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ABSTRACT

Phis thesis deals with the changes seen in vascular
resistance following bile duct ligation. The.work'is,
presented in five sections,

In the first section the outline end scope of the
thesis is presented., The relationship between liver disease
and renal dysfunction is then reviewed. I% is pointed out
that in various conditions such as cirrhosis of the liver
glterations in renal perfusion are seen which precede the
onget of frank renal failure. It is also mentioned that
in obstructive jaundice there is & high incidencs of
post-operative renal failure and the possible setiology
of this is reviewed. .

The second section depls with the effects of
obatructive jaundice »n renal blood flow., In this section
the remdl vascular anatomy is described. The regulation
of renal blood flow as well as methods for its measurement
ere reviewed. The rosults of experiments in which renal
blood flow was measured during obstructive javmdice is
then presented. Here the 133Xe technigue was used. It
was found that there are alterstions in rensl perfusion
similer to that seen in cirrhosig end other liver diseases
such 28 portel hypertension. It was found that there is
a shift of vlood flow distribution from the outer cortical
arees of the kidney 4o the inner cortical - outer medullary
ereas, It wae slpo found that there is on incressed
gensitivity of the kidney vasculoature to ae effects of
noredrensline, =nd it is postulated that thig ey be oue
of the reasons for the high incidence of post-overstive
renal failure seen following bile duct surgery.

Iz the third cectlon en atlempt i mode to see whether
there is o general hyverseneitividy o the effectn of
norpdrenaline in obstructive joundice. The cerebral
circulation is used for this. The control of the cerebral
vasculoture is reviewed mnd the resulls of experiments
in which noradrenaline was infused into %ho corebral
eireulation of mnimaln in which the bilo duct-bad been
ligoted is prescnted. In these experiments it wa




found that infusions of norandrenaline produced vaso-
congtriction, while in normal animals, vaso-dilatation
wag seen., In addition it was found that following bile
duet ligation there is also an attenusted response to
inereasing arterial PCOZ'

In the next section an isolated oxgen prepsration
is used in an attempt to elucidate the aetiology of the
increased sensitividy to norsdrensline found in the
previous experiments. It is shown that jawndiced plasma
ig capable of causing a potentiated response of on
isolated artery or kidney to the effects of noradrensline.
This is mediated by a decreased equilibriwn coefficient
and an incrensed moximal reaponse of the preparation.
In this section hecause of the increase in plasma cholesterol
seen in obstructive jaundice, dke resulis of -experiments
in which hyperlipideemic plasms, pure cholesterol and
low density lipoprotein were infused into an isoleted
artery is presented. Here it was found that hyperlipid-

aemic plasme and low density lipoproteins nroduced similpor
effects seen during infusion of jaundiceld nlasme, whereos
pure cholesterol di nob, Other conztituents of joundiced
plasma were infused into the artery pre ction tut these

did not potentiate the response of the ortery to the

presgor effects of noredrenaline. It is concluded that

an increasc in plasma cholezterol attached to its apoprotein

nay .‘ne one of the faclors regponsible for the above
mentioned chanpes.

In the loet section pure low density lipoprodein is
infuged into the cevebrsl cireculation. Tho responses of
the cerebral vesculoture o noradrensline was measured
during the sbove lineprotein infusion., It was found thot
a similar vasocongtriction,as that scen during javwndice,
oceured. It ig conecluded that cn inereased p.
cholesterol in obelructive jaundice may be one of the |
fToectors responcible for the altorution in vagenlaxr |
resistonce scom in that condition., Il is postuloted that




cholesterol may be preducing this effect by altering
emooth muscle upbake mochonisms involved in the metabolism
of noradrenaline. It is also pointed out thal cholesterel
mey be having other intra-cellular effects which may
account for the alterstions in vascular resistance found
in the present sbudy.
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INTRODUCTIOH AND CLINICAL BANKGROULD OF STUDY.




INZRODUGTION

OUTLINE AND SCOPE OF THESIS

In 1863 Austin Flintl first called atiention to the presence
of oiiguria in patients with cirrhosls of the liver and
hydroperitoneum. Since that time it hes become mmparent
that oliguria is common in putients with cirrhosis end
ascites, and may propress to renal i‘uilure?’3'4.

Although in some potients this complication may be due to
co~existing nrimary ronal discnse, in many others azotaemia
and oliguria arise cither sponm 1y, or in resr to
minor changes in blood volume. The renal failure
associated with hepatic disease was termed the "hepato~
renal syndrome® by Boycc35 in 1935, Since this implies a
specific relationshin between the kidneys and liver which

has not been established, most cuthorities have urged that
the term be abandoned™'', Since there is pood evidence
that the renal feilure in cirrhotic patients has &
functional cause, Vesin® introduced the term "funcvional
renal failure in cirrhosis", and the name is gencrally
preferred although "hepatorenzl syndrome" has become
COMMON USURFE .

The syndrome characteriutically occurs in patients
with decompenoated eirrhosis and refractory ascites.
Reduced renal blood flow has consistently been demonsirated

in these pzltienta7’9’lo agsociated with incrersed vescular
resistance”’g'lo’ll end a “ediclribution of blood nway
7,10,1?. 12

Trom the cortex It hap elmo been shown by Kew
that there are slterciiono in renal circulation in
cirrhotic patients withouwt oveyt rencl fallure. He has
shown in addition that there srve chanpos in intrarenal
distribution of blood in malipnunt discase of the 1iver,13
end in non~cirrhotic portal hypertcnsj.on”- This indicates
that the term “functional renul failure of cirrhosis" is

a misnomer end that verhavs the oripginnl tewrm "hepatorennl
syndrome” may be more useful.
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Although it has been chown by ‘Dawsunlﬁ that thore is
a high ineidence of oliguric failure in obstructive jaundice,
there hove been no siudics on introrenal dblood flow
distribution in thig condition. In this study, therefore,
the intras-vensl blood flow distribubion in obstructive
jaundice was investigated in order to establish whethew
similar changes oceour in this condition os those described
for other hep.bic diseases.

The aetlolopy of the renatl circulatory changes is not
known, although various theowies have been surgested
which will be reviewed in thig thesis. It has, however,
been suggested by Dz\wson]‘a that in obstruetive jauwndice
the kidneys are fiore sensitive %o icchnemia, and it hes
postuilated by Aoyesi and Lowengtein that the sensitivity
of the kidney to irchaemiz is due to an inerease in
circulating bile salts. Bcuml8 hes imolicated conjugrated
bilirubin as the factor resvonsible for the increased
sensitivity of the kidney Yo periods of hypotension.

The second alm of thie thesic is to odtempt to esteblish
en astiolopy for the renal chonpes observed in obsiructive
jeundice (if ony) end in pddition to show whether any other
vascwlar bed is offected by the disence.

The theois will be presented in five sectionn. In
the first, the outline of the thesis will be presented
end a review of the rolationchin betwaen the Liver and
the kidney will be piven. In the socond sectlion, a
deseription of the rensl cireuletion nnd ite control will
be piven end the methods of mensurcment will be discussed.
The l33::enon fechnique will be discussed in detail. A
=tudy on renul blood flow in obotructive janwmdice, using
‘the 1 3}',cnon Lochniguae will bo vrerented. Phis is followed
by & section in which the effec. of obnlructive Jnundice
on cercbral blood flow will be ctndivd also using the
133¢q techninue, Thore then follows « scction in which
‘the effect of jaundiced mlosma on isoleted artories and




Page 3.

kidneys is studied and also in this section there is a
description of the atiempis made to isolate the factor
or factors resnonsible. Then the effect of this imolated
substance on the cerebral circulation in normel animels
will be presented. PFinally in this latter section the
findings of the entire study will be summarised and its
significance commented upon.
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THE RELATTONSHIP BJ

WEEN THE LIVER AND KIDNEY

There are numerousn nssocidtions, known or poctulated between
digeases or dimordered funciions of the liverand the kidney.
These are summarised in Table I. Althoush thin study is
concerned mainly with the renal Teilure accompenying
obstructive jaundice and its actiology, the others will be
discuspsed hriefly in order to nut the relationship between
the liver and the kidney into versnective, rnd in addition
to provide o suitable background apaingst which this study
wos carried out.

1) PRE-EXISPIHG FIDNEY DISK ASSOCIALED WITH INCREASKD
INCIDELCH OF HMEPANIC DISEASH OR DYSFULCTION

Liehowitzlg found pro-existing primory renal disease in

13 out of 50 notients with cirrhosie of the liver, and
felt that the two occured topother more commonly thon could
be expluined by chonee. Hoat authors7’?0 believe the
associntion to ke quite fortvitous and it will not be
discussed further.

The asroglotion between rennl fumours and altered
hepatic funetion ie howover more definitive. The svndrome
of non-met-platic herrdomernly ond hepntic dysfunction in
patients with hynernerhromn hen been deporibed by mony
worlcersm""?. In eddition Summerskill? revorted henotic
abner=: 1itist *a o oo went with o carcomn of the kidney
vhich innroved unon removel of the tumour. The liver
dysfunction is mrnifent in these conditions by reduced
prothrombin 4ime, roised seruwa allknline phoophatese ond
retention of bromsul.linthalein. fThe liver ic ususlly
normel althourh ocennionally there may be a non gnecifie
veactive hennt

The aetiolory of iho syndrome in obscure rnd it has
postulated ihal some humeral faetor is relensed from the
1ed kidne,vM' but I.H:z"5

west uanble to produce liver
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1) Pre-cxisting renal diseage sepociated with increamsed
incidence of hepatic dysfunction.

2) Toxins and systemic disease involving both liver and
kidney.

3) Renal damage secondary te a complication of primsry
liver - cense or its treatment.

4) Primery :.cecse of the liver or biliawry system affecting
renal functions

a} Henal failure mssocinted with cirrhosis

b) Renal chonger in milignnt disease of the liver.

¢) Renal chenges il pon-cirrhotic portal hypertension.

d) Rensl failurc zomplicutines surgery in potients with
obstructive joundice.
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cell injury in mice by injecting oxtracts of s hymnernephromn.
Hor: 20 has shown a relationshiy between the autonomic
nervous system of the liver and the kidney, nnd it ip
possible that neural invelvement of the kidney nroduces
secondary circulatory chonges in the liver, munifent by
altered hepatie funetion. This iy obviously hishly
specwlative and the nebiology of the hepubie changes ceen
with renal tumours remairsobseure.

2) TOXINS AND SYSTENIC DISRASES INVOLVING BOYH LIVER

AND_KIDNEY

Those diseases are agsocicted with microaconic end
mecroscople renal damore end are reviewed ia order to
differentinte them from the functionel sroup in which no
renanl demare is monifest.

The systemic di sorders vhich involve both liver and
kidney are usually toxic or ‘ufective in origin, but a
grouy of conditions usunlly n wifest by cireulatory
distrubrences rmy also wrecent with concomiitrnt rennl and
hepatic frilure. The more common ccuses ore listed in
Table 2 (ecuoted from chM).

In most of thene conditions the rennl and heontic
injury is cunsed by th) primnry disorder nnd there ig
no evidence that the hevetic failure produces the rencl
damege. However once the hennborenc) failure ic
egtcbliched, the wrusence of urnemins rerravotes the meota~
bolic dirturbrnce of liver foilure. Por oxc. ole raised
amounto of urea oxereted inte the bowel in urcemic, will
produce elevated blood smmonis 1ovel?T. Also the excretion
of emjuraled bilirubin ond other dinlysable substances
will be reduced in rennl Trilurn?rl. shear'? nas also
vostulated that the metrbolic amormalitics found in
liver failure nppravates the co-oxisting renal dysfunction.

Tho kidneys in these conditions usunlly chow chanres
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2OXINS

INFECTIONS

TABLE 2

Carbon .tcﬁrachloride
Trichlorethylene
Toluene

Helothane
Tetracycline
Methyl alcohol
Methoxyflurune
Paraceltamol

Tarmic acid
Stilbamidine
Mercury

Phoaphorus
Mushroom poisoning

Weil's diseasc
Yellow fever
Septicuemia
Paleiparun molaria

Shock

Disseminated introvascular coagulation
Eclamvsin

Heatolroke

Hypothermia
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soneistent with acute tubulsr neerosis, althoush tubular
dilatation, areas of intestitial nevhritis ond so-culled
viliary nephrosis have ulsc‘; been doscribeﬂ? ’20. The
irportance of this group rosts in the Tact thot a2 vrimary
condition may be identified which domages both the liver
and kidney.

3) RENAL DAMAGE [»CGONDARY TO A CONMPLICATION OF PRIMARY

LIVEAR DISHASE OR ITC WREATTRNT

Renal failure mey commonly be scen in pationts with
cirrhosia consequent on o severe haemorrhare from
osiophagenl varicies or from peptic ulcer:ati(m2 « Renal
failure may also occur following diurctic 'ther:myzo, or
frem Neomyein used to sterilise the bowelgg’ao. It has
been shown thot neomyein moy be ebsorbed from the bowel
in sufficiont ¢uuritities to be nephrotox Thig
nexhrotoxicity in characterised by proteinuris mnd tubulsr
necrosic. Septhesemia olno commonly occurs ¢n these
patients ond may termincte in cirowlotory ond secondary
renel failureu.

A) ERINARY DISH. QP 11y T.IVAR OR RILTARY SYSTEM

AFFECLING RENAL PURCYION

a) Functional ronnl frilure in cirrhosin

Thig has emerred oo on entily which ic monifest as on
elevation of the blood uresn or sarum crentinine in the
shscence of renal diseano or clenrly demonctroble
secondnyy cauces of renal feilure. This will be
dzacribed in detail o nrovide n suiteble bockeround to
waich the chonges in obstructive joundice may be comnared.

Presentntlon

In the onrlicnt sinres reonnl dysfunction may munifest oniy
with reverenl of {he normel rhythm of wrinory excretion

o
7 o excrote a water 10&&‘3. Sodlum excretion
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is reduced and a hyponetracmia is ususl., Jaundice moy or
may not be present but henatic function is derangud and
agscites is almost invaricblozo. Later the potient may
exrorience nausea, thirst and vomiting and the biochemical
abnormolities bocome more severe. These biochemica
abnormelities will be discussed further helow.

With further deterioration the neurc-peychiatric
disorder, electrocardiogrrophy chanres and clevated ammonia
concentrations consistant with heratic comn nppear23. It
has already been mentioned that tho uraemir contributes to
the hipgh serum ammonia 1evclug7. During the late nheses
oligurin and arterial hypotension appear thus contrasting
with earlier concepts that azotuemin invariobly hzd a pre-
renal basis. At the height of the azotaemir the relative
contribution of hevpabic and remal failure o the clinical
and biochemical chengen sre difficult to distin{tuish24 but
death is usuzlly due to hepatic faiiure. The chances of
survivel devend on the degree of reversability of the hepatic
disease as renol function improves only when the liver
disease is COn’tI‘OllEdEO.

Histolosical chonres in the kidney

Bxamination of the kidnevs of cirrhotic patients usually
reveals nothing abnormnl ond when lesions are found these
are usually non cpecificps’m. Recently, howeveyr, Salmon
identified rlomerular changes in renal bionsy tissue from
all twenty~four potients siudied with hewatic disease,

In this serios studies by clectron microscony revealed
deposits in the capillary woll and the mosongium, thickening
of the bacemeny membrones ond on incrensed mesanginl mabrix.
These glomeruler chonges have, howover, not bewn correlated
with the abmormulities in roral function nor with the tyme,
duration or severity of the henatic discase. Iurthermore
Kew?4 feels that many of the changes observed such as
videning of the mesampisl metrix, thickening or swlit bing
of the flomeruler basement membrane or areas of intestitial
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nephritis and bile steining of the tubular epithelium are
of doubtful eignificance. He gtates tu~t similar changes
have been found in cirrhotic pationts without ronel failure.

Renal circulatory Tunction,

Conventionzl tests of rensl funciion show the reduced
clearances of inuwlin, para-~ominchippuric zeid, creatinine
and urea7’2 + This progreasive deterioration in clearaonce
values has been correlated with the severity of the digeass'.
Total renal vlasma flow and the renzl fraction of the cerdiae
oubput zre raduced4’3?’33, althoush cardice outmut, mean
arterial blood pressure snd sysfomic vasculer reasistance

are usually within normal 1:‘mi1;54'33. Ko major contributions
by reduced vlasma colloid osmolic pressure aend serum
osmolarity to the renal failure have been substontiated
Summerskillzoalso Teels that renol hremodynsrmic function is
unlikely %o be impaired as a result of compression of renal
venous outflow as the plomerulsr filtrstion rate mmd the
effective renal plasme flow are littic influenced by the

11,34,

disavpearance of the aseites. This cucation of raised
gbdomincl pressure nroducing reno-vasculer changes will be
discussed further vhen considering the netiology of the
condition. It would seem however, that the chanres in

renal hremodyncmics is funetionnl and reverscble oince
Kopyml35 has succesafully tronsplonted kidueys from cirrhotic
patients dyings with rensl frilure 4o potients without

liver disecse. fhese kidneys have repeined their normal
function. This funciioncl abnorarlity in the kidneys in
cirrhogis appesrs to be un inerercod renyl resistonce,

Rensl blood flow in cirrhosin can be imwroved by drues

which lower rensl voseulny rcm‘.s’cnnceaﬁ’m, vhich has beon
shovm to be incrcnsodz"g. The inerecse in rencl resistance
is probably due to an wctive voso-constriction, Enn“ceinlo
showed n consistent reversal of all the vasculor sbnormolities
in the kidnoyn in five cirrhotic putienta at nost-nortem
engiopraphy. He had shown that in dhese patiente there was
a decrease in boih meon renecl blood flow ond tho perecantose
of the blood flowing te the ouber cortex of the kidney.

This nhift of blood flow distribution in cirrhosic hau
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alsc been shown by Kew'? Sc}lroeder38 and others.4’3‘0’12’11

Pathogenesis

The aetiology of the syndrome is obecure and Conh39 feels
that there is most probably more than one cause. DTrisiani
and Conn® have chown that patients with functionsl renal
failure secondary %o cirrhosis have a decreaced plasma
volume which is associated with a decreased cardiac output
and increased renal vasoconstriction. Expansion of plasma,
volume in their series improved renal blood flow., However
most studies have ghown that the vlgsma volume is increased
in cirr}1osis4o’41, and C:mn:’9 feels that there muy be two
types of haemodynomic pattern nssociated with olifuric
hepato-rengl failure; - one with a decreased plosma volume,
reversable by volume expansion and tghe other a high output,
incrensed plosme volume type.

Mashfors?? found that pationts with cirrhosis behaved
as if they were devnleled of tissue noradrenaline as his
patients fended to be hypotensive, and had a diminished
response o tyremine. This is commotible with o theory hy
Fisher?3 that inert smines such as ‘phenylolanine or tyramine
mgy act as folge neuro transmitters ond may replace
norsdrensline or donrmine in hewatorennl failure. This,
however, would not exvlain inercased rennl vesculor resig-
tence in these putients or why ther» is a redistribution of
blood ewey from the cortex into the juxtamedullary regions.

I% has 21s0 been vostuloted that some toxic substance
is released by the liver which is vono~-active. SharrM
sugreote that an couilibrium exists between a vosow
constrictor substance synthesised in the kidney znd a vago~
dilatory substznee produced ond degraded by the liver. The
former, which movears in blood in carly shock, couses o
protective voso~conairictor remnonse and omens arterio-
venoue onnstomonesn Yo maintnin eirculatins volume; the
lotder, which he heldeves to be ferrdtin, couses vocodil-—

ation of capillaries and singnont pooling of blood. In
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eirrhotic animale he found diminished hepotic degredation
of vago-depressor material. This concent, which fits some
of the femtures of functional rensl failure, hac however
never been valideted clinicnlly, ond no such vaso-denressor
eubstonce has ever been convincingly isolated from the
liver. It has however been shown by Vorgish ond collenguesA‘
that hepatic nnoxia can cause an increzsed vasculor resis-
tance in the kidney. These aouthors suggest that this
releages a vaso-dilator substance which onans up channels
in the imner cortex of the kidney. In view of the
connection shown by Horigs betveen hepatic sympathetic
supply and that of the kidney, it may be, that the vaso-
constrictions in hepatic anoxia ic due to o sympethetic
response reflected in both orgons.

5

It has been mentiomed above that increased pblominal
pressure is also considered a poesible cruse since para-
centesis can reverse the renzl haemodynumic changes of
eirrhosis™ . fThis is in contrget to the findinre by
Bummerskill mentioned wreviously. In addition Mullane and
Gliedmon™' found thet the inferior vena cavr pressure is
incrensed in cirrhosis with or without ascites, althourh
the latter was more common. They contend that the enlarsed
liver iteelf mey obotruct the inferior vero ceva. Comn,
however, points out thrt ineremenis in rennl venous nressure
reguired to impair renal function for exceced those observed
in cirrhosis.

Hyponatraemin is common in cirrhosis uand this has been
postulated 2o the couse of the condi'hionw, but it is
probebly dilutional in mature ond will be discusced further
when congidering the biochemical nbnormelitics of the hevato-
renal failure.

Alterntions in oxyron sa‘turntion?'g and portal systemic
shun'bin_n:sg have slso been mentionod as being involved in
these conditions, hut busically the exact nctiolory of the
syndrome remaing ohscurc. The only definilive finding is
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that there is incrcased renal resistance in this condition,
The aeticlogy of this increase is as stalted as yet unidenti-
fied but is probably multi-factorial in nature.

b) Benal chonres in melisrnemt digeosen of the liver ang
non-cirrhotic hynerionnion

Kew using the 133xcnon technigue in both of these conditions,
showed a reduction in outer cortical flow which wag nccom-
panied by & reduction in glomerular filtration rnte¢l3’l4
The pattern of renal failure changes was similar to that
seen in renzl dysfunction associnted with hepatic cirrhosis.
Kew suggests that since the blood flow distribution changes
in nom-cirrhotic portal hypertension are gsimilar to those
found in hevetic eirrhonis, the increased rensl resistence
found in the latter discase moy be Gve to o raired nortal
presgure. This would Further sunport the contention that
raised abdomingl vressure is resnonasible for the pothogene-
sis of the digecre. Thig hos been discussed nbove.

THE KIDNSY AND ODSTRUCHIVY JAUNDICH

In 19311 Clairmont ond Von HnbcrcrAB drow attention to o
definite hnzord fouwnd in a javndiced patient who unforgoes
surgery i.e. ncute pogt-operstive roncl failure. 'i‘hey
described five nutients with obsiructive joundice nll of
vhom died of olipuriec ren~] failure socon after nn overction
for the removel of rrll-giones. fThey cmvhnsined thot encrd
from the jaundice these potients were in good heplth with
no yrevious rennl disense. Thoy mostulated thot obsiructive
Jjuundice vredisposen to oliruric rennl failure.

Hoyd49 in 1924 noted thet following operations on the
biliary troct for a vuriety of reasons, there wos n high
mortality even in potients whe vera not joundiced.  VWhile
many of these posté~operntive d ho were wrobebly due to
infection, inrderurte pre-onorutive wremaretion or nroblemn

of mnmesthesdr, it would spvear thuet posi-onerutive renal
failure accompenyinge obalructive joundice is n distinet
entity.
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thet there is increased renal resistance in this conditiorn,
The actiology of this increase is as stalted as yet unidenti-
fied but iz probably multi-factorial in nature.

b) Renal chonees in molisment digesses of the liver ond

rrho hyyn aion

Kew uging the 133xenon technigue in both of these conditions,
showed & reduction in outer cortical flow vwhich was anccom—
panied by o reduetion in glomerular filtration rate.13’14
The pottern of renal feilure chonges wos similer to that
seen in renzl dysfunction nssocinted with hepotic cirrhosis.
Kew suggests that since the blood flow distribution changes
in non-cirrhotic portcl hypertension are similor to thoge
found in hevetic cirrhosis, the incresced rencl resigiance
found in the latter discase may be due to o raised nortal
pressure. This would further sunport the contention that
raigsed abdomingl nregsure is respongible for the pathogene-~
sis of the disecse. This hos been discussed above,

TR KIDHAY AND ORSHRUCTIVE JAURDICH

In 1911 Clrirmont ond Von H:Lborar48 drew attention to o
definite hasard found in o javndiced pavient who unlergoes
surgery i.e. acute nost-operntive ronal fajlure. They
described five potiento with obutructive joundice all of
vhom dicd of oligfuriec renosl failure scon nffer an overcation
for #he removnl of srll-gstones. They emvhrgined that anart
from the Jjoundice the.e patients were in pood hoalth with
no previous rennl disease. They postulnted thot obotructive
jaundice vredimmoces to oliruric remnl failure.

Heyd49 in 1974 noted thot following omerations on the
biliory Yract for a veriety of ronsons, there wes a high
morbality even in pedients who wore mot joundiced, VWhile
many of these pomb-operntive denthn were nrobobly duc to
infection, insdocurte pre~overabtive prewn lon or problemn
of maeathnoin, it would apmenr thot nogt-onerative rennl
fallure sccompenyinge obstrctive joundice i o distinet
entity.
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The clinical findings by Zellinger and WilliumsSO as well
as Dawscnls, that there is a much hiner incidence of acute
post-operative renal failure in obstructive jaundice would

tend to confirm these earlier studies.

The aeticlogy of this post-operative olifuric renal failure
is unknown. Boyce ond Mcl?e'brid,"e5 lipated the common bile
duct in dogs and maintained the obstruction for eifhieen
days. They then released the obstruction and the deaths
which followed this second onerulion occured ten o fourtesn
days thereafter, and was accompanied by degenerative
changes in the tubules of the kidney with nrecedins symntoms
congigtent with uraemia. These suthors therefore contend
that the release of the biliary obstruction is respongible
for the fatal oulcome, and nostulalte that a toxic subsiance
is released into the circulation., Autopsy findings by
Helwig and Schutzsl in traumatic damagre 1o the liver, are
#imilar to lhose described by Boyce and MePFetridee mnd
these authors also believed that come substance is releuced
by the liver into the circulation resulting in kidney
damage. Asn mentioned when discuseing the functional renal
“ailure of cirrhosis no gsuch toxic substance has as yet
been identified.

1% has been suprested by Willinms ond Zollinpcrsp that in
obotructive joundice the kidneys are sensitive to veriods
of hynotension., They noted that in thirty-ceven patients
who died following onerations, twenty-ceven develoned
hypotension losting for one and o hulf to nincteen hours
prior 0 death. They alco exnmined the offcet on the
kidney of hypotension in jnundiced tnd normel dogs ond ghowed
thet urca clearimee wes nlways lower in the jaundiced dops.
These cuthors nluo rhowed Uhat hypolension wap induced
with much less bloed 1ons in juundiced animals than in

the normal cnimele. Thin sugpestion that tho kidneya are
more sensitive to ischeemin in obsbruclive joundice im
further sirengthencd by the work of D.w.wsmn]'j in rats. fHe
showed that the damape to the rennl purenchymn caused by
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prolonged clamping of the rsnal arfery wns more severe in
the jaundiced animals than in normal controls. Dawson also
postulated that there is 2 -reduction in renal blood “low in
obstructive jaundice since a mannitol diuresis whict
maintains renal blood fiow, larrely diminished ischaemic
roral damage both in dogs with obstructive joundice as well
ag humans. :

The posgible subsiances causing this increased sensi~
$ivity to ischeemia are unknown but the iwo which are most
obvious are conjupated bilirubin end bile salts, althourh
there are nwierous other biochemical abnormalities in

obstructive jaundice which must also be considered.

The kidney 8oes not excrete urconjugrted bilivubin
which is non-dirlyzable’s, Conjugnted bilirubin (bilirubin
diglucuronide) is however wuter soluble cnd most of its
excretion is via glomeruloer filtration 3, although the
tubular cells may also be exposed o bilirubin via the
vasa rectae. There is evidence that bilirubin may be toxic
to cellr snd this has been showr 4o uncouple oxidative
phosphorylation in mitochond:r‘i:*f as well ss having an
inhibitory effect on eleciren transfert, It has alsc been
shown thot in the presence of enoxie or ischaemia that
ecapilliary vermeebility increases snd the smount of
conjureted bilirubin enterins the cells rices thercby
comnoundine the dnma;rem. Further ovidence of the toxie i
effects of bilirubin on cellular function is shown by the
work of Antoine and Nnvennu55 who demonctrated renanl anti~
fene in the urine of naticnts of obatructive jaundice thnt
they believed were derived from deruyed ronund Tubules.

Farther ovidonee <that conjuprated bilirubin is involved
in the devolommont of renal dmmagre in obodructive §nundice,
is provided by the work of B:‘mml on Gunn and Wistar rats.
In Gunn rats a very 1it4le conjuratod bilirubin is formed
a8 they have a conpenitnl nbnence of the enmyme uridine
diphosnhide elycuronyl transferase. loum showed that thesc
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rats were loss sensi%ive to ronrl demare from ischaemin
following lirFation of the common bile duct, than Wistar
rats who have normel amownts of conjupated biliruhin.
This is slumo suppor+ed by the clinical finding thot the
renal failure in obstructive joundice is related .to the
depth of the ;im/\m“:‘me]'5 ol thouph Baldus7 and Spellhargse
have neted that the development of renel failure in
cirrhosis does not appear to be related to the level of
the hyperbilirubinaemia.

Although unconjupoted bilirubin is not significmntly
increased in obgtructive jeundice it mey compound the
damage caused by other factors since it itaoll is toxic
o colls. In Kernicterus Schmidt?’ has shown marked
bilirubin staining of the innmer medulls of the kidmey,
and in Gunn rats with cholestiosis, Otlell58 shows that the
concentret on of bilirubin in the medulla wos markedly
incrensed. Diamond znéd ::'v::t'xm:lcﬂ:59 have however, showvn thrd
the serum concentrations of unconjurated bilirubin in
obgiructive jaundice nre insufficient to cffect oxidotive
phosphorylation. In addition Ao, 1 nnd I,oensteinl7 vere
also unable %0 induce rensl ineufficiency in rots by
infusing unconjurnted bilirutin.

It is nomsible that o bile scltn may be regnonsible
Tor the rennl foilure found with cholestanis. Aoyori and
Toenstein’ chowed that rate in whom sodium cholzto nnd
taurocholate were infused into the kidney, develoved rensd
feilure ofter o thirty minute veriod of ischuemic wherens
normel rote did not. They vostulcte thot bile svlis ore
responnible for ihe hymer-cennitivity of the kidnoy %o
periods of dschaemio. Tt in also poapible thot bile
may potentiste the offect of bilirubin on the kidney.
Conjurated bilirubin in less Tfirmly bound to wprotein
(albumen mnd betn plobulin) in the nresenco of bile r"lts53
and nleo begomes more casily dinlyned. Thun bile snlts may
erhance the rvidlity of the bilirubin to enter the cells
thereby compunding the drmape coused by it
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A further possible explenation for the increase in
sensitivity of tho Iridneys to ischaemin, is that in
experimentol biliary obsiruction the abdomingl vena onval
pressure is elevated. This has beon discusned above when
considering the aetiolopy of the chonges due to cirrhosis
of the liver. It wag mentioned there that the obdomingl
presgures are not high enough to asccount for th  chanpes in
renal perfusion which ore found with the disease °. However
the rise in ebdominnl pressure could result in the release
of renin vhich by forming anriotensin IT could cause renal
vaseular conntric‘tinn("o. This latbor explenation is
supported by Kew, who found chunges in non-cirrhotic vortal

hypertension similor {o those found in cirrhonisls.

It is also ponmible thet the acute renal failure is
secondary to cireulatory frilure from senticaemic chock.
A hirh prorvortion of denths in the Dawson series was causned
by infection end ciolrnritis and recently Wardle and Wriph‘c61
clerrence of endotovin in xots with

cholestierls o d

ed.  Additionsl evidence for this theory
is providel by the of Wilkinson ot z=16;I thut fourteen
of twenty-iwo ok *igh fulminant heoatie failure had
endotoxcenia o detectot by sa ansay for Limulue lysate.
There were sl lirticid imilicent eorreletion between the
oeeurence Of 1 tnd the development of ren
failure. injeated into the baboon kidney
causer o -red reanl bloed due to an inerecsed
renal recis

H I.(!C‘bz.

Thus 4 1 be seen 4 4 the retiolory of the renrl
failure res cout—snor i ly in obstruclive dnumdice remaine

unidentiies . Il wowld : m however that there is a definite
inerenne in vity ¢ the “idney to dhe effocts of
igchoemi> 45 1 1 comdit 1 rn this will be invesbipatos

Turther in “uir ‘aevin.
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WATER AND BLECTROLYTR I'ETABOLISNM IN HEPATO-RINAL TAILURE

Total body woter amd total body exchongroble sodium are
increased in patients with decomnensated liver failure
sccompanied by the renal disturbances mentioned above.
Hyponatreemia is however commonly seen in azotnemic patients
with serum scdium concentrations usually falling below

130 mBo/1itre®4765120, mnig ig of the dilutional veriety

due to retention of cxcessive amounts of water by the kidnevs.
Reabsorntion of sodium in this condition often exceeds 99.5%
of the filteioed 10069 and is prebobly due to an excessive
renbserption from the proximel tubule ~. There is alac

an associated secondary hyper-oldogteronisem vhich is both

due to impaired degrodntion of eldo:'bcron957 as well o an
increased productionbe. The renin anriotensin system is 2
potent gtimulus of cldosterone secretion, and rleveted
plasme, renin cetivity hoo been found in cirrhos:is38’69

64,65

buk
thie is probably secondary to the kidney disturbaonces and
not the couse of them since improving the blood flow to the
kidney reduces the plasmo renin levels. Also, aldosteronc
has ¢ primery cetion on the distnl tubule of the kidney ond
as mentioned abcvc‘the incrensed sodium retention i wrobstly
mal reabsorntlon.

due to incremsed nr

The defective rencl tubular exeretion of water by the
kidney is chorcolerised by reductions in the meximal urine
flow ond free vnter clcmr;‘mcc?o. Thisc chnermol pattern of
water excrotion is consistent with oxcens anti-diuretic
hormone retivity snd nrobrbly nccounts for the hynonatroemic,
end overhydrution which vrecede or ore aanocieted with the
develonment of vzot‘-aminbg’vo'n, althourh the excessave
reabsorption of sodium by the vroximal dubule could nlso
be exnected o increcde wober reabsorntion by passive
diffueions.

The retention in ralt and woter could nlno be exmluined
by the shift of blood flow from the cortex to the juxin-
medullary eren mentioned wreviously. Inner nerhrons tond
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to retain sodium wheraur more peripheral nephrong lend to
lose sodium’?, Thug when remal hlood is distributed bo
medvllary and inner corticil nreas sodium retention would
occur. This however wemainsg speculative and the relation-
ghip beircen the ronel circulation end the renal handling
of sodium hae not been clarified.

Total body axchangeable potassium is usually low in
liver failure with ascites 3, but Cassey- et al'" has claimed a
correlabion with the serum potassium level and the degree
of hepatic dysfunction. This may be due to diuretic therapy
or hyper-aldosteron . summers‘:cil:l.;7 notes that serum
potassiun moy be high cr low in liver Ffailure but when
azotaemia hos develoved hyverkalaemia may be seen. Thus it
would eppenr thut the guesbtion of serum potaseium levels
in the syndrome remains to be clarified.

Hyperchloraemia. is uewal in asotaemia but chloxrids
deficiencien huve not boen successfully demonstrated in
hepato-renal faisure’, Similorly disturbonces in acid base
balence occur in hepatic foilure which ore not characteristic
of 11 seon in nzotaemin?l.

I% must be ctrenced thel the above changes in water
end electrolyte metabolism refer o those seen in hencto-
cellular frilure. Vory little dota in avniloble on these
parametqru in the early staren of obstruetive jaundice.
'.Do.wsonlb nentions plomeruwior filtration rate is usually
decreased, b thinc was port-omeratively. It con only be
apsumed that the chrmres ceen in the remnl failure
accomponyine henslo cellwlor demore ore similer to those
Tound with obatructive joundice.
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Summaxy

In thie section the scope and outline of the thesis was
presented. The relationshin betwen the liver ond the kidney
was outlined It wes shovn that in diseases cuch as cirrhosis
of the liver, portsl hypertension cnd non metastotic
malignancy of the liver, there ore alterations in remal blood
flow distribution. Verious workers have showm that thexe

is a shify in blood flow from the outer costal areas to the
juxtemedullary crecs of the kidney befere the onset of overt
renal frilure. The aetiology of this change in distribdution
are 21go digcussed. It was mentioned thet in abstructive
jaundice thero is a hich dncidence of renzl foilure secretion
to the decompensated phase of hepatic cirrhosis. It was also
mentir .2d thot in this condition the kidnoy appears hyner-
sensitive ‘o ischremio. Whether thereare chonges in

renal blood flow in obstructive joundice, uimilar %o that
found in cirrhosis, and the aetiology of the increased
sensitivity to ischzaemia, hus not been inrestignted. The
remainder of this study will degl with these latter nrobleme.




SECTION I

STUDIES ON THE BFIECTS OF OBSTRUCTIVE JAUNDICU ON RENAL
BLOUD FLOW DISTRIBULION IN THE BABOON KIDNEY.
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THE RENAL CIVOULATION

The vasculature of the kidney is complex end highly specisl-
ized. There are a2lsc many veristions in the basic pattern
of Plood vessels in different apecies, which depend on the
functionsl capncity of the kidney, and which must be borme
in mind when inverpreting animal exneriments. The difficulty
in extrapolating results found in animale to the human
situation is obvious, ond the limitationeg of unimad
experiments are sell evident. Nevertheless, in the absence
of published dato on the baboon kidney vasculature, I have
assumed thot the rencl cirenlation in the baboon is
essentinlly sinilar to thot found in humanc. A study on a
baboon kidney injected with a plastic polymer revecled no
obvious differences {Figure I). Furthermore Fourmsn and
Moffat75 in their study of the blood vessels of the kidney,
state that the besic pettern of bvlood vessels is gimilar

in all mammals, althourh there are slicht varicstions in
detail.

Arteries

The kidney ig summlied by a single rennl artery in most
cages althourh lerkin ond Michﬁlﬂ76 found in humone that in
twenty-eirht nercent of cases two renal arteries weve
present. There wag o sinele renal ortery in ell simty
baboons gtudied here. This artory erisec from the sorta,
and soon efter enteriny the hilua of the kidney divides
into anterior and wosterior branches . Ench of these in
turn divides inte further segmental nrteries Trom which the
interlowiler srieries arisc. (Fipure I). Hoch of these
segmentn) arteries is virtunlly an end artery sinee it
supplies n definite sermont of the kidnoy and doen not
anastomone with the arteries of adjocent sepments, excevt
via very cmall ceosular and pelvie branches which are unoblo
o establish a collaternl circulation’, here sre five
aegments; moicnl, enberior, middle, lower and pos»terior”.




Poge 22,

FIGURE T INJBCTRD BAR00L

Iy,

Arteries shorn in red, veing in dblue.
A = Interlobar arferies

B = Arcunte erteries

¢ = Imberlobuiar arteries
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Cordier77 howsver descrihes a further system of clenslfi-
cation in which the kidney is divided into anterior and
posterior mesorenal, and inferior polar territories.

These sesmental artories then divide into two to form the
interlobar arteries which pass in a direction parallel to
‘the dorssl and ventral surface of the kidney. (Fiwure 2).
At the junction of the coriex and the outer medulla the
arcuate arteries are formed by a sub-division of the inter-
lobaer arteries. (Figure 2). From the arcuate arteries
arise most of the interlobar arberies which pags towards the
capsular surface of the kidney. (Figure 2). Barger snd Herd
mention that there are numerous vecsels which nass to the
superficial cortex, branching in the subcansular resion and
supplying a major portion of the outer cortex with terminsl
afferent arteriols, often passings in a retrograde direction.
These vessels are unusually sensitive to sympathebic stimuli
Thus superficial nevhrons seem in lexge part to be supplied
by vessels which are anatomically snd physiologiczlly
distinct from those surplying deeper nevhrons. It follows
therefore, that if asingle trunk is gtrongly constricied,
complete arterial deficiency of o region may be noted7 .

The glomerular afferent arterioles are given off mainly
from the interlobrnr arteries, but some arise directly Trom
the arcunte or even the interlounr arteries75. The proximsl
afferent srterioles arise at en smple from the interloter
arteries so that their course is directed fownrds the sroucte
vessel, while the more distsl afferont artericles are
directed towcrds the surfoce of the kidneys, nnd the terminel
brenches are virtunlly e continuation of the line of the
parent; ve(mel75. In addition éplomerulnr branches are given
off from the interiobar arteries both in the Juxtamedullary
repion and in the outer cortical r ~ion. (Fipure 7).

The efferent arteriole of cortical newhronn differs
from thome of juxtaglomnrular nophrons ’79. The efferent
arteriolrn of corticnl nephrons nre short and fine, nnd
rapidly bre:k up into o capiliaxy plexus around the tlubule.-;.
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A few divide to supply the more slongeted capillarvy net-
work of the medullary rays. 7The juxtemedullery network
congists of two patterns™’

1) Thin walled efferent vessels that subdivide immediately
into n eapillary network.

2) Straight muscular efferents, ususlly larger that the
afferents, which subdivide to provide muliinle brenches
of larger colibre, which run to the medulla as vasa recta.

Many of the ¢lomeruli which give Eise %0 vasa recta,
are not however juxtcmedullary in position, since they lie
in the middle zone of the cortex. These efferent esrterloles
therefore, have & long course giving off numerous capillary
branches before they break up into vasa recta.

Ine efferent arterioles of the juxtemedullary rlomeruld,
are surrounded ty “sphincterstof smooth m\lscle%, ond also
there is smooth uscle nresent in the more distal parts of
the vasa rectu.78. Also Faurm:zn75 renorts that non mylinated
nerves are found in relation to nll the vesscels with smooth
muscle. Therefore the snatomicel basis for control and
redistribution ef intramedullary flow is present.

It con ke seen from the above description thet the
cortical and juxtamedullary nephronc are snotomiculiy
distinet. fTheir blood surnly differs, and in addition
loovs of Henle in the corticml nerhrons are much shorbert?,
Also the plomerulor arrungement is different ond the
Juxtezmedullary sflomerulus is much bigeor, end has a frecter
flomerular filtrotion rntur’a‘ Thun the revorted nlteration
in electrolyte rnd water metabol in eirrhosis and other
diver conditions which have been discusmed nreviously can
be exvlained by a shift in blood flow from outer cortienl
+0 Juxtamedullary rosiong.

The parenchymn of the medullanry napilla is supplied by
long contral branches of the vasa recta'®. Many of these
vegsels are relulively large in culibre and do not hranch
until they coproach the tip of the nanilla, which susposts
that much of the nori~tubular enpillary flow in this rerion




is countercurront78. Fourman and Moffat'’ state thut the
medulila may be supplied via the direct route to the capillary
plexus at the tip of the papilla, or by an indireect route
through the inner and outer peri-tubular capillary neswork.
Rollhaﬂsergl, however sugpedtsd that the medulla is separated
into three regions; i.e. an outer Ktrip, an irnner strip and

a zone for the papilla. He feels that each of these zones
has its own arterial and venous vagn recta, and that capillary
anastamoses between the plexuses are of minor importance.

Shunte_end ancstnmosen

Arterio-venous rnaatamoses were first reported in the

kidney by Spanner 4 but Fourman and NMoffat helieve that
direct arberic-venous onastamoses are not ﬂl"‘f&nt75- They
de however state thut the kidney contains nwierous vessels
of a distensable nature, which, from a physiological point.
of view can act as rapid transit corriers from arteries to
veino. Attempts to find cortical shunts described by
Trabucco gnd Lurque283 or the juxtamedullary shunts described
by Tructs 4 heve also been unsuccessful. It would seem that
short circuite vhich ocour within the kidney are the result
of rapid flow of blood throurh o low vnressure system,
composed of widely dilated normal chonnels'”. The venous
channels dreining the medulla provide such a system and thue
bypasaes have been described nrincinally in the Juxtamedullery
refions. Also og deseribed; symnathetic activity would

reduce Flood to the outer cortex snd the resultent increase
in blood flow %o the juxtamedullary region, would appear

as if shunting hed occured, whercos blood is simply flowing
down the poth of lenst resistenca.

Yeins

The arcunte end interlobar arleries sre accomprniod by
sinple veins. (Pipure 2). The arcunte veins anastamose
with earh other bub these are infroauont’>, The interlobar
veins md in the areunte veins and rceeive the wide
capilluries, which drain ihe cortienl nlexus, ond aome of
the aecending veoa recta75. fhe superfieinl area of the
cortox ig drained by stollote veins which also enter come
of the Interlobrlar veina.
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The medulls is drained by aszcending vasa recta which
open into the arcuate veins directly, or by shori collecting
veins. Some drain inte interlobular veins ', fhe ascending
vasa recta receive many tribularies from the surrounding
peritubular eapillary plexuses. Unlike the arteries lorge
enastamotic channels interconnect major veins, so that
venous drainage is unaffected by closurs of sizable venous
't:mnks7 .

Innervation

The rensl nerves arise mainly from the coeliac plexus, but
kidney also receives fibres from the thoracic and upver
splanchnic nerves, the intermesenteric nerves nnd the
hypogaatric nlexuses. This rich cunvly of ewbonomic nerves
is destined mainly for the blood vessels. The current
evidence indicotes that rensl tubulor structures cre not

invervat ed86 .

ileKenro, ond Angrclilcoss7 observed that in the dop the
nerves follow the course of the blood vessels. These nerves
termirate near the interlobwlar arteries, the afferont
artericles of all nevhrons snd the efferent arterioles of
the juxtrmedullary nep‘arons75. This anatomicsl orremgement
supnorts the contention of Brr;ror"ﬁ that in most species
vasculor resistonce beyond the plomerulus of the outer
cortical nevhrons is rerulsted by loesl metcholie factors
or eirculsntory hormoner. The vopa reetn are only sunplied
with venous innervotion in the outer medullizy rerion, and
nerve fibres do not wenetrete the inner medulla'™,

The majority of the norven nre adronersic but
cholinersie Tibres ore preseni nnd there have ensontinliy
the game ‘d;n‘tribution 6 the ndrencreic ncrvecr «  MceKenna
Angelikon 7 te thot no cholinerpie filres cre found in
aggocintion with the glomerular offerent arterioler, veins
or tubules but they are presont along the vese reotn of
the outer medull+. Althourh dennervelion lends fo
degeneration of the adrenerpic fibrer most of the
cholinerpie fibres remein, susresting that they arige from
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sunglion cells in the hilar region or rensl ne.renchyma.aa.
Pinally offerent nerves hove been degeriked as arising in
the kidney which are subcny;sulur or situated in the remal
vessels .

RECULATION OF INTRA-RMIAL BLOOD FLOW

Within the kidney, denpito serious restrictions immosed

by inadeouate methodolosy (%0 beireviewed below) e large
amount of data from a wide variety of experiments using
different %Yechnicues, have ghovmn that the flow rates of
blood inte the different areas of the kidney are dissimilar,
and are independently regulated.

Cortical flow is extremely hirh. In men and dogn valuues
between 300 and 300 mls/100 G tiseve arce commonly found 6, 8’89.
The flow is slirhily less in onnesthetised enimals™ >, There
iz elso pood correlutbion between corticnl flow and total
renal bloed flow messured directly, which not only confirms
the velidity of ihe corticnl mensurements, but also permits
the extrawolation to corticnl flow, from the vast litersture
on total rennl blood flowB["go’gl Medullaxy flow is not
clearly defined. Functionnlly it is token to represent flow
throurh the hirh resistonce juxte-medullary nephrons ond
their comnlex posi-glomerular apnenduges o. Some methods
however, meapure flow in orecime repions defined as outer
medullary or inner medullery. Sinece moasurcment of medullary
flow is inaccurate :md conmiderable cmounts of the medulln
are supovlied by vecsels oricing from nerhrons which in foet
iie in the coriwr, pub-division of medulla flow isa
artificdnl.

The juxtnomedullory eireulation is u hiph resistance
circuit compared with tho outer cortex, althourh stimulntion
of the sympatheile system may inerenne the resintonce of
the outer cortex considerably, by constryction of the
vepsela paosing directly to the certex no describoed nhove78.
Tho flow rede siven hv vnrioun investigrators of the medullary
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circulation ronge between 30 and 300 mlsas'ag’go.

Nashat feels that this wide scatter is probably due do
imprecise methodology and also ho differences in totel
body haematocrit.

Cortical flow is “eubtorerwlnted", being Llit¥le altered
bty mean perfusion pressures vorying from 80 - 100 mmﬂ;r78’91'92‘93.
In contrast medullory flow appears to be directly related
to perfusion prassure93, althouph Barper end Al.u:kland92
have both shown an increcse in medullary resistence with a
rige in pressure. Since no evidence has been presented
4o attribute the rogulation in the juxtaglomerular region
to the afferent arteriole, it is porsibie that this latter
resudt ig not due to true sutorerulaotion, bul dus Yo
nervous ond endocrine influencns on the posi-glomerular
vessels.

The kidney vogculabure is capeble of ouboremulaztion but
it would spmenr that normelly the control of blood flow
distribution is demendent on the renal nerves, circulating
hormones or nlierations in body electrolytes. Since the
precise noture of sutorerulation within the kidney has not
been clearly oluciiinted, nnd becousoe this study is concerncd
with hormoncl influences on the lidney ofveulation, it will
not be diccussed further. The othor frctors influencing
rennl bloed flow distribution will now be connideved.

The role of the ron:l nerven

In 1883 Cohnheim and Ilqud demonstrated thet sectioning

of the smlemchnie nerves wroduced on inerease in kidney
volume which they stiributed to vegodilatation. They also
stimulated the ncrishnral nerve stumm and showed o reduction
in volume. Bradford®” in 1880 chowed that remal vaso-
constrictor fibren oririnated Trom the sninel sesmonts

P4 0 L? with the most mavked chonges induced by stimulotion
of the lower three dorsal nerves. Recently Takeuchi el ol
have shown that ctimulation of the lateral column, the
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lateral border of the anterior column and the suwsface of

the trensitional zone between the snterior nnd posterior
cotumn from T5 to L., p:rodixce(] an inerease in rennl
resictance, Lvidence for sunrasvninal moﬂificatiog7of renal
merve actividy heve been shwon by Wise and Ganong”', who
ghowed thot stimulation of areas in the medulla lateral to
the midline, nroduced a fifty percen* fall in glomerular
filtration rate, thereby supgesting n i2ll in blcod flew.
Takeu-:nige nlso demunstrated that renal vasoconstriction
may be produced by etirmulation of arcas in the diencenholon.
Alao it has been shown by many workers that the cerebral
cortex muy infuence rencl blood flow. Hog£9? demonetreted
that direet stimulotion of arecs of cerebral cortex produced
renal vasoconciriction and Smithloo reported that fright or
pain reduces renal blood flow by fifty vwercent. In addition

it has been shovm by IMiller and Dicerat? thot voth increases
or decreasas in renal blood flow can be induced by conditioning

exueriments, presumah
changes.

¥ by neurogenically induced vasomotor

In view of the above experimental evidence, it can be
ween that rencl nerve stimulation oroduces consideranble
reductions in Yotal rennl blood flow, hut in addition it
is becoming evident that the renal autonomic nerves may be
responsible for distribution chonpes within the kidney.
Truetn et 51184 on the bosis of dye injection studies,
renorted that ctimulriion of tha ronal nerves shunted blood
av: y from the cortex to the medulls., This hog beon confirmed
by the work of Pome * ueing rodionctive skrynﬁon.
These workers hnve chowm that reducing the vreasure in the
carvtid sinug, or directly stimulotbing tho splonchnic nerves
in the onacathetised dop, leads o e reduetion in cortical
flow and an increcse in tho outer medwllory (juxtomedullary)
flow. This distribulionnl chenge wap almo conlirmed by these
workers waing silicone rubber casts. The relotionshin of
cortienl flow %o symrnthetic sotivity wos clso found by
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Aucklcmdgl although he found thoit medullery flow was aleo
reduced., Fomeranz however mekes the point in his pewer,
that mild stimulction, whioch mey not alter the fotal renal
blood flow, rrodices distributionel changes, and Aucklend's
reoults can vrobably be explained by the fact thet he used
more intsnse nervous stimulation.

Under pormal conditions the cortex receives about
ninety verceni of the totzl renal blovd flow 6. Incrersed
sympathetic activity to kidney reduces not only flow rate
but also the nercentare of blood distributed to the outer
cortaxma. This ig confirmed by several other techniaues
such as suboradiogranhy studies, and renal cnaehs vhich show
elosure ond uvnderfilling of regions in the cortex thereby
giving it a patchy ap}>ear:;nce7 « The medullory vesodilation
geen in circumstences resuliving from increased symnothetic
activity i difficult to explein. It has been surrested
above thot thic is o pacgive consequenc~ of increased
cortienl resisbaonce., HNevertheless there is much evidence
that meduvllery vosedilobion is nctive and medintedathrou{h
neursl or hurmorel pathweys. WeKenne ond An,»j‘clakﬂsﬂ found
cholinerric fibres in the outer medulln which Kashat
rodalotore  Also injections of acebylcholine
Ty flowloz" Alterctions in the nctivity of
the rieh wdrerorpic nerve sunply Lo the efferent arteriocles
mentionnd nbove, would nlro wrofoundly affcet the volume of
blood flowins throurh
from the cbove evidence thnt lho inerenses in medulloxy
blood flow seen under voryine conditions mey be exolrined
either by wognive dilodion, or by nctive neursl mechon

surgrests are
inerecce medul

rerions  Therefore it would comerr

Hormons ], Gontrol

{1) Horrdre dine.  TF would be exnected thet since
norgdrenzling o the wmain nouro-tranrmitter of the symnothetic
nervous :)ystnma‘q, thet intre-rencl perfusion of the hormone
would heve similer effects to penerslised gymnathetic

activation. Thin moy not be +the cace since mn incrorse in
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generalised sympathetic cotiviiy mey elber renovasculer
resistence by an autoreculotory response fo increosed
corticsl blood pressure. It is therefore useiul to consider
the effects of noradrenaline on rencl haemodynamiecs fo
elucidete the primary effect of the sympathetic gyatem on
the blood flow of the kidney.

Noradrencline has both % and g adrenergic receptor
stimulating promerties and evidence hes been obitained that
the kidney poeserses both of these adrenerpic receptors.

The intrerenal infusion of the beta cgonist isoproterencl,
produces o mild vacodilatation in the kidneyl 5. In
conbrast adrenerpic gtimulation apnears to produce major
physiologFical effects on renal haemodynsmics. Norcdrenslipe
which is primerily on % adrenergic egonist oroduces renal
vasoconatriction even in smell amo\mtﬁlog’lo3'106. 1% wlso
appears thoat it not only affects the afferent end efferent
arterioles but the verules #013207, Tt nas miso been
showm thet norndrensline in addition to reducin~ ihe total
renal blood flow, olters the repiongd) distrivation of blood
within the kidney o5 well, Cerrieruloe uging the 5K::*
stotes thot norsdrencline reduces volume of blood dictritwied
to the cortex, with an increcse in both the rate of hlood
flow end :che volume of bleod distributed to the medvlla.
Schrier feels that this ig due to norcdrencline
exerting o nrefesenticl vasoconstricior effect on the
efferent arteriols, beccuse the fall in glomerular filtration
rate is less thin the decreane in renal blood flow. He
feele thot in smnl) domes, nild vonstriction of afferent .
arteriole may be counterbalonced iy sufficient constriction
of the efforont arteri e, therchy muintrining glomerular
filtration rate constent althowrh renul blood flow is
decrecned.  The coumberonrl of this effect mey accur duvine
£ adroneryic stiruletion with isoprotere:: n which
proferential vogodilatntion of the efferont orteriole, Lesdw
to a rise in rensl blood flow wvhile slomerular £ilbrotion
rute reme: 78

ns congle
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In coni. .t to these resultc, some workers, using
rediccclive microcrhere, have faile?® %o demonsirote ony
effoct on remnl Llood Flow distribution of either renal
nervo x:i'imul"tionl(‘:“ ar infucion of nora&renalinelog-
Also, thene invectirntors mecsured renal blood fluw during
hrenorrh e rnd medintoined thet it is the hypotension
produced hy the hremorrhnre %hat produces o decrensed
corticnl bloos flow rnd not r concomiteont incrense in
cireuls nines,  Thins exnlancticn wer based on
the demonntrrizon thet ihe deeronce of the fractional to
the ouber cortux could e wnroduced by r decrensed renal
verfucion oronsurc, bul not by norcdrencline or rrslotensin
infusiion. Schrit\rlc"7 mertions that the brceline level of
1t in determinine renal

nr ¢ 'echo

vasculoy tone mey be imvori

vascuwlor reoponse to voricas sotiruli. For exrmnle, in the
‘pregence of o high control level of rencl voccvler

recictance, ecdrener~ic stimulction moey be ioso effective,

i

but cry vagodilotory rerronce be cecenturted. This lotter
lion could be tie wernon for the conflicting resulis

reported urd rodionetive mierogspheres.

Furthor evidence thou rdrenersic stimuletion in the
kidney crucer o redisiribution of the rlood flow rwey fron
the cortex, is teen in nitients with heryy Snilure. In
ihene there is o hisd concentr tion ol ondogenous ectechol-

3
10 and peocurenento of introrencl vlood Flow distribe
11

ution . nd i - oof Llood r
Thic inere o

v from the cortex™
th &

ool rroiotrnee wns reversed
croerbs inoneddente™ ? tnd in

AR hovrt foilure, Therefore in
congiderine #11 the ovidenee 14 would seem that
adrenerric cfimulrtion Ly vorrdrensline or by renal nerve

+ o deercesad reurd blood flow with rlterrtioas
in distrihudio.~1 flow. However, it musi be rerlised thed
ohimidation of .un synw
This dn furn 0 ur oo

adren

exner

eblec syuben oleo releoroes reninl”’lm‘

loterain II vhich is o votent remnl

vanorenetrictor.  This cvatem will now be considered.

The Renin-or ‘otensin Srotem end Rensl Hoemodimemics
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The Renin-rmeiotenzin System ond Rennl Hoomodynnamics

There is considerable ovidence that increased aetivity of

the adrenergic nervous syst‘em nrovidea o notent stimulus to
inereased renin secretion. Beveral manouevers are knovn %o
stimulate both sympathetic neursl nathways and renin release

116,117 o rotid ocelusion™8, direct

ineluding hoemorrhage
stimulation of the renal norv05114’115 infusions of
catecholomines or ganrlion stimulating n{'nn‘usl”, stimulation
of the mid brainllg and hyposlycaemic npentslzo. it hag
been propoued that eilher circvlating cotecholomines or
amines from the adrencl medullo or noradrencline libersted

ot rensl cdrenergic nerve termincls or & combination thereof,
may mediate these responscslm.

There are several sugrested mechonioms whereby cdrencrgic
stimulation may cause an dnerease in renal excretion of renin.
It has been sugprested thet the remel vesoconstriction
asgocinted with adrenergic stimulation, could increase

renin relense by decreasing sodium Cslivery to the mocula
denso, :.real?l. It has also been suggested thet clterstions
in prescure affect on intrarennl recenbor site rnd thexehy
influence venin nooretion™™?, Recent evidence wonld currom
that eympcthetic ~timulotion inerenses renin relense tr o
direct affect on tho Jjuxto-rlomerulor eells. The Juxis
glomerular cells are richly innerveied by wost~prnglionic
nerve fibre:l??’, and it cppesrs that the mechaniom for renin
release is vin o B recenbor, since propremoclol.is eble to
vrevent renir relense by the olimidi mentioned .ﬂ.bovalm’l?s.
In contrast 4o thin Winer ot ~1*?7 nave demonatrrteod that
both propranclol and the & ontrgronist phentolumine provents
the abilit, i norpdrenrline to inerensc ronmin secretion.
Other workors however heove chovn that & blockade increnses
renis. ncrra‘tionllE, so that altkourh the expct mechnnden of
renin relempe romning s yol unidentified, it would scem

thet & cdrencrsic stimulotion lo certainly :'mvolvodlps.
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Within the kidney the renin-sngiotenrin system is itselr
involved in the distribution of the resional blood flow,
Many workers have shown that angiotensin infused into the
rengl artery produces a dose dependent reduction in
flow1°2’103’127. Brech et 212?® have shown that during
reduction of perfusion pressure below the autoregulatory
renge & redistribution of intrarenal perfusion could be
vbserved from the outer corticel %o the inner cortical-
Juxtamedullary compertments, vhich was more pronounced in
renin depleted than in nermel animals. Also in wormal dogs
reduction of perfusion pressure resulted in an increase in
outer cortical perfusion rate s long an auloreguvlation was
maintained, wherems in renin denleted animale, outer corti-~
cal perfusion rates decreased in proportion t¢ pressure
reduction. These workers conclude that the regsulation of
blood flow within the kidney involves two mechanisms; one
located in the outer corticel crea under the influence of
the renin enriotensin syotem, end the other located in the
Juxtamedullary compartment and indevendent of the renin
engiotensin system. This contention is supported by the
finding thrt the preatest concentration of renin is found
in the outer cortical arest’°. In addition Hornyeh et 2130
have infused anriotensin II into the kidney and shown that it
produced vasoconstriction of the glomeruli of the outer
cortical rerionm “wt that it hed no effect on the juxto~
medullery rroun of nevhrong. In uddition these chonges
were noy prevented by en . adrenergic blocking agent.

Prom the nbove deuerintion it can be seen that the
gympathelic nervous syntom and the renin mnriotensin
system are intimately linked. Similer stimuli result in
incrensed sympatheiic scetivity ond inerenped renin
relenne. Furthermore symnathetic nebivity iteell con
release renin :md within the kidney hoth sngiotencin and
noradrenaline have similur effects. Thercfore when cone-
sidering eny changen of rennl hlood flow distribution one
must toke hoth systems ints account.
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(4) Adrenntine.

Adrennline may also contribute to the vasoconstriction
produced by sympothetic stimulaoiion, marticularly since
it is alpo released by the adrenal medulla in rosponse to

guch stimulationse. Tt hos been found that intravenous

injections of adrenaline decreased remol blood 1’10wl31’l32~
@his has been interpreted ag being due to sn efferent
vasocons';ricﬁion]'ﬁ. Oceesionally small doses of adrensline
have been reported to induce renovasodil::‘az-tionlM. Since
adrenaline is both an alpha and beta stimuletor thie is

not unexpected ond probably the effects of adrenaline on
renal perfusion is doze dependent; smrll doses producing
vagodilatetion vhile larger doses rcovlt in vesoconstriction.

(5) Prostarlondinsg.

These ere 70 carbon-linid soluble unsaturated hydroxy-
acidsl35. Six primary wrostosrlandin are known to occur
naturally, PGE) POB, RGE, POP,, POT,, and RCP,, EZ

The main renel proctoslanding are PGE, and PGFZ(( .
Infusions of PGEy into the rennl artery of the dog results
in a marked vasodilatory reumonse in which reunovascular
resistance is anoroximately helveald®, PG}-}l olse couges &
redistribution of blood v fromthe medulls towards the
outer ¢ bext3 mnd it has been suprested by MeGiff et a1136
that PGL communds opmoce the renovogoconstrictor sctions of
angiotensin gnd norudrencline. This is aupportod by the
work of Ttrkovitsld! rnd MeGiff, These workers showed that
when synthesic of prosierlondins i prevented by tha
edminigtrotion of indomethncin, tho infusions of onriotensin
result in vinoconustriction in both the medulls and the
cortex. This contention that rencl nrostarlemdins act
primarily es loenl vasodilrtor hormones in the deen cortex
and medwlls is supnorted by the finding thet these hormones
ere formed primarily in the medulln and depraded in the
co_rtexlBs. Thus when rennl synthesin is inereosed a large
Traction of bBlood norfusen the inmer cordex nnd medulles
when renul syntho is deereaced, rg alter indomethacin
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administration the fraction of inner cortical bloed flow
diminishes. Thus it can be scen that the prontsglanding

of the E series oppose the cortical constriclion ceused by
norsdrenaline and angiotensin. In contrast to this it wouwld
appear that infusion of PGF. « causes a merked increase in
repal vascular resistancelﬁ.

{) Role of electirolvies in the conirol of renal blood flow.

It hae been mentioned above that one of the mechanisms
provosed for the control of renin secretion is the amount
of sodium which reaches the mocule densa of the juxta~
glomerular avv ratus. Althoush this theory is not univer~
sally accepbed, there is good evidence that sodium concen~
Yration does affect renal Ylood flow due to its effect on
renin secretion.

Horster and Thurewt3% founa that = chronic increase in
dietory sodium intrke, gnve rise 0 2 redistribution of
single nephron ylomerular filtration rotec towards the
superficial nevhrons. This is sunported by work on intra~
renel distribution of blood in men on high ond low sodium
diets, Here it has been shovn thet sodium depravation

iner es renin setivity end the recultent formation of
angiotencin cromen & redistrivution of “lood towards the
medullary navhrons, while sodium incr hag the opnesite
efroct??T 340281 1y sontrant o thi, ner workerst42:143

have found thot nodivm balonce hng no effoct on intrarenal
digtribution of b.ood. I+% would amnear however that

sodium bulonee certoinly affecls ronin srcrehonl 7,142,143
and that it iz most likely
charg ot in rennl haemodyn:i
enriotensin.

at this produces aecondary
.es via the formztion of

Potroniun may elso affect renin rolencs :m‘d ‘rereby
produce condnry effveln ¢n the rennld vosculabure.
Vandor! M . o shogm thet direct intro-orterinl infusions
of motusrir: chloride in pult-denloied Aops, wroduced
ighibitior vv renin rel

ae nnd nlpo reducesn sodium resbuormiion
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by the kidney. This has been confirmed in man145’146’147’148.
It has been sugrested that this inhibitory effect of
potassium on ronin. secretion is racondary vo.depressien:of
sodium absorption from the proximal tubulel45. However a
recent micro-puncture study reveeled thet infuaions of
potassium produces no increase in the delivery of sodium
from the proximal tubuleu’g. Therefore the exacr mechanism
of renin suwpresion by potessium is unknovrn . The secondary
alterations in renal haemedynarics produced by hyperkalesemia
are due to the supression of ronin release and no’ due to
primary effects of potassium, since infusionxof potassium
into the kidney produces no change in renal blood f10w149.

Summzry.

The renal circulation ond ite innervation was described in
detail. The regulation of renal blood flow was also reviewed
and the role of the renal nerves and hormonal influences
such zs the calecholemines and the prostaglendins was
described. The renin sngiotensin system and its role in

the regulation of renal blood flow was reviewed and in
addition the influence of electrolyte alierztions on renal

¥ :modynamics was described.
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METHODS OF MEASUREMENT OF RENAL_BLOOD FLOW

There are many technioues of total renal blood flow. The
early methods made use of radio opague congirast material,
or mercury renograms, but these are only an index of fotel
renal function and not a snecific measure of renal blood flow.

Bstimation of renal blood flow by measuring the clearance
of pare~amino hippurete (PAH) has been used and is based on
the equation %_%_A = F(Ca - Cv)
where € u = gmount of indicator substance excreted in the
‘urine

F = rote of blocd flow in mls ~ min
Ca & Cv = concentration of indicator substance in renal

n

arterial end venous bload
% = change in time over which measurements were made.

This approach reguires a steady state, negligible 1des-
of indicobor in renal lymph, constent reucl arterial and
venous bloed flow rates end excretion of sufficient quentities
of indicator to ensure cccurale measurement. Also this
method has limitedions in thot urine flow needs to be at o
high rate end toth venous and arterizl ronal blood need to
be sampled for true cecuracy. Also if alterations in
blood flow distribution cccur, then PAH clearance will give
false readings, For exomnle if blood inm shunted away from
the cortex o foulty low measurement will be obtained since
fewer neparons nre being werfuged.

In exnerimental animels the electromngmnetic flow meter
cen be used znd nrovides an nccurnte mensure of total
renzl flow nrovided no kinking of the artery occurs. Also
simpler methods such as menourement of rennl venous drainege
ver unit time, =md dye dilubion techniauen using indocyanine
may be used. Since this study was not ° ncoerned with
alterations in total renal blood Tlow, m% with introrenal
distribution of bleod, the measurcment of totsl renal blood
flow will not be considered further.
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MBASURBMENT OF INTRARENAL SLOOD_FIOd# DISTRIBUNTON

1) Ban

Changes in PAH extraction have been used to measure intra~
renal blood flow distribution by several workere? 201151,

This is bosed on the assumntion that PAH is secreted by
tubular cells of the cortical nevhrons ond not by the cells

of the juxtemedullary nevhrong. A fall in renal extroction

of PAH is thus interpreted as 2 shift away from the corticel
nephrons. However 'I‘lwuraul'r’? has shown that the concentration
of dye in the vasa recta is much higher than in arterial
blood, thus implying thot renal cortical flow is undercstimst.d
and renal medullary flow over-estimoted by this technicue.
This is aleo suprorted by the finding by several workers

thet PAH may be secreted by the juxbtamedullary nephrox1315?’153.
In addition PAH may be reteined in the !idney ut low urine
Tlow rates cnd the incccvrscy of this methcd ore great when
the extroction iz low %, Therefore @nta obteined from thig
method are susvect end Auck],an615'5 foels that this method

1s not valid under sny circumstances.

Renogronhy

This method emprloys the mensurement of the trensit time of
a radionctive substuonce in different nephrons, as a
functional besis Tor mecsuring indrorennl distribution of
blood, To merform n rvenepyem wn indicator radio-isotone

is injected intravenously snd the rodionctivity over one or
both kidneys ie mencumred by an extern: redintion detector.
The subelnnce first vsed was diedrast™ ™) but now hinwuran
131y or 1571 4 more commonly uegti 157158 because legs
bilinry excretion of hiwpuran occurs thon with diodraat] 57.
Redivactivity-time curves recorded are usunlly inbernroted
as nermol, or abhormsl demendine on the rate ot which
radionetivity aceumulutes in ench kidney, the maximol rodio-
activity mensured over ench kiduney and the rnte ot which
radiorctivity dicempenrs from ench kidney., The rote pt
vhich radionetivity necoumulatos in the kidney denends on

1) the disporsion of the indicntor in the orterinl bloed

2) the proportion of iofial cardinc oubput flowing throurh
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each kidney.

3) the proportion of redioactive substonce that is cleared
by the kidney snd remnins in the oroon

4) the rate of disappearxance of the indieator from +
arterial blocd.

The maximal zmount of radionct:vity neasured over each

kidney depends on:

1)} the smount of indicator injected

2) the renal ciearance of the indicator by glonerulsr
filtrotion and proxinal tubular seceretion

3} the trons "t time required for the redionctive substence
40 leave tne kidney ofter it enters the tubule

4) the efficiency of the measuring apparatus.

The slope of the dimawncorence is determined by

1) the rate at which radionctivity indicator leaves arterinl

blood by secretion from hoth kidneys
2) the meon % i time for tubular fluids tc move throush
the kidney which in turn devends on glomerular filtration

rate, tubular volumes, renbsorption of tubtulsr fluid.

Thus @8 o sc'reonin" technicue for detection for rennl
disease renorrochy is veluchble, but it does not provide
guantitetive : nt of renal blood flow or rensl blood
flow distribution, moinly becnuge the internretotion is
comnlicnted by the »nasarre of the murker in both rlomerulor
filtrate ond olso the vlood.

3) Loerl Hethods

ourer

In this o frocer is injected into the rennl srtery. Fine
detelbure ore dnserted into different rorione of the kidney
‘4o follow the elcowenen of the indientor. Auklend ot algl
schurnte tho kifney with hydroron ~ru cnd then follow ite
clenrnnce with the wo roohic needles thod mecsure hydrogen
concentrotion.  Another mothod iz to nesnurc arrivel times
of red blood colls Lnbelled with ¥7n or %o wne thernisbors

o study heot disrdnstion.




Theae methods are gll damaging to the kidney and measure
ow in precise anatomicol locetions which may be componed
of functionally different marts. Alco any indicator uned
t0 mensurc distribution of blood flow from concentration-
time curves , must be detectnble with great accurcey and
must have negligable rocirculation dvaing strpling time.
Although small radirtion detectors or fibie-.pilc cathoters
may provide indicotor dilution curves with a suiteble
sensitivity, the reciveulation of non diffusable indicator
is dirficult to auantitate by any techniaue7 .

Radiopetbive microsuvheres

The distribution of emall porticles that cannot pass throush
the capillaries can 2lso be used to mensure renal hlood
flow. If the particles are completely mixed in systemic
arteris blocd, the froaction of Ylood flowing Yo an orean
is the same os the fraction of all the particles injected
or recovered in that orgen. "hus if the total number of
particles rre knovm, the blood fiow to any orgen or regicn
can be determined r.ccordir}n to the esouation:

Fi = F2 G
where Fi = rate of hlood Ilow o the orgcn or resion
in mi/min
PE = card catnut or fotal oreov flow in ml/min

n

Qi = number of nuriicles rccovernble in ihe tissue
¢t = number of nerticles injocted

Similarly if blood flow to on orpen is kunown then
repionel flow cen be debermined by the some eountion,
licro oaheres Lebelled with ‘vitorhium or Sgtrontivn are
among ¥ the morkers umd1,5£;,.159,160.

This method ia valuahle tnd could be onntomicelly
precise but ils mnin limitation 45 the neccomity to secrifice
mn organ or the entire mnimal for one mensuroment. Also
it hes boen fuend thet these micronvheres do not ness further
then the efferont erderisis mnd rlomervli when uaing
mierogpheres 3%. in dirmeter, md sinece theoy do not cormnact
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in the peri-tubular copillaries this technique connot be
uged for mensurement of bloed flow in the medullary region.

2ne 233yenon Technicue

The technicue for mr~csurement of intrarennl hlood flow
digsributio: Thot hag received widest snplicetion ig that
invelving repid intro~arterinl injections of 851{1‘ or 133Xe
and meapurenent of the rate which radiorctivity eppears
from the kidney. By this technicue measurements can be nade
reyestedly in the unoncetheticed snd an-:thetised subject
and chunges in rensl introyennl) distr tion can be » ily
detected7 . Since BKr 34 133){9 are highly livid-soluble
they diffuse freely zcross the capillary walls end thair
troneit throush the renal vesculor system is thereby pro-
longed beyond the transit fime for non diffusable indicators
Xenon wos used in this study but the decerintion annlies

78

eauzlly to krynvon,

The principle poverning the exchange of inert gores in
the tizrues were outlined ' ¥y Kety in 1951161". He stated that,
at equilibrivm, an inert ~us will distribute iteelf in the
blood ond tissuwes accordin~ te 1ts reswective solubility in
each, The rssumntion thot the worfuscbility of xenon is
sufficiently hirh to mrimtoin eouilibrium between = tissue
and the venove blood lw. vins that tissuo, under rll vhysio-
loricel condition, ollewvs for the followiur ecuations to be
formulated for the unirke end washout of cn inert oo in o

hisgues .
vi= 4 (0r - ov) =1 1—0—)\—;&—'

Cz = concentrotion of indicator in crterisl blood

Ov = conconbration of indicctor in venous blood
Ci = concentration of the indicetor in the tissuc
T = tine
Vi = weight of the tissues
Fi = Blood flow
Al = anrtition coefficient for the indicetor between

venous blood cnd the fisnues.




It ¢on be mocumed that following a ropid injection of
the inert gns to the tissues in the desaturntion period
that Ca == O because of the very effective slimination of
the gas vin the lungs.

Therefore with sn initioal comdition

Ci = 010 at =0

Ci = clO - klt

where e = exnonential e
o EL
= ¥TXI
or for the totnl amownt of gms in the tiosue
~kib
- L]
Ci = Qio

Thie equotion is euly veiid for o tissue with homogenous
perfusion. For an orgen with different perfusion zones the
total omount of indi

otor & is piven by
o kLt
%o
iet
A similay wlot of Qi/flio areingt time then gives:

0.693

vhere P = time in minvtes for Qi/rzio %0 be reduced to \ﬂ
helf its numerical volue.

Then from ki the flow rofio in obbnined if ), is knovn
from

=ty ¥
The blood flow rate in cach gone com be erlculated
aceording o the above equatilon, i
Blood flow mor unit mras of renol tilssue is thon determined I
from {he olone of ench erurtion usinge the Tollowing formuln:

i (ml/200¢, T ldox AL x 100 ¥ 60
Aol XD X

Vhere B is the specific eravity vhich can be gssumed 4o
be equal do 1
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N i 69 i x 100 60
Fi (mle/100g/min) = —-,—»(—-;2“6 2 % Al x &

In enimal exveriments the porbition cocffieient for xenon
between l'idnev tisoue omd blood wes found by Ladefoged to
“be 0.7

Becouse hremoplobin hos en affinity for xenon this value
for hag in turn to be corrected using the formula:

A= 0.7% k8o { Bron Sedofoged

where PCV = hoomotoerit ut time of mencureoment.

16.2;

The percentn~e of toterl rennl blood flow Yo ench
compertment ic coleulated from the zero time intercemt of
each comwonont cfter » semi-loporithmi 'nlotl ]’“ The speed
of injection of “33Xe doos not sifmificontly eifect the
blood flow/unit moss of ticsue but does incrernse the
percentrge distribution to the gecond and third components

£ slow injection isg u.sm‘.]'cﬁ' Therefore in gll exneriments
2 ronid injection of xenon wns uviiliszed.

1% is olso possible to mecsure the mesn reonrl bleod
flow by using the hAnlf time of ‘he initisl szlope of the
weshout curve and Lvdnfcrcdl “"nos oblnined sood correlntion
wetween o menn rennl blood Flow obirined using this method
and simultrneous flow meter mersurements. IHowever, ss shown
by Ingver cn Lr"ﬂcnl(" , the rversre flow of marcllel
comnortaents ern only be crleulated from the initicl slowe

wnerTrnee curve, mensured from ~ vhole orenn,

1 coneuntration of indicetor in ihe various
comvertments exict in identienl concentrationn, With
difforing initicl concontrationn a differcnt summation
curve ney be obbeined rnd the initizl slome may not »rovide
eceurnte mernurements of mee blood flow throurh the vhole
orpon, Therofore mean renrsl blood flow hng not boon
calevlated in thie study. In rccentine the forumlne snd
applyin~ thon to tho monscurement of orprn norfusion certmin
bagic sosumntions must be made which recuire consideretion:
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I. INSTANPAINOUS RUILTBRIUN DRI TLOCD_AYD TTRAUR

If a colewlation of tissue .flow is to be valid, the gas
wged must be inert ond freely diffuseble, cllowing instont-~
aneous homogenous diffusion to occur between blood tissue
in o single possage of blood throurh the orgen. The gn
wil® then meintein equilibrium between the ticsucs and
venous blood leaving the tissue under all physiological
conditions. The good rpreement between renal blood flow
meesured using a radiocantive inert roc lechnicue and direcd
fiow mever mensurenents supports the view that this ascump-
tion may be madet &,

As mentioned thore are two inert pases with the neceseory
diffugibility vhich nmey ve used, These are Xe and 5Kr.
Both may be used for neasuring renal d intrarensl bloed
flow. 3%c is uced in this study. This is because xenon
is predomincntly o gomne amittcrlb“(‘ which is more suitable
for externcl counting then 5Kr, which is mainly a beta
emitter’''. The partition coefficient of xonon with resnect
10 the kidney is 65% thot of krynton, rerulbing in = Tester.
*woshout" of xenon from the kidney nnd thercby a curve
which iz ersier %o pmly:‘,cm. Finally xenon has a narrow
enexryy snectrum which allows the use of & pulso heigbt
discriminetor with » narrow window, thus renderins the
hackeround :c_tivi'l;,y inslemificent and incressing the nceurocy
of counting~ .

II. PRESHHCD OF A W R OF PARALLEL Z0IiES BACH WITH

HOUOGH:CUS PURPUILYOL

The ecustionn used in the crlewlntion of the mesn tisoue
blood flow cre bosed on the assumntion thet differontly
perfused zones ore nrreneod in porallel. As described the
main blood sunmly of the medulle is from the vena reels
vhich crise from the juntemedvdlary mene of the cortex,
thug nrovidin~ o non nerallol orm ment of blood sunmly
in this rres. Also vhile it is versonrble to sssume thot
homogenous diffusion of blood occurs in the cortex, this

I
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18 not the cnse in tha remainder of the lidney. The
measurements of Deetjen cb a1164 ond others indieato thet
blaod {low decrenses wrosressively from higher volues in

the outer medulls to lower values in the pupilla. The
subdivigion therefore of the medulla into dietinet perfusion
zones is therefore rather arbitnry. And as will be scen
later vhen discussing the technicue used in the exneriments
medullory flow was nol considered cccurabe enourh for
comorrative measurement.

IIT. RECIRCULATION

For Koty's nrincinles %o be valid the concentrntion of the
ges in arierial blood must be neglipible oxcent immediately
efter injection. It has been showvm by Cmdﬂaylé’ that
virtually oll the ras is evnired éurine the single maccare
throuch the lun~g and the Little that remains is diluted

in the remnining circulntion. fThe kidney however receives a
gu=rier of the cordice oubwut ond therofore small amounts
of gos remcining ofter wassing in the lunes may influence
the ghone of the wrshoul curve,

Ladeforcdlea hre ghovn that whon intro-artericl injectionas
era used the recirevlcotion of xenon i relnlbively urimvortent
in determining the ovter corticrl flow, but fthri it may be
regponaible for r mmnll arror in the juxtemednllory

3 dersble orror in -
fhe nensurenent of medullrry
11 be commented on latox.

REIOVAT, OF T4 040 RY UR

remeats of

s OR TP

There chould be norliritle loss of the rna by wrine or lywnh.
Vhile +nis dis nlmoot certrinly the cre ot in the remal cortex
end outer medwlls Gue to their high rate of blood flow, in
the inner medullsr whero blood flow ig plower there moy be
some Lymnhntic drainese. It hos been shown by N::::hr.tse

that only 450 of 133}(0 dolivered to the innor medulla snnerred
in 4he urine. In radition the weirht of tlood flov throuth
thig arce of the kidney in g0 smnll in comnordson with the
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rest of the kidney, thal urinary loss of Xe ig not sifmificant,

Therefore from the rbove dinscuscion it can he seen that
the effect of recirculation »nd lymvhetic draingge on the
determination of the clenronce of Xe from the inner medulla,
as well cs the orrangement of the blood sumply to the medulla
probably makes the mecpurement of the blood flow in the
inner medulle inaccurcte. Thereforc, althourh this was
meacured in this ztudy, clterations of blood flow in this
area need to bo treated with reserve. Other criticilsms
of the 133){(—: method will be discussoed after the exnerimontal
resulds hove been nregentoed.
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FENAL_BLOOD FLOW DISTRIRUPION TH ORSINUCLIVE JAUNDTICR

It hos been mentioned in the introduction to thir thesis
thai renal failure is o common complicotion of decommensaied
cirrhosis of the livcr2’3’4. It hos cloo been ghovm that
chenges in introrensl bleod flow distribution cecur in
cirrhouis before the onget of overt renol fnilure7’10’l?’3s.
These changen ars o phift in blood flow distribuviicn fron
the outer cortex to the juxtomedullery region.

In obstructive jouvndice there iz 0lso o hiph incidence
of rencl failusn particulsrly in the post-operative neriod
15’48’49’50. It has been sugrested that the cruse of this
is =n increcsed sensitivity of the kidney to periods of
hypotension nnd i(:ch?emis.15’]'7’5?. No stvdiec heve been
carried out Yo determine whethor, in common with cirrhosis,
there are chrnges in intro-rensl blood flow distridbution in
obstructive joundiee wnricr to the onset of overt rensl
failure. In this gection therefore tho chenpes in intra~
renzl blood flow in emwerimentnlly induced obstructive
Jaundice in the baboon mencur. t h the 133)(0 techanicue
are nresented. In addifior, g o mneriods of hr ~otension
are mnsocinrbed with inereased levels of ecirculatine
cxtecnol o me‘.l 5, the offeets of norrdrenpline on rennl
blood flow dintribution in obaotructive joundice ws
studicd ond attemwis were mode Yo reverse these.

2lso

It wao aloo mentloned in tho introduction the* in
the funetionsl rensl frilure of cirrhosic, there is very
1ittle chense in rensd hintolor.vm. Beunt® nne suscestod
thet eonjuraved bilirubin is dhe fretor resvonaible for the
Samese to the rennl eells ond in dhe introduction it wan
aloo mentioned fhnt dilirubia is in Teet toxic to celle.
Therefore the histolory of the kidney fellowing r noriod
of obstruetive jrundice will rlno be nronentoed in this
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Methods ond Noterinls

27 Came $hacms baboona {Fapio ursinus) of both sexes and
weirhing bolween 10 ond 20 kilograms were uged in the study.
They wore anaethetised with a nre-medicriing dose of
phenyleyclidine (Sernylen - Poarke Davip) followed by an
snacthetiving dose of pentobarbhitone (Membutal - Abbott).
The onimols were then intubated and ventilnted using a
Hai‘vz‘rrd variable phase respirator. The left or right renal
artery wes exnosed by ¢ ara~costal incision into the
rebroperitonerl spnee. No ronnl copsular strivving woe
done and the kidney wos handled as 1ittle cs possible,

A twenty-Tive gouse, 1 cm long necodle won inmerted into

the lumen of the rencl ertery in the direction of flow.

The necedle attoched to polythene tubing nt the other
end of whi‘ch was fithed a three w.y tap to olloy n constant
infusion of seline, or test solwulicn, by o Harverd infusion
pump. Bolus injections of 133Xe (250 04 in 50 mls) into
the renal siliery were rlso made via this system.

Phasic and mern arterinl bload nrecrure was monitored
throvwrh a femoral zrtery cotheter by ~ Stathom nrensure
dranaducer connceted 10 o Beeckmen 411 dynegraph. 'he
elsctrocardiorren snd herrt rite were continuclly recorded
andé in each experiment reriodic meacurements of PnCOP and

a(}P using an. m (Andiometor) were nlgo done.. Proked
cell volwme (POV) wes detormined every hour ond this volue
weg used to control the rote of intrrvenous suline imfusion
1o remlace Fluid lopt-dwing the exmerimente. A diapramatic
revrecentation of the exnerimentnl apmuratus used, ccn be
seen in Firure 3.

Thres moasurcments of intrarensl blood flow were verformed
on ench animol end then fYhe commor. bile duet wnr lipated
vin an cbdominal anvrorch. A1l woundo wore ‘hon sutured
rnd the ~nimnle siven P million wnils of eryatnline
weniedllin. In 5 snimolo repent neanurementa of flow were
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taio meler

Fipure 3. SCHBEMATIC REPRRBOBHTATION OF THE BXPHRILSNEA
APPARATUSG
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mede one week after surpery and in 13 animals two weekn
after lifating t.e common bile duct.

In both gre-~g noradrenaline in noamel spline was
infused darectly into the renal arlery in doses ranging
from 0.005 to 0.5 p¢r/min. The dose response curves were
compared with thore previously reported in normnl ancethe-
tised ‘u:*‘croom::L 1 . It has nlso been shown thot an slphe
-adrenergic blocking nrent onn attenunte .orndrencline induced
vnso—constricticnlm. In 5 exneriments the alvha adreno-~
recertor blocker vhenoxybensamine (PB2) wos infused
(20p ¢/nin for 30 mins.) simultsneovsly witk a constrictor
dose of noradrennline (0.5 mg/min Tor 30 ming) into the
renal artery. fho effect of the bete adreno-recentor
vlocker propremolol(ll sy/ain for 30 mins) wns cesesced in
the same wny. In further four cnimels vheaoxybenzanine
wen infuged aslone i.c. without o constrictor dose of
noradrenaline.

Five gninals wverce oubjeeted to cham omerations in vhich
the common bile duct wues monipuloated Lt not liroted, but
all other nrocedures vere identicel. In these snimels
revent indrr-ren~l blood flow meusureuents were done two
weeks after the control flow.

In soch exwerinment blood was taken for the measurement
of bilirubin (direct #nd botrl) Hronremianses, olkeline
nhooohntone, uren, codium, notasaivm,
Blood pomnlen were collected ore hour rfter the nnne:
and before sny surrery in ecrch cace. AlL ctedistical
annlyses verce done on rbroiule voluen by o wnired Stulente
Y test or by n Wilcowin Rrak test for the nercentoge
chengres, since th are nol normnlly distribulod.

Arplicction of the Jenen teehnjcue

Por the moomurement of tinsue blood fflow by the rnfio-

active weohout method the srovmmiion is mede thnt ~ harhly
diffuseble mbgicnee will eruilibrete between bledd ond
tirsue in o pinsle noconre of the indiertor throv n the

copillary beatol,

]‘33)(0 injoctod into the renul :ri
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comes into diffusion ecuilibrium with the renel ¥issues as
it posses throurh the conillaory. The wctivity in the
tissues then deelines beenune subsecguent blsod flowing
through the kidney contains very little 133Xe. The ras
then diffuses Yack from the renal porenchymn and is removed
by the vernous droinore. The epeed ot whicr the retivity
declines is nroportioncl to the blood flowlél. The weshout
of the gas is then a mencure of the nubrient blood flow
and cen bs colewlated From o recording of the disone va
rate of the isotore merrured with rm externnl seintillntion
counter. In thece exverimentz the woshout of ths solome
from the kidney wns recorded by menns of n 5 om dirmeter
collinnted meintillation detector »leced over the kidney.
The wrobz weg connected to o rote meter snd ovulse heishd
eanlyser sogombly »nd tie outnut recorded n a teletvve
printout and on punch t-ma for subseouent commrtar mmd

ow won et at B 4

mennzl rnelysic,  The-diseriminntor
and 48 = 5, Peck rréro-rctivity courts recorfed were ot
lerst four times the round count nnd o time constontd
of one gecond urcd throu-hout.

hout curve recordoed frem the kidner iz

1 nnd oen be recolved indo - sories of

ch nrpociried with difTeront bleod flow rotes
throurh loenlined rerions of the kidno,‘,'w?. The decrerse
in rudio-nctivit: o funetion of time is mlotted on o

¢ mattOt, 4 atroisht line ic fitted to the termine)
linerr prrt of fhe curve rnd extwyomol-ted 4o rero time.
Thin rerresents the slow commonent of tho trocin~, fhe
countn mer nacond h nodnt. on the ortrenoloted line
ere thonoublricted srevhicondly fron the corresronding

point on tho oririncl curve, wrodueir L onew eurve. A
slredeh ¢ dravm Whvouen the tor 1 ddnous nort of

the curve rnd axtrrnolrted Lo rero represente the noxt
comvonent. This wrocedure im womertod on the now curve
until the resultings cormonent i - etreishiy J,irm]s'n. e
cuantity of inert rns received by cach component is propor-

The xenon v
multi-exnoren
comnonenti,; o
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tionsl to the fraction of the total renal blood flow
constiituting thut componentlrlo. Rondom error muy he
introduced in the iransloecgtion of the washout curvs from
the recorder writer to the semi-log relot, ond in tre visunl'
estimption of the slope and henes.the hedf $ime o'i'sthe'-curvelw-'.
Therefore more occurnte curve rendings con be obtnined uping
an enalog or dipitel computer. In these oxpnriments o dipfital
computer (IBM 370) wes used ond the curve snalyced by the
wethod of 1. 1 sguarea. Huevd onalysis wog only usced when

1 eurves guch as funion cvrves (see below) were
obtained.

I% hos also heer suggested by Z:i.en:‘lc:r]"iv'2 that Xeby's
equrtions which have been derived nbovo,,ﬂo not pivooan
accurnte renrecentotion of blood flow throuvghthe tissuves
since thege equabion sume that blood is flowingy throurh
separrte commortmenta. He believes thot by analysing the

arep. under the curve onc in oble vo obtnir: g more scourate
estimotion of 1he blood Flow throurh n ticeue. bed. . However
using this method, it ic only moumible to obitran teotel
blood flew retes throwr. the nartienlrr ticsuve beins
investircted. As this sdudy won concerned with tlcod flow
distribution chenres within the tissve 4 o felr thet
Zierlerts method did rot rmoly ond exnonenticl tnolysis of
the curve using the Tely's ecuntions wan ured.

In beboon kidney the multi-oxnonentirl curve for xenon
con be resolved iniw. ihrec comnonents. 'L‘hcrl\urn”' uning
5Kr in the dorr widney rhowad thei the erxly content of
reélo-netivity ¢rn loe~ted in lhe corbex. This hed boen
weshed out of the kiduney cfter two minutes ond thercfore
component I, the fostest commonunt, reprencnts flow throush
the outer cortex. Thovturn purerosto thut the second
comnonent ¢ I1 ronresents flow throurh the inmer cordox
and ouber medullary rreo rnd ¢ TII the mlaweet clenrnnce.
flow throurh the inner =cdullo. A Fourdlh soasponent her niro
bheen deseribed in dop kidney which rrobrbly rerresents
flow throveh the hiloar »md neri-rensl frd, vensl o omeule,
ureter omd norts of the ('dren'lj & Only three components
could br recornised in the hoboon kidmey in our oxperiment.
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and an examnle of a typical washout curve resolved into
these components is shown i}’l Fieure 4. ;

The anatomical validity of this comparimental analysis
was confirmed in dors by Ro:-enl74 wsing auso-radiopranh,
and in man by Ter Pogossion et al]‘n’ with ranid cinescin-
tography. Further confirmotion of this compartmental
analysis is vrovided by Lopan using radic-nctive microsnheresleo,
Also the clearance values obtained using the washovl technioue
compare well with the firures for ocuter meduilary flow by
DeetjenlM ond renzl arteriogravhy has demoasirated a close
relationshin betwoen the second comnonent and juxtemedvllery
and outer medullary vascular dcnsityl T

For the reasons men'iioned above nomely the effect of
re~circulation and lymrphatic drainspge cn the tail of the
washout curve, the third component is of questioncble
value and althourhmensured in these exveriments no sigmif-
icance was attoched to slterctions of this component. The
effect thet incccurscies of this in-wieasurements of this
will be discussed

comnonent heg on the remrining snalyei
further below.

The waghoul trreinss vere mensured for 17 =inutes and
Ladefored ? hgs chowa that the cmount of indicator in the
kidney after 20 minutes ns only 1-7% of the initirl vrlue,
end thrt omissior of the tnil of the ecurve cruged insip-
nificent chonpes in the neremeter of the First two commonente.
Also it hus been shown by :’107320!1167 thrt continvinge the
curve beyond this time did not cirnificently imnrove thoe
reaolubion of the commertmentrl rnslycen.

For each comvonout, flow wrs dedermined by the formuls

¥ e R10F0? 5 100 x 60

vhere F = Flow mls/min/100r tissue
A = the tisope, myrtition coefficiont emd ecurd
Yo 0.70060)

B = The holf deery time.




10%

counts per minute ahove background

5 0 15 20 25 30 35

time (minutes)

Fipure 4. ZAGIOUY CUn OF S3HunOn PROV MR RANCON KIDNEY
cI Outer corbicnl commonent.

C II = Inner corticsl - outer medullsry component.
¢ IXI = Tnner meodullery commonent,
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Tt has teen mentioned that because xenon hae e hirh

affinity fo. noslobin, therefore the pardition co~
efficient s corrected. This was done using the
formula

AN = 1.69 (La,dnfog‘edle

1.0% + 0,013 PCV
where P,C.V. = nacked cell volume.

In addition the reletive distribution of the blood vithin
the kidney wes calcuwlated by determining the intercent of
esch comuonent with the ordinate (to). This has been
discussed sbove. The limitotions and inoccurscies of this
technigue will be discusced when considering the results
obtained usinge this method.

Histoloricrl emrminniion

Three kineys were o ined. These were removed from the
enimpl after dwo weeks of jaundice. In erch kidney.5
wedge~chaned srece of the oryrm, contrining sress from
both the medulln »nd cortem, were cubt, Thege were then
sectioned cericlly frow medulles to cortex and strined with
haezotorylin »né coegin. Two normcl kidneye from

bzboons in whom ch-
pored in the snme

onerstions werc done were £lmo pre—
oy ond exemined for comnoris

Resulte

Tntrerencl blood #low rnd nercentrre volume of blood p
distrituted to erch covnonent ofter one weelr rmd tro
of jaundice nre rhown in Firure
Beeh result io exvresced
flow obirined before 14
These percent-resove

5 nnd 6 respectivels

o o pexreentrce of the mesn contrel
ion of the common bile duct.
Fotted on r lo; renle mo thot a
doubling or a hrlvine of the flow ave shown to Lo eoui-
digtrnt from the control mersurement, Ao memtioned ¢ IIT
voluos sre not wrosented becruno of their cuostionnble
velue. A commuter derived ourve hefore end »fter twe woake

of joundice inm shown in Pirure 7.
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JAUNDICE 1 WEEK

c1 cn c1 cn
- 300 3 r
g E
% 200+ Sk .
° 8
g e 1
9 R g
) i . " .
8 v R f
® gl * P
2 . ol —
o 8O g
2 3

40 =
5 5 n 6§
" s NS NS 05

Figure 5. Changes in blood flow and percentage distribution
after one week of jaundice are shown as alterations
from the mean control values. There is a significant
increase in Component IT distribution of blood.

'there 1s no significant alteration of blood flow rates.
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JAUNDICE 2 WEEKS
c1 ¢nm c1 cn
300 - _
] . E
k= &
2 200f St
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i
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Figure 6. Changes in blood flow rates and percentage
distribution after 2 weeks of jaundlce are
shown as alterations from the mean control
values. There is a significant increase in j
Component II f£low rates and percentage H
distribution. There is a significant decrease
in Component I distribution of blood volume.
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JAUNDICE 2 WEEKS
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Figure 6. Changes in blood flow rates and percentage
distribution after 2 weeks ~* jaundice are
shown as alterations from the mean control
values. There is a significant increase in
Component IT flow rates and percentage
distribution. Trere is a significant decrease
in Component I distribution of blood volume.
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Saundico 2 wacks

Piguro 7. Shows comouber derived gnrlynis of o 133¢e
wochout curve in the control meriod mnd ofter
two weekrn of joundico.
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Et can be seen that there is no significant change in
blood flow rates in the animals who had been jaundiced for
one week. However, the percentage distribution of blocd to
each vascular bed is altered. There is a significant
decrease {p{0.05) in C I distribution with concomitant
increase in € IY distribution (p£0.05). The mean flow
rates and percentage distributional changes in each
experimental an” .al can be seen in Pable 3. The mean
changes in C Y 4.y ribution and C XX distribution were ~
~5.8 * 2,6 and 4.: . L.l percent respectively. (Table 4}

After two wecks of jaundice there was a mean decrease
in C I flow vate of 28.% + 32.9 mls/min/l00g although this
change was not significant. (Table 4). There was however
significant (p{0.l1) increase in C II £low rate. Thig was
21.4 + 7.5 ml/min/100g (Table 4). The percentage of blood
distributed to each component was significantly altered
{(p €0.05). There was a decrease in C I distribution of
~12.7 #+ 4.3% with an increase of < II distribution of
12,2 * 4.4% (Table 4). The mean flow rates and percentage
distribution changes in each animal are shown in Table 5.

In the sham operated animals there was.ng significant
change in percentage distribution or flow rate (Table 6}.

The results obtained when noradrena.ine was infused
directly into the renal artery in doses from 0.0085 to
0.5m9/min are shown in Figure 8. These are compared
with recults in normal baboons using the same doses of
noradreraline obtained by Romzon et a1167 which wexe
pexforme: in the same laboratory with the same technique
and are rresented with his permission. At one week after
common hile duct ligation there was a gignificant reduction
(p4{ 0.05) in outer cortical (¢ I) £low in response to
a ¢,z ol 0.554/min, At two weeks there was a significant
redustion in C I £lows at doses of 0.05 and 0.5 pg/min
(p£ C.01 and p£ 0.001). No changes occurred in normal
anlmals at these doses where constriction was only obtained
at doses greater than 3 ag/min and this was accompanied by
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COMPONENT 1
150 . Jaundice 1 week
Jaundice 2 weeks

125 -

RBF as % of mean control

0'605 0-05 05 040005 0+005 0-05 0-5
6 ki 7

Dose of NA L 2
(ug/min) 0~0025 o p A
; ns nps ns <0-05 ng ns <0-01 <0001

Figure 8. Changes in Component I flow rates are shown
after infusion of 0.0W5~ 0.5 mg/min of
noradrenaline. After one week of Jaundice signifi-
cant constriction oscured during infusion of
Q.5 pg/min of noradrenaline ana after two weeks
with infusion of 0.05 and 0.5 wg/min of the hormone.
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alterations.in blood pressure. There wog no chence in
blood pressure or mulse rate in the joundiced onimels
compnred to levels found before surpery ond alse infusions
of noradrencline produced ne chenge in these valuer, The
meon chanpes in € I flow rotes cre shovn in Pable 7.
Although € II rates are shown these were not connidered for
stotistical cnnlycis becouse the increnced voscular resis—
tonce nroduced oxtremoly slow Tlow rates snd recireulriion

mey hove had an effect. In addition, these curves were often

fusion curves i.e. when ovber cortical flow rate has slowed
%o equnl immer corticcl -~ owber medullary flow, snd only
two components con be sralysed. This meons thet ¢ I

represents flow throurh the entire corter cnd € II renrenment
Lmédwllapy flow. The inaccurncies in repnuring medullory

flow have already been discussed. An exomnle of such o
two comwonent fusion curve ic shown in Figure 9.

The results obtzined ~fter infusion with 20wz of
phenoxybensrnine rnd 10 g of Prowsnelol sre shown in
Teble 8. PPZ zitenurted the vosocomoirictor effects of
0.5 wpr/min norsdrennline in five jaundiced animals while
proﬁ:‘anolol‘iﬁfi no effect. Furthermore nn infusion of PRz
olone inerazced comnonent I flow

rate in o further !
enimele with jnundice (P~ble ). There wes no chenese in
blood nressure or mulge rnta Waer PRZ or Dropronolol
infused.

No correlntion could be Tound between the chenres in
nerfunion or sennitivity to norcdrenrline, and the »lremn
bilirubin, ures, rlke-line vrhorshrince, trenscminnses cnd
oleame renmin scbivity. f%hese velues may bo coen in Table
10. Pleomo renin mersurenents were only nerformed in the
two week sroun.

Hirtolosicsl findinee

Serirl sections of the throe lidneyr reverled no rrosa
drmesce slthourh there wrn congider

Te hile steinins of
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Pigure 9. A fusion curve in viich thero are only two
commonenty in shown. € I ropresents Slow in the

vholo cortnx, ¢ IT ropresents flow in the nedull:
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the sections., The ¢loneruli wore normnl and there wWrs no
auperent demege b0 the veosels. The wroximel tubules chowed
gome degenerative chonres Hut the distel fubvles eopoared
normal. Two rewresentntive sections sre shovm in Ficures
10 tnd 11,

Discuscion

1) Criticisn of Xonon fochnicue

The follewings are the moin criticisme of fthe method:

i) The rade of untrke of tho rng ond its eauilibrrtion
within its velume of distribution is n limiving nrocess.
The compiderchle solubility of Xe in 117‘.1&,, (the ot -
H,0 portition coefficient for Xe is 20: ]f } ensures
the ranid untrke by cellulor structures within {the kidner
of the goo. Furthermore Lndcfof*ed]c‘ choved thet the
Xe clesronce curve is the seme shethor obta.ned ofter
a sincle injection of 133){9, © swning constrnt ecui~
libertion, ro thnt followins the terminction of -
continuovr infusioen, nermittins o much lonrer time

brogion. Thne rote-limited untrlic oes not

within the conditione

Tor emu
. aprorre Lo be o nreclicel nrohler
of thene awneriments,
ii) In orincinle the increrringdbrelrround due 1o recire-
vletion of the rna diffusion from one resion to
opother remnlie in o ounrelishle terminel slorve fron

. . N VIR D
whieh f1l aubtortnnt deberminotions rre nrde.  Ledefores™®*

t rhown thet the »rremeters of the firet -ne
Aid rot rlter plenificrntlv vhon the
ourver ware correctod for reeirenlntion. Alro in

‘there exnerinentr dhis =robl. ir elimincted by the une

of n curve fitdings mro-rome in which the "neeling—offt

techniiue t not voed Mt rother the computer exleu~
. leted coch verisblo of thoe eruction

however,

fecond corrionenis

okt

Tor esch commonont rnd dlerefore ccoleuletions of ¢ I
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BRORICH O KIDITEY ARD L
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A = Glomerulun
B = Proximel tubule
G = Diotrl tubule




Figure 11. BHORICH OF KTME.0Y AFWUR 2 L3AKE OF 4 UNDICH

A = Glenernlus
B = Proximnl tubulen
¢ = Diostol tubule



end ¢ IT could net be influenced by CTI wvalues.

¢ III velues are acknewledpcd to be unrelia®le mnd
es mentioned, are not prosented in thisn:rtudy.

The "peeling off" method wes however used when the
curves becume fused, or a two commonent system, snd
it is possiltle that here, there is some source of
erroxr. However the findings by Iadefored cuoted
above would indicate that thece errors nre mopt
likely tec be inaisrnificant. Nevertheless sa
mentioned cofmisonce hag only been taken of
component I values which renresents flow throurh the
entire cortix, whon o two component curve wes en-~
counterad.

iii) It mey also be orpucd thet the ecuations from which
the caleulations are made, do not describe biclogsical
relationshine gince they are derived from mathemat-
ieal models., Alno ihe rddition of exnerimentzlly
derived vrlves for thu pertition coafficient and the
values for npecific ercvity introduce srtefucts
resulting from the determiv-tion of these quantitiess
However, there iz pood rement found between
isotope and flow meter methode for the messurement
of renal blood flopt(?eAT2 Shé it would seem thet
thene foctors do not cause » pirnificont error in
the determinntion o flew. Also since onch cnimel
aets on ite own conirol the resulin ofter owerstion
are influenced by the rame error ~n the controls ond
therefore comnarisons are nol likely to be influenced
by eny errors in m rement .

Thue it enn be peon that the mein objoction to 133Xe
muthod is thoet the third cowronent meosurement is in-
mnd thin influences the other measuromentn, In
these oxperimenic we have ured computer anrlyses for most
measurementn ond 2lse uhe third component was ifnored.
In the cnaes whern hond snelyeis wes done vsing the

“neelinT of f* technicue come error mry be nresent. It is
felt, however, thnt thins ip likely %o Lo small.




Poge 77.

Britton et n1176 also feel that the kidney does not
represent the compartmental model which is reauired for
anslysis, However it is arrued by Kew?’7 that the xenon
curve cen be clecrly resolved into fthree exvonentinal
comvonents, each differing by ot least n factor fo three,
which favours a honmogrenous distridbution of indicator throush
each compartment. »nd ingirnificent diffusion between them.

It is felt therefore thot the 1336 pethoa nrovides a
valid meusuramint of intrerensl blewd flow dimtrivwtian,
but that errors do oceur, nrriicularly vhen ueing the
gtriveing of f method of rnalysis. These errors are
largely avoided in this study by the use of comnuter
analysis.

2) Discussion of the Results

These results show that in obstructive jeundice there are
chenges in intrarencl blood flow distribution of bhlood in
the boboon kidney. There is an alteration of blood flow
distribution from the outer cortical fo the inner cortierl
and outer medullerry crers. The findins of on ineirnificent
alteration in ¢ T flow rrte together with 2~ decrensed
volume digtribution i similer to the findings of
Garriere'®3 vhea the rerrl nerver nre stimuleted, He
feels thnt the closure of resistnonce vessels in the xidney
is petchy ond therefore the flow rete moy be the same dut
the volume of the vreeulor bod decrerses. This fin
alc  eimilar %o 4he Findinse by other workers in cirrhosie
of the liver?r10:11,12,36 wnd other liver disenncat3si4,
Algo in common with the findinss in functional rennl
foillure of cirrhonis fhece sovenrn 4o be no cipmificrnt
alteration of renn) sbructure rrd the chenrse seem %o
vrocede the onset of frent remsl Failure®. It would seocm
ther: ore that the chonres in obotruetive jrumdice are
functilonnl in neture,

& ig

It hos been suerented by Kon® that the cheneos in
renel blood Flow Afstribuiior in eirrhocis mey be due to
an inerense in syanethetic polivity

supmorted by the findines of Hori’C

« Thin contention is
that the cympathotic
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nervous system of liver gnd kidney nrc inter-related.
Turther evidence that the chenges produced in the kidney
in liver diseoses may be due o sympathetic netiviby ie
fhe similerity of the distributionnl changee to those
produced by infusion of norcdrencline or stimulation of
the renpl nervesloﬁ’lo'g. Epatein, however, showed that the
rengzl reclstanee tas not decreased by intravenous infusion
of en clpha blockirn; ogent and felt thet the sympathetic
activity was not invelved., In his studies however infusion
of PBZ produced o {all in blood pressure and vhen this is
prevented ."3:11(1\194 wes able to improve renal blood f£low
with dibenzylena,

In thie study oimilzr recults have been obtrined
vhich indicerte thet the symnothetic nervous system is
involved., It was found thet infusions of ¥BZ reverced
the vasoconstrictor effect of norsdrencline snd also
improved blood flow throuph the cortex. In addition the
kidneys were unduly sensitive to'the effects of norrdrennline.
Thus it would seem thet the wrimary disturbonee of rennl
hpemodynenmics in obestructive irundice mov be exolained by
on incrensed seneitivity of the kidney to cireulstins
crtecholamines.

This hyver-rensitividy to noradrennline aleo
explein come of the clinienl fenturen acoommenying
obotructive jrundice. As mentioned in the introductory
seetion there in » hirh incidence of acute rennl Foilure
after surricrl onerrtions on netients with obetructive
jwndices’w’w'm. Therg is nlro ovidence thot in cholect-
esie the ki“moy ic more nensitive to imchreminto1t7r%0,
The resulie found here supront thet there rre chonpon din
intrerensl blood flow dintribution vhich nrecede the onant
of overt remrl fnilure. fThene changen ore similer to thore
vroduced by rencl rerve stimulstien or infusion with
norsdrensline into the kiﬂnny] 0"”303, rnd therefore imply
thet syn hetie retiviiy mey be rosmonsible for cheneps
reen in thic dicerse.  Yho finding of on ire
Fivity o norrdren

ned sonpi-
ne nprovides rv exnlrnation for the
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rensl distribution chenpes vhich mey be in fnet occuring
in the presence of normal sympethetic sctivity. In pddition
‘this potentinted response to the effectn of neradrennline
may explain the subseguent hyver-sensitivity of the kidrey
to periode of ischaemia, or hymotension vhen ercensive
catecholnmines could be exnected to be present. Thus this would
also accomnt for the incressed incidence of rennl Failure
Tound during operations on natients with obstructive
jaundice., This could then be exvlained or the basis of
sympathetic hyner-activity on s kidney with # heishiencsd
regponsge o the effects of noradrennline.

The investisations %o find » foctor or fretors cevsing
this hyver-sensitivity will be dercribed in rsection 4 of
this theeis.

Summary

In this section the renal circulstion, its control snd
methods of mensurement is degeribed. The findings in
obatructive jrunmdice nsine the JBXe Yechnigque are nresented
end are svamarised in Fipure 17, These are o chift in

blood flow distrivution from the outer cortex %o the imner
corticel and ovier wedvllary rress. Also there is a hyner—
senaitivity of the kiénoy $0 norddrencline which mey exrlain
gome of the clinicel findings in obstructive jeundicae,

guck ns pogt-operative renal feilure.

If the footor or factore coucing the increrred cencitivity
of the rensl vasculrturs o normdrenslire,sre tlood bornne,
then it rhould be nosnible {o wroduce similer effoetr oa
other vewoeuler beds. The next cecfion will dercribe the
effect of obotruction jeundice on cershral blood Flow.
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Fipure 10,
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Chrnzen in flow rote and nercentese distribution
during jowndice snd duringe nerfusion with
nornérensline in doses from 0.0005 to 0.5 ar/ain,
It crn cleo be seen thot infusion of L0005 sp/ain
of norrdroncline reducen the merceuts e distrib-
wtion Wt net the flow rete. Thie is simdler

4o the findinqn followine 2 weoks of bile duet
obstruction,
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SBOTION III.
THE EPFFECT OF OBSTRUCTIVE JAUNDICE Of CEREBRAL BLOOD FLOW.




CONTROL_OF CERERRAL BLOOBR FLOW

In the normnl brain cerebrsl cleood flow is maintained at

a relatively constent level desnite veriations in corebral
nerfusion nressure. In baboons, flow remnins corstnnt
degpite veristions in vrecgure from §0-150 mmH{'lw. It is
felt that autorervintion reculls from the myopenic resnonse
of the smooth muscle cells of the artericlar well {o
streteh-induced variations in transmural pressure”a.
autonemic nervous cvetem mey however have gome role in

The

modifying the avtoragulatory responses. ‘{oshida”g
demonstrated that the rise in cercbrovescular resistence
vhich occurs following an sbrubt rise in intrevesculer
vressure,could be nrevented hy nrior section of the cervicel
synpathetics. James demonstrated that the normal relation-
shiv between perfusion nressure and cersbral blood flow
could be obolirhed following cection of the cervierl
symnzthetic nerven, He also] 1 nrs chovn in exnerimentso

in vhich the cerotid sinue was voseulorly isolated, thet
chenges in nerfusion vrescure to the isolated sinus, induced
chenges in cerebrovesculer reristrnce, thereby demonstreting
the importcnce of nenropenic mechrmisme in medinting the
cutoreguletory rexnonse.

It han eleo bean mostuloted thet cutoresuletion is due
to rlterstions in vl nround the cerebral vessels, Z\-.'etnuv:lS?
demonatreted »n incre in juruleor bulb lectete and
ryruvete concentrmiionn in dors followine n reduction in
perfusion wrossure. I% is suepecated thod decrerse in nere
Tusion nrensure resulds in o deerenmcd corebral blood flow,
resulting in leclic ncidosis vhich nroduces o vonodiletation
and = decrenne in cerebrovencular resintenmce. This ig
surrorted by the Tinding of abmormnl nutorerulotion in
hynerestnia and h,‘n‘nxi:‘laj’lsa.

4An ineronge in resistnnece
which would he ewxmected tv ocour in nlkrlonis hre not,
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however, been demonotroted. Thus it ie liely thot the
induced vesodilotation seen in acidosis merely over-rides
the myogenic mechanism. .

Chemicnl Gontrol
Variations iut arterisl Fgy exert a wrofound effeoct on

corebrel blood flow. Hynercornin cousen cerebrol voso-
dilatetion and hypocomnin couses a marked vasoconntrictlon.
Lo.:xsen17e states that cercbrnl blood flow changes 4% ver

mmHg change in orterial PCO .
2

The €O, reactivity is medinted by vnrintiig; %gsnﬂ of
the cerebral blood flow cyound the rrterioleyn ! « The
wl 2t this site nlzo derondrn on loeal cerebro-sn'nel fluid
bicnrbonate concentretion™'™, CO?—-Jnducod chrnren in

cerebro-sninel fluid rlso elter nulmonery ventileotion so
that cerebrel blood ilow rnd ventiletion combine to keen
brain extrreellulrr vl constont®,

liedernte choneas in oxypen tension in sriberiel bloed do
not infuence cerehrnl bload f{low nccnurrbly17a. Thus in
modercdn hymn cdn cerebrol blood flow
remnine unchim~ed, With mrrked hynoxir, however, flow
inere-nen. Thais is not ceen until

o or ~rierisl hymor

ortericl Py fets below
2

50 -vm’ffl'?e vhich is the srme level nt which brein tissue

lretie seidonin hoconer m.v-rr'nt” » Thin finding suerertse

1 % oxyren hen

no dircet effact on cerobrsl blood vessels
but the chrneer seen in hy-oxin moy be due to locsl chany
in nil.

Reurorenic Gonirol

The vinl rrieries on the murfree of the brain hove o rich
eunnly of sympathetic rnd rerncynprthetic nerve Tibres.
Althovrh eorly w e T

doubted vhether intra-cerebrrl
vegnels ware Cimilarly inmervated,it is elesr from recent
sltudien unine ver nleinm, electron m ogcomy nnd
flueresennt histeloriarl methods, thot o rich sunnly of
nerves innervede thone vensels,
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Penfielzﬂas used o ailver staining technicue, showed
that the nerve fibres cccomnenied inter-cerebral criteries
and this hos been con{‘irme'd by other workern using lipght
micr*omcony189’190. Electron microscony hea subsinniinted
findings made by the licht microseone cnd showed nerve fibres
on pial vessels as small as 15-20 microns in aiemetort?0,
Also, Falk usine o histo-cheniecnl fluorescent stning hes
identified odernersic nerves vhich nre most nprofuse on the
lerger vese leoving the Cirele of Willis, but ore slso
present on the mmolley internorenchymel vessels ™.
Desenerction studies™ "have sureested that o loree
nte in the cervical

pronortion of thoso fibres oxi,
symnothetic chrin.

It hasg slgo beon shown by electron microscopy that
there are two types of nerve torminzl on the veasels. The
one conteing electron-dengse venicles which ore probebhly
adrenerric, nnd the other tronslucent non-grenuler vesicles
which tre probrily cholinerric since these do not show
depenorotive chenpes following symnr.thectonylgz. Algo
further eviderce thrt cholinergie fibres ore vresent, is
provided by the findines of Lovrenteive et n1193 of the
vregence of rcobyl-choline in the nerves surroundine the
pizrl verseln,

The funetionrl immortrnee of ‘he cerchrovnsculrr nerves
is however controversirl. Conctriction of the nisl versels
occurs follow thetic stdmuletion ond diletetion
oaours followines o woro—nyannthotic s"t,'n‘.l\W:z'l:j.onlM’lgS-

The infiuence of 1lhe nervoun syntom on the intro-cerchrel
vesnelsn in however mueh le evidont. Jomont®0 hrs demon-—
agtrated ¢ deorente in cerubrrd blood fiow following o
gbinulotion of the symrothetie nerves sud sn enhencement of
mouler romsmoner o 00, Following nymnrthectotiy.
Purvaen! 96 elno feels thni 1;1:10 symnothetle nervoun system
hes » oetrons infuence on corebrel blood flow. In confrnst
to thip, removnl of ihe stmerior cervier) renrlion rrmerrs
to hove very 1itdle effect on totnl cerobrel blood flov,
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or on the ability of the cersbral vesculnture to euvlo~
197,198,199

regulate or roswond ‘o GO,{. +« Tnssen feeole

that the exveriments in which symwothedic norves werc

gtimuloted in the neck, interferes with the rrteriol

blood supply to the brain ond wnoints out thet cven mild

handling of the corotid nrfery cavoes o enpom viich reduces

the moximsl inflow to the brein.

It could be exnected that the infusion of vasonctive
adrenersic druss yould elucidrte the role ofthe symnathetic
nervoun systent in the control of cercbral bleod flow,
Ccrpigoo in o review of 40 nrmnere in which the effect of
adrenoline or rorcdrennline on corehrel blood Tlow is
gtudied, found no consistent oettern to eumerre. The wide
veriction in the reeulie moy be dve to differences in the
ancenthetic used, lonxtro-eroniold effects, to cutoreculatory

resnonses to the syetemic Ylood mroseure effecta of these
drugss, nerdiculsrly vhon piven intr-venovesly or due to non-
wiforn effects i.c. 2 redistribution of blood flow from
asome erers to others.

It Wng however been shovn hy Roeendorff =nd Crenston™ S
thet of norcdrencline ic covlied do the ndventitinl eurfrcer
of the intro-cerebrl vesneln that veso-constriction ccocurs.
i{oscnbluﬁ:poz koo cusrentod thet the effectivencrs of
noradrenrline on cerebr-l vesrels in reduced br ovid neurencl

unbrkn mochrnisns ~nd this conteontion ds mummoried bt the
work of Rorensors{, vhero these an

1w would be
spburrted Ty the hich conernlrotions umed b theeo wortore.

Zhern findinee Ao not exnlein ihe 1-ck of renmonse o
blood horne norsdyen~lin

hich would he eynected o reach
the recentor before the nenrencl wrtrlks could bo rchioved.
It ie mon

ble thet there ney be on ovid unleke of infused
noredrentline into the vesculnr omooth musele - urtoke 9
(Ivorsonm?) vhich nravente cirenl-tins norndrennline from
reschine the recentora. e will be 3 newrsed further in
thin theedin vhen conmiderine the (dterotious

in corebro-
ynnouler nerfysion oblrined by infueine nowedrounline in
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boboonn with bile duet ligntion.

It may eloo le pogrible to clucidete ihe role of the
outonomic rarvous syatem by using blocking orents. It was
repored hy Lcndo‘q‘)j thet the snoem of the cerebral vessels
induced by mechernicel siimulation, could be reversed by
loco anplicetion of belnm ndreavrrdc blocking crents.
]E‘c',lke;!04 han alno shown that induced vesoconsiriction frum
hypervontilotion could be reverned with » beta blocking
arontv  Althourh barium/chloride induced vesocongiriction
can be reverred by bets blocking drurs mnd not by olvhs
bloeking: aren‘l:s:po/‘, evidence is reocum.lating thet nlpha
recentors nre olso prenent on the cerebrel vessela,
Frasar?% showed that nhonoxybenzomine (PBZ) npplied locally
0 cerebrol vessels reverced the voso-onesam induced the
local onplicrtion of Blood. Recently Y:wrm\\roe% hes showm
thot PBZ reduces the vreoconstrictor fone of corebrsld

vesgels furine kynocemain rnd reised cerebrel verfusion
vressure. T% slpo enhoncen the vosofilrlor resnonse to 00?

inhnlotion.

Tt ern be ceen from this brief review thot there is a
rich neive sunnly to {ihe ro-cerebrnl versels fud most
evidence would rurrent that the oy
is involved in the

netic nervous syretem

yroouler resnonce to ridmed Pr ond
CO?

redoud corobrel merfurion orocgure. Thet infunionn of

nor»droncline nroduce conflicting renultir ney be exnlsined
by the frot { thir hornone moy not be repchine recentor
siteg vhen infuned intre-srtericlly.

FBASGY

AT _TL00D FLOW

L. Direod obeervridon of miol vennelsn

Measuring wicl rriory dirmoler in o clonoicrl method of

agsesning veriotions in corebrsl bload flow rmd wor fireh
deseribed by Donder
froume

o
in 1.gn0 01, lovever reid-bore chrnses,
of the erronrsd coriiesd
surfree tondn o rholirh the Normsl vesomotor rerctions.

snd hrootherie o hun
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Althourh currently in uge to astudy the rocponse of niel
vessels to local changes in cerchbro-sninel fluid?OB its

main drawback, in rddition to those menmtioned shove, is the
wneertoin relationshin beiween nial vessol diemetor ond flow
vathin the veseel. It ip however o useful technicue to
gtudy the whormocolery of broin rriteries in vive in resnonso
0 loeplly annlicd drurs, withoat the commlications of
systemic drue effects.

2. Flow in neck vessels

a) Arterinl blood velooity

o
0t have bren cmplied to neck

vescels rnd cre canable of messurin~ the veloeitv of blood
moving in the enrotid veseels., However, the results will
be inaccurste since only tho blooed flow in the carotids cre
measured, mmd blood {lowins in other orteries such ra the
vortebral is igmorved, H1ro the volurme of blood flowine in
the blood venrels denend on the vessel dizmeder os well =g
‘the velocity. Thercfore since the flow peter dcec conotrict

Flectro-mrinetic flow 's'.e.tr'rn"'

the vesrel to r ceriran extent, rnd mechrniesl stimulation

glso constrict the vessel:wa, neasurenents of total cerebral
flow neing thio method rre inncenrete.

b) Yoy

our ontflow
Thin roy oloo be mespured hy electre-mronetic flow metcrnw?’ !
ee well ro by thormodilution ené by Aye dilution techr‘.il‘uﬂr*"’jo
Juruler voin eonay on ir rervired ond the methods ~re.

Sl ive, mlern erllibreotod n~einot » eeocond
and gdmultoneous method vhicn wroviden o

only semi-c

colute TMow {‘ij‘uron?l‘ .
Algo inrcourreien raice from turbul enee’ unleas this rnd

the flow ~ Lile of the rre dnovm, the reourceyr of

the Serdw 4 flow in very diffion?d to determine.

e} HMern tren

The cerebrol circulrotion

2 for non-diffuontle rediocctive
indiertors injected intrrvenouely to - morishersl vein, he

s N n3
been uned to nyovide ~n inder of cayobarl blood flow i
With thic melhod, uniuke mmd olenrrnce of the isotone is

followed by ~ detnetor nlreed ¢ or the oromiwn. The cotivity




curve in difforontinted and tho meon cireuwlotion vime in
measured, The technicue is nimple but there is no simvpln
relutionshin between tho tremit time mnd corcbrol

perfugion, »)thourh o lirerr relationship bel jon flow and
traneit time ot low cercbrnl biocod flow has heen demonstrrted o,
It would scem, that mesn fromsit timo, nroduce meoningful
eotimations of cerebrnl twiood low chrnres only when cerebrol
bvlood volume chrnren cre similirneously detormined end thig-
recuires continuous monitoring of cerebro-snincl fluid

pressure’™,

4. Irort gitfuroble son =methods

a) Arterio-venous d3ffopanan of :n inort mrg

Kety and Schmidt?™® wore the firet to pmply Pick princinle
to the mersurement ~7 cercbrnl blood flow. In this method
the patient inh2l- . - mixture of sir ond nitrous oxide for

10 minutes, »rd . © blood amnmlen were drovm throuvghoud
‘the meriod fn erel crtery snd the interncl jupulerr
veia, The nec 2. “ood flow con be mecgured by opplying
the equntion

rt

Ce~Cv

F = Flow in unit tinme, £ t = Cuontity of rubstence
token un in tine t.

Co = Concentrriion of substrnee in rrferiel hlood.
Ov = Conenntrotion of substronce in venous blood.

vhich yields o vrlue Tor the rverspe cerebral Ylood flow
without morcurerent of totrl brain flow rmd totrl broin
wedrht, 85}&, 133, mer airo be used. A further veristion
hes besn the oub wiilon of hydrosen ro the indjcntcrﬁlrl.
With thic metuod blood is withdravm throusk curvettes sn
vhich cre incovmorsted I, sensitive.clectroden mnd sube
asvuently ro-cireut:fod %0 tag wetiont. The method
soni~continuons mecrurements of cerehrsl blood flow.

L lows

Thin in » veluslde method «nd pllovn mersurements of
hirh {low reden obtrinnd durine murked hywmercowair, I
doen hovever raovme thet the corebrel blood flow remeins
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conatont over the 10-15 minutes during vhich the meccurements
are mede and Lasgen hos ﬁuvmr] thet thie rsovmobion mey be
nade, nrovided thers rre no chonres in erteriel geg tensions
or perfusion preasures‘gl . In pddition in slovldy merfused
arens of the brein the inery sog may not heve reached
equilibriwa with the rrierisl -~nd mixed venous bloods ot

the tima the mesmurements are mode, #o ket there will be
errors in the enlculoted flow. These diffi:v.ticc con be
surnounted by nrolonsins the seturctvion tin wnl extro~

wpolation of the soturation curves bo infini « fThe main
drevboek of the method ir in the fechnicrl difficulty of
dreving multiple onmoler ot freauvent intervels. This

usuelly recuires numoroeus rocietente ~nd esch study olso

uses 50-80 mls of blood which, in smrll onimple, con introduce
a conpidercble blood loss. Also results =re not cvailetle
until cnclreis of the indie~tor in commleted rnd oricfrots

cennot be recosmised wniil erleuwlctions hrve been convleted.

N 132 N 5
b) Intrr-crierinl ““-¥e intaction mothed

This method ic broed on ~encurement of the memn clecronce
of the drreer ~~g =itk extemnily =lrced sointillotion
detectorn. Ohe flow rrie ¢ +hom crleouleted by the rome

nothof no Aascribed for the F3%%¢ 4rebnicva in the iéner.

Fhe Lerre nunbor of snnntouoren ketoned fidrs mnd exires
vpingtive Lebelline~ of b !
fiocuen ALfficulb.  Tn e ermerinentrl ~nimcl howov
enn lerealy be oveided by surriesl renovel of the o
tirouer, Lirction of the crbernnl errohid ~iarr ~»d crpreful
collirotion of the externl seintill: tion counter. Howover
annen of the crdery $o the brrin followins rurrery ner induce
1 exmerivents -nd must be oken inte rccomnt.

errni~l eirculeiiown mekop

erroy in ~vi

Tho c¢lenr-nen curve ir norr
exnonent

21y el

‘1 comonients to nrovide o dexriw
prey ond white angtae

«ed into two
ion of £l

S thouit ervors ey rrise fron nech

I SRR
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anaesthesic, ond rotes of J'.njt;c'bicn, it ig folt thed of o2l
the methods nvoileble, the “““Xe injection techrnicue is the
mothod which is lecst open to thooreticel objection nrovided
the limitations of the fochnicue are tnken into ncccuntlgs.
Some of the diffiocuwltics vhich nre inherent in methodn vhich
devend on comulntion of the interncl crrcetid crtery ore
avoided by n method in which 133%e ¢ inhaled cnd the
clearance rote over the crroniwm colculnted in o emimilor
menner. Here, however, re-circalotion of icotone cnd
contemination by redio-cotivity arising outside the brain
olso introduce errors. In mrn the owjections to cromulatine
en artery over-ride this source of error ond it is mrobebly
here thot the inmhelebien technirve hes mos$ ammlicrtioa.

In experimontrl animnlo the direet infusion-of 133}{0 into
the carotid criery is ot nresent the nethod of choice.

Other methods

Several ottempts hrve been mede to develon methods for
gtudy of corebrel blood flow., fThere cre nary such methods

zuch o8 the uge of radio-~ctive microevheres™ - ertorio-
venous oirren dif‘fcrenccspeo rad deterninction of hoot
cle-rance fron the corebral cortex or internol juruler
vein' ? + These are of snecific velue in sr ¢ conbexin
but in this study 1% voo decided thet ~lthourh "33::enon
technirue doos heve Jinitrtions it wos most ureful for the
atudy of cerebhr»l blood Flow in emmerinent
taerclore wro unad throushout in thir ctudy.

. enivele epnd
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THE EFFECT OF OHSUWUCRTIVT JAULNTOH O ¢l
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RLOGT

Intreduc:

The experiments in the nrevious rectiomn rbhoved thet in

obstructive jrundice the sltorntic.: vinodé
are similor to thore found in other 1
also demonstroind thot in cdéiddon o turne chonge
is an inerecsed r ovesculnr geneitivity ol nor-.
itivity neg

T oren:

rar digerrnea,

It was suprested t: % this hyrer-so
digtributioncl chanre: “ound in the I X
hirh incidence of rencl {lure seen wort-onerctive!
obgtractive joundice. It v- - rloo Folt thnt if thie hwnor-
sensitivity to norcodrencline . AMe to some frelors nrofuced

during obntructive snundice other vascular beds should
21ls0 be hynper-sen ive to the hovnone,

s 222 O 5 N
As mentionad the “~-uenor dechnicue in nertiend-rl

well-ruited for ithe study oFf cercbrrl circuleotion, Alro
as hre been nentioned the carebrel civeulotien ie relrtivel-
ingencitive to the effects of norndrensline -nd fhe role

of the hormone in the control of cerehrsl bleod flow ir

uncertsin. It voe therefore rutiecim-ted thri the obrtrvedd
Jjeundice nodol mirht be use! in “ald J

tprtine the role,

vosenlor -

wxy, of norrdronsline in nory ! core
Talr rection tho

10000,

1y denl Lol o A e oo okl
Tloof flow durins ovnotruetive j-undice.

PR e

Studier wore crrried oul on Torty-
ursinus) woiofine 0w16

dne culd behoons (T iow
Xilorreme, In 7 of e rndredn
o

obrlructive jrmo i won nrofuaced by rusrd
the common hile duc.
cerebrel blood Tlow.
beboone.  ALL the rninels wor
Ketonine hydrocnloridn (Katel-r by P

nedrde with 0.0
=Dovin) todpietare?
I
wish intrevenouvs injeetion of P0-30 ne/Tpe mentoel-whitorne

cod

by intyemucerler injeetion, end AL ot slhieais




sodium (Hembuiol, Abbott). Tho snimels were then intubnted
nixture of oxysen

end snnesthegia was meintained with o
end nitrous oxide with cimiler quontitles of bvorbiturnie riven
to emch groun no reguired. 4 catheter was introduced into

the earotid criery to mocsure intra-srierinl blood nressure
vie an electro-menometer (Stothom P23AL)Y and to onsble

wlood smpling for deterninations of I’raco Pao ond pH on

an Instrumentetion Leborntories blood gos onelyser (IL3L3).
The right crrotid bifurcrtion was exposed rnd a fine cotheter
was inserted into the lingunl ortery wntil its ftin just
enbored tho externel carvotid ariery. The externnl corotid
artery and all ite romoining brenches weve then lignted
{Figure 13). Cerebral blood flows (CBPF) were measured by
an intro-cerotid 133ge woshout technicue. 4 bolus of 30

~01 of 133Xe in 0.2 ml of soline wae injected into the
linguel entheter ond was woshed retrogrede dovm the externcl
carotid nrtery into the interncl corotid artery. The cercbrel
uptoke clecronce of 133}((3 s nonitored uning o 5 om.
dienmetor rodiuvm icdide Qetector ylrced nowberiorly over the
parietel region., A high derree of collimntion wes used to

e redintion arising from non-cerebrel orbitel

exeludo nossi
tiscues ond in nddition the coft fissne over the skull wes
renoved., Thot oll noscible wodiction v excluded wos
confirned by the o co of r third flov commonent (extro-
ore: T perfusion) in the clenrrnce curven, After the
initicl noek of rotivity the elecronce dnte wrs rocorded
for cb lesst 1% minubes in dipritel form with o logrings

aysten gimilor to thet deseribed in the kidney exnerimente.
When excentionolly nlow flows wore found thig record wag
extonded %o 20 minuter, The wochout curves were ranlysed
mepually rnd hy comnuber (umine o lenst sevoer Fitinge
progremme) into dwo exnonentisl comnoneunts remrnsentine
Tlow throurh corebrnl prey ond vhite 1wbier resnectively.

Yhon surpery wen counleted the blrdder wns erthetericed
ond sllowed fo drrin freoly. Yhe
with 10 me/Ke of datrevenous Seoline (61

innde wers no
-Allenburyn) ~nd

wlreod
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L2 ¢

sodium (embutrl, Abbott). The animels were then intubsted
and onnesthesin was maintrined vith o 3:2 mixture os oxysen
and nitrous oxide with cirdler guantities of barbiturnte riven
to erch groun ap vecuired, 4 catheter was introduced into

the carotid criery to measure intrao-srierinl vlood nressurc
vie an electro-menomctor (Stothem P23AA) and to encble

Plood srunling for determinations of Pnco? Pao mmad pH on

an Instrumentetion Laborsfories hlood gos .anslyser (In313).
The right crrotid bifurcriion was oxposed nnd a fine entheter
wes inserted into the lingual ertery wntil its tin just
entorcd’ the externol corotid artery. The external corotid
artery and =ll its remeoining bronches were then ligated
(Pigure 13). Cerebral blood flows (CBF) were measured by
an intro~carotic 133, weghout bteehanioue. A bolus of 30
#Ci of 133Xe in 0.2 ml of soline wis injected into the
linguel eotheter snd was woshed retbrogrede dovm the externsl
earotid artery into the insernc) cerotid artery. The cercbral
uptcke elenrsnce of 133}(0 wes monitored using o 5 em.
dismeter sodivn jodide detector nlrced nosterioerly over the
porietsl region., A hirh derrve of collimntion wes used to
exclude nossible rodiotion rrising from non-cerebrsl orbitel
fiscues ond in ~ddition the soft tisrue over the situll wos
renoved. Thot £l nosoible radiciion was excluded wos
sonfirsed by the nbsonce of ¢ third flow componont {extro-
perfucion) in the clerwsnce curven. Aftes the
initinl nosk of rotivity the clecronce d
for et lecet 19 mimutes in diritnl form
syston ilor to thet deseribed in the kidney exmerinments.
When ercertianslly clow flows were found thip record wos
oxtended %o 20 minuter. The woshoub eurves were rnalysed
menunl end by commuiter {usineg a lecst scucres fiting
progremie) into fwe exmonentirl somwonerts ronrosentings
flow throurh corebrnl srey ond vhite motier respectively.

wes recorded
vith o lopming

Whon surpery wos comnlatod the bledder wns entheberised
and rllowed o drrin freely. The oninmeln w
with 10 ue/Kr of intrevenous $coline (62

re nerrlyeoed
o=fllenburyn) -nd
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Mcndible/

Ext. Lingual

Carotid

CANNULATION TECHNIQUE

Firure 13. Shows r direrumetic ropregsentrtion of the
technigue for infusine 133%0 vie a onthetor
in the linruol ortery.
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were ventileted using o Harverd verinble nhece respirntor.
End tidal 002 concentrotion together with olcctroencenhelo-
gragh, nilsatile ond meon ‘nrterial blood wransure, centrnl
venous blood mrcscure ond the cnelopue xenon vmshout curve
were recorded on o Beclmen 411 dynogrenh recorder. The
electrocncerhalorronh wes vped to nirndardise the denth of
enaestherin HNecsurements of cerebrol blood flow were only
made when the electroenceshelogronh vins stable ond showed
a frequency of 9-12 Hu. Throwrhout the exneriment: the
ortericl POGO,, P—O,, wore kont cpproximntely ot 35 cmg 120
mmg respectively fnd body temwercture.wro ket ot 37C

by rediont herting. After o efrbilismction merio of

approxinctely onc hour, twe control cerehrel blood flow
mensurenents wore mrde. Noredrensline (NA) was then infused
via the lingucl nrtery ot &w - “in and ofter 10 minutoes
the flow arpin determined. The NA .no then stowned nnd
after o furthor 10
made. Using thin nrotocol the cerebrovoscular reswonse to
8 mp/min 16 mr/min ond 3P pe/min of WA woo determined.

wtes cnother control mersurement wes

In addition arterirl blood srmmles were trken for serum
ures, zodiuvm, wotcosinm o 1, bilirvbin (direst ord
indirect), n rnd renin mensurements.

An ptteunt % ¢ derreo cerehroveaculor
congtrictior in resmor. . adrenaline with the nlterntion
in these serum conm ter bile dvsé lirotion.

Beorune it ho
rermonce to inar
neurs ] mechrnd

o been mierentod thrt the ccerebrov-reulnr
1 lovels of P‘"GO,, in nedirted vin o

in ¢ further 1% brbvons with obrtructive
jrundice the cerobrovrseulsay pemvonne e eroded L0 medly

altorations of P'"GO., {rrnse 35-70 -milr) won comnorod with
the rosmonsen of 16 conirel brboens 1o ¢ e oinerenentn
of P:'CO,,’ fhe evdrels were pleo hynerventilated to rofuco

the P"‘Cb,‘ to hotween PO-P4 wmile,  In 6 of the ewnerimentel
oimele thin pro remantad sfhap o
with Phentolomine ( 5 wp T.V. Cibe).

ndspercie Blog'de
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DABLE 11
Koan mrey matter flows (CBF) in nino normal enimmls and seven
jaundiced animols following infusions of noradrenaline {(NAi),

CBF
(ml/min/100¢)
Owpg NA 8 wg NA 16 w7 HA 32mg NA
Control
1 72.8 79.1 - -
2 41.5 53.6 51.9 -
3 52,5 87.5 97.8 -
4 51.9 42.6 55.4 47.5
5 63.9 83.1 85.2 -
8 2.7 75.5 66.5 T5.5
7 49.8 55.4 26.2 33.9
8 56.7 53.6 48.9 50.4
g 58.3 61.6 60.4 63.9
Jdoandiced
1 60.2 50.1 48.7 55.2
2 43.0 37.4 - 37.8
3 . 50.0 35.6 22.6 46.4
4 57.4 57.4 47.5 51.9
5 €4.1 59.4 66.5 68.8
& 86.7 63.9 73.8 7545
7 52.0 45.4 43.8 49,0
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Regsults
1) NA infusion

The mean grey matter blood £low (CBF) was the parametexr used
in this study. White matter flows although measured are
not included since the flow here is slow and less sensitive
to physialogical influences and Lassen feels that measurements
of white matter flow are not as accurate because of the
extremely slow £lows and the possibility of recirculation
inaccurﬂcies:”s. The mean grey matter flow (CBF) in the
control animals was 57.3 & 2.7 ml/min/100gr tissue.

Infusion of 8mg of noradrenaline per minute produced a

mean increase in flow to 65.8 + 5.2 (+8.4 t 4.3) ml/min/100gx
tissue. 16 pg increased flow to 64.0 + 6.5 (+8.6 + )
ml/min/100gxr tissue aud 32 »g of noradrenaline/minute
reduced flow to 54.2 + 12,2 (~1.67 4 4.9) ml/min/100gx
tissue,

In the jaundiced animal the mean baseline grey matter
flow was 59.1 4 5.3 ml/min/100gr tissue. Infusion of 8mg
of noradrenaline/minnte reduced flow to 49.9 + 4.1
{~9.4 + 2.8) ml/min/."0gr tissue. 16 #g of noradrenaline/
minute reduced f£low to 50.5 * 7.3 (~11.3 +.3.9) ml/min/100gx
tissue. 3209 of & aline/minute d d the flow to
54.8 + 4.9 H.1 + 1.8) ml/min/100gr tissue.

The changes in flow in the jaundiced animals were
significantly different from the control values after
infusion of 8ag and 16Mg of noradrenaline/minute
{p£0.025). ‘'The decrease in flow seen with 32 ag of
noradrenaline/minute was not significantly different from
the control value.

The mean grey matter £low (CBF) in each animal can be
seen in Table 11.

The total mean values of all experiments are shown in
Table 32. This table also shows the mean change in CRF
{HCBF) .
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TABLE 12

Mean grey matter cerebral blood flow (CBF}; mean change in
cerebral blood flow {(HCBF); and mean arterial blood pressure
(M.B.P.} in nine control animals and seven jaundiced animals
following infusions of noradrenaline (NA). ALl values are
shown + one standard error of the mean.

{#g/min) (mls/min/100g) {mls/min/100g) (. Hg) {mm Hg)
NA CBF a cBi M.B.P. . Pag
‘ 2
Control
o 57.3 + 2.7 - 108.3 + 7.7  36.7 & 1.0
8 65.8 % 5.2 8.4 & 4.3 112.3 + 7.2 34.6 % 0.6
16 64.0 % 6.5 8.4 & 6. 117.8 + 8.8  34.7 + 0.8
32 54.2 & 12.2 ~1.6 & 4.9 126.7 + 9.5 35.0 + 0.3
Jaundiced
[} 59.1 + 5 - 110.1 # 6.2 34.7 % 0.9
8 . 49.9 % 4. -9.4 + 2.6 120.7 + 6.7 35.2 + 0.8
16 50.5 + 7.3 ~11.3 & 3.9 “316.8 + 4.6 35.5 % 0.8
32 54.9 % 4.9 ~4.1 # 1.8 127.1 % 3.6 34.9 *
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The mean percentage changes in CBF in each animal
are shown in Table 13,

The change in grey matter flow is shown in graphical
form in Pigure 14 and the mean percentage change in CBP in
Figure 15.

The infusion of n aline was associated with an

increased systemic blood pressure and in order to take this
into account the cerebral vascular resistance (pressure/
flow in mnHg) was calculated (CVR).

In the control animals 8 wy of noradrenaline/minute
produced a decrease in CVR of 0,12 *+ 0.1 mmHg v lle 16 pg
and 32 pg of noradrenaline produced an increase of 0.0l + 0.1
and 0.4+ 0.2 mmHyg respectively.

In the jaundiced animals 8 »g of noradrenaline/minute
increased CVR by 0.66 + 0.2 mmHg while 16 »g and 32mg of
noradrenaline/minute increased CVR by 0.92 + 4.7 and
0.71 + 0.3 mmHg respactively. The increase was signifilcantly
different from the control values only after infusion of
8 wg of noradrenaline/minute.

. The values of CVR in each animal can be seen in Table
14 and the percentage changes in Table 15. = The mean changes
are shown graphically in Figurss 16 and L7.

The arterial blood phE PCOZ and Poz were not signifi-
cantly changed throughout the experiments. the range of
pH was from 7.41 - 7.43. Increments in systemic arterial
blood pressure were recorded durlng perfusion of noradrzenaline.
The increase was, however, similar in both groups of animals
and the mean blood pressure ranged frow 100-126 mmHg which
is well within the cerebxal autoragulatory limits for the
bahoonl77. The changes in pH Dcoz and POZ were minor, ang
would not be expected to signiiicantly alter the cerebral
blood £low. The measured values for bilirubin and othex
serum varlables in each animal are shown in Table 16 and
the mean values in Tabkle 17. There was no good correlation
between the slze of the cerxebrovascular rosponse to nor-—
adrenaline and the levels of bilirubin, or the hepatic
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TABLE 13

Shows percentage change in cerebrzl blood fiow (CBF) in
nine normal animals and seven aninzls with obstructive
jaundice following infusions of noradrenaline (NA}.

Mean Percentage Change

CBF

Control o 8 g NA 16 mg NA 32 p#g NA
1 - + 8.6 - -
2 - +12.8 + 8.2 ~
3 - +66.5 +86.1 -
4 - -17.9 + 6.7 - 8.5
5 - +29.9 +33.2 -
[ - ~-20.3 + 5.9 +20.3
7 - +11l.2 - 7.2 -31.9
8 - ~ 5.5 -13.8 =11
9 - ~ 5.5 + 3,5 + 9.5

Mean change + 8.8 +15.4 -~ 4,3

Jzundiced
1 - -16.7 - 2.3 s
2 - ~13.0 - ~12.0
3 - -28.8 -54.8 - 7.2
4 - 1.7 =-20.0 ~12.6
5 - ~ 4.1 + 5.2 + 8.8
[ - -26.2 ~19.8 ~12.9
7 - -12.9 -16.1 - 6.2

Mean change -14.8 ~17.9 ~11.9
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CHANGE IN GREY MATTER C.B.F,
(mls/min/100g)
10 ~

5]
0 NA infused (jug/min)
Normal
O Jaundiced

| p<0-005 <0:02 <03

Figure 14, CHANGE IN GREY MAYTER CEREBRAL BLOOD FLOW WITH
NORADRENALINE

The mean change in (. ey matter cerebral blood flow
(ml/min/100g tissue) during intxa~carotid infusion of
noradrenaliie (at 8 #g/min, 16 ag/min and 32.4g/min} in
control animals (closed cireles) and in animals with
obstructive jaundice {opan cireles). The vertical lines
rvepresant plus or mihus one standard error of the mean and
the p value is calculated betwsen the control and the
jaundiced groups at the same dose of noradrenaline.
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% CHANGE GREY MATTER C.B.F.

20
10
8 16 32 ’ :
o L - i NA infusion (ug/min)
10 /;
a0l
- . |
Figure 15. MEAN PERCENTAGE ‘2B _(CBY)

Shows mean percentage change in groy mather flow (CBF)
during infusion of 8 wg, 16 g and 32 pg of noradrenaline
(NA} in control animals (closed circles) and in animals with
obstructive jaundice (open circles).
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TABLE 14

Shows mean cerebral vascular resistance (CVR} in nine

contrel animals and seven animals with obstructive jaundice.

The mean change {A) in CVR is also shown.

CVR

(mm Hg/ml/min} .

Control C g 8 g NA 16 »g NA 32 pg WA

1 1.5 1.5 - -

2 2.2 1.8 2.0 -

3 1.2 0.8 0.8 -

4 1.7 2.0 1.6 2.0

5 1.9 1.5 L7 -

6 1.4 1.5 1.7 .7

7 2.8 2.1 2.8 3.6

8 2.2 2.3 2.7 2.6

2 2.3 2.3 2,2 2.4
Mean change ~ =0.12 % 0.1 +0.01 *+ .1 *0.44 & 0.2
Jaundiced

1 1.6 2.2 2,1 3.7

2 3.1 iy - 3.8

3 1.8 3.7 5.0 2.5

4 2.2 2.3 2.9 2.6

5 1.7 1.8 1.8 1.7

6 1.1 1.4 1.4 1.6

7 1.9 2.7 2.6

2.5

Mean change - ' 40.66 + 0.2

40.92 + 4.7

40,71 % 0.3

R
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TABLE 15

Shows percentage change in cerebrovascular resistance (CVR}
in nine control animals and seven animals with obstructive
jaundice following the infusion of noradrenaline (NA). |

Control

1

PP N SO o

9
Mean

change

Jauhdiced

L

3
4
5
6
7
an

Me:

change

Mean Percentage Change

CVR

8 mg NA

-~ 1.8
~17.1
-33.5
+20.2
~23.1
+ 4.1
~15.2
-~ 4.0
- 0.3
~ 7.8

42.1
+32.0
+85.0
+ 4.4
+12.0
+ 8.6
+24.0
+28.7

16 #g NA

=~ 8.5
~34.4
~ 6.3
- 9.9
+18.3
+11.4
+20.0

+32.0

+163.0
+ 28.0
9.6
8.6
40.1
47.1

+ o+

3249 NA

+17.8

+20.3
+42.9
+16.5
+ 5.3
+20.6

+129.0

1.2
+ 32.0 1
+ 18.0
+ 6.0
+ 25,8
+ 34.9
+ 35.3
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CHANGE IN CVR (mmHg/ml min")

Jaundiced

Normal

i —~I NA infusion (g min)

-O'SL p<0:01 <01 <0425

Figure 16. CHANGES IN GREY MATTER CEREBROVASCULAR
RESISTANCE WITH NORADRENALINE

The mean changes in cerebrovascular resistance (mm Hg/ml/min'l
during intra~carotid infusionof NA (8 mg/min, Léasg/min and
32 mg/min) in control animals (closed circles) and jaundiced
animals (open circles). The vertical lines represent plus

or minus one standard error of the mean and the p values

are calculated for the differences between control and the
Jaundiced groups at the same dose of noradrenaline.
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Figure 17.

% CHANGE GREY MATTER C.V.R.

S0
40
30
20}
10l

8 16 32
0 I t

NA infug}
{ug/min)

MEAN PRERCENTAGE CHANGE (CVR)

Shows the mean percentage change in cerebro-
vascular resistance (CVR) during infusion with
8 pg, 16 pog and 32 pg of noradrenaline (NA) in
control (closed circles) and jaundliced animals
{open circles).

e
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dysfunction os determined by cny of the blochemicnl teats
errried out. The nlcema renin levels nlso mot eirnificantly
altered in the joundiced mnimcle. Thus none of these
variebles annear to be resnonaible fTor the slterction of

cex ybrovesculoy yespmise in the joundiced nninmals ne come
pared to thot found in the conirol rnimnls.

ente

€0, exnar:

The mean reshineg rrev tor flow ot various levels of
PacO in'ghe contrel rmd jrundiced enimecls ere chovm in
Tablg 18 nlus or minus one strndnrd ervor of the mern,

In the control emimals the nmesn P'”‘GO,, ves 35.4 nlle ond es
CO? wre added the mern inererse in 48noion rome to 43.1;
54,2 ond 63.6 mmiy resmoctiv The cerrcsnondins volues
for esrebrel blood flow wers 60,9 mi/in/i00~r ticeue ot
rest ond 80,15 10,6 rud 10W.0 9l/in/100rr tissve.

Durin~ hynorvertilrtion the P co,, 21l 4o n mecn level of
e Poebarce in eorebrsl bleod flow
fo 55.1 ml/min/100-r tiasue. Tn the joundiced smimals

the rentin~ P‘"CO wre 35,8 ol ond the mern inerecce in

fension rons %o 5“5.8; 53.4 2 e rommoctivelsyr.
The correasmondin~ wrlnes of CNP were 52,0 M1/Min/100 ~rv
tissue of reet ond T4.6;3 77.0 rnd 90,0 m1/in/200~r ticrne
resnectiv
34,8 1l/min/1007
After »Inhr Blook
rect ond ine:
vhile the I of CIF with hyvervent
Thess velves #re »lng ocxnrensed ~ypwhic-lly in Fieure L0,
The reanonse to rrired nG0, wro niralficently cthentuntoed
in the jeumdicod rnimela (ng0,0005) f 40-AQ muie and
€ 0.09 £t 50-452 mrir), Henorventileodion wroduced n
sirnificrnt decra~se counered to controls (w¢0.0%).
fthe CIT remmonso oving #lvhp ndrener~ic blocknde wee
larser then the jrundined s~nimels (n & 0,008 =t 40-AC w

o 40T mle,
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Grey matter cerwirol blood flow
{mls/min/i00g of fissue )
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Firure 18, CO? RUSPONSE CURVES

The reoponse of prrey motter flow (CBF) during 10 mm Hy

incroments in I""’CO? in control enimals (closed circles)

joundiced rmimelo (onen circles) rnd ofter nlvha blockede
with vhentolnminoe (trdenrles). (5 mg/min T.¥.) Resnonces
o P, alone x pxis shovm in decnden.

CO?
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Discussion

These findings indicate that in boboons after lipration of
the hile duct, there i=s an altered resmonsiveness of theu
cerebral vasculature to NA and CO?. When increments of
002 were administered the response of the blosd vesuels
was diminished commared to the control enimals. There was
less vagodilatation and also hyperventiletion produced a
much greater reduction in CBF then the normal animals.
This returned towards normsl after clvha blockade., These
results could be explaoined by u tonic constriciion of the
cerebral blood vessels which prevents the normal responce
of these vessels %¢ raised 002. This could he produced by
an increased sympathetic tone, since a rich sympathetic
nerve sunply %o the brain hos been clearly demonstrated”‘z.
Alternotively vhere could be an increpsed sensitivity to
the gsymvethetic normones, similar te that demonstrated in
the kidney (Section 1I).

It would ewpear from these studies that the lavter
exvlanation is more likely and that the cersbral vasculature
in common with that of the kidney is hypersensidvive to the
effects of norpdrenaline. This confirms the Findings in
the kidney and indicates that the foctor or factors cousing
the chanres found in thet orpon ave penernl since similor
effects con be found in hoth orfsm veds. In oddition these
findings may heln elucidnte the role of noradrenaline in
cerebrovosculry control.

The effects of infused NA in the normel cerebrol
clreulation have been intensively etudied but no consisbent
rattern of resnonse hus emerred. Reported reaults of
infusion include serebral-vero constriction””? vosrodile-
‘mtion”“ ar no effcct?pﬁ‘ Althourh much of thene
discrensncien mny relate o the routen of
snd the onaesthesln used other wmechrnisms mry be omerative.
Tt hes been disousced in the introduction thrd Ro:-cn‘nlunml
has surgented thot the effactiveness of norsdrencline on
c¢erebrel vessele mny be reduced by on avid neuronel untoke
mechanisgm, which prevents norcdrennline from reaching

cdministrotion
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recevtor - sites in sufficient concentration to exert on
effect., The work of Rosendorff and Cranston199 supnort
this finding in that they demonstrote cerebro-vaso
constriction when norudrennlire wns rpllied locally in
high concentration to the vessel gurface. Thie latter
result sugreats a possible saituration of neuronal uviake
mechenicmg allowing sufficient norndrenaline to reach the
smooth muscle recentors.

These findinge do not explein the lock of response to
blood-borne KA which would be expected 4o reach vasculnor
muscle receptors before neuronal unteke (unteke I) could be
achieved. It is possitle, however, thsot blood-borne
noradrensline is evidly teoken un by extra neuronsl nrocesses
{untake II)ZO"’. The norndrenaline is taken un into the
smooth muscle cell ond is there metabolised nly by the
enzyme cateechol~o-methyl-transfersre (CO"»I‘I‘)Q‘ . Normally
the emount of noradrencline %cken wp by the smeoth muscles
does not exceed the rmount Aiffusins in*o the vescular wall
from the blovd. It has been shwon that inhibition of CONT
slows dovm the uptske IT nrocess and incresses the availe-
bility of NA to the recentor pnd wotentintes the effect of
¥4?27, Gonversely, if Untrke II i¢ very ovid the effects
of norsdrenaline would be reduced. NeCrlden ond Bidelmon
heve demonstroted thot inhil o of CONT renults in on
enhsnced cergbrovoseulsr resnenne to infured norrd,renrline??s,
which 1is onnirove to the findings remorted here. This
indientes thet avid metobolirm of NA within the vosculsy
smooth muscle lendines %o an inerense in untcke II may
aceount for the norm~l relciive lock of resnonso of the
cerebrnl vessels to NA.

Tae rresent findingrs of cerebrsl vesculer constriction
2t low infusion roter of HA in jrundiced animnle, o opnared
to dilatation in the normol nnimrls, is os mentioned similoy
to thot found by MeCnlden ond Bidelman in normrl snimals
after GOUT blocknde. The dilntntion observed in the normel
nrobobly veletes Yo WA rerching the reeontors in Jlov
concentrriions nnd exertine n nrimary betia~adrenersic
foec‘i;?pg. Tn the joundiced ¢nimels the NA concentration
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at the receptor sites is probably hirher and.this wnroduces

an alphn~adrencrgic stimulation reeulting in va,sccoﬂﬁtriction?
This surgests that some fector or factors in the serunm of
animels with obstructive jaundice may be acting on 2

vascular sinoth muscle ond inhiblting catecholamine uptoke
mechenisms. It is posalble, however, that there are other
explanations for the incrensed sensitivity of the vesculature
to the effects of norsdrennline. This will be discussed in
the final section of this thesis.

The snecific underlyins factor or factors resnonsible
for the enhenred reononses o noradrenaline is smeculative
and has been extencively covered viten denling with the
kidney, There wns no correlation between the serwm bilirubin
levels (dircct or indirect), tronenminase concentration,
enzyme concentrstion and plasme renin activity and the
magnitude of the cersbrol vonsoconstrictor reononse following
infusions of NA. As shown in Section II of this study the
sensitivity of the ey vasculature to norndrennline slso
could not be correloted with these varinble.

1t mry be orrued that cerebrel precgor res,
noradrennline found in the nresent study is relc 0 the
prior bile duet surrery. Numerous shem overstions were
conducted with ~nincls vhich hed previous bile dvet man-
ipuletion but not lirction and 1% wns found that both the
resting cercbrr] blosd flow ond the rosmonse of the cerebrol
veseulrture to infused norrdrensline eimes identicrl %o the
control onimnls used here. Alro the foet thet resting
cerebral blood flow, blood nresrure ond horrd rate wore
1i%t7c chonred in the jrundiced rmimals would indicste
that they hed recoversd from the trauma of surrery.

In thic method ‘the NA wra infused throush the crrotid
bifurcation before entering the infernnl earotid artory.
T4 hes beon surprosted by Purven thet the orrolid chewo-
recentors nre lmmorisnt in control of cowebrel viceulsture

both in the resnonse to norrdrennline snd in the recmonse

o CO??BO. Thug the nresent rogulds mey have been due to

29
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a reflex action of tiecerebral vessels involving these
receptors. Other workers, however, believe that the
ahemoreceptors play little part in the cerebrovascular

to nor; aline®¥! ana MoCalden and Eldelman
have shown that there is no change in the response to
infused noradrenaline when the bifurcation perves are
removea?3?, It therefore seems likely that the results
reported here are Que to a direct effect of ncradrenaline
on the cerebral circulation, and not via a reflex mediated
by the carotid receptors.

Fisher233 feels that 1t ls possible that two forms
of hepatic encephalopathy and coma exists. The fivst,
most common, with moderate impalrment of hepatic function,
is daxry to the of toxins that are normally
cleared by the:liver. It is possible that these toxing
may be responsible for the sensitivity of the cerebral
vasculature €0 noradrenaline which was found in this study.
This is supported by the finding that alcochol, which plays
a positive role in many of the patients with hepatic
failure, has been shown to disrupt the blood brain barrier
to catecholamine5234. It is possible that the severe
coma often associated with alcoholic hepatitis may evolve
from complete disruption of the blood brain barrier, the
major defense mechanism of the brain. Fisher also fecls
that there is some evidence that the liver normally produces
some substance which is essential to normal brain metabolism.
In massive hepatic necrosis these substances are absent and
undexr such circumstances brain function may be even moxe
severaly compromised than in the first clted condition233.

It must be stated that in this study vascular resilstance
wag calculated from the ratlo of perfusion pressure (QP) to
flow (F). It is polnted out by purvest?® that this can
only be done if R is independent of either P ox F. This
is unlikely to be seen in vivo because of passive distention
ox active constriction of blood vessels and the anomalou
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viscosity of blood. Measurements of vascular impedance
would have been wmore appropriate but attempts to measure
this have not been successfullgs. Therefore calculations
of vascular resistance wag done as mentioned above, bearing
in mind that these are only approximate measurements and
not accurate.

Suemary

These experiments in which the effect of obstructive

jaundice on the gerebral clrculation was studied confirm

the findings found in Lhe kidney. Here, similar to the
findings in the kidney, an increased sensitivity to the
effect of noradrenaline was found and in addition an
attenuated response to the dilator effects of co2 was noted.
It was suggested that these changes could be explained by

a general factor present in the gerum which is either not
detoxified by the liver, or is present in excess in

hepatic disease. The similarity of these findings in
jaundice to the findings of McCalden and Eidelman when

COMI was inhibited suggest the possibility that this unknown
factor acts by inhibiting uptake I processes, thereby
allowing more noradrenaline to reach the receptor sites,
However this has not been shown directly in-this thesis

and other explanations are also possible (see final discussion).
It is also suggested that the sensitivity of the cerebral
cireulation to lamines may explain some of the features
of hepatic encephalopathy.
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THE REPFRCT OF JAUNDICED PLASMA O THE RESPONSLS OF A

PERFUSED ARTERY OR KIDNEY 70 THE PRESSOR EFFECTS OF
NORADREHALIEE,

Introduction

From the cxneriménts vresented in Sectlens IT and IIX

it would anpecr that there is on enhonced sensitivity

of blood vesscls %o the effects of noredrencline in
obatructive joundice., It would #lso seem that some
blood-horne fector or frctors are responnidle for this
altered sensitivity, since similor effects were found in
two different veeculor heds; i.o. the kidney ond the brain.
If this factor, or fretors are wregent in the plasme, then
it should be possible to wroduce similar motentinted res-
pouses to the offects of roredrensline in an griery or
kidney werfused with joundiced wmlosmn in vitro. This
possibility is exomined in the experiments described below.,

Methods rnd ‘ntericls

The artericl rodel used to nssey the vnsoconatrictor rcetion
of noradrencline (XA) wes similer o thet ured by De 1la
Dende rnd Rende?3%. She tochnimue involved the mereurement
of merfusion nressure in - constnnt £l¢ - cystem. Two
prepargtions wnre used in difiorent exmeriments, the
isolnted nerfused rrtery cepment oad the perfused kidney.

Hew Zerlrnd vhite rebbiin vere rnnesthotiscd with intre-
venous nentobrrbitol godiuvm. Thon eithor o kianey or
¢ Temorsl ortbery wro exvosed., The nreneretion wro
cennuloted wroxiarlly, resoved from the snimnl, weshed
through wivh e henerinined Kroho eolution rnd then perfused
using o eongbent flow perictrltic pun (LABLPOO) with Krebs
solution »t 37°C, The orgea bath wep nloo maintoined et
37°U femvernture weine sn outor thermortotbicnlly contrelled
woter jecket. The Xrebs solubion' contrined NeCl 118.0,
KCL 4.69 NAH?POA 1.33 N'-H:,CO_,’?".O “Iucose 5,56 Or‘Clg 2,80
rmd T.!p'ﬂl:, 1.05 mi/1 en@ 411 morfused solubions were maine
toined at vl = 7.4 +md constront PGU? and Pon by bubbling
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ras congninine 5 CO2 ond Q4% 0, throurh the perfusrie
reservoir, {Firurs 10). I’vr\rfusion nregsura was monitored
using o Stnthom }311?3 srennafucer connected to the flow
cyrden vio ¢ T tube ond the merfusion rate wns ket constont
throu-hout ereh evmorinent ot 4-% vl/min. This rate rove
inflow nressuren of §0 % wmlle in the kidney oxneriments
end 520 malie in %he :r experiments.

The rriericl conctrit.or reomourr: to NA were determined
of JA in wrrmed Krebs rs o bolus

A on. The
resultrnt chenrer in vennel erlibre end reristonce were
nonitored ns tho srwditude of chrnye in werfusion nressure
end rocorded on ¢ Hoclowen dynoprrnh,

by injeeting frnd.d do
into the verf Just vrowis fo nprennre:

The system w=e cllowed fo otrbiline for sl least 30
minutes during werfueion with Krebs solution. Then o
vefod TA doren wep obtrined. The
4o

series of reoronres to

narfust-te v

e dhen cbes Lesre vhick hrd been removed
from one of fen brboons it surric~1lr induced obhatructive
devmfice. A1l of o rniwmlr hnd - oedr bile Aucts liscted

For «f lecrd dvo wo g end the wler i wre rer:wed -nd ther

stored In » Ireever mtil 14 vns vond,  This wo nllowed Ho

porfure

Tor (0 nirvdon rad thon o Purther reries of resronmen

o Antermir o, Mhe werfunnte v

¢ oroin chrnred to

Irebe ' €0 f o1 o Indor enother cories of resmonaes wor
obrines, In o slesme peqrsles the mloase ronin, tot-l
end eondv et 1 drubin, Plood urer, “1keline vhosrvhotese,

E ot one rotrpoiwy coneeviretions were
mer ey soeriqonts aeine kidneve pnd five uoine

twere oorried ont pl o pimiler nusber of
controls wit  acol mreecorellon unine non-isundiced nloeme

from shnm ori =t hrhoonr,

Ffomor-d nr

Anslweis of o g

Hethod T

The 7one remvonpe dodr obtrined fin ch dndividuni
exneriuent wan »lotted pe the dnererin in werfusion
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nregsure (resmonse - =rEe) arninst the logrrithm of the

dose (¢ NWA). Thin nroduced three curves for cach ermeriment;
one for the control {Irebs) perfusate, one for the Joundiced
plegne norfuncte ond one for the washomt with Krehs solution,
The reswonses to norrdronrline ot eeuivelent doses vwhen

Kreba wan nerfused, won comnored to the resnonses vhen
Joundiced nleemo won perfused by o Students "9 test for
prired dat

Methew IT

a) Linoweover Jurke.

The dose-remronse dodr obtrined im ench irdividurl exveriment
wan plotted no the vecinitol of the perfuzion nressure
inererne (1/rerponne, mmllr) crainet the recinrocrl of the
dose (1/done of NAwr)., This nroduced streisht line
relntionshing in erch exnoriment cc predicted from the
Michrelis-tenten kinetier for drug-receptor intcz‘-:‘ction"%.

1, Ten 1

vitere R « regmonge in amilr
T = MA dore (m-)
R = messureMent recnonge (mule)

Keo = eenilibriun coefficient for drur-recentor
inYerretion.

In erch oxmoriment veoluen of By O0E Knc were erloulcted
from the intercentr of {the lino of the ¥ snd x svee,
resmoctively. Vhen 1/D = 0, 1/R (x interoent) in ecurl o
1/&1”,‘,,. When /R = O then 1/D (x inercemt) in eourl to
~1/K .. Ohrnros in 1/1(“"‘:__, imnly chrnpen in efficiency of
the dru~ recenior comnler, while chenpen in —1/&506 ey
ehrnros dn drur recontor offinily.

b) Hofpten

Althourh the Iinowerver Furke mroccdure rrovides useful
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information e¢n drug recentor inter-— relationships it is
however a double recinrocal vlot, i.e. the receiprocol

of reswonse in nlotted rs a fordidon of the recinrocal
doge of the drup. When the responses are smell, eny error
in measurement is masnified by this double recinrocal
orocedure. In Hofstee procodure the resnonse is exnressed
of a [unction of the ratic R/D ?37. Thevefore the error
ig less since only oue recinrocal is uvsed. In addition
the sprcing of the noints on the oxis R/D are more evenly
digtributed then in the Linowesver Burke nrocedure. ™
the Hofstee procedure the Michnelia-Menton equation is
rearranged.

BR= K.

-R4+ R
b max

The slope of the line is 'Keq and the y intercept is
Rmax' In the experiments using jrundiced plasme the repults
were cnulysed by both the Wolatee and the Lineweaver Burke
procedure.

Results

Fipure 20 shows three sets of reesvronses obtained from e
perfused kidney. The ton trace shows the mressure chrnges
in the nerfusnte after injoctions of ‘oses of noradrencline
NA ranging from 0.08 - Ba g ag a bolus dose. In some of
the kidney experiments this whole ronpe of noradrencline
doses ¥ not used. The middlo trace shows the rressure
chengans after irjection of NA vhen the nrernrotion wes
perfused with ‘rundiced wlresme »nd the bottom treoce nhows

3} Ther & neriod of washout with Krebs solution,
It ie elecr that the vesponnos to NA nre much lorgor in

tho wvresence of joundiced nloomp. ‘When the nlhcmo was
renloced with the Krebs nolution the NA rennitivity of

the nrepar~tlon returned towrrds normel. Similar resulte
were Tound for the kidnov cxnerimentn and the fomornl
artery oxmeviments., These rermonses in ench oxnoriment esn
be seen in Tutle 19, Ocennionnlly it wes Tound thet the
kidney wrs so sensitive fo the effect of norndronsline
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PERFUSED RABBIT KIDNEY

NORMAL
KREBS i {
NOR{ug} 0814 37 64 8 &4 s M va

JAUNDICED
PLASMA

1 1 Tt t LY
NOR{ug) 08 16 32 et & 64 22 16 o | a3\ dos
1N

waghout _r__AMNL{\(\J\
AT

NOR{ug) 000 038  oselon | a2 64 Bo -
032 08 &

—=Smin— 250mm Hg

. Figure 20. _RESPOMEST OF TSOLATHD FPARFUSED KIDNBY

TOP TRACE - Preseure rosmonzen Atring verfusion with
Krebn solution.

MIDDLE TRACE - Reanonsen during perfusion with jaundiced
vlas

\ BOPTOM PRACE - Resmonney durdine nerfusion with Krebs

‘ solution ro wechoutb.
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efter perfusion with joundiced plssma, that it responded
with lerpe increrse in rressure which did not return to
the beseline(Figure 21.)

Pigure 22 shows a 1og/rusnonm nlot of the data from
a tyvicel kidney ermeriment. It cen be aeen thet the
Jaundiced nlesm~ erused the dose resmonse curve to shift
to the left of the control {Krebe) curve indiccting thet a
potentiction of the effects of WA had occured. Tn order
o nroduce on increcce of 50 mmily in perfusion nressure,
approximetely 1wy of NA was nceded when the perfuscte was
Krebs solutilon., WYhen the joundiced plrsma wns nerfused,
only sbout 0.5 ur of NA produced the gome resnonse. Vaen
the nlrema wes weshed out of the preperntion with Krebs
solution, the done response curve shifted brek towerds the
initicd curve, showine thot the chrnres induced by jcundiced
Plesms ere not ccured by rn incrensed veoscular sensitivity
due %o the =omoare of time.

An exammle of ~ control exneriment using normel beboon
plesme in rhowm in Fiynres 23 and 24, No sipnificent
potentirtion occured vhen mormel wla wes verfused,

Table 20 showr the results of the biochemignl investi-
Fotions crrried oul on ~ll of the amccimens of nlosma used,
No correlntion coul@ te found hetwern the derrec of NA
senritivity chrnrer ~nd the derree of jrunficed (bilirubin
mee ), urer levelu, the Tevel of tronsrminesen, l%aline
vhonrhotone, codina, or not-neium ione. In ~ddition there
wos no consictent rel-{iionshin between »lermn renir
vetivity ond i meitivity. Unfortunntely there was no
date for plrams renin setividy in eny of the isoloted
kidney experiments or in the “idnoy controls, ALl plrsne
renin aesoys were cnrricd ovt in the trhoons nricr Yo
exsoneuinrtion,

Firure 25 chows o dovble reecivrocr]l nlot of dnta from
2 tynicrl didner exnerinent, Tt ern be seen thot both fthe
slone *nd x intercent of the line obirined with Erebn
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PERFUSED RABBIT KIDNEY

IORMAL

NOR(ug) 16 32 64 32 M

JAUNDICED
PLASMA M
' I \‘f {

i
NOR{ug) 08 16 32 64

—~—5min~> 250 mmHg

Pipure 21. Shown resronrn of an ivolstcd nerfuced kidney
durine merfusion with jmmdiced nlrame (lover
troco).  IL con be seon thot ot n dome of
8.4 w#r of norrdronsline thore woa-n lovee
ineronse in rrencure. Thin did not roturn
%0 the bareline within one hotr, nlthoush the
comnlete troce ia not showm.
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It ¢on e meon thet Jeundiced nleoome counes o chifd to the
left of the remmonce curve.
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Pigure 23, RESPONSMS OF TSOLATED KIDNEY DURING PERFUSION
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150 KIDNEY
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oNormal plasma
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Fipure P4. 100/D0NH RBSPOLSS CURVE DURING PRRFUSTON WITH
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perfusion is different from those during jaundiced plasma
perfusion, whereas the yintercept in this particular
example 1s virtually unchanged. Thug the maximum response
(Rmax) of this artery had remained almost the same while
there was a change in the equilibrium coefficient (Keq).
Figure 26 shows a Hofstee plot of the responses in Krehs
compared to the responses in plasma using a typical femoral
artery experiment. Tt can be seen that both the slope and
x and y intercepts are different when the responses in
Krebs are compared to the responses when jaundiced plasma
was perfused.

Teable 21 shows the values of K, and Rax calculated
in all experiments using a Lineweaver-Burke plot both
during Krebs and during plasma perfusion. Using a palred
"t test the Keq and Rmax {(jaundiced plasma) was found to
be significantly different from the Keq and R {Rxebs)
in the artery experiments. In the kidney experiments the
Keq {jaundiced) was less than the Ke {Krebs) and theve
was a tendency for Rmax (jaundiced) to be increased but

these differences were not statistically significant.

* These results show that perfusion with™jaundiced plaswa
potentiates the response of both the isolated perfused
kidney and the femoral arteries to infused NA, and this
change is determined by a modified equilibriuwm coefficlent
although the tissues maximum response tended to be inoreased.
Table 22 shows the comparison of the values ohtained fox
Ke and Rmax using a Lineweaver-Burke plot or a Hofstee
plot for the five femoral artexy experiments. Although it
was mentloned that the Line-weaver Burke plot may be in-
accurate when the regponses are small, it can be seen that
there is esmentially very little difference betwaen the
values obtained by elther mothod. Therefore for the rest
of these expeximents using the lsolated perfusion system,
only the Lineweaver-Burke plot was used.
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PERFUSED RABMT KIONEY

NORMAL
KREBS
1 [
NOR{vgl 0816 32 64 @ 64 32 1608
JAUNDICED
PASMA

NOR[ag) o 14
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Figure P0. _RESPCUSHS CF THCLATED PUREFUSED KIDNBY

2OP TRACH - Pressure resnonsen during nerfusion with
Krebe solution.

MIDDLE TRACE - Recmonses during perfusion with joundiced
olasmn,

BOTLOM TRACE - Renmonnes durine nerfunion with Krebs
gsolution nn wechout.
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TABLE 2%

Values of R .. and Keq for all experiments and controls.

ARTERIES KIDNEYS L
{a) Jaundiced plasma expts. (b) Jaundiced plasma expts.
K Rnax ®

&g Jnax .- ~Jmax
No. Krebs Plasma KXrebs Plasma No. Krebs Plasma Krebs Plasma

1. 2.5 1.5 7.5 14,4 1. 20.0 1.2 tu0.0  200.0 |
2, 4.3 3.5 10.5 2.5 2. 0.1 0.6 11.6 16.7
3. 0.% 0.3 10.8 14.7 3. 1.5 0.2 50.0 126.7
4., 1.9 0.0 9.1 15.0 4. 2.0 0.05 500.0 526.0
5. 1.3 o,k 19.6 20.8 5. 4.3 0.6 125.0 11i.0

p £ .01 p £ .0L N.S. N.5.
{b} Normal plasma controls (b) Normal plasma controls

K R K R

eq put eq max
No. Krebs Plasma Krebs Plasma Wo. Krebs Plagma Krebs Plasma
1. 6.9 Q.6 9.8 4.9 1. 1.1 1.0 166.7 100.0
2, 1.9 1.8 4.0 2.0 2. 5.3 1.5 166.7 83.3
3. 0.6 0.5 5.4 5.9 3. 2.8 3.8 5.5 166.7
4. 14.9 9.2 12.3 7.9 4. 6.4 1.2 200,0 125.0

H.8. N.S. N.S. N.S.
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TABLE 22

Comparigon of Lineweaver-—B‘urke Plot and Holfstee Plot for
values of Keq and Rpoo.

HOFSTEE

PRaax _&g Boax &g_ |

1. X 10,8 0.9 10,9 1.0 :
TP 147 0.3 5.5 0.3
2. K750 21 7.5 2.
TP M4 2.0 13.5 1.7
3.0 0K gl 1.9 4.3 1.9
JP 15.0 o1 5.2 0.l
4 K 106 4.3 9.7 3.6
IY 4.5 3.5 1.6 2.9
5. 19.6 1.3 20.8 1.4

20,8 6.1 21.5
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Digounosion

These results show thet joundiced pleoma conteing nome
factor or foctors vhich poteniicte the responce of
igolated vesasels to the effoctn of nerndrensline. It
would apnenr therefore that the incressed rensitivity of
rennl rnd ceredbrol circuletion doithe effects of NA in
obntructive joundice cnn be exnlnined by e factor or
factors present in the plesmy ond not by some gtructursl
demagse to the voasculobure, although thig hos not bheen
directly excluded.

Analysis by Lineweaver-Burke or Hofstee nethods reve
similer results rnd showed that the equilibrium coefficient
wag decreased snd the moximum response of the vessels
incrersed. It is likely thet if more experiments were
performed in the kidney experiments thet the increasse in
the meximum resvonte would heve been stotictienlly sigmif-
icant. There however » consistoni decrense in the
eouilibrivn confficient (K, ) for the drur recemtor inter-
sction. This is consietrnt with on inerecse in offinity
of the recevior for the drusr i.e. more drus recentor comnlex
hos been formed.

The incrense in R’nnx ¢rn only be exwloined by on
ineresged efficinncy of the drus recenbor comnlex vhich wmey
be the result of »n jnererce in tiscue excitnbilitsr, or
the vnmerking of ~dditionrl adreno-recentors. It ism also
noneible, hotever, thnt the drur in heving an pllosteric
effect., To test thir nonnibility Hill nrorosed rn seuntion
by which 1% ia nogrille 4o evnluate whether n dru~ recentor
action is due to rdlotorisim or not?37. This eru

o n
R Ry (D)
(17 4 x*

where n = vuiber of rites bindins fhe substrete or ihe
intersction coefficient, rnd Ki renlocon Kor in the
Michrelir-Henton enustion,

If n = 1 the eourtion becomes identicnl to the




Pore 137.

Michaelis-llenton ervotion ond in this cnse ¥l - a
When an rllosterie eflect ié produced K] in not = Keo
and n becones interyrslly fFrenter then one?w.

Takle 23 rhows the valueo flor n when the formulan
wes erplied to tho resvlis obieined from rerfusion yith
joundiced wlosma in the femorsl ertery exwerimont., T4
con be peen thot n is olmost = 1 in 21l experiments.
Therefore the increese in Ry o is not due to en rllosteric
effect and in more likely due to unmasking of rore receptors
or on inerecned exeitebility of the tissues from some
alterction in membrrne chrracteristies.

Potentirtion of rernonses %o WA in isolsted nerfused
rebbit eer nrtery hrve been shasm when Krebs wes remlaced
with normal rrbbit nleeme or whole bloodp3s. This wae

sugmested t0 be due to the intercction between S-hydroxy-
trynicmine (vhich+is wnresent in lorre cmounts in rabbit
vlosma) end injected MA. Since ennymes resnaneible for

S5-hydroxvtryntomine (5-HT) brerkdovn sre wresent in the
1ivern39, it is moasikle thot oo dinerecse in the levels

of circulotins 5-HT covld owrlnin there resulis. However,
5-HT in other gmecics ic porm=lly corried in the nl-telet
froction of the blood” 10 with 11443~ or none in the nlsemr,
Thue, eiqnificrnt ~mourts of SIHT cre ynlikely to be nresent
in the samnles of jrundiced wlogmn olthourh thig hes not
been me~gured directly., Thi: would sur-ect thrt 5-HT mleve
little »ort in the vhenomenon,

Thue thote evnoriments chow thet the irvnficed wlremr
ineresres ¥he rosmonse of the veseul-ture to*the effacis of
norndren~line in vitro similir o thore found in vivo in
the rencl rmd carebrsl eirculrtionn. Thia would r-menr ta
be mrofuced by r Asereszed oruilibwium coofficient hich is
explained by nn inerersed drus rocentor comnlex i.e. tn
incrersed recentor offinity for the dror. There ig ~lgo ~n
inererned waxinus rosmonce of the tirrre which conld he
exnleined by inerersed fircve eveitebility or hy ~n un-
macking of mors recentor sikan,
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Shows velue of interaction ccefficient (n) for results
during Krebs perfugion and afier perfusion with jaundiced
plaguna in 5 experiments with en isolated perfused srtery.

EXPT, HO, KREBS JAUNDIGED PLASIA
n n
1. .32 1,09
2 1,05 0.91
3. 1.45 1.06
4 1.25 1.02
5. . 1,12 1.06
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EFFECLS OF dYPOCHOLES!
LOW-DENSITY LIPOPROTEI
PHE EFFRCTS OF YORADTW

CLALITIC PLASIA, CHOLESTERCL AUD
ON THA VANCULAR SDNSTITIVITY 10
T INE.

Introduetion

The experiments both in vive eand in vitro showed thot in
obatructive joundice thore is n heirhtened response to NA.
MeCrlden and Ridelmon” ¥ have shown thrt when untnke of
noradrencline into vnsouler smooth muscle (Uptoke 2) is
inhibited there is en enhrnced cercbrovasculsr resnonse o
NA, which is nlmoet identicnl to thet obtnined in animals
followine lipration of the common bile duet. Salt ond
Tversen”tt heve demonstr-ted thol cholesterol (vhen digolved
in gleohol »nd rdded to Krebs solutiow-is carable of untnke
2 inhibition in cerdire miscle., If the voscular smooth

r manner this could exvlrin the

muscle behaves in o sim
results obtsined in jeundiced onimols snd in the iscleted
artery nremerrtions. An inhibition of untrke 2 nrocesses
would result in viorve NA bheing sveilable for drur recentor
combination sné thus n heirhtend rermonse of the vessel
could be exmacted.

In obetructive jsundice there is » lorre incrence in
totol serum cholesterol sue 1o an overaroductior by the
1iver®”, It ie nosrible thot one of the fretors responsibdle
Tor the inererged sensmitivity %o NA 1o sn increrre in totrl
plagme cholesterol. %his i errrded in plroms neinly on
‘the low dn ty livo -rol n olihowh rbout "0y s bo
ereried on the hi-h denaidy lmnonrmroinr‘"[(p. A oltustion
onnloous to obsirmetive jenndice exdnhs dn Fredrickron'a
Tyre IIs hynorl emir vhore the low denrity limorroteins
{1I%) ere rvnar W1y incr‘u'nf‘d”' .

Taerefore in the exnoriments helow ugsing the iecolrted
arbery proneretion dencribed »roviously, the effeobe of
nressor resvonce of the vaerrelr to Wi of cholontersl in

R - ik
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galine, cholesterol in plnsmn, cholesteral n hvper-
lipideemic plasnn and o low dennity Lipowrotein exirnct wes
investipated. fPhe exnorimentol protocol con be noen in
Table 24.

Materirl end Iethods

The sréerial model aded wos the same ac thoet deseribed in
the nrevious asection, In rddition the cxwerimentrl nrotocol
followed identicrl to thrt deacribed for thooe exreriments.
Hovever, only rrteries were used in these exneriments. In
addition i% wes decidod not to ure 2 femorrl rriery in
these axmeriments but to vee the moin renrl rrtery in the
prencrction.

a) Premryotion of hynerlinidremic ninomn

60 wls ofiblood wre trken from ench of 15 fenting nrtients
attendins r gneci~l ¢linic for hrnerliwnidremis (from whom
Anformed conrent heu been obtmined). In onch cose it wos
confirmad by both ultrrcentrifurrtion ond electromboresis
thet thece metienta wore frue Fredrickoen's fyne ITe hinor-
The blood wes contrifus~ed for 3 utes ot
2,500 reve mate ~nd the rumerastent nleenn reroved., Plosmn
© wore mercured in erch smenle. In

urer #nd elactroly
ench eynerimcnt three nl
romdom, meoled rnd pn-lyred for tot-l cholectorel, bete
chetestarol (LDL) rnd iri-lrceride concentrotion. .
This nlrame wer werfused in erretly the sono monmer or thot
deneribed Tor nerfurion of jrundiced nlerma. Six eymoriments
(HC) were narforned rnd

e oemnlec were selected ot

wsing nymarcholesterols amie nlron
fentn o controls.

Tive uniny rlvgas from normel
b} Purs_cholrrirrel

Pure cholenterol (R,D.A.) wre dirsolved either in seline or
in wlesmn, T4 wos found thrt it wnr diffioult to obirin
hirh concentrntions of cholenterol urine thie mothod ~n@ o
mrwimun corerntretion of 10me/ml woe obirired, Chole
s pdded

wnn alao cisoolved in promenol rnd this solution
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SABLE 24
Experiuwental protocol for examining the effects of
choleaterol on the reupcnsve's of an isolated perfused
artery to the setions of noradrenaline, ALl reaponses

compared o responges during Krebs solution perfusion,

() Test:  Artery perfused with plasts frow Type IIA
hyperlipidaenio petients - 6 exptw.
Contirel : Artery perfused with plasmg Lfrom norwal
subjects - 5 expts.

{b) Tegt: Artery perfused with cholesterol an Krebs -
5 expts. Artery perfused with cholestercl in
plasua ~ 10 expts Artery perfused with
cholesterol in propancl - % expts.

Control :Propunol alone disolved in Krebs perfueed -
3 oexpte.

(e) Dest: Artery perfused with low density lipoptotein
concentrated from normal subjects ~ 5 exptis.

Ls Artery perfused with bovine albhwan - 5 expts.
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$6 Krebs solution rnd nerfused using the btechnicue alrendy
deseribed Fer jeundiced nlosma. In nddition nronanol alone
wrn added to Krebs and the responses of the vennel %0 the
effectsiof norndrensline were abtained when this wes
perfused. PFive exmneriments were cerried out using
cholesterol dissolved in a@rline, 10 oxveriments using
cholestarol digselved in vlasma nnd 5 ewmeriments using
chelaesterel dissolved in mrov~nol in concentrntions ronsine
from P0we to 50 aer/l wero used, Throe exveriments ueing
pronmnol clone dissolved in Krebs, wors clso corried out
(Teble 24).

¢) Prensretion of low dencifv iinonrotcint (hetr lironroinin)

Pleame was removed Trom 10 norm~l feoting priients. These
somples were spun in o Peclmon CPG5B wllrocentrifure ot
19,000 r.n for r neriod of 30 minutes to romove the .
chylomicrons, Then the semnles re smm =t 40,000 r.»
for 18 nowrs with » density solution contrinins A pr Me0l;
C.lrr h_?ED"A' 1 @l ¥edd mede uvn to one litre with Aistilled
wober ond-of anncific rrovity 1.006. Very low deasity
Llinmonrotei-r (wvre-bede lirowrotrins) moved Trom nlasme to

1

thiz polution ~nd were removed. The remsinine wlosmo wre
anun furd’ or of 40,000 r.n.m. for 20 houra with » necond
density ¢ lution contrinine P4,08er MaBr in o 100 ml of
firet dengity dolution rnd of emecific ~rovity of 1.182
The Low dennity lironroteins (g ~linomroteina) moved *":m"
rirgne into thin solulion ~nd their mrecence corfdrm
nain~ « Pechuicon ATT ~nto-wr lyser o= well on by clactro-

oremin,  There Jow deunityr Tivoenroteing ware fhen dirlweed
oredngt normel e-lira for M4 hours Lo vemove the ENPA rnd
bromide. fWhin concentrrded Tinewrotein rolution wen cdded
%o Erebe solntior ~pi wen infvred dnbo the nrterr in
coneentrr tlons rrnrins fron BO-110 medl, Mve exworimente
wore enrried out wlus sn ecurd runber of controls uning
bovine ~Ibhwndn (MERCY) ~4 donmorn of S0-750 metl,

Rorulta

I

o) Hyrorlimianenie n nonny

Fyare 7 rhovn dhree mege of resronnes abdeined from »

egingle ~rtory cwnerinent,  Phe don treee rhows the nmraneurn
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changes in the perfusate after injection of WA ranging from
0.8 wg to 8mg. The middle trace shows that pressure
changes after injections of doses of NA ranging from 1,6 ag

to 8 »g when the artexy was perfused with hyperlipldaemlc
plasma and the bottom trace after a period of washout with
Krebs. It is clear that the responses to NA are much larger
in the presence of hypercholesterolaemic plasma. Table 25
shows the individual responses obtained in each cf the six
experiments befom and during perfusion with hypocholesterol-
asmia (HC plasna). Using a paired "t" test the response
wlth HC plasma was found to be significantly different from
the responses in Kxebs in four of the six esperiments,
Another similar experiment is shown in Pigure 28, as a

log dose versus response plot. The potentlation of the

NA responses in the presence of HC plasma is seen as a shift
of the curve to the left of the control curve, After washout
with Krebe the dose-responses were shifted back towards

(but never guite reached) theinitial curve. When normal
plasma was perfused no potentiation was seen (Pigure 29).

Pigure 30 shows a double reciprocal plot of the data
from a typical experiment. In this it can be seen that both
the‘slepe and the X intesrcept obtained with”the Krebs
solution are different Ffrom those obtained during perfusion
with HC plasma. The y intercept is also changed. Thus the
maximum response of Rmax {of this artery} is increased
slightly while there was a large change in the drug receptor
equllibrium coefficient (Ka Yo Table 26 shows the values
Keq and Rmax for all HC experiments. Using a palred "
test the Ke (HC) was found to be significantly dlfferent
(p € 0.05) from the Keq (Krebs) . Although there is a
tendency to Rmax to be increased with the HC plasma this was
not significant at the 5% level. There was no significant
change in coithex Ke or Emax in the normal plasma control.
The assayed values of the *otal cholesterol and percentage
cholesterol were also shown in Table 26. There was no
correlation between the degrees of NA potentiation and
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TABLE_25
The 3 3 h (mm Hg) in six experiments

when noradrenaline was injected in doses ranging from

0.8 to 8.0m4q. The values are shown during Krebs (K} and
during hypercholesterolaemic plasma (HC} perfusion. The
results of paired "t" tests are shown on the right.

NA dcse (wmg)

EXPT NO. 0.8 1.6 3.2 6.4 8.0
K o 1.2 3.4 4.7 5.0
I p{0.05
HC 2.5 5.3 10.6 14.7 17.5
K o 0.5 0.7 1.3 1.5
2 p¢0.02
: HC 1.0 1.7 3.8 Eoo 5.0
K i.8 2.9 3.7 8.8
3 p(0.0l
HC 5.1 20.3 16.9 vea8 22.1
K 0.2 1.0 0.7 0,9 -~ ~l.2
4 N.S.
HC 1.1 .3 2.1 2.7 6.2
4 6.3 7.5 16.9 30.0 -
5 N.5.
HC 15.c 33.7 43.7 - - .
X 0.9 2.5 4.7 6.8 6.6
& p¢ 0.05

HC 8.4 13.8 18.8 - -
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Page 1a. TABLE 26,
PSR A 4
The equilibrium coefficicnt (Keq) and the maxfmal possible response (Rmax)
calculated for each hypercholesterolacmic plasma experdiment and each normal
plasma control. The significance (paired "t" test) of any changes are shown
at the base of each column. Also shown are the values of total cholestercl

(mg%) and the % 8 cholesterol for each of the plasmas used.

HYPERCHOLESTEROLAETIIA EXPERIMENTS

tay o
Expt. Total g chole- Hrebs HC Plasma Kirebs HC Plasma
i Chole- sterol %
sterol
mg %
1 415 72 7.2 1.0 2.5 4.3
2 370 70 4.5 5.0 12.8 40.¢
3 625 75 3.0 2.0 33.3 100.0
4 32 n 5.5 1.3 1.9 2.8
5 300 73 10.0 3l 166.0 250.0
[ 430 70 5.0 0.1 40,0 20,5
P<0.05 0,05<P<0,1

1 T 65 16.9 2.9 2.5 1.5
2 166 69 8.9 2.9 33.3 16.6
3 200 7 1.3 2.2 4,3 5.3
4 195 65 27 8.0 25,0 en?
5 20 [ 2.9 4,2 &7 2.1

N.S. N.S.
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totnl cholesnterol concentrntion. In o1l of tho erverimente
a high corrclntion coefficient vhen the dose ond response
wes obteined (0.78 - 0,98).

b) Pure cholesterol

In the five experiments nerformed vhen cholesterol was
dissolved in saline no notentintion of the resvonse to
norcdrencline weg found ot ~ry of the concentreiions of
cholesterol used. (10w e/ml - 50 po/ml).  Also ueing the
meximel nosseible concentrotion of cholesterol, no motentir-
tion of the cffects of NA wos fouwnd in ony of the ten
exneriments errried out vhen cholesterel wos dimnolved in
plnsno or vhen perfucer disselved.in proyenol, It was clro
found thet propcnol odded citler o XKrebs or to normcl
placnn hed ne effect on the vegculor resmonze to 1A,

¢} Tow depnity iromroteine (Fotr-dinonrot

Tirure 31 shows the resmonseo obi~ined to NA in cn
irolnted ertery beforo, durins~ rnd ~fier werfusion of

100 me? of low demsity limomroteing (IDL).  Althonch the
doses of A used vith limorrotein were 1/10th those in
Krebs, much larcer reswon were obirined. This would
infdieste ~ chift of the lor-dere recronre curve 0 the loft
during LIL meriurion, -p  shovm in Firvre 27, Gommepicon
by & veired "Mtt tent of the resmonrces in Krebhe to dhe
resmonans v linonrotn woro ~dited, shovr the renmonse
10 be siemifiersily Cifforont (> .01) in
AL fiya ernariante,  Thece pasmonnor i orch exnerirmont
in Mebia

in limonrotedr

ern e noen

Drrle P8 rhowr the erlendctnd v-luan of wa ot I{v_,:r
(from o Linewsaver-Burte vlot) for oll five ormerinents
" low
inerense in B cceured., Mo ciruificint chenpe in VA
agencitivity oseured in cuy of the controls whon bovine
albwnin wes used,

ws: b Limomrotein, A deercore dv itm‘ mé

When puve cholanterol wea dinrelved in either pleens or
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ey
1)

Unmey Treen = Dordny norfusicn with Erobs colution.
11ddde Trtce ~ During vorfusion with linmonre’ein.

Bottom @rece ~ During veeshont vwith Frobe soludion.




- - £ &€ 44 el 4 o T T <
602 6% ot 072 S§°T 0 - h:4
- - nTRZ G708 092 ot 5*6 ST T T 5
$'0T 00T  §°L 56 §°T [ o 0 [} p:4
- - - 562 62 12 S°L e 4 S T T ¢
. 'L S§°L  o0's  §' &1 0 [ o o X
- G0f  G'9T  0'6 s°L o€ 0z - T 2
9T 0°L 0'9  0°¢ 0 o 0 - i
- - - - - 052 0°§ 0°9 $5 T 1T 1
¢°¢  0'¢  0°f &'t g2 0 o o - b3
08 ¥ 2€ 9T g'w Y90 2€¢ 9T*0 80°0 oy *dxg
&
=5 (T #8067 ¥&
o
&) (T aT) wresoxdodrT ¢f Gyt worenzred BurInp puw () SQOAY FULInp WNOYS 8T8 sanTEA I - 900

moay FUTAXBA SE0P UT PIIOSLUT SBM (VN) QUTTEUSIPBION UayM (o%x smo) seanssexd eqwsnIIeg A

12 97avy




50z &G o1 c'e [ 0] o [} - p:
- - o'6E (014 0°g2 [ehean ot [ ST T 1 ¥
S*0T aoctT &°L &g (A & T a o o p:t
- - - [9:14 62 pr4 [2FA &% gt 9 1 €
. G°L G°L 0's [ &°T [s] o 4] o] b
- - crof &gt 06 (A o't [ehe - T T z
91 &°2T 0°L 09 o€ [+] [ [¢] - p:
- - - - - 06z 0°6 Q'9 (344 T 1 T
(34 04 0°f &g [5¢4 4] 0 [o] - by
o°g 9 2°t g°T 80 ¥9°0 2€°0 9T°0 80°0 rop dxy
B Iy TR

o)
h *(T @1) uresoxdodrT ¢ U4t worsnzred Swrany pus (4} sqexy PUTIND WMOYS ax¥ EonTEA “FQ — g0

woxy BurhrEs £9S0p ur pojoelur sEA (Vi) SUTTRUsIPBIOU TaGM AONHA sm0) saxnssexd ejwsnIIsI

Le TTEVT




Page 153.

LABLE 28
The values of the equilibrium coefficient (K for the Na
receptor interaction and the meximal reeponse?ﬁ ) to NA
in five experiments when Krebs was followed by pez‘fusion with
a plipoprofein sclution (LD L),

K‘.eq Rygx (en 1,00
Expt. No. Krebe probein Kreba protein
1 0,85 0.19 5.08 16.95
2 5.14 5.86 22.75 71,43
3 2.49 0,75 11.49 15.53
4 2,42 1.44 13,89 55.56
5 13.89 2,23 52.63 58.82

p £ .05 p £.05
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Firure 32.
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SUPITITON I TREMS ALD DURTNG LIPOPROWLIN
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saling no notenticbion of the offcets of norodrencline
were obgerved. The concentrriions used werc in excess of
those used by §01% ond Jverson in heort muccle bub Llower
than those found in hynevlipidremic »loone.  Selt Fnd
Iverson remort thrt the erire-nevronel unteke of FA into
herrt muscle wou :’rﬂ'xihiirzd?“. Fhe f-iluvre to demonntrete
whe notentictidn of the resmonses to HA in the vesewler
nrenarction moy menn thel vocculer smooth muscle is not os
acnsitive to cholesterol i heerd murele, nmd thet ruch
lerser concentrotions of cholesterol ore neecded,

Loerpe incrementsiof nlesme cholentoerol rre found in
Fredrichkoen's Tyme IIr hyrerlimidrenin. fThis ig lergoely
corried in mlrome o en inereose in the IDE (betr live-
protein) frechi onM3 + vwhen plerne Tyom there wetients wes

uned notentirtion of the raormonsca to U4 wre obrerved.
This motenti~tion =ikt hrve heen rchieved cither becruse
the concentr-tion of cholestercl wos much higher than in
the »revicus exmerimentn; or becrunc vhen cholesterol is
ebtachad to i cmonrotein it is muek more offoctive in
thig ressrd, Ohere w <loe hrve been sotie other fretor
in the hyrerlinidrewic nloome chich notentinted XA,
Hawever, thin seenrs vrlidely =o the erwerients with
irol-ted low dencityr livorrotein wowld indicnte that this
constituont of the wlosmn 3. ily resmonsihle for the
notentistion. Phic wonld the hrnotheonin th~t
cholerterol nti~ched Lo itn rmorrotein ir move effective

than purae 2iscolvad cholarterel, An immortrnt control

s wovdd hrve heen the infvoion of the rmonrotcin
the cholosterol mocity. Verious
attonnin 2rol. Trom 4tn
rronrotein Tut there were o1 wisuccensful due to the

e pede frou

rare nde to nenayedie the cholerd

tendener of the wrolein to danrture. The surlyein of the
dote vin Michrelio-tanton kinotics indiestes hrt vhen the
vesovlrr suwooth merele de exwored %o o hirh cholesbarol
concentration ihrre dr o Acorescod eruilibrivm coefficient
(Keﬁ) for the nornfrenrline recontor interretion rrd ron
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inerenged mrximal resnonse (Rmnx
mentioned must be associnted with incversed intrineic
activity of the tissue cnd hro elre~dy been discusned at
length when congidering the chrnpen found vhen jrundiced
plosma wes verfused, !

Thege resullsn would therefore sugrest thet vhen vasculrr
mooth musele in nxmosed to n hirh cholesterol concentration,

the rmecle becomes more sensitive to WA, This hypersensi-
tivity moy be mendinted by son inbibitlon of extre neuronsl
untrke mechrninm, similer to that mreviounly remorted in

herrt miccle but other nechrnisms ore rlso nosaible ond will

bve disev 'sed lrtber. These resulis ore elso gimiler to
thosie obtained vhen joundiced wirsmn wos nerfuced. Thoro-
fore it is mogsible thet the incre~se in cholenterol which
is enrried in the low density linoproteins is one of the
fectors invelved in wmroducing the incrersed sonsitivity to
the effects of nor~drenrline fourd in both vive ~nd in
vitre ermoriments ronorted in obstructive jrundice, Thig
L be studied in forther oxneriments to he

pocsibility
deserilied bolow

). This inerease np rlresdy
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FAPERLITRNTS WIDH TLTRACTS FROTT JAUIDICTED PLASTA

Introduction

The previous exmeriments hnve indicoted thet low Censity
limonroteins mry be one of the f-ctors renmonsible for ’
‘he notentirted resronses to noradrencline vhich hrve been
found both in vive =nd in vitre. Tn exneriments in vhich
limonrotein wros merfused, this vrotein virg r concentrate
teken from normel huncn nleenme,  In the ermerimenta
described below the follo:

nr wns done

(2) & devnroteinined sol.. o1 wmrensrad from jrundiced nlosmo
woe nerfuced inte the igolanted Temornl rrtery vrencrstion
in 2 similry mraner to thet nreviously deseribed, The

responcen to injected T4 vhon Krebs s nerfvuged wom
then connored %o thore obtnined durins merfugion of

this extrret.

(b} TLow Aenzity limowroteinn (betr-linowrotein) v 8
from j~undiced nl-oome end nerfuced into the isoleoted
criery nreverctions. The responser to norrdr
whon Krebe wrg rerfused wnre comarred to thooe obtrined

during norducion of thin pxbreet in ¢ siailer menner do

thet mreviously dencriboad.

(c) Tae solution of the ;rundiced mlasmn obyrired ofter
the e denrify orroteing hed boen removed teg
nerfuced irto the inolried -ptory wronrretion. fThe

renmoneen to rorcfrennrline obirined dvrdry this werfusion

vern cormored to those obir inad durins Irebs merfusion.

(¢

o

Ofhge conntitreris of the irmmdicnd wl-sm- wore nerfused
into the icolrved rriery mre-asroiion in order 4o doteraine
virether notentistion of the wesmonves to norndrenrli
¢ ogeursd., Thore exnerimeonts will now be dincursed in
detnil below.

e
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n) Dynerirments with Dewroteinised Trundiced Pl-gmo

Prenaretion

Brboon nlaces{from rnirels with induced obstructive javndice)
was denroteinised by »dding 20 mis of 33% newchloric neid

to 200 =mils of Wlrsmn ol 1%, The acid wes cdded nlowiy

Le the veanel condoinine

with constont mormetic stirrine o
the plasme wes cooled in o lorge volume of ice-weter mixture.
When the nrotein nrecinitotion wng comnlete the extract way
sentrifured ~t 10,000 x & for 30 minutes at 0°C efter

which the sunornstent 5 noutrriized Yo »H 7 with sotureted
votagaium crrboncte. The nrocinitobed notcesiuvm chlornte
wes removed by centrifurntion ot 3,000 = o for 1.0 minutes

at 0°C. The rosulient surernedent wos céjurted to wH 7.35
with = few droms of concentrnted sodiun hyfdroxide. Finolly
cu Tiltered under rresrure to remove sy

the supernnient
trece of nerchloretc n-erticles remminine, fThis sunern-tent
wag thon uced rs n wreetein-free owireet of nlemr., The
dilution of the mlogma by ~ddi the perchloric ncid wrs 109,

Remudtn

Ho rotentisrtion occured in five ermerineonts weine this
soluki

in = siniler wenner ceceribed slresdy for nerfusion
of jrundiced rlcormn dnto ~n isoelsted crbory wrensretion.

The resnonres in erch of thense cxreriments cmn te neern in
Table P9,

b) Exrerimentr with Low Dennity Liwowratcine (IDE) From
donndiced P1Leon-

Prer-

7

ere cenpretod from nlamme

% hrd been lir~ted
two weelrn wravious ro penereted

in on o identderd nenner 4o thet doneribed nreviously. Dow
donoity Mpoprotein (LDL) wre however »enfuard hoe™ in
concentredionn rensine from 1 =e o« 2,5 wme/ml, which dn fhe
fane eoncentyetion co thet fornd hefore the ertroction.

The low densitr Linonrotcing
obtoined from beboonn in whom the bile du

+  Thene Tinonrolcin
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TABLE 29

Shows perfusate pressure changes (cms }120) in four experiments
vhen noradrenaline (NA) waes infused in doves ra:ging from

0.8 ~ 8wg. Velues sre shown Quring Krebs perfugion {K) and
during deprodeinised joundiced plasma pexrfusion,

DOSE N4 (# g)

Expt. No. 0.8 1.6 3.2 6.4 8.0
1 K 2.5 3.4 6.8 7.0 Ted
P33 2.7 5.9 8.9 7.0

2 X 3 4.8 5.0 A.8 7.0

P 2.9 5.0 5.5 7.1 7.1

3 X 7.5 7.8 9.4 11.7 12,0

P 9.6 6.9 11.8 11.0 12.5

4 K 1.0 1.5 2.0 3.5 4.7

P 2.0 2.5 3.8 4.0 4.5
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Thie ie in contrnst ¢ the LDL obitained from normnl mlespe
vhere inererced concentrations were usod.

Rosulis

Potentintion of the nressor cffects of A occured. A trece
obtrired durin~ merfurion of this linonrotein into on
igelcted srbery nmrenerciion ern be seon in FPievre 33, The
$or troce shows the resmonses obtnined vhen Krobs solfion
vins merfuged, the middle freoece chowe the reanonses obinined
vhen dhe lipowrstein wrg nerfured, Tt con be scen thnt the
rosnonses of the nrbery when Lipoproteinfrom jrundiced nloemn
wee verfused ore rmuch rrecter thrn those obtrined when

T perfesed.  The vrlues obteined for X, rnd

Krebs clone
Emwy from these exwoerinents con be peen in Tokle 30, Tt
cen be saon $hat hore wrs both o deerecse in K, . wnd an

inerecse in Ry ..

¢) Experiments with Jrundiced Plagme from vhich IDL hre been

Removef ,

The nl~ame renrinin~ ~Tter the lowdensity' livowrotein

had been removed by fthe method dercritad nrevionsly wrs
infured into rn icolrted -~rierw wrenerction in ~ aimiler
monner $0 thrt orevicuvsly described. TFive exmerinentn with
this plreme were norformed sond it wnn £+ & thet notientirtion
of effpets ovoured, rlthourh thi
diced ploome wes nerfuned or vhen limonroteins from
drundicod vlanms were nerfuced into the isoloted =rerrrotion,
{3020 21). There vie however n rirnifiernt difference
betwnen the remuld obirined vhon Krebs rlone wrn nerfused
ond thonn ont~ined vher fhie extrect vrs dinfuned {(n{0.0%).

ws not oo rrent of when

dow

4) Connmbituontn of Jrpudined Plearma

1) pijdrapi

sodivm corboncte, rud ¢ilnted v
to ¥rehe colution ~a4 concontre
T rehs won obtrised. Pive
comnering the rosults oh

Lth roline, This wven ndded

idonn rorsdns frow 8 ome to

nentn were enrried ond,

en holus Jores of
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Page 162. TABLE 30

Shows changes in the equilibrium coefficient (Keq) and
the wmaximum regponse (Hmax) in five experiments wnen
Krebs wap followed by perfusion with low density
lipoproteins (B lipoproteins) frum jaundiced plasma.

E?.‘l Boay (08 H,0)
KREBS LIPOPROTEIN KREBS PLASHA
11.9 2.2 6.8 13.1
23.1 1.5 1.6 99.1
72.9 15.6 23.1 49.4
13.0 1.2 5.5 19.7
7.9 - 0.2 3.7 23.0
27.7 4.2 8.1 40,8

r<£.05 p<£ .05
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DABLE_ 31

Shows perfusate pressura changes (on H?O) in five sxperiuents
when noradrensline (KA) was infused in Goses ranging from

0.8 - 8.0p 4.

Values are shown during Krebs perfusion (X}

and during perfusion with jeundiced plusma from which the
low dengity lipoproteins had been rewoved (P).

Doge MA (pp)

Expt. No, 0.8 1.6 3.2 6.4 8.0
1 % 1.2 L4 2.6 38 4,0
P 2.8 3i4 5.7 Ted 7.5

2 K 2,0 2.5 3.6 4.0 4.5
P35 4.5 5,0 8.1 6.5

3 XK 1.0 .1 2,0 2.4 2.7
P 2.5 3.0 3.5 4.8 5.1

4 K .9 L7 2.5 3.0 4.1
P l.b 2.9 4.5 6.8 T2

5 X 3.7 5.7 6.9 7.5 1.9
P 4.5 6.8 8.5 9.0 8.9
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norpdrennline were injected inta sn isolsted crtery
preperotion when Krebs nlone was infused and vhen thin wes
followed by n rolviion of Krobs containing unconjuroted
pilirubin. No motentintion occured. {Tnbla 32). Three
experimonts were rlso orrried ouwt using sodium cnrhoante
alone nnd no difference wng seen hetween the responses
obteined whon Krebs olone wios perfused or vhen Krebs nlug
sodium carbvonnte was nerfused. (Toble 32).

2) Trislye-ride

Experiments wore nerformed using concemtretions of plycerol
diggolved in 2 nl of nroprmol in concentrabions rensing
from 50 my %o 150 mefh, Pive exnerinents were cerried out
uging this rolution of trirlyceride end Krebs ~nd no

foimd between the recmonses obhitained when
we nerfured nnd the resmonces obt~ined vhen

difference v

Krebs clore
Krebs mlue triclyveeride mlus mrongnol voa used, (T-ble 33).
It hes clrecdy been rhovn thet vrovomol slone hes no effect
on the reswonsas of the rrfery to injected bolur doces of
norpdronnline.

3) Cholecinrel astnrs

Cholestercl oleate was disolved in proponol snd added to
Krebs solulion in doses in concentration ranging from

50 mg to 150 mpH. Five experiments were carriefl out eand no
potentiation of the response of the vessel to the effects of
noradrenaline was seen when these ecotberaswere added ta
Krebs solution. (Pable 34). .

4) Phosrhnlinins

I% hrg been shown th. 4 in obatruetive jrmdice the
concentrrtion of yhosrholinid in nlxo dnercosed ?,
Howiever, it won not vosoidble 4o find » edtrble mediun

in vwhieh phoorholinid could be dienolved so thnot it coudd
be ndded 40 Yrebn., Verious atwemmbe wore nede to §innolve
the phoopholinid in nroprmol nad r11 of those oltemnte
were wncuccenrful. It wen therefore not mducible to
deternine whother » phorvholinid nlsnyed rny role in
potentinting the affects of norrarensline in the irolnted
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DABLE 32

Showe perfusate pressure changes (om IIQO) in five experiments
when noradrenaline (NA) was infuped in doses ranging from
0.8 = 8ag. Values shown during Krebs perfusion (K) and
during perfusion with Lilirubin dissolved in sodium
esrbonate (B.5.C.) or modium carbonate dose (8C).

Dose WA (& p)

Expt. ¥o 0.8 1.6 3.2 6.4 8.0
B.5.0.
1 X 1.4 1.4 2.6 3.1 4.5
BSC 1.0 1.2 2.0 1.7 3.6 -
2 X 2.6

2
BSC 2.7 3.

BSC 1.8 1.9 2.1 3.0 4.5

2.5 3.6
BSC 1.1 L7 2.6 3.5 3.6
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TABLE 33

Showe perfuswbe prespure chenges (cm Hzo) in five experiuents
when noradresaline (NA) was infused in doses varying frow
0.8 - 8wy, Values shown during Krebe perfusion (K} and
during infusion with triglyceride @issolved in propanol {(T¥),

Duse NA (#g)
Expt. No. 0.8 1.6 3.2 6.4 8.0

Lo
™ 0,9 1.3 3.5 4.3 4ed4

P 2.9 3.0 3.7 4.2 4.5

P 1.3 1.5 2.7 3.6 4.9

3.0 3.9 3.9

oF 0.9 1.2 2,1 2.7 3.1
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TABLE 34

Shows perfusate pressure shanges (em H,_)O) in five experiments
when noradrenaline (NA) was infused in doses ranging from
0,8 ~ Barg, Values ghown during Krebs (X) and during
perfusion with cholesterol oleate (CO0).

Doge A (eg)
Expt. No. 0,8 i.6 3.2 6.4 8,0
b3 X AL 43 5.7 6.8 6.9

0 4.0 4.4 5.6 5.7 6.7

L7 2,0 2.1

3
0 1.5 .6 1.9 2.0 2,3

3.9 X
co 2.0 2.5 3.7 4.0 4.3

4 X 1.8 .8 .9 2.1 2.3
co 1.6 1.9 2.0 2.3 2,5
5 X 3.6 4.0 4.5 .

5 5
e 3.0 4.6 4.7 5.5 6.
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nrtery proverntion.

5) Bile golts -

Solutions of sodium trurocholote und deoxycholrte in
concentretions ronging from 2004« to 4004~ wore infuscd
in ¥rebs into the isolrted rrlery vrensretion. o difference
wat seen between these regnonses nnd the resnonses obtrined
vhen Krebs glone wen nerfused. Firure 34 ghowr the responser
obipined in on isolnted artery wrenarntion when sodium
teurocholrte wra diffuned. IY can be seen thet olthourh
there is some motentirtion of remmonses vhen norrdrencline
wag initially injected these resmnonner were not mointeined
ond the differences between thess responses, nnd the
resmonses obtrined in Krebe were not obetintieslly st mif-
icent ~ (5 exmerimente).

Bincuesicn of Rorultn

These exmerimnie chow 4hnt tho low density liwonrotein
(IDL) from jrundiced vlrsm. nobentistes the effects of

d crtery nronerodions.  The IDL

wes infused in nimilor conventrrdions to that foun® in
plesmc el gnined? from bedloons with obatructive joundice,
Therefors 34 vould cmmerr thrt this inererse in IDL ecouwld
be et least one of the Tretors which mry be resrensible for

norrdrentline on imoln

the notenti~tion seen irn vitro when jrundicod »1rame
nerfused into either 'n jaolnted rriery or eon isolrted
kidney promerstion, T4 moy oloo be one of the fretors
reeponsible Tor the notentirtion of narcdrenrline seen in
vivo in the rensl cirenl-tion »o well rn in the corvebrel
eireulrtion.

The rerrinine wloown from whieh the LDL hed been
rerioved elso notmntisted the rffecte of norsdronsline.
Therefore the inercrso in LDL ie not the only factor
invelved in renerntine dhiz effect. T4 would srem howover,
thet the T-ulors rer ivle for the motentirtion of the
effect o5 norsdran:ciin »re crrrind in ihe nrotein froement
of the rlacm- since demrnteinined ninsme wroduced no offcet
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on the resnonses of the vensels to norsdrencline. It wes
net npossible to isolate any foetor regnonsible for the
wotontiction of effects of noredrensline from the nlasmo
remaining after the low density lincwrobein had been
removed. No notenti-tion wns neen when eifher choleg-
terol esters, bilirubin, bile serlts or trislvcerides was
perfused into the isolnbted nrfery prenration. In the
introduction to this theais it wns vointed out that Beum
had impliceted conjurnted bilirubin s one of the foctors
resnonsible for sencitining the kidnay %o the effects of
imscheemin. Tt wes not nosgible to obinin conjurnted
pilirubin to nerfuse intc the isolated artery preprrotion
end it is poarible thet this moy be one of the frefors
which may r the sencitivity of vessels to the
effecte of norcdrensline vhen ihe LDL ie removed.

Aoyeri md Iyo:"m::tc:'-la e

ve immlicoted bile selts os
the Ffeector resnonaible for the increased smensitivity of
the kidnsy to meriods of ischremin, Inf ions of bile
salts into the isolreed rrtery wrenorntions, however, dig
not nwotentinte the effectn of norecdrencline., It ir
noggible thourh, thrt bile srlis in combin~tion vith some
other fretor mer be eonoble of notenticting the effects
of norzndrensline.

Also, it wno not momnible to test whother phonvhn—_ i
lipid wes involved in the produetion of cn inerecned
sensitivity Yo the effects of norrdrenrline. 7Tt mey be
that rlterstions in rhostholinifs rre ~loo ervrble of

altering membrove chrrecterinticn -nd thoreby ~1terine
the regnoncor of versels o thoe offects of norsdrensline.
It is nlno noseible thet nteroids olhom then cholesterol
such ng onrnfrorens mny be involved., Tverson hes chowm
thot oestrorens nre sloo ernable of inhibiting vntrke 2
mechoni
liver disenne

. Ar ocntromen breckdovm i decrecsed in

28 it mey be nonaible then ou increrse in
* 1 oo other glcroids in liver diaserse,
mey be rlro resvonsible for nroducing the inerorred

regyonse to the effecta of norrdrenrline. Thin mosalbnility

thore steroids

e
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not investigated in this study.
3
&

+ this section it was shown that jeundiced plasma can
potentiate the response of an isolated artery or kidney

to the effect of noradrenaline. This was mediated by a
decreased Keq and an incrensed Rmax' Hypercholesterolaenmic
plasma and low density lipoproteins from normal or jawndiced
plasma produced similar effects. None of the constituents
of jaundiced plasma which were examined produced similar
effects. It is suggested that an increased cholesterol
concentration combined with ifs apoprotein may be one of
the fectors responsible for the increased sensitivity of
vessels to the sction of norsdrenaline in the presence of
cobstructive jeundice., That other factors are involved

is evident by the fzet that jaundiced plasma from which

the low density lipoprotein had been vemoved, still
potentiated the arterial response o noradrenaline infusion.
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SECTION v

INFUSIONS OF LOW DENSITY LIPOPROTHEIES INTC THE CEHEBF:AL
VASOULATURE

PINAL DISCUESTCN AND CONGTUSION




INFUSIONS OF LIPQPROTT: THMO T CHREBIAT VASCULATURY

Introdw
From the nrevioua exmeriments isolated srteries it

would scem gmmerent thrt 10L which errries cholesterol

is one of the frelors which mry exnloin the remorted recults
from the experimonts on the kidney mnd brrin flow in

100 sensitivity do

obotructive joundico; vis sn incre
circuloting noradrenslinre. If this hypothenin is correct
then infusiong of large smownts of Iinonroteins into the
circulertion of the intret rnimrl should result in o
similer incre~so in cenzitivity to the offects of UA,

The experimentd below describe tho elfects on WA
geneitivity of the cerebrsl vrsculntvre of infurions of
low density linorroteins into the cerebrsl eireulrtion of
beboena. In this cnpe the corebrnl circulrtion woe used
becruse of thg crncber rcourrcey of the 133Xe nethod o
mosgure cerebrrl blood flow somnrred with its ure for the
nmessurement of renrl blood flow.

Hebericd ~pd ethadr

The exwerimentrl dealim wrg nivdlor to thet deseribed in
Ssetion 1I. Ficht eumeriments were performed on brtoons
(Ponio urninua) weisuine belween 1015 ¥ilorrems., The
exnerinent~l derirm wes cimiler o thrt described in
Sectior JII. In thenn avneriments, however, e~ch hrhoon
ceted 2r din owm contrel. MTwo control nmersurcments of
cerehr-l blood flow were nade ond then corebrel blood flow

3 ione of 4Amry Sa~ ond LEAS Of
MA/min.  Broh enneortr on of HA wen infusad Tor 20
winvter hefore cerehr:l blood flow wrn mensured +nd the
flows were rncorded for 14 wminutes, A% the cnd of lho
infueions of nor-drenrline o further controt Tlow

wop menrurall 2 1 nords

mansured rfier the sninel bhed been rllowed to roat Tor
10 minvtes.

Tow dennityr Limonrobein wep wren roed usins rn wltype-
contrifuce In on ddenfienl mrnner to thet deceribed
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previously. Normal baboon plasma was used. Concentrations
of between 3 and 4 mg/min were infused. After the protein
had been perfusing into the cerebral circulation for 10
minutes cerebral blood flow was measured during perfusion
of the lipoprotein alone and then during perfusion of

4mg, Brug and 16 »g of NA/min. in'some of the experiments
measurement * were only made using doses of 4 g and 89

of NA/min because of the paucity of lipoprotein availlable.
Samples of blood were taken from the internal jugular vein
for measurement of lipoprotein fractions of the plasma
before and after the infusion of lipoprotein into the
cerebral vasculature. As previously described only
alterations in grey matter flow were calculated because

of the decreased accuracy of white mattex flow measurements.
Grey matter flow (CBF) before and after lipoprotein infusion
were compared using a palred students “t" test. Percentage
change in flow’'as well as change in cerebrovascular
resistance were compared using a Wilcoxin test for non~
parametric data.

Results

In the control period infusions of 4m4g, 8.4q and léaq

of NA/min caused an increase of 3.9 + 6.8, 11.7 % 3,2 and

6.1 + 5.5 ml/min/.005 tissue respectively. During lipoprotein
perfusion there was a mean increase in resting £low when
lipoprotein was infused alone of 12.4 + 4.0 ml/min/l00gx
tissue. These changes were compared by means of a students
"' test for paired data and was found to be statistically
significant. During lipoprotein infusion 4 &g, 8 wg and

16 asg of NA/min caused a reduction of 15.6 + 5.2, 6.4 + 2.9 and
11.7 + 4.9 nl/min/100gr tissue respectively. This was
significantly different from the control values for all

doges of NA infused (p & 0.01). Thore was & significant
percentage reduction in flow when low density lipoprotein

was perfused. This was ~13.1%, -7.29 and ~15.78% after

4 »g, 849 and l6a+g of Na/min respectively. The mean values
of grey matter flows (CBF) in each animal during noradrenaline
perfusion before and during lipoprotein infusion are shown

in Table 35. The total mean CBF values for all experiments are
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Rable 35
Shows grey matter flow ml/min/100gr tissue in eight
experiments during doses of noradrenaline (NA) ranging
from 4 @#g - 16 »g per minute was infused.

Dose NA (wg)

Experiment No. [ 4 8 16
Contxol

1 85.3 ~- 82.3  79.1

2 §5.6 - 63.9 61.6

3 58.2 - 83.1 79.1

4 62.7 63.9 69.2 66.5

5 56,1 84.1 77.1 -

[ 56.4 43.7 59,4 -

7 53.6  48.9 - -

8 67.4 75.5 79.1 -
Mean difference ~ +3.946.8 £11.743.2 +6.145.5
Bxperimental '

1 99.1 - 103.9 75.5

T2 69.2 - 69.2 55.%

3 66.7 - 59.2 57.3

4 66.5 36.1 55,4 66.5

5 90.0 77.3 - -

6 75.5 51.1 63.9 -

7 48.2 47.5 - -

8 79.4 69.2 66.5 -

Mean difference = =15.645.2 <6.442.9 ~11.7+4.9




Page 176.

shown in Table 36. The mean changes in CBF values for all
animals when lipoprotein was infused alone are shown in
Table 37. The mean percentage changes in CBF are shown
in Table 38. The meam change in CBF and percentage
change in CBF are shown graphically in Pigures 35 and 36
respectively. '

After infusion of 4 wg, 8 ¥g and 164g of NA/min in
the control period cerebrovascular resistance (CVR)altered
by +0.04 * 0.3, ~0.2 & .1 and -0.3 * 0.2 mmig/ml respectively.
During infusion of the lipoproteins CVR rose to 0.7 + .3,
0.2 # 0.1 and 0.3 + 0.1 mmig/ml and after infusions of 4 »#g,
89 and 16 prg of NA/min respectively. This difference
in CVR after the lipoprotein infusion was significantly
different from control values only at the 4 wg and 16mg
NA/min level. The percentage increase was 37.7, 10.8 and
17.4 after lipoprotein infusion with 4 mg, 8ssg and l6mg
NA/min respectively. In the contrel perlod there was a
decrease of 4.7, 11.3 and 13.5% of basal flow with infusions
of 4, 8 and 16 »g NA/min respectively. These differences
were statistically significant at 4 g and 16 »g/min
infusion rates using 2 Wilcoxin test for non-parametric
data. The mean changes in CVR in each experiment during
noradrenaline pexfusbn, before and after lipoprotein
infusions are shown in Table 39. The CVR values for all
experiments are shown in Table 36. The mean percentage
changes in CVik ar: oLown in Table 38. The mean change in
CVR and the percentage change in CVR are shown graphically
in Figures 37 and 38 respectively.

The i in the lip tein fraction before and
after infusion of low density lipoprotein into the
cerebral vasculature can be seen in Table 40. Due to a
technical erxzor results of only 5 experiments axe shown.
Discussion
These nesults show that infusions of low density lipoprotein
(LDL} increase the sensitivity of the cerebral vasculature
to the effects of NA. In the control periods infusions
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TABLE 36
Mean values foxr all experiments of grey matter flow (CBF)
and cerebrovascular resistance (CVR} in the control period
and after infusion of noradrenaline in Qoses ranging from
4 pg ~- 16y per minute. The changes in grey matter flow
{ACBF) and cerebrovascular resistance {@CVR) are also shown.

Values in CBF in ml/min/100gr.
Valw ~f CVR in mmHg/ml.,

CONTROL
DOSE NA pg CBRF ACBP CVR ACVR
o 61.9+3.7 - 2.140.2 -
4 63.2+7.6 +3.946.8 2.310.2  0,04+.3
8 74.8+4.3  +11.743.2 L.830.1  ~0.2Z+.1
16 71.544.4 +6.145,5 1.7#0.2  ~0.3+.2
EXPERIMENTAL
DOSE NA wg CBF ACBF CVR ACVR
o 74.345.5 - 1.640.1 -
4 56,247.5  ~15.645.2 2.40.4  +0.7+0.3
8 69.747.1 ~6.432.9 1.8+0.2  40.240.1

16 63.7+4.6  -11.7#4.9 1.940.2  +0,340.1
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TABLE 37

Shows mean grey matter flow (CBF) in eight experiments

before and after lipoprotein infusion. The mean changes
in grey matter flow { ACBF) are also shown. The total

mean value + one standard error are also shown.

CBE ml/min/100gr tissue

CONTROL AFTER LIPOPROTEINS ACBY

85.3 99.1 +13.8
55.6 63,2 +13.6
58.2 66.6 + 8.4
62.7 66.5 + 3.8
56.1 90.0 +33.9
56.4 75.5 +19,1
53.6 48, ~ 5.4
67.4 9.4 412.0

61.9 & 3.7 74.3 + 5.5 - 12.4 + 4 (PO

.05)
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DABLE 38

Shows mean percentage changes in grey matter flow (4 CBF)
and cerebrovascular resistance (& CYR) after infusion of
noradreraline from 4 ~ l6ag 13y winute.

Control values and

those after lipoprotein infus.cis are shown.

PERCENTAGE CHAUGES

CONTROL
Doge WA (wg) A CBF A CVR
4 + 6.4 - 4.7
416,12 -11.3
16 411.6 -13.6

AFTRR LIPOPROTEING

Dose NA (vg) ACBF A0VR
4 ~13.1 +37.7
=743 +10,7
16 ~15.7 +17.3
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Figure 35. 7THE MEAN CHANGE IN GREY MATTER FLOW ( CBF).

The mean change in CBF durxing infusions of noradrenaline
{NA) in doses varylng from 4-16 mg/min are shown before
and during lipoprotein infusion. P represents the results
of a paired "t" test between the control values and the
values after lipoprotein lnfusion.
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Figure 36. IFAN PHRCENVAGE CHANGH IN GRUY NATTER FLOW (4CBF)

fhe meen percer{tr‘ce chongees in OBP during infusions of
norcdrencline (NA) in dones vorying from 4-16. ¢/min
oare shown before and during liroprotein infuclons.
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TABLE 39

Shows cersbrovascular resistance (mmHg) in elght experiments
when doses of noradrenaline (N4) ranging from 4 wg ~ 16 w9
per minute were infused.

DOSE N {mg)
Experiment No. <} 4 8 16
Control
1 1.1 - 1.1 1.3
2 . - 2,2 2.3
3 1.8 - 11 1.2
4 2.2 2.2 2.0
5 . 1.7 1.9
6 . 2.9 2.2 -
7 2.7 2.8 ~ -
8 1.8 1.7 1.9 1.1
Mean Change - +0.04+0.3  -0.2+0.1 -0.340.2
Experiment
*1 1.0 - % 1.5
2 2.1 - 2.0 2,4
3 1.5 - 1.5 .
4 2.0 3.9 2.5 2.2
5 1.5 1.8 -
6 1.5 2.1 1.8 -
7 2.0 2.7 - -
8 1.5 1.7 1.8 -

Mean Change - +0.740.3  +0,240.1 +0.310.1
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s
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THE MEAN CHANGE IN CERGBROVASCULAR RESISTANCE
(A CVR)

Figure 37.

The mean change in CVR during infusion of noradrenaline
(NA) in doses ranging from 4-16#g/min are shown before
and during lipoprotein infusions.
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PHE MEAN CHANGE IN CEREBROVASCULAR RESISTANCE
(4 CVR)

Figure 37.

The mean change in CVR during infusion of noradrenaline
(NA) in doses ranging from 4-16pg/min are shown before
and during lipoprotein infusions.
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of W& reduced vesodilototion similry o thet neon in

normel rnimels rg doncribed in Section ITI. TInfusions
of IBL rltered the sencitivity of the vesculoture ond
wroduced vosoconntrietion vhich wen simificently different
from the vosodilrtntion found during the control nerio

These results are.commatible with the srrument nrescnted
in Sections I - IV thot the increrned sencitivity to NA
ig due to ~n inercese in cirevietine cholestorol crrrisd
by LDL. It is rloo moseible thet there nre other fretors
sensitizing the vessels but thet there woy not he es
importent oo the rine in chiolesterol since the notentintion
found vhen the LDL s removad from jrudiced vlreme wes
rn vhon linonrotein
¢ in vhich vure TDL

much lesa vee rresent.
to I'A scen in *
into the b 1 rrent oo thoce in the
joandiced rnimtcle.  The smrller resmonse veen ot the Sar -
level ir mroloklr due 40 the inererce in flow geen in
exncrirent Jo, 1 vhieh, influenced the rvercce reovlts of
tent. Tt in mommible thnt iF
< wore mevrformind the chrner with 8~

1

£l exnorinemtes to -~ lorre oy
more ermerimer
perfusiont wouwld he s~rerter. It wep ~lno -entioned in

Seetion ITT 4h~% the ehrmrea fomd in obrdrvetive jrundice

nirht he due $o reomonsarn in urhenstghr venoels ~lthoveh i%

Fant thie ves unlikely. Tn these ernerimentr
the o 1 <11 heclthy -nd o el
Tound in jun =rofnged. g A
choyt din r~ARition, thed thn chrncos found

rr reenonce %o

"

1 obelzuetive
drndice rre mlilkaly 0 Rrwe heen coured by dewsro to
the wnronln,

£ en limonrotain slove wen infused
mined. T en nontuloted $he inererce in
cholevborol errrded or LOL o-twes cn inhibition of wih~ke I
rmechraiam, then when linonyoto: o infuoed the wmounty

of endorcnous A ranchine the rocentor rite mer ha the srma

migt ~loo be

i thad caen when Lrreo sromrle of TNA pre infuped in normel

aninele,

o would rreduce » verodilatrtion rinee it in
nortul vked thet rmoll suovngn of A rerchins fhe recontor
sites erune vrosodil=t~tion rnd deree smount
conrbriotion. Thus it noemag thet the ali~b

of vrro-
tior reen vhen




TDL wos infused alome, reinforces the hynothesis thet the
incresse in cheolenterol resulic in on inhibition of untnke
IT mechenian thereby cllosdin~ NA to roneh tue recentor
sites in suificient co.cortretion bo couse ~rgodilntetion
with normnl rmetwnts of civeulriing norodrennline hut vegow-
congtriction vhen l-rre omovmuin of norsdrencline rre

infusod. However, there rre other nonsible oxplenctionn
of the offocts of cholesterol vhich will be discussed
further below. !




FTIIAT. DISCUSHTON AUD COTCTUS

In the introduction to this thosis the imprirment of reasd
blood flow in cirrlionis of the liver rs well (1 in portnl

hypartension and malignent disease of the liver was discussed.
It hag been ghown in cirrhosis thot ~lthourh renr) foilure
hen Liver Tuaction
hen become decounenected, it ds olre posgible to deronstr-to
elterstions in renel Tlood flow dimtribution lons before

oecure lote in the condition, ot o store v

the onset of fr-nX rensl foilure. Similer alterntions in
rennl blood flow distribotion rlso cceur in molirnont
ddserse nnd novynl hypertension. )

Pae Ffirnt cin of thic ctudy wrs to investi~cte the
nosgibility thot chenees din renal bloci flow oscur in
obatructive irunAdica withovt the wres e of rencl Ffrilure,
sirdlor to the-t ceer ir clrrhenic of the liver rnd other
disacmen ruch ~o melirment diserse ond morts) hypertension.
Alno i% hes been demonndroted thes ronel Irilure is n
Frenuent conmlie~tior of

surcery in netilents with okotrre-
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rennl merfusion ng those found in eirrhosin rnd aclimant
disecse of the liver es well on thelb found in mordrl
hypertension. .

The study in beboons with obstruetive joundice also
showed thalt the baboons were hyperrensitive to the effeets
of norcdrenrline vhen gormared h norm~l hrboons. Koew
hed surrested thet in eirrhogis the chonpes found in inter—

renel blood flow distribution m-y be due Lo cynnr thetic

ovez"—:-r:1.':‘n/i'1;:v'.24 Althourh fhis n~v be smo, in ohstruciive

jeundice the rensl veosouleture sceems to be men ve to
leveln of norrdrencline which nroduce no effect ir noracl
gnimcls. Thua vhen there 3o cn inerecged level of cirevwlriine
catecholrniner nuch rs would be seon furing the tr-ums of
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in plesmo ronin cotivity iz ~ resuld of the ~lterationn
in rensl nerfunion eond not o cruse of thom, sinee vhen

renrl porfusion is incresséd hy dilsotor drven,in cirrhonie
of the liver,wlronn levels of renin foll. Further ovidence
thot the cheares ore due to inerersed sensitivity to NA
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In some cases the vasculature of the kidney became so
sensitive that an irreversible constriction of the vessels
ocourred which would be expected to cause acute renal
failure 1f a similar situation occurxed in vivo, This could
explain the high incidence of post-operative renal failure
found in man by Dawsonls, when incregsed circulating
catecholamines, produced by the stress of surgery and
periods of hypotension, may be having the same effect on

the kidney a> that fourd in the isolated perfused organ.

The isolated orga) preparation also provided an explanation
of the mechanism wherepy the jaundiced plasma produces this
potentiated effect in response to injected noradrenaline.

By application of a Lineweaver-Burke plot and Hofstee plot
it was shown that the equilibrium coefficient is decreased.
This could imply that increased amounts of drug receptor
complex had been formed. A tendency for the maximal
response of the vessels to increase was also shown. By
application of the Hill plot it was demonstrated that this
was not due to an allosteric effect but probably due to an
unmasking of more receptors or some alteration in post-
receptoxr membrane activity. It is apparent, therefore, that
obstructive jaundice is producing some change 1in the

membrane characteristic. One of the consequences of such
change could be a reduced uptake of noradrenaline into the
smooth muscle. The similarity of the findings when
noradrenaline was infused into the cerebral circulation to
that produced when uptake 2 mechanisms are inhibited would
suggest that this in fact may be occurring. This would alsa
explain the decrease in eguilibrium coefficlent since noradrenaline
would then become avallable for drug receptor combination.

The finding by Inversen that cholesterol is capable
of inhibiting uptake IIZOZ and a large increase in cholestexol
in cholestatic jaundice suggests that an increase in
cholesterol ls the factor ible for ducing the
helghtened sensitivity to noradrenmaline found in these
studies. Hyperchclesterolaemic plasma produced similar
effects to jaundiced plasma but pure cholesterol had no
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¥o alterations in noradrenaline sensitivity of the vascu-
lature to NA was found when bile salts were perfused. It '
was mentioned that it was possible that bile salts may be
acting in combination with othexr factors and may in fact E
play some part in the perfusion changes seen in jaundice.

It was also not possible to isolate any factors from the
plasma remaining, after the low density lipoprotein had been
removed, that could account for the increasad sensitivity of
the vessel to noradrenaline. It was pointed out that since
in liver disease the breakdown of steroids is inhibited,

and some steroilds such as oestrogens are shown to decrease
uptake II mechanisms, that an increase in plasma steroid
levels may be one of the other factors causing an increased
sensitivity to noradrenaline in jaundice.

Finally when low density lipoprotein was perfused into
the intact cerebral circulation similar vasoconstriction
was produced during infusions of noradrenaline. This
supports the hypothesis that the changes seen with infusions
of noradrenaline into the cerebral circulation, in the
presence of obstructive jaundice was due, at least in park,
to an increase in serum cholesterol. In addition the increase
in ‘flow which occurred when lipoprotein wag infused alone
would tend to reinforce the theory that an increase in low
density lipoprotein levels inhibits Uptake IT processes
although as described, other effects may be occurring.
Noradrenaline when infused in large doses into normal
animals produces vasodilatation. As already explained this 4
is probably due to the beta effect §roduced when only small
amounts of noradreaaline reach the receptor sites, the rest
being taken up into the smooth muscle. When lipoprotein
is infused alone, if inhihition of Uptake II is oucurring
then sufficient of the normal endogenous noradrenaline is
reaching the receptor sites to produce vasodilatation
similar to that seen when large amounts of endogenous
noradrenaline are infused into the normal animal. Thus
the vasodilatation produced with lipoprotein infusions
copfirms the theory that inhibition of normal smooth muscle
uptake mechanisms has occurred thereby allowing noradrenaline
to reach the receptor sites. When noradrenaline
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produced by inhibition of normal uptake 2 mechanisms. It
was concluded that the increase in the maximum response of
the preparation was due to either a change in membrane
characteristics or an uncoverinyg of more receptor sites.
It was also demonstrated that no allosteric effect had
occurred.

It is further concluded that one of the factors producing
the changes found in this study was an increase in
cholesterol which when attached to its apoprotein was
shown to potentiate effects of noxadrenaline both in vive
and in vitro. It was also mentioned that other factors may
play some part in the production of an increased sensitivity
to noradrenaline since jaundiced plasma with the low density
lipoproteins removed was also capable of increasing the
responses of the vessels to noradrenaline although to a
lesser extent than that found when low density lipoprotein
was present. It was postulated that this factor may be due
to increased level of steroids which also occurs in
obstructive jaundice. It is acknowledged that there are
numerous questions which have not been answered in this
thesis which would provide interesting fields for further
research. Some of these are o

a} What are the other faclors ng the potentiation
of the effects of noradrenaline when jaundiced plasma
is perfused without low density lipoproteins present?

b) What effects are low density lipoproteins producing

b and intracellular physiology?

on cellular

¢} In obstructive jaundice is there an increased respon-
siveness of blood vessels to circulating adrenaline
as well as to noradrenaline; and in addition is there
a heightened response to othexr vasoactive amines such
as serotonin?

d) Is there a potentiated response of blood vessels to
the effects of noradrenaline in other liver diseases
such as cirrhosis?
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It may also be argued that in the experiments using an
isolated artery perfused with jaundiced plasma, it would {
have been better to compare this plasma directly with normal
plasma and not with Krebs solution. This was not done ag
it was felt that all comparisons should be made against a
standard xeference solution to which. the constituents of
jaundiced plasma could be added in known concentrations.

It is acknowledged that it might be considered more correct
to have used normal plasma as the standard solution, but
this woull have introduced numerous technical difficulties
and therefore Krebs solution was used throughout.

Nevertheless this study has shown that in obstructive
jaundice there are alterations in renal perfusion similar
to that found in cirrhosis of the liver and other diserses
of that organ. Tt has been shown that there is an increased
vascular sensitivity to the effects of noradrenaline which
may expl.in the high incidence of post-operative renal
failure found so frequently in patients with obstructive
jaundice. It was also shown that an increase in cholesterol
carried on its apoprotein as low density lipoprotein is at
least one of the factors responsible for this altered
reactivity of vessels to the effects of noradrenaline.
Finally this thesis provided some explanation of the normal
control of the cerebral circulation.
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