1n 9 out
of 10 patients with phacochromocytoma  Symptoms referable
{0 1 sasospastic condition of the hands and a raised mouth
temperature were also reported by many patients with phaeo
eh v but were n essential hypertension
A ratsed basal metabohc rate glycosuria and an elevated fasting

lood sugar also occur more frequently than i essential
hypertension

4 Patients with sustamed hypertcnmion without any symp
foms guggestive of adrenal medullary dysfunction  Thus
\amety 1s uncommon and wsually 14 drawn from post mortem
material - Although the svmptoms dunng hfe may have been
walequately noted m some cases 1t seems clear that somc
Pitients with & medullarv tumour die 1n cardiac failure without
1y symptoms referable to the tumour

5 Glycosuma elevated metabolic rate and sustamed hyper
tenson I some Patients the metabolic symptoms may pre
dommnate ang when weight loss 1s extreme an endoerine dis
turbance 19 suggested  When a high fasting bloed sugar s
discovered  diabetes mellitus may be connidered A good
evmple of this vanety 1s the case teported by Raab and
Smuthwick (1949)

6 In a small minonty of patients metabolic svmptoms and
B predominate while the blood pressure remawns normal
Laroxysmal hypertension only occurs These patients are
Usually considered to have other endocrine disorders

“

ADRENALINE  NORADRENALINE AND PHAEGCHROMOCYTOMA
1t 13 certamn that both adeenaline and noradrenaline are
Dresent in excess m the blood of patients suffering from phaea
hromocvtoma  Holton {1948) and Goldenberg et al (1049)
have reported large quantities of both ammes m tumours
follow Ing surgical removal while Tngel and Euler (1950) have
demonstrated large quantities of adrenahine and noradrenaline
I the urine of such patients Ve chscussed mn earher chap
ters inf 1 A from inf of ad and
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noradren iling in normal subjects  Are the symptoms and signs
m patients simular to the laboratory findings on mfusion of the
amines m normals /  In certain 1mportant respects this 1s not
so The probable explanation of the discrepancy hes in the
differing rates 1n which the hormone- enter the circulitton
In phaeochromocytoma enormous quantities are liberated and
effects arc therefore <een which could not be dehberately
nduced 1 normal subjects nor indeed tolerated by them

We will therefore discuss the signs and symptoms of phaeo
chromocytoma in regard to the known action of adrentlme and
noradrenaline 1n man and consider the discrepancies which
exst

Both adrenaline and noradrenaline cause the normal subject
mental disturbance adrenaline to a greater extent than nor
adrenaline  This varies from subject to subject—but on two
occastons subjects who had previously had adrenaline reported
their sense of alarm to be much greater with noradrenalne
Palpitation and tachycardia as caused by adrenaline or
bradycardia (Barnett et al 1950 case 3) as with noradrenaline
have been reported in patients The tremor weakness wnd
fatigue common 1n patients are all seen on mfusion of adrenaline
1 normal subjects A symptom of mterest 13 the excessine
sweating which 15 2 feature of phaeochromocytoma Ve have
never seen sweating 1n some 300 mfusions in normal subjects
The sweating in phacochromocytoma has been attnbuted to 2
retention of heat owmng to the cutancous vasoconstriction
But there are reasons for believing that this may not always
beso Many cases hate been reported in which profuse sneat
g occurred within a few seconds of the appearance of pallor
and frequently mn association with headache  Also 1t 1s strange
that we have never seen®sweating in normals n spite of long
infusions which eaused sustaned pallor and presumably con
siderable heat retentton It seems likely that hypothalumie
stimulation may be responsible for this symptom Swan
(19>1a) observed that sweating persisted for a week after
removal of a tumour

Flushing and vasomotor collapse have been reported follow
g hormonnl diseharge The flushing 13 probably sumlar to
that seen following the end of an adrenaline infusion Smith
wick et al {10.0) also thought that a heat retention mechanism
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might underhe this response  But adrenaline cwses & central
inbibition of 1 weoconstrictor tone (Swan 191b) - Thns 13 not
thought to be due to heat retention for although vsodiltation
m the hand was found to follow 20 «g adrenalne for 3 min
it occurred only infrequently after 10 pg for 10 mun

4 more extreme response probably of the same nature 13
the hypotenaion obseryed after doscs of 100 ug per minute
{Creen et al 1948) Collapse 15 not smfrequently seen both
duting the course of the dizease or after removal of the tumour
atoperation Tius collapse mav be trinsient due to mhbition
of vasomotor tone and will respond well to intravenous not
adrenaline  But t tumes an irrcyersmble effect 19 produced
Hypotension anuma and death mav result n spite of heroic
efforts at medication This latter state corresponds to the
adrenalne shoch seen m ammals after massve doses of
adrenaline {V3gran and Fssex 1949)

The changes sn blood pressure and overall haemodynamics
are of considerable interest  Briefly both adrenaline and nor
adrenahine increass the systohc blood pressure n normal
subjects but whereas noradrenahne also efovates the diastohe
pressure advenahne usually cau es no change or a shight fall
m the diastolic pressure  Vve hase seen & mse in dinstohie
Pressure only oceastonilly with moderate doses of adrenaline
m normals  Coldenberg et al (148) observed that while
noradrenaline snereased the total penipheral resistance moder
ate doses of adrenaline cansed an overall vasodilatation Now
Patients with phacochromocytoma have always a high diastolic
Pressure if they are 1n a hypertensive state and the superficial
evidence pointed to o rased total penpheral resistance  This
suggested to Prunty and Swan (19.0) that 1t was Tikely that

d 1 and not | caused the hypertension
But 1t 15 now clear that tins 13 not the case for tumours con
tatmung, predomnantly adrenahine have been removed from
Patients wha had ronsiderable elevation of the diastolic pres
sure W hereas small doscs of adrenaline cause an oy erall vaso
dilatation larger amounts such as occurin phaeochromocytoma
must cause an overall increase i peripheral resistance {Golden
berg et al 1900) a concept of adrenaline action in keeping
with observations made 1n the dog and cat There 13 some
direct evidence for this action in man Whereas small doses
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of adrenaline given mtra artenally cuse httle change n the
calf blood flow doses greater than 6 xg per minute cause a
definite reduction 1n blood flow (Swan 1951} Therefore 1t 13
clear that both amnes can cause a mse n diastolic blood
pressure and an overall vasoconstriction

Increased oxygen consumption and an elevation of the blood
sugar have been reported to follow adrenalne infusion  With
noradrenaline the metabolic effects are much less  Reale et al
(1950) found no alteration in the oxygen consumption during
mfusions of noradrenaline 1n normals This might lead one
to suppose that patients who exhibited metabolic symptoms
rmiught have tumours contamng predominantly adrenaline
Buat this 1s not the case for high fasting blood sugar levels and
raised metabohc rate have been observed in patients with
88 per cent and 97 per cent noradrenalme tumour contents
(Goldenberg et al 19,0 cases 13 and 12) Ve must therefore
conclude that at high dose lesels noradrenalne mfluences
metabolism by either a direct or indirect action

This discussion has so far centred around the production of
the main symptoms and signs in phaeochromocytoma by the
action of adrenahne and noradrenaline We will now concern
ourselves with the chnical classification of the condition as
suggested 1n the beginning of this chapter Ve divided the
condition nto those presentmng with predominantly hyper
tensive symptoms and signs and those with hypermetabolic
mamfestations

The former group shows the development of a defimte pattern
of hypertension Thus some patients exhibit paroxysmal
hy pertension (Group I) others have an elevated basic pressure
on which an additional paroxysmal hypertension 13 clearly
superimposed (Group II)  The majonty of patients have clear
evidence of sustamed hypertension with mdefimte evidence
of further paroxysms of hypertension (Group III) and finally
a minonity of patients die from a hypertension m no Way
different from essential hypertension (Group IV)

Let us suppose that in the natural justory of an adrenal
medullary tumour the discharge of hormone 1s at first par
oxysmal but after some tume & small continuous basal Iibers
tion 1s established with superrmposed paroxysmal dischargo
oceurring from time to time  Gradually the basal sceretion
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mt ht mercase with progressive dimmution of the effects of
provyemal hormonal discharge  This 19 & Tex onable view to
take a3 the level to which the blood pressure can ¢ with
survival of the patient 13 reduced with the progressive elevation
ofthe basal blood pressure and piroxysms of great intensity
arenot likely to be frequent  Finrally 1t 15 possible that 1 state
may be reached i which further production of medullary

[0 vASCULAR HUMORAL  £Y HUMORAL
(SUSTAINED) (PAROXSYSMAL)

HISTAMINE 4 +
9F - +

vy
GROUPL GROUPTL GRQUPIL GROUPTZ

Fg 111 Cla fieat on of phaeo hrume tumours according to the relat e
amounts of humoral paroxysmal humoral sustaned and es ential (vascula
susta ned) hypertens e element

Tho relatrve mportarice of tho paroxysmal element may be fudged by the
extent of the blood pressura r & cansed by hstamine The relat v umport
ance ot the sustamned hypertens  elem nt may be judged by tle extent to
which the blood pressure 1 lowered by 933F

hormene 1s no longer necessary to mamtmn hypertension and
another mechanism has developed 1 response to the continued
reletse of the ammes Or perhaps this group represents the
normal occurrence of essential hvpertension 1 a group of
mdivideals  Fig 11 1 dingrammatically represents the Ppresent
concept The diseise may be present in any stage and remamn
there or progress to another vanety It 1 clear that many
tumours are present for a considerable time for crlafication

scusy /

p—— Vi



122 Phaeochrome tumours

in degenerited arc1s i the tumour have been reported It
would therefore seem reasonable to take the view that the
patient s symptoms mught change as the secretory activity of
the tumour altered It would also seem reasonable to associate
a sustamed hypertension to a continuous release of adrenalme
and noradrenaline although 1t 1s possible that other activities
stimulated by transient discharge of medullary hormone for
example pitwitary ACTH mght cause the sustamed hyper
tension  This possibility 1s supported by the occasional finding
of a slow fall in blood pressure lasting ses eral day s after remos al
of the tumour

In the metabolic group less information of day to day changes
15 available but it seems clear that a mechantsm exists m which
transient hormone lhiberation results in sustamed endocrme
changes  Further speculation on tins aspect 13 not warranted
n our present state of hnowledge

THE DIAGNOSIS OF PHAEOCHROMOCYTOMA
The ultimate diagnos:s of the condition depends either upon
the anatomical localization of its presence or on the demon
stration of circulating adrenaline and noradrenaline  The dis
cussion of the anatomical locrhization 15 not our purpose here
suffice to say that in the case of small tumours 1t 1s difficult
1f not imposstble and that a number of unsuspected tumours
have been discovered at operation or post mortem The
demonstration of excess medullary hormone may be achieved
erther directly m blood or urine or by producing effects which
only oceur mn association with a biologically active tumour
The demonstration of an excess of adrenalme or noradrenaline
m blood 13 not always feasible but the amounts excreted n
the urme can be estimated (Engel and Euler 1940) These
worhers d rated a great in the urme content of
adrenahne and noradrenaline i two patients with phaco
chiromoeytom and also found & good correlation between the
relatine preponderance of either amine n the urme with the
concentration in the tumour
The pharmacological tests which reek to demonstrate
specific effects due to arculating medullary  hormones are
more complex The first group are those which pro(lu?e l:
Puoqsmnl discharge of medullary hormone of which the bexl
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hown 13 the histanune test of Roth and haak {1940} An
intravenous wjection of € mg Iustamune 33 gien to the
pitient I a phacochromoertom 13 present there 18 8 brish
nse m blood presvure often to extreme hmts with asconate
symptoms simular to those expenenced durmy the paroxysmal
attacks Tt 18 clear that this test %l b of greatest use n the
patients 1 Gronp I and the accuraey will decrease in Group I11
Tndeed a moderate rise of blood pressure sometunes follows
an ntravenous histamine 1n essenttal hy pertenaion and there
fore the mterpretation of this test may be ifficult A positive
esponse Lo the histamune test 1s o pise 10 blood pressurs preater
than the response to the cold pressor test Histamine probably
acts by a diroet stimulation of the eelis of the adrenal medulla
and not by a refex  In normals only small amounts of
bormone are liberated msufficient to cause much effect but
with phaeoct ¥t largs ts enter the circulation
A number of other substances also couse transwent iberation
of pressor hormones from the adrenals These are adequately
conadered 1 the chinical Interature

The second group of pharmacologtcal substances ave those
which modify the action of adrenahne or noradrenahne  Of
these the moat smportant 18 933F (pipentdyl methyibenzodt
otane) In 1947 Goldenberg Snyder and Avenow demon
strated a {11t 1 blood pressure s patients with phaachromo
cytoma. following injection of 025 mg 439F per hatogram body
weight  In patients with essential hypertenson this amount
of adrenerge blocking agent caused either no change ot a mise
w blood pressure  Goldenberg and Aranow {1900) were able
to report 59 posttise {(1aso depressor) no false positive and
3 false negative responses to this test  Clearly on elinieal
grounds the 933F test 18 of 1alue i the diagnonis of phaeo
chromoeytama  But a negatve response will be observed 1f
the test 13 carmed out m patients who are non hypertensive
or 1f the hypertension 13 due to permanent vascular change

Although of great chmical value the physiologseal basis of
this test 13 complex ond requires further elueadation  In an
earher chapter we discussed the obseryations of Prunty and
Swan (1950} who were wnable to obtaun a fall in blood pressure
on injection of 9353F normal subjects rendered hypertensne
by means of a continuous fusion of adrenabine Vo wonder
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whether the dose of 9331 given to humans by the mtrayenous
route 15 sufficient to produce true adrenergic blochade In
general the duration of the adrenergie blocking iction of 933F 15
much less than the reported period of hy potenston following sts
admunistration to patients suffering from phaeochromocy toma
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The treatment of this condition 15 the surgcal remosal of
the tumour In most cases this 13 techmenlly easy—but ein
must be taken to avoid ar combat a post operative hy potensive
state which frequently develops Iy, 11 2 ghows the c)mngc-‘:
1n blood pressute 1n a 42 3 ear old man during and after surgica

HORADREMALINE
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remoral of a phacochromocytoma (Swan 19:la) In this
patient an infusion of noradrenaline was used to mantain the
blood pressure  In this case there had been sustatned hy per
tension of 10 years standing and the tumour contained more
than 90 per cent noradrenaline It was considered that the
noradrenaline acted as a temporary rep of the tumour
secretion which had been so acutely removed Mot all patients
n hypotension respond to medication as fiv ourably as the case
Just mentioned  Indeed several cases have been reported mn
which the hypotension wts unaffected by herowe efforts at
Medication  Thns 13 probably due to a condition analogous
to the adrenaline shoch described by Vigran and Escex (1949)
In an attempt to avoid this fatal compheation Cahill and
Monteith (1951) used dibenmine 1 two cases before operation
Sith 2 fiyourble result
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CHAPTER 12
THE VASO VAGAL SYNDROME

It will be remembered that Barcroft Edholm McMichael
and Sharpey Schafer showed that the vasomotor centre could
excite active vasodilatation m skeletal musele during fanting
(Chapter 2) Other crculatory changes taking pliwce 1n
this curious and common circulatory mshap will be described
mn this chapter

Michael Foster (1888) beheved that funtmg was 1 form of
crdie syncope due to vagal inlubition of the heart  The out
put artenal blood pressure and cerebral bleod flow dwindled
and consciousness was lost  In World War I Lewrs (Cotton
and Lewts 1918  Lewis 1932) questioned this  In the dog
Starling had shown that vagal inhibition comparble with that
1n fanting did not matenally diminish the arterial blood pres
sure increase m strohe volume compensited for decreised
rate  Neither was there hy potension mn heartbloch though the
heart rate was halved  Lews concluded that the fall in blood
pressure must be due to peripheral vasodilatation  To confirm
ths he atropiized subjects who had just famnted  the brady
cardin was abolished but the blood pressure fall persisted  He
introduced the term vaso vagal syndrome to emphasize that
both sagal mhibition and peripheral vasodilatation wert
among the physiological changes taling plice m the famnt

Soma Wewss Willins and Haynes (1937) and Vilkins
Haynes and Weiss (1937) induced funts for the purpose of
mvestigation  This they did by oral admunistration of sodum
mtrnte followed by tilting upnight  They confirmed that the
fall 1n blood pressure persisted after atropimzation and con
cluded Iikewise that it was due to peripheral vasodilatation
Their concept of the nature of the dilatation differed from
Lewiss Lewisseems to have considered 1t as being arteriolar
causimg decrease mn resistance and so fall in pressure They
thought 1t was venous causng decrease 1n the effectnn e blood

volume and so decrease mn output During collapse the
upnght posttion they somet;:nes recorded negatine venoud
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pressures at heart level  They thought that the arterioles were
constricted since the blood flow 1n the hand decreased to zero
But they ohscrved that the circulation 1n the legs was not
much changed since the oxygen saturation of the femoral
venous blood remamed normal (their table shows an inerease)
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18 not a form of card ac pe

During th famt in this subject the ca dac output actually mereased
(Barcr ff Edholm M M hael and Sharpey Schafer 1941)

\eMichael and Sharpey Schafer (Barcroft  Edholm
MeMichael and Sharpey Schafer 1944) were the first actually
to measure the right auncular pressure and cardiac output by
cardiac catheterization dunng the famt Neither changed
appreciably as shownin Fig 121 Therr findings have smce
been confirmed by Warren Brannon Stead and Mernll ( 1940)
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and by Wood ind Burchell (1950) Faunting was not a form
of cardiac syncope The abrupt fall m blood pressure was
due to decrease in peripheral resistance

In the same investigation 1t the Brntish Postgraduate
Medical School pertpheral vasodiatation was found m the
sheletal muscles and later shown to be of mervous omgin
(Chapter 2) In connection with this Sharpey Schafer found
an apt observation of John Hunter s (1793) I bled 4 lady
but she fainted and while she contmued in the fit the colour
of the blood that cime from the ven was a fine scarlet
(ommenting on this before the publication of our results
McDowall (1938) thought it sigmfied muscle vasodiatation
Increased muscle blood flow durng famting probably also
explams the rise mn brachial venous pressure previously observed
by Erchler Rossman ind White (1943)

The question arises as to whether this vasodilitition
muscle 250 oceurs mn famnting due to catses other than hiemor
rhage Is 1t reaily part of the vaso vagal syndrome ® Fmo
tronal funting 1s the commonest mamfestation of the syndrome,
but here one 1s up agamnst the difficulty of mdueing 2 subject
to famnt from emotion while his forearm 1s m a plethysmograph
However duning an experiment one of Sharpey Schafer s sub
jects did famt spontaneously and merease m forearm blood flow
was recorded (Brigden Howarth and Sharpey Schafer 19+0)
This was confirmed by Greenfield (1951) A prechintcal student
who famted at the sight of blood offered to act as subject
But 1 the experiment when shown 1 synnge of blood he did
not do so As he and Greenfield were anvious for a famt
Greenfield put the blood 1n a beaker and asked hum to drink 1t
This was stuccessful and the fall m blood pressure bradyeardin
and 1ncre1se 1n forearm blood flow seen mn Fig 122 werd
recorded

Besides emotiona) fanting there are other ciuses as far
example anoxia  Schneider (1918) found that subjects ren
dered unconsctous by oxygen lack fell mnto one of two groups

non famters  and  fanters ' In World War 11 Ander
son Allen Barcroft Edholm and Manmng (194b) mvestigated

the effect upon the forewrm blood flow of breathing oxigen
mrxtures calculated to provide oxygen tc"“‘"\“:
A

trogen
s t to heights of between 18 000 and 24 000 feet

equn alen
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the time conscion ness was lost the erreulation of four fifths
of the subjeets was 1n the hyperdy namee state  therr earotids
were pulsitin, viporously and there was tachyewdin wnd
tncreased  artenal  blood pressure. they  corresponded  to
Schneiders  non funters However about one fifth the
fanters  hag tyvpical vaso vagal syndromes ncluding
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Inerease in forearm blood flow (Mg 123)  Br,den Howarth
and Sharpey Schafer (190) recorded ncreases i forexrm blood
flow 1n faints mdueed by tilting spinal anaesthesia and other
mens  They concluded that muscle vasodilatation was an
essential part of the vaso vagal syndrome

\nother 1mportant question 1s whether the fall i blood
Pressure 1s entirely due to vasodilatntion in muscle or whether

SCHEBY F*
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visoditation ehewhere 15 partly responsible  Fortunately
wenow know what happens m the circulation through the hver
kidneys and brum  The effect on the Iner blood flow was
studied by Bearn Billing Ldholm and Sherlock (1951) i eight

Hypoxia  fanter
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123  Results showing that vaso hilatation i muscle occurra 1 in faint.

gh? {And rson \llen Barcroft Fdh Im

1n luced by breathing 9 & per cent O
and Mannng 1946 )

subjects The Iiver flow was measured by the bmmsulpl;alellx:
(BSP) method (Bradley et al 1945) The prineiple of ¢! ltl; .
as desenibed 1n Chapter 9 Bearn et al s results show mc
durmg fauntng hepatic blood flow decreased on the n\z;’ﬂgd
to about half its normal rate  As the decrease in tho ‘:0
pressure was relatively more there 13 probably some 3
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dilatation m the splinchme aren Crayeon wd Swan (19,0
showed by o quilitatnne method decrease 1 blood flow 1n
Lamting 1n the colome mucosa  de W rdener and McSw mey
{191) studied the renal blood flow by ob ervations on the
clearance of para ammohippunic acd (PAH)  Duning the faint
ludney blood flow decreased on the ay erage to about three
Quarters of 1ts normal rate  As 1n the case of the hner there
¥as a relatively greater decrease of arteral blood pressure and
Probably some renal vasodilatation

Lennox Gibbs and Gabbs (193 ») studied the cerebral cireu
lation by tno methods The first was by means of a heated
thermojunction placed sn the ternal jugular vemn the
temperature of the junction bemg an nverse function of the
Tate of the blood flow  The second by measurement of the
O%ygen saturation of the 1nternal jugulir venous blood  The
Tesults of both methods leave no doubt that the cerebral flow
decreases during the faint

To return to the question of the extent to which the blood
Pressure fall 1 vaso v agal attichs s attributable to vasodilata
tion 1 muscle The circulation through the liser kidneys
skeletal museles and bram accounts for about four fifths of
the total cardiac output During the fant the flow through
the muscles 13 doubled but that through the other princ pal
organs 13 decreased The vasodilatation 1n muscles 15 far
Sreater than that elsewhere  In as much as vasodilatation does
take place 1n the splanchnie area and hidneys 1t must be m
Part accountable for the blood pressure fall

It 18 worth considering whether dilatation 1n the coronaries
could contnbute sigmificantly to the fallin penpheral resistance
The Testing flow amounts only to about 200 m! a minute ({from
Bmg etal 1949) but i exercrso it may be 2 litres (Hull 1928)
It has not been measured 1n the fant It scems unhkely that
there would be much vasodilatation Probably the most
Important factor controlhing the coronary flow 13 the metabol
1sm of the heart Smco m the faint heart rate and arteral
blood pressure are decreased so very likely are cardine
metabohsm and coronary flow  Flectroeardiographs tahen
dunng the syndrome show no sign of anova of the heart
muscle (Wews et al  1937)

Vasodilatation n another small part of the peripheral
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vascular system the finger tips was recorded plethysmo
graphically by Rushmer (1944)  As the shin m the funt »
pale and the blood flow in the hand dummshed (Chapter 2)
this mny signify some release of constrictor tone in the abundant
arteriovenous anastomoses mn the hnger tips

Some further points are of interest As the sympathetic
nersous system mediates the vasodiatation i sheletal muscle
(Chapter 2) 1t probably does so wn the splanchnmie wwea wnd
hadneys The coroliiry of this 1s that there should be no
vasodilatation or fall in blood pressure m famnts m totally
symprthectomized subjects In fact totally sympathecto
mized subjects are very apt to fant when they stand
upnight The cause of these famts’ needs further mvestigs
tion maybe the hypotension 15 due to pooling of blood m
the lower part of the body and consequent decrease of Tight
aurteular pressure wnd carde output which eannot be com
pensated for by splanchmic vasoconstriction

Recent work suggests that hormones may play a putn
the changes occurnng i funting Brun hnudsen and
Raaschou (1945) noticed that the vaso vaga} attachs mduced
by tdting were followed by pronounced ohigurn They sug
gested that the ewu.e was ceretion of antidaretic hormone b
the pitwitary  This was upheld by certan experiments
Duwrests 1 1 waterloaded normal subject was hibated by
blood transfuston from one 1n the postsyncopal statc The
changes i the chlorde 1 the urme recembled tho ¢ found
after myection of prtutary extract and postsyncopal obgunt
nas much less in two patients suffering from diabetesin 1pudn

Tuylor and Noble (1950) reeovered from postsyncopal \mnel;
postertor pitmtry ke antidiuretic substance Stead Fuumhe
‘dholm (194%)

and Wess (1979) and Sunahara Duncanson and F
found that mjection of posterior pitwtary extract m o
subjects cansed nawsea abdorminal thseomfort ashenl

and headache Pitressin sceretion mn the funt probably ex
pluns the persistence of pallor and splanchnic vnsocommcnor:
for so long after the return of the blood pressuro to norrm:‘
{Bearn et Al 1971) The posstinhty of supr wrenal secrc!tll;
must be considered too since it Tight explam the m“pl“dn
lover glucose ind muscle Iactic acid (Bearn et al) Dow ‘:e p
method of unne analysis 15 avarlable for detecting 1neTe:

orml
pallor
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blood catechol derrvatives it would be nteresting to apply 16
to postsyncopal urime (Euler and Hellner 1900)

How 15 {amnting caused *  Lewis (1032) noted the resem
blance of the vaso v1gal changes to those of cirotid snus
stimulation m armals (Heymans and Bouchaert 1928) and
m eensitri e human bemgs (Damelopolu 1929 see also Werss
and Baker 1033) He thought that they were ciused by the
same centres 1 the bram exuted by the higher centres or by
unknown afferent paths  Werss Valkins and Haynes (1937)
thought that vaso vagal attachs cwsed by nitrite and tilting
were due to cerebral anowa but this cannot be se  Breathing
mtrogen {Lennos Gibbs and (abbs 1035) or aw dluted mith
ntrogen {Anderson et 2] 1946) so as dehberately to produce
anoxia of the bram beyond the pomnt of unconsetousness does
not as & rule cause funting How does mitnte and tiltng
induce famting ? Brigden Howarth and Sharpey Schafer
{1940) have shown that tilting lowers the mght auricular
pressure  Lowening of the nght auncular pressure 1s caused
by other procedures which induce funting  For example by
haemorrhwge (Bri,den et al) spmal anaesthesiz (Brigden
e al) the post exertional state (Mateeff 193> Eichna
Horvath and Bean 1047) and by foreible compression of the
chest during full nsprration followed by sudden release (Lennox
etal 1035} In these cases famnting 1s probably mduced a5
Sharpey behafur once suggested by stimulation of unknown
sensory receptors m the cardio pulmonary system or great
sems Recent work by Pearce and Whittendge (1951) and
by Dawes and Mott (1900) empha 1zes the posubiity of a
seflex from these areas

Tt 13 not yet known whether pitwatary secretion precedes the
on.et of faintin, If so 1t may help to precpitate the funt
Stead hunkel and Weiss (1939) found that mtramuscular
wyection of pitressin induced fainting 1n two out of srx subjects
m the upright position  They thought that 1t caused pooling
of blaod 1 tho lower part of the boly  Rutherford Godfrey
and Gniffiths (1941) have since found that pitressin decreases
the crculatng blood volume  These remarhs on the cau e of
famtmg show that st 13 still far from being understood

Lennox Gihbs and Gabbs (1935) were interested in the ques
tion of why funters loso con ciousness  They noticed as did
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Wass and Baker (1933) that pressure on the carotrd smnus
sometrmes caused foss of conscrousness but no fall i blood
pressure  The loss of consciousness was caused by 2 neural
mechamsm  They wondered whether m fanting loss of con
serousness was due to fall in blood pressure and cerebral anotia
They found that during the famt the oxygen saturition of the
arterrl blood was almost normal 92 per cent but that of the
imnternal jugular venous blood was only 20 per cent (normally
56 per cent) This was expluned by the decreased cerebral
blood flow  As reduction of the internal jugular venous oxygen
saturation to below 30 per cent by breathing nitrogen mnvan
ably caused unconsconsness they thought that unconsctots
ness duning the vaso vagal syndrome was usually caused by
anoxia  However they could not say whether it was due to
the diect effcct of anoxiu on the cells responsible for the
conseious state or to stimulation of a newral mechimsm

It remawms to draw attention ta some other vasculwr con
ditions remarhably hhe funting

The first of theve ts the action of apomorphine reported
from Innsbruch 1 a scries of papers by Jansch and b col
Iengues {((owin 1943 Gsell 1843 Wothe 1943 Schnerder
1943 Ehlich and Wallsch 19043 Bertohnt and Jarsch 1944
Serdel 104>  Jarmch 1048) Subcuttneous mjections of
10 mg chuse lassitude v iwning sweatmg saination extreme
pailor nauser vomnting and often unconscionsness Defaeer
tion occurs oceasionally  Breithmg 1s not affected  Tachs
eardia 15 soon followed by marked bradycardia and precipitate
fall 1 blood pressure as shown m Fig 124

Jansch and lus colleagues thought that the blood pressuré
fall w19 due to pertphera) vasodiatation as 1t perasted after
restoration of the heart rate by atropme  There wers 81613 z‘;s
vasodilatation  Though the slin was deadly pale the h‘"’,
were warm and digital temperature often rose comp‘c‘w‘”:
owing they thought to dilatation of the AV nmztammt(
The oxvgen saturation of the brachirl yenovs blood ‘;“!
mcresed and 1t sometimes beeame bright reil They recal P:‘
John Hunters obsers tion on the hdy who funted lhll’ll;;
blood lettm,  Owin, to the rcsemblince of th clml;:t:lhﬂ
those of carotid sinus amd depressor nerve stimad tiort i
thoupht thit the diatation was mamby m the hepitie
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splenie blood reservoirs (hoch  1931) and m the sheletal
muscles {Jansch 1924)

Fxammation of the electrocrdiogt im of these subjects
showed no impairment of the heart

They thought that the apomorphine acted directly by stimu
lation first of the sympathetic and then of the parisympathetic
centre  As unconsciousness sometimes superyvened when the
blood pressure was normal thev believed 1t exated Hesss
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Fg 1 4 Fperiment showing | \he likene s of the eff ts of apomorphme
to thow of the vaso vegal yn.
brady arla pre i tate fall i blo Lpre 3 re antva ol latation

n mus le as shown by a nth Xygn s taration of the venous blood
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‘1‘;]" Vo ting 18 lenotel by th sal 1rect ngle  (Eht t and Wall sch
3}

{1920} sleeping centre  As jet there have been no me-sure
ments of cardiac output forexrm blood flow or urinary ant
diuretic gubstance after apomorphine

Vaso vagal attacks very like faints oceur 1n the anaesthetized
cat  Jarsch (1941) neticed that every now and agan at the
begmnmg of an experiment the blood pressure fell spontane
ously and abruptly to about half 1ts imtial value and at the
same timo the heart slowed Recovery uwsually oceurred m a
few nunutes Altogether he recorded 41 attachs which
occurred n 10 per cent of his expeniments  They took place
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during chlorrosepernocton but not durmg ether or urethane

tl or m d brate animals They invanably
happened n the first ten minutes of an experiment and never
except m one cat more than once  They seemed to be related
to the entry wmto the cireulation of sodium eitrate during the
preparation for recording the blood pressure with the mercury
manometer  The fall 1 blood pressure was not abolshed by
atropine  The pulmonary artenal pressure fell  superior
vena caval 1nd night ventncular pressures remamed constant
orrose the volume of the spleen increased  The phenomenon

>l
3
S
a
g
9

Fig 1.2 Prec pitate fall 1 arterial blood pressure recorded by Jarisch
during e vaso vagel syndrome in the chloralo ed cat

Sin o the a0 vagal phenomens were abolished by coolng the vagt they
wero believed ta hase b en trggered by efferent sen ory impulses ficm
the heart

A vag cooled M warmel (Jan h 1941)

reminded Jansch of the Bezold effect (Jaisch 1940) He
thought that the blood pressure fall and brady cardin might be
due to excitation by the sodium ertrate m susceptible cats of
sensory receptors in the heart In the Bezold effect cooling
the vagi abolishes the fall in pressure and bradycardi due to
stimulation of these receptors by 1eratrine Cooling the vag
1n these vaso vagal attacks also usually terminated the attach
This 13 shown in Fig 125 In one case the attach persisted
due to continued spontaneous activity of the centres
Tonzett and Rothlm (1951) have confirmed Irmscl}lﬂ
observations and tecorded decreases n the volumes of the
gut and hsdney  They added the very interesting ob L-rmltuz:
that mtrivenous mjections of adrenaline sometimes :n;;l
vaso vagal attacks by stimulation of the Bezold recepto
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APPFNDIN
I ETHYSMOGRAPHY

Thes appendix 15 intended for those who are unfamiliar with the
plethysmographic method and 15 divided into two parts A few
historical notes form the first part  the second contams a short
general deseription of the experimental procedure

Historrcar NoTEs

Apparatus for determmming a change m the volum¢ of an organ
Wwas In use m the seventeenth century  Borelli held the view that
durmg contraction a muscle becime inflated Iraneis Ghsson
(1677) confronted this with a single experment In his book

de Ventriculo he savs
But indeed this explosion and inflatton of spirits has now for
some time past been stlenced convicted by the following exper:
ment  Take an oblong glass tube of swtable capacity and shape
Fit into the top of its side near 1ts mouth another small tube hiko
2 funncl  Let a strong muscnfar man insert mto the mouth of the
larger tube the whole of his bared arm and secure the mouth of
the tube all round to the humerus with bandages so that no water
Can escape from the tube Then pour water through the funnel
until the whole of the larger tube 1s completely filled and some
Water rises up into the fannel  This being dore now tell the man
alternately to contract powerfully and to relax the muscles of his
arm It will be seen that when the muscles are contracted the
water in the tube of the funnel sinks nsing agam when relaxation
takes place From which 1t 1s clear that museles are not mflated
or swollen at, the time that the) are contracting but on the contrary
are lessened shrunk and subsided For if they were wnflated the
water m the tubule so far from ainking would nise  From thia
therefore we may infer that the fibres are shortened by an intrmsic
vital movement and have no need of any abundant afflux of spints
either amimal or vital by which they are mfated and being so

hortened carry out the movements ordered by the bran

Some ingentous experiments leadin,, Jan Swammerdam to the
fame conclusion are fhown in ki Ap 1 (Tohnston 1940)

In 1823 Por cuitlo apphed the prinaple to the study of the eiren
Ition  He was mtcrested i the chiinge in diameter of an artery /
caused by the heart beat  Thus he was able to measure by ob ervin

139 -
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Tig Ap 1 Areproductin from Boett anse s Diblia Naturas showng 1l
trations oF the plethy mographs used by Tan Swarmmerdam

The tcxt 15 & literal translation from part of the org nal text to thus figure
T MMuscls movement n the frog aa 1ho 3 mus lo fend ns graape 1 bY the
ﬁngt;rs 6 when the hanging nerve 15 touched tho mu cle contraction grens
the ® hands together  II Method showing thick ming of musclo danng
traction @ glass tube though which mu o 1s drawn b needk U7
prereng tendons ¢ the nerve touched di di placement of nevdt B0
¢ contracting musclo £lls up centre of glass tabe 111 Methcd showial thue
fhe heart occupies lo 4 space in contraction @ contracting heart 19 pie o1
upon pi ton of glass tube b gla s tube e water droplet introduc 1 1nte
tube of siphon descends with heart contraction d place I tube sh T8
(distance movel by droplet durmng time of descent IV Aethned showi78
that contracted muscle takes up less space a tube b muse!
threa 1 through lonp of which the nerve 13 pa d @ €PPO
100p at top through which silver thrend 18 drawn
tube f hond stinulating nerve musle contracts and drep! .
Dwtle” v Another metho 1of showing the above o glass 1 bor
bare dolled mn e siphon ¢ nerve draswn through the Bportur®
1940)
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the movements of a column of water 1n a graduated vertical glass
tube commumicating with 2 watert:, ht chamber which contained
a segment of a large artery

The same principle was emploved by Picgu 1 1846 and inde
Pendently by Chelws in 1800 to study crculatory and respirators
volume changes in the human imbs  The first mstrument to record
volume changes graphteally which could therefore be truly sad
to have been a plethysmograph (1/5010ud a filing and ypagewr
1 record) was described by Buwson in 1862 Details of the well
known Mosso plethysmograph i use n 1870 are shown m
Fig Ap2 (Luciam 1911)

In 1502 Brodie and Puseell d d that the pleth h
could be used to determune the rate of the blood flow through an
organ  Thes discovery had such far reaching results that it 13 best
described 1n the authors own words Brodie and Ruseell say

Most valuable information 1s to be gained by the plethysmograph
as ordinanly applied but 1t gives only qualitative results which
nereover m manjy cases are difficult to mnterpret  During the past
three years we have apphed a simple modification to the plethysmo
graphic method which enables us to determune the rate of flow
Guantitatively with considerable accuracy In prmciple this con
a1sts of bloching the vein of an organ enclo ed within the plethysmo
graph for a short interval of time  The whole of the venous blood
15 thus retained in the plethysmograph and leads to & rse of the
lever of the recorder If the recorder be calibrated the rate at
which the lever rses enables us to detcrmine the rate of blood flow
into the vein  In applymg such a method as ths 1t 13 obviously
essential that the blockage of the ven must not be mantamed so
long as to mmpede the flow through the capillanes Under all
ordinary conditions the veins are never completely filled so that
1t 19 posaible to storo up m them a small extra quantity of blood
without checkin,, the mflow mto them from the capillares
[omussion]

The daner that the artificial venous obstruction may be chech
1n,, the capillary nflow 13 castly guarded agamst by noting whether
the lever of the recorder continues to rise at a unuform rate during
the whole period of observation  Should this not be the case but
the tracin,, become concave to the zero abscrssa e the clamping
15 being mantaimed too long a time and the ob crvation must be
discarded

We have controlled the method by comparing 1t with obser
vations upon the rate of vemou outflow as conducted in the
expenments of Barcroft and Brodie upon the kidney the only
modifieations we hase ntroduced being to record the rate of flow




Fig Ap° Masas plethyemogmph for recording slow vanat ns w
volume of vessely of forearm (dragram)
B glass eyhinder to recene the forearm close t by rubb r tand ﬂé{*
reats o the board £ which 13 suspended from the eeling by B
opening closed with a cork through which the eylind r ean be ;{f,mw
lukewarm water 2 operng through wh ch a thesmonater 1 pat W
g temperature of water £ ¢ tube throt gh which the cvhind r t’" 4
the Drearm otumumeates with the small eyl ¢ f 1 bich loata abx 1
theleset of the fluid q b contamed i largo vessel 2 % lea } weig! °W )
the pert to write on moving ey linder of kymograph wh ch counter
with which 1t 18 ronnected by two silk threads pas ing user the '"Jn ing te
L M J buretto that can be rmsed or Jowere 1 1 8 1 iing or o 'S.ag\mh
water i the float  The nstrument works as follows  when

e i o eylindor 4B in deven e sty
A 4o that it sinks and J 5 ra ed recordong 6 mer ase of sehume T2
avouf positive or negat 1o pressure abov e the forearm e et 0 b as tho
A B carm must bo taken that e upper [ vel i at the sam Jrecle b
water contam>d 1n the recerver P where A 1 fwtmg
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from the vein m towd of timmg it by L stop wakh  We have found
that the twe methods pne nearh slontial reslts

e mcthod s appbicable to 0 organs whick o b crted
mito an oncometer provided that the vem can be clamped withn
the oncometer It 13 also apphcable to a himb for the venous outflow
can be blocked there by » cireular bgature appled with so much

Fig Ap? Th ma Cregor Bode
The original way k nily loan § by e Raynl Sue ety

force a< to compress the vemns without interfering with the artenal
mflow

In 1900 Brodte held no fewer than three posts in Londen
Professor Supenntendent at the Brown Instuution Profcssor of
Physiology at the Royal Vetermars College and Lecturer m
Physiology at the London School of Mediome for Women  His
partrart s shown mn Fip Ap 3 Bt 12 nat clear where ho and Ruseell

g
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performed the experiments referred to in their paper Nor 151t
known whether they actually recorded the rate of the blood flow
m a human hmb though thar words su.gest that they did <o

Brodte and hussell s remarh that the plethysmograph could be
used to determme the blood flow ;m a human lmb was followed
up by Hewlett and van Zwaluwenburg m 1909  The hand forearm
and elbow were enclosed m therr instrument  Compression of the
veins without 1nterference with the artertal inflow was achieved by
the use of & narrow pneumatic enff placed on the upper arm  Therr
observations were made with the plethysmograph filled with air
and they noted that the rate of the circulation was profoundl
affected by fluctuations 1n the temperature

To avod errors due to temperature fluctuations and those due
to movements of the imb 1n and out of the Yosso type of plethysmo
graph used by Hewlott and van Zwaluwenburg Lews end Grant
mn 1925 devised the type of plethysmograph shown in Fig Ap 4
It enclosed & segment of the forearm and contained water to man
tain the temperature constant

The first plethysmograph to be used for the determsmation of the
rate of the blood flow i the hand was described by Freeman (1935)
A simple form of hand plethysmograph 1s shown n Fig ApS

Three vears later Grant and Pearson (1938) showed that what
was measured by the hand plethysmograph was for the most part
the circulation through the skin and what was measured by the
forearm plethysmograph was mamly the blood flow through the
sheletal muscles The value of the plethysmograph for the deter
mmation of musele blood flow was improved by placing st on the
upper fleshy part of the forearm and by arrestmg the crpenlation
at the wnist to prevent the entry of venous blood returning from
the hand

EXPERIMENTAL PROCFDURE

This may converuently be deseribed by consider
n which the effect of some procedure 1< to be tested on th
the crreulation i the right band and n the left forearn of

Room temperature 15 hept constant at 20 C F 1 and ‘;‘(38 N
persons during the experiment 13 discouraged  Fig Apb sl“ld )
general view of the subject and plethysmographs The sul ’(ll o
on a comfortable rubber mattress on a narrow tible Jus ]w; hand
ported and his body covered with a single blanhet T)u-qlt' B el
1s covered with a rubber surgical glove {herslake 194 )fn. ol
sizes too Inrge which 19 stuck round the wnist to the edge 0
2 }m thich soft rubber diaphragm The diaph
wrst snugly—but not tightly for venous congestion

ring an expermient
o rate of

he
ragm fits ¢
o st be
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to Recorder

Filling and
Calibrating

tig 34 Lew ad Geant pl ] ysmograph for tho forearry

TO FLOAT RECORDER

THERMOMETER

COLLECTING
CUFF

HIGGINSON S  SYRINGE

Fg Ap A smpl form of pl thysmograph for the hand
Theh n! en lowwd nabose fit ngourgr alrutbergline (R F Whelan
MD Thes Belfast)
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avorded By means of wing nuts and two semieircular metal plates
the periphery of the diaphragin 1s bolted firmly to a 2m wide flange
on the end of the plethysmo_raph  The plethysmograph contains
water up to the lower part of the vertreal glass tube  The weight
of the water presses the glove every where agunst the hand  From
time to time the watcr s agitated by squeezing a bulb communieat

mg with the mterior of the plethysmograph and 1ts exterior 18
heated with a small flame to heep the temperature at 32 C  The
plethy smograph 1s mounted on a retort stand placed on a small table
beside the subject its height 1s such as to ensure that the vems of

loth: hs on tho right hand an)

Iig ApG Pl showng
the left forearm
the hand are collapsed (Cooper Cross Greenfield Hanulton ar’:d
Scarborough 1949) The elbow 1s shightly bent to prevent the
tion of respiratory to the hand and rchh
on a comfortablo pillow A narrow pneumatic cuff surrounds‘ t :
wrist and 13 held lightly but firmly 1n position by & erepe l;lvmt :l;-r
The same principles apply to the plethy smograph on t! e(lx <
arm  The upper part of the forearm 1s covered with & loosleQ ; se;‘of
(hrogh Landis and Turner 1032 Grant and Pearcon %) ol
thin latex rubber fived at each end round a sutabhy sh:}p;-g L‘t‘nm
hole 1 a <oft rubber diaphragm The temperature n}I ; n: i
for the forearm 1s hept at 34-3> C (Barcroft and Edhol "
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1946) The collecting cuff 1s placed Just above the elbow and the
arresting cuff on the wnst Both are held in position by crepe
bandages (Thus 13 a convement pomt to note that a more even
constant temp 1 n el lly heated thermo

¥ig Ap7 D agram of spparatus fo. ceco ding the rate of arter al nflow
nto the ght hand and I f1 e

44 plethysmographs (thrrmom ters n t shown) BB vertical glas
tubs C(C threaway glass taps DD mde tubs  mmum atmg with
oom ar EE flat odera FF trap GC  yrmges HHQ
pneumat  iffs JJ three way gl sstaps KK s de tubes commun at ng
wthroomar LL reserv rafo compresselar WV m reury man
mter AV ot pump

statically controlled plethy smographs which on the other hand are
more bulky and must be very carefully made to avoid danger of
electrocution {Abramson I$£1)

The recording apparatus and arrangements for mflating the cuffs
are shown diagrammatically 1 Fig Ap7 Each plethysmograph
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A A 15 connected through a vertical glass tube B B to o wide
bore thrce way glass tap ' C by means of which 1t can be put
n communication with the room through a sde tube D D or
with a float recorder E E  Reflux of water from the recorder
into the tubing 15 prevented by a smalltrap} ¥ The level of the
writing pomt can be adjusted by means of asyringe G G Thetwo
collecting cuffs H H are connected to & wide bore three way tap J
by means of which they can be put in commurucation with the room
through the side tube K or with a reservorr of compressed aic L
The pressure of the arr 18 shown by a mercury manometer M and
maintamned at 60-70 mm Hg by a foot pump N The arrestin,
cuff O 13 connected to a second similar set of apparatus J s LM N
with the diffirenee that the air in the reservorr L is mamtamed
at a pressure of 200 mm Hg

All four taps € C J J and both syringes C G are mounted on
a board on the kymo raph table with the foot pump reachly acces
sible below  Before be,tnmm, recording the writing ponts are
adyusted one above the other on the smoked hymograph paper and
horizontal base lines are drawn round the paper

To obtam sumultaneous tracings of the rates of the artcrl mflow
mto the hand and mnto the forcarm the proccdure 1s as follows
The air pressure in the reservoirs 18 cheched  The taps are turned
to put the plethysmographs in communication with the recorders
As the recorders are 1pt to stich when empty some airis ntroduced
by means of the svringes 60 that the writmg pomts are ratsed & httle
above the baselmes  Tap K. 19 then turned to arrest the circulation
distal to the forewrm plethysmograph  Threc quarters of 2 minute
later the kymograph 13 started  the switch also turns on & hght
rlurminating a notice 1n front of the subject with the words  heep
quite still and look at this hght  One munute after arresting the
crreulation m the hand (herslake 1048 Roddre 1901) tap F
turned to mflate both collecting cuffs simultancously The water
Ievel in the vertical glass tubes begms to nse awr 13 hsplaced 1ato
the recorders and the artertal mflow curves are inscribed Aftes
10 sec of venous compression the kymograph 15 stopped and the
taps turned to put the plethy smographs and cuffs m commumeation
with the room arr dow

At the begintun,, of the expernment tractngs of the artesal r;‘
are generally recorded at 5 mun mtervals for } or } an hour to l(“ .
firm that the circulation has reached a stead) state The effee ;wc
gome procedure 13 then tested I o rapd alteratron 1m thle ‘l’“nt
of the crreulation 15 antieipated mflow curves may be recort f::un-
more frequent mntervals  For this purpose the collec(;ng Y;cmm
1» appled for about & scc at the beginnmg of ench 3 or
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mterval the creulation n the band remamm, arrcsted and the
drum continuing m motion

At the end of the experiment each recorder 13 calibrated by intro
ducing, 2 known volume of air mnto the system with the syringe
The distance travelled by the recording paper n 1 min 13 marked

;LPL"\’"‘ - A

h o kl

o}

LLw..sLa_u. o

Fig Ap8® P oceduro for caleulating tho rate of the blond flow from the

Top m\m curve with stoping Tue drawn an i eontinue | through ho
zontal ba o Lin

T tom Uy of graph pape ulod n cont motros and mill metres to reed
off the rate of the blo | flow directly i m) /100 ml hmb/mn _ Lower edge
of pape on baso I ne w th mark D at pont of intersection of sloping L
Cent metre scal up ight hand sde Slopng In  ntersects ag ) em
wheh s alo th  ate of the Hood fl w n mi /100 mt i ue/min

upon 1t and the volumes of the portions of the hand and forearm
enclosed 1 the pleth: it by water d

The rates of the blood flow are then calculated from the curves
traced on the hymograph paper  Sloping Lines are drawn through
the mflow curves to cut the Lase ine as shown in ;g Ap8  The
experiment constant 19 obtamned from formula
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where Y 15 the vertical distinco travelled by the recorder wribimy,
pomt for 1 ml increment of content
1 18 the volume of the hand in hundreds of mulliktres
U 15 the distance m centimetres travelled by the kvmograph
paper in 1 mm
A prece of graph papcr ruled m centimetres and millimetres 13
trmmed square and » mark made at the bottom edge I’ em from
the night hand corner as shown in Fig Ap8 A centimetre scale
15 marhed along the edge of the right hand side wath the zero at the
right hand bottom corner  The rates of the blood flow are now
read off the kymograph paper The graph paper 15 placed with
the bottom edge touchwg the horizontal base lime the marh D
comaiding with the point where the base hine 1s mtersceted by 2
glopmg hne The distance from the mght hand bottom corner of
' the graph paper up the right hand side to the pomnt of mtersection
of this sloping line 1s pead off on the centimetre scale  The figure
obtamed 15 that for the rate ot the blood flow expressed in milthtres
per 100 ml hand per mmute  The rates of blood flow m the hand
are read off from the other inflow curves in asimilar way  To obtain
those for the forearm the values of 1 and | being different a new
value of D must first be found from the formula~
The method has the advantage that once the value of 2 has
been obtaned the rates of the blood flow for all the inflow curves
for a part can be quickly read off without any further arthmetie
The basts for this graphic method 1s as follows
Tet A M and § be defined as above
D be any gven distance 1n centimetres travelled by the
drum paper
7 be the upward movement of the writmg pomt 11 centi
metres whle the paper poes D em
F be the rate of tho blood flow i m! 100 ml tissue/min

Then
Ly 1

D)
Inany given expernment Y ¥ and ¥ are constant
can therefore he chosen so that

F=
A dutance D

P
Y
Substituting, this in cquation 1
Ly  \V
PexrXar
F=L

or
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That 14 the mate of the blood flow i ml 200 ml tissue/min s
equal to the upward movement of the wnitin,, point in centimetres

Sumilar prninaiples apply to the method of measuring the rates
of the blood flow 1n the calf of the leg and in the foot
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