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A.BSTRACT

The present study was devised to investigate the response of

the s¡.llanchnic resistance vesseLs to hemorrhage and to elucidate the

mechanisms invol\ied in tlris response. It is well knoln that in response

to hemorrhage, the intestinat and splenic resistance vessels constrict;

the hepatic arterial resistance vessels dilate. I{owever, the mechanisÌns

of tlrese responses are conillletel5r unknr¡ivn. ft has usually been assumed.

tlrat the s¡nnpathetic nerr¡es ivere tlr.e most impottant f.actor in the intes-

tinal and spì-en.ic vasoconstriction" Hörvever, other vasoconstrictor fac-

tors might aiso p7-ay a rol-e. Vasopressin is released and angì.otensin is

forlired in respouse to henror"rhage and both of these substances are potent

vasoconstrictor agents. The roles of these extrinsic factors in the

l¡tecilanisirr c¡i tire iu Les Lirrai atrci spieiiiu vasoct¡r-rs'ur'ic Lio¡r werc ioves LigaLed

by renioval of tlre maJor sources of these agents and by local denerva-tion.

The lnvestigati.on rvas carried out in cats anesthetized rvith

sodium pentobarbital. Su.perior mesenteric, splenic, and hepa.tic arterial

flows were recordecl rvith a non-cal1nulating5 electrolnagnetic f lot'meter and

arterial- pressures were recorded wíth pressure transducers. Splenic

iveight was recorded with a force-displacement transdrlcer"

After rapid or sl.ow hemor:rbage, a marlied and sustained intestipal

vasoconstriction occurrecl. Follorvin.g intestinal- denervation, adrenalectorny,

nephrectomy, and lrypophysectomy, the vasoconstriction ivas greal;ly red.uced

atrd only a small vasocoustriction reurained. If eititer the tiidneys or the

pltuitary gland tvere left intact, the vasoconstriction rvas nct sig¿ifi-

cantJ-y differen'{, frorn that which occr.lrrecl when a-t-I tlre organs were intact.

ïn the absence of both the kiclneys ancl pituitary, tiie s),m!ìathetic ner:ves
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and adrenal glands did not contribute to the small residual response.

The intestinat vasoconstriction after hemorrhage was not artered by

phetroxybenzamine. The data suggested that the intestinal vasoconstriction

following hetnor::hage was mediated by vasopressin secretion from the pitui-

tary gland and angi.oteirsin formation su-bsequent to renin release fronr the

hidneys. The intestj.nal innervation ancl adrenal medull,arv secretions

played no significant part.

Following lremorrhage, splenic resistance vessels constricted

and splenic weight decreased. After denervatíon, adrenalectomy, nephlec-

tomy, and hypophysectomy, the splenic vasoconstriction and. ttre decrease

in splenic weight ivere al¡olished. rn the absence of the kidneys and

pituitary, the sympattretic nerves and adrenal glands causecl splenic vaso-

constriction but the vasoconstrictj.on was significantlv reduced from that

which occurred when all the organs rvele intact; the decr:ease in splenic

weigÏrt was not altered. The data from these experiments and those reported

in the titerature suggested that the splenic vasoconstriction following

hemorrha-ge was mediated b), vasopressin, angiotensin, and tlre Sympathetic

nervous system, ancl that splenic contraction \vas mecliated by t-.he sympa-

thetic nervous system.

If vasopressin and angiotensin play a role in ttre splanchnic

respoLlse to heluorrhage, then intravenolls infusions of these agents in

amounts lihely to be fouud in the blooct after hernorrhage should cause a

sinilar respollse. Therefore, the resporlses of the intestinal, splenic,

and hepatic arterial resistance vessel-s wel:e compaïed during intrarzeuous

infusions of r¡asopressiu 
-and angiotensi-n. Vasopr.essin and angiotensin

caused nlarked t¡asoconstriction of Lhe intestlnal- and splenic r¡ascular
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beds. Angiotensin also constricted the hepatic arteríaL bed but the

respoÐ.s. was smal1, rvhereas \¡asopressin car,:d vasodi.latation of this

bed. The data were consistent with the postulated roles for vasopressin

and angiotensin in the splanch.nic response to hemorrhage.
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The systemic circulation consists of numerous dÍfferent

circuits arranged in parallel. This permits rvicle variations in regional

blood florv with or without .norrg.s in total. systemic flow' With a few

exceptions, each parallel-coupled circuit is tail-ored to provide a

sufficient florq to meet tire maximum netaboli.c requirements of the tissu-e

or organ it supplies (Burton, 1965). Each individual paral1el-coupled

circuit in tl:e ,.;ystemic circulation contains a number of series-coupled

sections of different design and function (Folkow, Heymans, and Neit,

ì-965; L4ettancter and Johansson, 1968). The "windkessel- vessels" eonvert

pulsatile outflow from the heart into fairly smooth blood fl-oiv to the

tissues. These vessels correspond anatomj-cally to the J-arge artet:ies

which possess large amounts of elastic tissue in their walls" The

"resistance vessels" include a precapillary segtnent which corresponds to

the small arteries arld aïterioles and a postcapillary segment rvlrich

corl:esponds to the venules ancl veins. The small arteries ancl arterj-oles

contain an abundance of snlooth muscle and it is in these vessel-s that the

largest drop in pressure energy occurs. The sum of the precapillary and

postcapillary resistances cletermines the total resistance altcl, therefore,

regionaÌ blood ftorv while the ratio of the two resistances determines

capi.tlary hydrostaiic pressure atldr therefore, fluid exchange. The

capillaries comprise the "excltange \ressels". Tbey provide a large

surface area ivith.a higlr permeability to snall molecules for dj.ffusÍon

and fluicl exchange. Changes in activity of the "precapilìary sphincter

vessels" cleterltrne th¿: nuntber of capiltaries opeu at any tine and,

the::ef'orc, deternriue the capÍllary surface area available for exchall.ge.

Beyond the capillErri,es are the venules ancl veins. Since ¡nost of the
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regional blood volume is containeC within these vessels, they are

a.ppropriatety called "capacitance vesselsrr. Changes in their tone have

a profound. effect on the distribution of the blood volurne and, therefore,

influence verlous return and cardiac output. Finally, there are "shuttt

vessels", These ar^e aiterior¡enous channels rvhich permj-t a portion of

the l¡1ood florv to bypass the excìrange vessels. They havc been demonstrated

most clearly in the slsin, rvhere they are involved in thermoregulation.

The funda¡nental disturbance in hemorrhage and hemorrhagic

shock is a decrease in bloocl flcrv tlr.rough peripheraL r¡ascular beds" If

the l:remo¡:rhage is severe enough, the clecrease j-n blood flow nay be so

great as to cause tissue ceIl damage. Many i.nvestigators have suggesteci

that irrepara-ble damage lnay occur to splanchnic and renal tissue after

severe hemorrhase (til h ehei. k¡nser:l¡eant. and Rosenkrers. 1962,: LiI I eh.ei.

Dietzman, and n{ovsas, T967; NÌckerson and Gourzis, L962)" The current

study was devised to investigate the resporrse of the spLanch.nic resistance

vessels to iremorrhage and the necha.nisns involved in tlris response.

lllany investigations of the resistance function of the splanchnic

va-scular ïred har¡e 1nvolr¡ed arterial. long-circuits and pump devices.

Hower¡er, the rnere passage of nortnal blood through pump devices used ir

perftision experirtents ntay result in decreased basal tone and vascular

reactj.vity (FoLhorv" 1953). Failure to detect arrtoregulation of blood

f loiv in va-sclrlal ir.eds has been attribr.rted to some alteration ln' the bed

as a resulL of changes in the blood clue to contact rvith artificial

structures or traumatizatj.ou of the blooci by the perfusion puntps. This

effect was cl€)monstratecì clearl5z in the cerebral r¡ascnlar Ìred rvhere

inserLiou of a perfusion punp nltered the Ft'essure-florv relationship
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(l\{acholicz, Sabo, I,in, Rapela, and Green, 1961; Green et aL", 1963).

![lren autoperfused by the heart, cereblal vascular flow remained fairly

consta-nt a.s perfusion pressulle varied from 40 Lo lOO nm Hg. \{ith the

perfusion puntp itr operation, florv clid not remain constant but increased

regularl-y over the same range of pressLlres. Similar observal;ions on the

use of arter'ía1 long-circuits and pump devices have been reported in the

intestinal anci hepatic arterial vascular beds (Dresel and \t'aIlenti.n,

1966; Johnson, 1960; Greenrvay and Stark, J.97j-) ^ Because of the inconsj-s-

tent results ol¡tainecl Ín stud.ies in rvhich arterial long-circuits and

pump derzices lvere used, little emphasis wÍll be placed on such studies

in the following sections. Since the experimentai woïk for this thesis

was carried out on cats, data on the cat v¿i1l be emphaslzed. Indication

r'¡'ill he me.¡Je rvhen tlre qJa.ta r.va..'e ohta.iner! f: nm oJ,her slee-ìes.

The . S.glaqchg* Ia.scy1q{ B_gL

The splanchnic \rascula^r bed receives a large proportion of the

cayd:.ac output. In cats anesthetized rvj.tb. pentobarbital, totat hepatic

floiv is approxinately 5O rnllnin,/kg of body weight and this accounts for

approximately 35% of the cardiac output (Greenrvay amd Lanvson, 1966b).

Of the total hepatic florv, one-third i.s supplied by the hepatic artery

anC the retuaining tv,,o-thirds b)¡ the portal vein (G::eenivay and Laivson, 1966a).

Btood- dr.aining from the intestinal vascular bed comprises the

ma¡or proportion of the pcrtal vein flory. Attempts to measure "resting"

I:lood flol in the intestine have resul1-.ed in valrres rvhich vary greatly

(Griln, 1963; Gra;r5e¡ and tr{endel, 1965; lvlellander ancl Johansson, 1968).

Tlris is not sur:prisin¡¡ since the val-ues rvill valy considerably depending
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upon the circunstances. It is difficult to define a resting state for

the intestitre since it slroivs varying degrees of activity in terrns of

motility and mucosal absorption, secretion, enzyffLe production, etc. The

resti.ng floiv is sometimes definecl as a state of reduced secretion and

motility as after :flasting and atropinizatíon (lt{eIlander and Johansson,

1968)" Factors such as the anesthetic agent and depth of anesthesia

will al-so have considerable influence. Other experimental variables

such as accídental hypoxia, h5rpercaplria, and acidosis may also alter

intestinal blood flol" Folkovtr Lundgren, and Wallentin (1963) measurecl

blood flol in sho::t segnents of jeJunum and reported resting florvs of

40-60 m]./tnín/tOC g tissue. During rnaximal diJ-atation, flow íncreased up

to 25o to 275 mt/:r¡iín/Lao g tissue (Folkorv gt Al., 1963). These values

are approxirnately 5 times greater tLran the corresporlding values in

skeletal muscle (lVTellancler and Johansson- 1968i.

The intestine is composed of three main tissue layers, the

mucosa, the submucosa, and the muscularis" The nrucosa has relatively

l.arge metabolic requirements; as we11, i.t transports absorbed rnaterial

and provides materj-aI for glandutar secretion. These properties place a

large demand on the vascular bed of the nlucosa. In contrast, the smooth

muscle tissr.re has only mod.erate nutrj-tional requirements. To satisfy the

individual requirements of the different layers, the vascular beds of ttr.e

three ntain tissue layers are corlnected in pa.:rallel permitting indirzidualized

adjustments of blood florv in each layer.

The distribution of the total bl-ood florv to the different

component tissue Laye::s of the slnall intestíne has. been es.blmated by

I-undgren (196?), arìd by l{ampp ancl Lundgreu (1g68). They analyzed the

',.r.::,'.::.,.,i..
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wash-out curve registered by a scintillation detector after íntra-arterial

injecticln of kryptonSS. The elininatíon curve could be resolr,ed into

four exponential functions, and the correspondlng tissue compaTtments

were identified by several independent metlr.ods" Analysis was performed

a{; "resting" blood flow and during va::ious level-s of vasodilatation. At

rest, the mucosa receivecl 4O to 6A núlmin/lOo g tissue, the muscularis

10 to 15 ml and a small fraction loc¿rted in the submucosa 4OO to 60O rnl"

During maximal dilatati.on the f lorvs increased f.rom 2 to 3 tines" The

high flol r:ates in the submucosa may inclicate some ki.nd of shunting

(l\{e11ander ancl Johansson, 1968).

the splenic blood flow and vascular resj.stance have been

measured using a variety of techniques" In cats anesthetized with pento-

barbital. Ross (1967b) s'budied s1)lenic blood flow using a non-cannulating

electromagneti-c flowmeter: pr:obe and found a meafi splenic florv of L4 mI/

rnín/cat. Greenrvay, Lawson, and Stark (fgOS) studied bl-ood f low and

volume sintultaneously in the spleen with an uncannulated arterial suppl¡z

and they reported a mean splenic f Iow of 10 mr-/min/kg of bod5z 1r¿si*¡¿" 
.,.:,,;.,;i,;,,,

Ttrey found no signifícant difference between innerva.ted and denervated ::::'

spleens. In a later study, they reportecl values of 18 ml-/min/kg (Greenrvay :t,';,.

and Starl<, 1969).

The measurement of hepatic arterial blood flow and the l-intita-

tions of the methods avaiLabl-e have been rer¡ieled recently by G'r'eenrvay

and S'bark (197L). They pointed out the deleterious effects o:f, arterial

Iong-circuits on vascula:: reactivity and emphasizecl 'bhe importance of

obtaining clata in experiments rvhere the ar:terial supply is intact. In

cats anesttretized. with lrentoba::bital , h.epa'Lic a-rterial f lcrv measr.rrecl
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witlr a non-callnulatirlg electroloagnetic flot'meter" was 16-18 ml/:iirin/kg of

body rvei ght (Greetrrvay, Lawsott, and Mellander ' L967 ; Greeuway, Lalson,

and Sta:r:k, 1967). Ilowever, the spLeen hacl been removed in these studies

and hepat ic rrr'tel:ral- f lol in cats with ar . Lntact spl-een is probably less

(Greenvray and Starlc, 1971).

lÉgr.o-Ifi.åpjg_

Folloiving hemorrhage there is generally a larger percentage

decrease in cardiae output than in arte'tíaI pressure. Au increase in

total peri-pheral resistance w¿Is for.rnd in a wide variety of studies in the

dog and these studies, together w¡'-th others concerired ivith tìre changes in

resi-stance to flol in the -¿arious peri¡;heral r¡ascular beds, have been

rer¡ierved recentlv by Clrien (tSøZ) and bv Haddy. OverJ¡ec]<. and DauEhertv

(fg68), The resistançe to l:lood flol j.ncreased j-n cuta.neous, slieletal

nuscle, ancl renal vascular beds, rvhile coronary vascular ¡:esístance and

cerebral r¡ascular resistance clecreased.. In the auestheti zed, cat, Greenway

and Lawson (fSOO¡) useC a venolrs long-circuit technique to measure blood

flows in the superior veLTa cava and in the hepatic, renal, and iliac

segments of the inferior vena ca\ra" Following hentorrhage, the flols in

all the Verre.€ cavae segtuents.decrea.sed" However, the proportiotr of the

reduced vetlous r:eturn draining front the superÍor vena cava increased,

while the proportj-on draining front the renal and iliac segments decreased"

Thus, the blood flol through tlr.e head ivas partially maintained at the

expe.nse of the liidneys aird hiudlim]¡s"

The ::esponse of th.e splanchnic

eomple>1. Tlre dec.r:ease j-n tot¡rl. hepat.ic

vascular bed to hemorrhage is

f lorv foliorvlng lretnorrhage has been
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associated witir an increase in the catculated splanchni-c resistance

(Bounous, l-Iampson, attd Gur:cl, 1963, dog; Franl<, Frank, Jacob, and Fine,

1962, dog; Frank, !-ra.nk, Jacob, I{eizeI, Korntan, ancl Fine, 1956' dog;

Bearn, Billing, Edholrn, and Sherlock, 1951, hunran; Sapirsteín, SapÍrsteín,

and Brecleneyer, i96O, rat). Other workers f¡¿1re reported that total

splarlchnic resistance did not chauge significantly (Heinerirann, Smythe,

and L{arks, 1953, dcg; Reyne1l, I\{arks, Chi-dsey, and Bradley, 1955' dog;

Lacroix and Leusen, 1967, dog). In the cat, Greenv,'ay anC Lawson (1SOO¡)

re1:ortecl an incïease in resistance to fiorv through the liver but it ivas

much Less than the corresporlding increases in renal and hindliml¡ resi-s-

tan-ces "

There is consÌcleral¡le evidence to inclicate that the reduction

of blood flou' throuelr the spl-anchnic vascular bed after hemorrhaEe i-s

not as great as througlr other beds. lVer:ner, MacCanon, and liorvath (1952,

dog) reported that the splanchnic fraction of the cardiac output rvas

unchanged af-tet mild lremorrlrage, TiÌren arteri-al pressuïe Ìvas recl-uced io

50 mnr IIg, lìeynell, Marks, Chidsey, and Bradley (fgSS, dog) found that the

splancìrn1c f:raction of the C. O" increa.sed fvom 24% to 3L% a.nd that the

fraction was unchanged frorn control rvhen arteria.l pressure was rerluced to

40 nun FIg. Sai:irsteiu, Sapirsteiir, and Brede)neyer (t00O, rat) found that

fottorving a mild hemorrhage (fO ml,/kg), tlre splanchnic fraction of tlrc:

cardiac output increased by 6% while a nore seve:ce hetnorrhage (ZS ml,/l;g)

r:esultecl in a decrease of 2%" f,acroÍx and Leusen (tg6z, dog) found that

splanchnic blood flou, d.ecreased to a slight.ly Ìesser extent than carcliac

output. fn the cat, Greenrvay and Larvson (tgOO¡) repcrtecl that the pro-

portion of tlre venolrs return drainin.g from the hepatic segment of the

:.1:i-^ r¡
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inferior vena ca\¡a wa.s changed little in some experiments and rose slightly

ín others. Thus, there is clear evidence in a variety of studies that

blood florv through the liver is not disproportionately reduced followJ-ng

heniorrhage. Sinilar to the cerebral and cororlâ.ry r¡¿s.lrlar 'becls, blood

floi'¡ to the liver is maintained at the expense of the cutaneoLrs, skeletal

muscle, and renal vascula¡ lteds.

Total hepatic flow consists of portal vein flow ancf he1:atic

arterial flow" Following hemorrhage, portal vein flol decreased markedly

(Muller anci Smith, 1963, dog; Selkurt and Brecher, Lg56, dog;.Bounous eL

4", 1963, dog; I(elso and Tori.'rrsend, 7967, dog). In the cat, Greenwal',

Larvson, and Stark (ig6Z) reported that a marked decrease in portal vein

florv occurred after hemorrhage. The decrease was much greater than could

be aceotinted for by the drop in arterial pressuree Part of the d.ecrease

in portal flow was due to marlced vasoconstriction of the splenic resis-

tance vessels which occurred after hemorrhage (Greenway and Stark, 1969).

There is considerable evidence that, in the dog, the intestinal vascula^r

bed also vasoconstricts in response to hemorrhage (Bounous et al" , !963,

dog; Corday arld lfilliams, 1960, dog; Cu11, Scibetta, and Selkurt, 1956,

dog; Sellcurt, 1958, dog; Selkurt, Alexander, and Pattel:son, 1947, dog;

Lillelrei -qg gl" , 1962, dog; Lintermans, Appel, Bloorn, l{ullins, and

Guntlreroth, 1967 1 dog; I\,ïundschau, Zilirmernran, Gilclersleeve, and lr{urphy,

1966, dog'). fn the cat, the response of the intestinal" resistance vessels

to hemorrhage is not c1ear. Oberg (1964) re1:olted a transient lntestinal.

vasoconstriction. Ilalce¡: and Mendel (1967) observecl rrery little change in

intestj-ual va.sctrlar. resistance; hon,ever, their studies involveC cannulation

of the superior nesenter:ic artery. Greenrvay and Lan'son (fSOO¡) concluclcd
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from thei.r experilnents that marked intestinal vasoconstriction did occur.

The results presented ín this thesis show 'bhat in the cat, as in the dog,

vasocoilstrictj-on of th.e intestinal- resistance vessels occurs in response

to hemoryhage. This concl-usion wil.l be assuured i.n the folloivitrg discussion"

Follorving hemorrhnge the portal venoLrs florv ivas reduced to a

much greater extent than the hepaûic arterial florv, so that the relative

contribution of the hepatic arterial fl-ow increaseci (Corday and lllilliams,

1960, dog; Mullei' and Sntith, 1963, dog; Mundschau e! 1l., 1966, dog;

Snrith, Reeves, and Hinsharv, 1965, clog; I{elso alld Torvnsend, 1967, dog),

Most investigators þ¿se reported either líttle change or a deci'ease in

hepatíc arterial resistalr.ce (Kelso and Townsend, l-967 , dog; Munclschau et

?1., l:966, ctog; Muller arlcì Smith, 1963, dog; Sniith, lìeeves, ancl lliushaw,

1965, dos). In the cat, Greenway, Lawson, and Stark (tg6z) reported that,

aì_though portal venous flow decreased markedly during hetnorrhage, hepatic

arterial flow did not decrease unless arterial pressure felt belou, BO run

I{g. T}rus, hepatic attería1 resiste.nce decreased. The lnecJ:anisnt of the

hepatic arterial vasodj.latation in response to hemorrhage is not clear

However, it is knowil that hepatic arterial resistarlce decreases in response

to reductions in portal pressure or florv, hepatic venous pressure, and

hepatic arterial pressure, and that this lresporlse is probably myogenic in

nature (see page 15)"

In suuuìrary, the intestinal resistance vesseìs and splenic

resistance vessels vasoconstlict in response to hcurorrhage; tlie hepatic

arterial resistance vessels vasodilate. Since the hepatic arterial florv

forms a greater proportioir of the totat ii.\¡eï florv, the oxygen suppli/ to

the liver terrcls to be naintaiued.

": i ir.1:,.;-:t:i:::,:-:.:i:l:ì
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In vieiv of tlre importance of the splanchnic vâscular bed, it is

surprising lrorv littte is knorvn aboti'b tlre mechanisnis involvecl in the res-

ponse of the sptanclinic resistance vessels to hemor:r'Ìra¡çe.

Wghql:"r" "f sj.l_gtc}"ic te$¿loI5þÆ.

The resistairce of a peripheral vascular bed is tlre ratio of

pressure díffe::ence acïoss the bed to the flcw tb::ough it. Ca¡ciiovascu-lar

regulatory meclra.nisrns tend. to maintain a fairly constant perfusj-on pressu::e

and the length of the vessels and the blood rriscosity do not val'y appre*

ciably. Thus, cltanges in regionai blooci fl-ow a¡'e primarily tbe result of

changes in the lurninal diarneter gf the resistance vessels (Folkol, Heytnans,

and Neil, 1965; Green, Rapel-a, and Conrad, 1963).

Changes in the luminal dia.¡neter of biood vessels may be active

or passive (Grayson and Mendel, L965; Haddy, Overbeck, and Ðaugherty,

1968)" An active change refers to any charige v¡hich results fron an

alteration in the contractile state of the vascular smooth rnuscle. The

contractile state is influenced by such factors as autonomj-c nerves,

bl,ooct-borne vasoactive substances, IocalJ-y prociuced che¡nicals (lnetaL¡olites),

and physical factors such as translnural pressure. A passive change refers

to any change other than an alteration in the contractile state of vas-

cular snooth iluscle, for exampl-e, distension or collapse of the vesseis

due to challges Ín transmural pressure.

'IIre resistance function of a r¡ascular bed is controlled partly

by tocal or inLriirsic fac'uor:s. ContractiLe activÍty of r¡ascular stnooth

nuscle decreases wiren the perfr,rsion pressure clecr:eases or ntctabolistn

increases" Conversely, contractile activity increases rvhen perfusion
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pressur:e increases or metabolisn decreases. This altered contractile

activity r:esul-Ls from clranges in transmural pressure which evolie a

myogenic or Bayliss response (Fo1kow, 1-962) and from changes in the

concentrations of vasoactive chemicals such as oxygelt, carbon dioxide,

hydrogen ions, potassium, adenÍ-ne nucleoticles, etc. (HacIdy and Scott,

1968)" IÌxa-mples of loca1 resistance con'brol a.re seerl. in skeletal muscle

follovring exercise (exerci.se hyperentia), f ollorving release of arterial

occlusion (::eactive hypereinia), and following changes in perfusion

pressure (autoregulation).

Extrinsic factors also play an important role Ín the control

of resisLar'ì.ce vessels. This rertote control results froln active changes

in the contractile activity of vascul-âr srnooth iluscle due to changes in

rlera\./e a-c1,i.vi-f v o:rl cha,nges j n, the cotrcentra.tions of ej,rcul a.tins vasoact j.ve

clremicals 
"

The resist¿rnce to fIow at any given nornent is the net effec-:t

of 1ocal factors and extrinsic factors exeri;ireg tireir i.nfluence o¡L the

vascular smooth nuscie. Thus, a decrease in a.rterial- pressure activates

syrnpathetic ne¡:ves ivhi-ch, in turn, cause a]l increase in resistance" In

autoregulating beds, 'Lhe decrease in transmural pressure rvould dininish

the contractile activity of the va-scular smooth muscle and this, iogether

with an increase in r¡asodilator rnetabofites resulting f;:orn th.e decrease

in flow, rvoulcl tend to cause a decrease in resistallce to florv.

To analyze tlre mechairisms of the intestinal ancl splr+nic \râso-

constrj-ction in resporlse to hemorrhage, the quantitatirre irnl:rortance of

botÌr i.ntrinsic anc{ e.x'Lrinsic factors ulust be deterniued"

. !_ .: .. ii.J.l.:'.,.;..1
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Intrinslc Factor,s

Green and co$'orkers (1963) have emphasized the. importance of

pressure-flov curves in studyzing the resistance function c¡f vascular beds.

The sinrplest rel.atiouship lretween pïessLrre and flol occurs j-n "passivett ...,..r..i
,',lrl' 

t:: 
:,t -t

vascul-ar becls. The curves ar:e curvilinear ancl collvex to the pressure

axis duc: to the passive distensj-on of the vessels as pressure increases.

With ¿n increase in vasolnctor tone the, curr¡es alîe shifted tolard the
t 
,' : ., : 

,; ,t,:,pressure æiis so that at eny given pressure the flow is less. :

In man5z vascular beds the pressufe-flow relationshi-p in passive

beds is modified by the occurrence of a'.rtoregulation of blood flol.

Broa.dly defined, atttoreguJ-ation is th.e ability of an organ to adjiist its

bloocl fLoiv in accordance wlth its needs" The term is liore frequently

applied to the intrinsic tendency of. an org-an to mai-ntairr a constant

blood flow despil,e changes j-n the perfusion pressure. The initial r:esponse

to an abrupt decrease in perfusion pressure is a decrease in fIow; however,

in autoregulating vascular beds, a secondary adJustment in vascular smcoth

ntttscle tone takes place and flol returns tor.vards its control Level. An

increase in perfusion pressure results in an initial increase in florv and

then a secondary decrease towards the flow prior to the increase in

pressure. Thus, in contrast to passive vascuiar beds, resistances decrease

as perfusion pressures decrease and. the pressure-flow curves are conca\.¡e

to tlre pl:essLrre axis. Autoregulation of blood floiv is characteristic of

many vascular beds and i'i; has been demonstrated in kidneSz (Shipley and

Sturly, l-951, dog), brain (Carlyle and Grayson, 1956, slteep, cat, rabbit;

Greeir. "t 91., 1963, dog), skeietal rìiltscl-e (Follçou' .ancl Oberg, 1961 , cat),

liver (Greenlay, La\,,,sor1 , ancl lteIl-ander, 1967) , atld intestine (.Iohnsoir,

tv$u, 0og,f 
"
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Metabolic and myogenic )rypotheses have been suggested to explaln

autoreguL.atory responses. Tb-e metabolic hypothesis accounts for auto-

regulation on the basÍs of acculttulation and wash-out of locally prod.uced

r¡asodilator sulrstances. lt is a floiv-depenCent mechan.isrn. The myogenic

lrypothesis suggests that an increase in transnrural pressure across the

arteriolar wall causes an i.ncrea.se in the rhythmic contractile activity

of the vasculer smooth muscle. Attempts to distinguish between the tv¡o

mechauisurs I:arze iu.r¡olved elevation of venous pressure. According to the

rneial¡o1ic hypothesis, tÌre resulting decrease j-n blood flow ivould result

in the accumulation of vasodiiator metabolites and thus Ìead to vaso-

dilatation. However, accordÍu.g to the myogenic hypothesis, the increased

iut.rar¡ascular pressure \\¡hich fo-rlols venous pressure elevalion should

cause vascul.ar constriction" The oroblen is not entirelv resolveci. It

is probable that both rtectranisms a-re operative and that the role prayed

by each varies considerably from one vascular bed to the next.

Autoreguiation of btood. flol has been clearl-y dernonstrated in

the íntestine (Johnson, 1960, dog). Resistance to blood f lorv generally 
;.,:

deci:eased in the intestine as arterial pressure was reduced fronr IOO rnm 
:'

I{g to approxintately 3O rnm Hg (Johnson, 1960, dog; Johnson, Lg64, clog; :,i

Jolrnson, 1967, dog). The tnechanism of autoregulation rvas not a local

refl.ex, a change in intestinal volu-nte, or a change in tone of intestinal

muscle (Johnson, 1960, dog; Jolrnson, 1964, clog). Changes in the concelt- r.
':

tratiou of metaì¡olites and oxygen tension of tÍssues rvere a-Iso eliminated"

Iutestinal autoregul.etiorl did not apllear to be a florv-dependent plrenomenon

siuce arte:rial- const:rictiott rvas produced by either alterial or venous

pressure elev¿rtí.on (Seikurt cnci Johnsorr, 1958, clog; Johnson, 1959, d-og; ::

l': '' " I'
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Jolrnson, L967, dog). It rvas concluded.,that auto::egulation of intestinal

bloocl flow was the resr.tlt of a ruyogenic respoÌlse to changes in transmural

pf essure (Jolrnson, 1960, clog; Johnson, 1964, dog; Johnson, 196T , dog).

The degree of i-ntestinal auto::egulation variecl consiclerably in dÍfferent 
,,:.

preparations (.Iohnson, 1960)" Autoregulation dj_¡rrilrished as the preparation

cleterÍoratedo and the inclusion of an artificial purnp systeln dec::eased

vascular reactivity (Dresetr ancl Wallentin, 1966; Sclkurt ancl Johnson, 
,,,

1958 )

In contrast to the intestinal vascula:: lred, there is little ,

evi.clence of "autoregulation of spleni c l¡lood. f low" to changes in perfusion

pressure" studj.es in the perfused spleen of the dog shorved an

approrii$ately linear relatj-onship betrveen florv and the perfusion gradient

(Frohlich and Gillenrvater, 1963, d-og). simirarry, an appïoximateiy rinear

relat1onship between spleni.c floiv and arterial pressure was found in the

cat in wlricÌr the splenic artery was irot cannulated (Greenway and Stark,

re69).

The hepatic arterial resistance vessels â-re influenced by c¡airges

in art:eriaI pressure, portal pressure or florv, ancl hepatic venous pl essure.

The relationship of hepatic a.rterial florv to arterial pressure has been

studiecl in experintents where the hepatic artery \i¡as long*circuited or

the liver perfused i"_ yå!åg. Some worhers reported autoregulation of

blood f16$r (Hanson, L964, dog; Ta-keuctri, Kitagalva, Knbo, Murai, an.d rone,

Ì966, dog; condon, chapman, Nyhus, ancl Harlçins, 1962, calf; Torrance,

1961, dog); other rvorkers clíd not observe autoregulation (Pr:ice, I{cFate,

ancl Sha.w, 1964, ctog; Shoelnal<er, 1964, dog; Fielct and An.clreri,sr Lg6g, dog).

Greenvray, LawSon, ancl h,lellancLer (196Z) sttrclied. the reiatiouship of hepatic
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a:rteríà:. pressure in cats using a method which did not involve cannulation

of the hepatic artery. At pressures above 80 rrrn Hg, consistent and marked

autoregulation o:t blood flow occur::ed. The pressure-flor'¡ curve was concave

to the pressure aäis" Au'uoregulation occurled after denervation of the

liver (Hanson, 1964, dog; Greenwa¡r, tranvsoÐ., and l\4e1lander, 1967) and after the

adrrinistration of at::opine or lrexamethoniun (Torrail.oe, 1961, dog). In

anesthetized animals, a decrease in po.r:tal plressure or flow rvas associated

with an increa-se in hepatic arterial flow (Ackroyd, Mito, and McDermott,

1966, clog; Cohn and Kountz, 1963, dog;. Hanson and Johnson, 1966, dog;

Price, Britton, Peterson, Reilly, Vorhees, 1965, dog; Ternberg and Butcher,

1965r dog). The results Ìrave been confirmed in the conscious clogs (P::ice

g[ gl" , 1965) " Tempor"ary occlr-rsioil of the portal vein in irnman pa-uients

also caused a markecl increase j-n lrepatic arterial florv (Sclrenk, McDonald,

McDonald, ancl Drapanas, i962)" The adninistration of reser:pine (Ternberg

gg g.I., 1965, dog) or denervatj,on of the liver (Cotrn 
"t +1.. , 1963, dog;

Sancetta, 1953, dcg) had little effect on the response. An increase in

hepatic venous pressure ivas folÌowed by a ma^ï'lçed increase in hepatic

arterial resistance (Hinshaw, Beins, and lVit'lmers, 1965, dog; Lutz, Peiper,

and Bauereisen, 1968; I{anson and Johnson, 1966, dog). From these consid-

erations it is clear that the hepatie -arterial resistance i.s increase<I

by increases in hepatic arterial pressure, portal pressure or fJ-ow, and

hepatic \¡enous pre.ssure. The nost Lrrobabte explanation of these results

is that of a utyogenic response of the arteriola:: sniooth rnuscle to changes

ilr transmural pressul:e (I'Ianson and Jolrnson, 1966, clog; Iertz gL a!., J-968;

Greenwiry anct Starli, 19?J-). Hanson ancì Johnson (t9OO, clog) have shori'n that

the c.hanges itl liepatic arterial resistance rvere inf luenced to a nruch greater

:.
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extent by clr,anges in portaJ- pressure and in hepatic verlous pressure than

by changes in he1:atic arterial pressure. Ttrey pointed out tln,¿t transmural

pressulre j-n the telntinal portious of the hepatic arterioles was probably

influenced to a greate.r extent by pressu::e in tire sinusoicls than by that

in tb.e large hepatic arte::ies.

å.lglgry.; Changes in arterial pressure produce local or intrj.nsic

responses which appear t<¡ be largely myogenic. At present, there is little

er¡iclence for a role for netal¡olites in these responses. The responses are

promi:rent in tlie intestinal and hepatic arterial- vascular' beds but are weak

ín the splen.ic vascular ïred. Fcllowing hemorrhage, these ïesponses rvould

tend to cause a decrease in z'esistance to floiv" Since the hepatic arterial

bed r¡asodilates in response to hemorrìrage, intrinsic facto¡:s can account

for this response. However, since the intestinal and splenic vascular

beds vasocons-i;rict in response to hemorrhage, tlte intrinsic corrtrol

mechani.sms mu-st be overidden b¡r extrinsi-c vasoconstrictor factors

Extri,nsic Factors

Various extri-nsic vasoconstrictor factors v¡hich may pla;' inpor-

tant rol-es in the splanchnic response to hemorrha.ge include the s5'rnp¿thetic

nerves, adrenal med.ullary secretions, v¿tsopressi.Tl , and angiotensin,

Svmnatheti-c Nerves

Tlre s5rtnpathetic nervous s)¡sten plays a maJor role i-n conrpensatory

llrechanj-snts whicìr teud to naintain honreostasis followi.ng hemorirhage.

Control of ihe resistance function, capacÍ.tance function, anct fluict

exehange func.tion of periphera.l vascular Ì:eçls by tlre synpathetic vaso-

constrictor fibre system has been revj.elcd recenl;ly by tr{ellancler and
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Joha.nsson (1968). I'olloling hr:rnorrhage, tlre sympathetic nervous system

is activated anC, in generai, this leads to stirnulation of the heart,

venoconstriction, constrj.ction of arterioles, and alteration of capillary

hydrostatic pressure through changes j.n the pre- to postcapillary resis-

tance ratio. the rol e of tb.e sympathetic nervous systen in the control

of tlrese vasculaT functions cluring lrernorrhage has been rer¡iet'ed by Chien

(r-e67) 
"

Follolving hemorrhage thev'e is an increase 1n total peripheral

resistance due to vasoconstríction of the resistance vessels i.n peripheral

vascul,aï beds (see earlier section). 'Ihe rnagnitud-e of the vasoconstrictiot-t

varies consid-erably in the clifferent vascutar beds. Some beds consLrict

more than other:s" while some dilate" Intense vasoconstriction has l:een

observed in the vascular lceds of sketetal mt.tsc1e, skin, lcidne5t, intestine,

and spleen (Chien., 1967) " The exact mechanism of the vasoconstriction

is not c:reat lrut most investigators have assuniecl that the vasoconstriction

is due to increased. sympatlre'bic nerve activity. However, an increase in

resistance to flol does not necessarily imply syrnpathei;ic vasoconstriction.

Other blood-borne vasoconstrictor factors might also be involved. There

is little doubt that syrnpathetic vasoconstrictor fibres play some role in

ttre resistance respônse to ]remorrhage, but their quantitative importance

may differ greatly Ín diffe::ent vasctttar beds"

Vasoconstrictiolr occurs in sl<eIetal muscle aft.et ìretnorrha-ge

(I{aclciy, Ove::becJr, and Dauglterty, 1968; Chien, \9G7). Rothe, Schrvenclen.tìlâ.I1rl ,

a-nd Selkuri (19C3) stuctied the effect of hemorïhage in dogs rvhose gracilis

mr.rscle rvas perftrsed at constant pressure wiLh a plnlrp, using bloocl frotli a

donu:r dog. The only connection betleen the bled ciog e"nci its gracilis
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rnuscle vlas through its innervation. There was a decrease in florv and an

irtcrease ín r¡ascular resístan.ce in the muscle after hemorrlrage. Cooli-ng

of the ner\¡es elimj-nated the resllotlse. Thus, in tbese experiments, the

n.erves caused r¡asocottstriction. Ilorvever, this type of experiment does 
:

not rule out tþe possibilit)'that vasoactive substances cir:cuJ.ating in

tire blood of the bled dog coutd b.ave catrsed vasoconstrict,ion h.acl theSz

been ¿r.lIou'ed access to the nìLìscle" fn the cat, there was an increase in 
,,

resistance to flolv in the calf muscl-e under cond.itions ol natural flolv I

(Iarndgren, Lundvrall, and Mell-ander, 1964). Af Ler the lumbar sympatlretic .l

trunks had beeu sectioned, there was no increase ín vascula:' ::esj-stance

after hemorrhage (lr{ellairder and Lelis, 1963), Similarì-y, Oberg (1564>

fouud an irrcreasc' in vascular. resj-stance in a hindquarter preparation

after henrorrìra-ge and the íncrea.se in resistance wa.s eìimi.itaterJ bv s'umna.-

thet1cdenervation.Thesestudj.esinclicatethattheVaSoconStrictionof

sl<eletal lnuscle resj-stance vessels is mediated by th.e syl:pathetic ner\¡es.

Haddy, Scott, and Molnar (fSGS, dog) reportecl that active vasoconstriction

of the forelj-lltb resistan.ce vessels in response to hemorrhage was due to a 
.:

baroreceptor-induced sympathico-adrenal ciischarge and. to some nonad:rena],

nolrrena}cj.rcu]-atingvaSoconstrictorSubSta'nce.However,thequanbitative

irnportance of th.e substance in the response rvas not studiecl.

It is dangerous to extrapolate results froni one vascìrl-ar bed to

ano'Lher" There is. little evidence to indicate thai the intestin¿L1 ancl

splenic vasoconstric'bion fol.loiving hemorrha.ge is mecliated by the s¡'mp¿-

thetÍc ilell\¡es. Ilorvever, the responses of the intesl:inal, spl enic, and

hepatic arterial r¡ascul¿r¡' beds in t:he norlnovolelnic cat to postgangl-ionic

syntpathctic stÍrttilation h¿Lve been studi.ecì in son¡e cletail a,ird the pcssibte
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responses of these beds to increasecl synpathetic ne::r¡ous activitS during

hemorrhage rrlay be predictecl frorn these studies.

The response of thc j-ntestinal resistance vessels to activation

of the synrpathetic r¡asoconstrictor f iÌ:res is complex" Venous oltt- :. : . .

',:,,:,:,:-,:.

flow frorn a segçment of small intestine was measu--r:ed before ancl

during sup::amaxiinal stimul¿rtion of the splanchnic nerves (FoIkow, Lervis,

LurLdg er:., lt{eJ.iander, and V/alientin, 1964a}" The resi.stance respons* 
,,.....

consistect of two phases. Tlrere was an initial prollounced clecrease in :.::' ::

florv reactring a maximum v¿ithin 30 t:o 4O seconds. Ðuring the next 1 to 3 '" '

tninutes of, continued stimulation, fLou¡ recovered towa::cls the prestimulatoi:y

cont::ol level and reached a new steaclt'-sbate leveI. The decli-ne Ín

resistance to a new steadlu-state value rvas called "arrtoreguiatory escape"

from tlle constrictor fib::e i-irfluence" Both the ini-ti.al decrease in f lorv

(peaì< response) aird the extent of the t'autoregul-atory escape" increaseci

malhedly with increasing rat.es of stimulation. At l-ow frequencies of

stimulatiou the stea-cly-state phase rvas r¡sually only 20 to ¡*O% below tlre

control level. At Ìrigher frequencies the steady*staie flol r¡alues were 
,,..,. ..

close to the control values and sonrcti.nes s,ere even above t-.he control " '

_a ,.t

values. Cessabion of stirnuLation \ya.s followed loy a marked ,reactive .,i.,..

hypereuia" ivhich occurrecl eveir rvhelr the stead.y-state flow hacj returned

to or above tlre con.trol leve]. The sanre pattern of response v/as obtained

using a constant flow teclìn'i que (Dresel aud l{allentin, 1966)" Both the :j.-'.::;-:
'::_::t-:t.-

peak response and ar-rtoregulatory escape diminished as the prepal:atj-cn

deteriorated (Di:eseI and. lTr¿ll-entin, 1966)" Ref lex ac'ti-,tatíon of the

vasoconstrictov fibres to the intestinc by d.ecreased bar'olcceptor activit.y

elicitecl a resistance ïesponsc simil.ar to ihat Cescribed aÌ:ove ancl tlle
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steady-state resistance was usually only 10 to 25% above control (Oberg,

l-964). Thus, the response of the intestinat resistarlce vessels to vaso-

constrictor filrre stilnulation is quite different from that in skeletal

)nuscle rvhere the initial la.:rge resporlse is well maintained over prolonged

periocls of stinulation (l'[el-ì.ander, 1960).

The mechanisn unclerlying "autoregulatory escape" in the intes-

tinal vascular bed is not clear" It is unlikely that it is due to

fail-r-lre of adreuergic impulse dischaïges or to transmitter release since

the coirstrictor response of the small precapitlary vessels and of the

eapacLlantce vessels is well maintained (FoJ.korv, Lelis, Lundgren, Mellander,

a.nd \{atlentin, L964a and 1964b). The phenomenorl is not depend.ent uporl a

decrease in flow siirce it also occurs undelr conditions of constalrt fl.orv

(Dresei and lfallentin, 1966). Intra-ar'¿erial infusj-ons of noraclrenaline

resulted in tìre same pattern of Tesponse as that seen during rierve stimu-

latj.on; rvhereas, infusions of vasopressin resulted in a well naintaineri

decrease in flow rvith no autoregulatory escape (Dresel and \{alteirtin,

1966). Autoregulatory escape rvas not bloclced by atropine (Folkol, Lewis,

Lr-irrcl-gren, Llellander, and Wallentin, 1964a), tlcr try the Ê-blocking agent,

propranolol, (l\[ellan.der a¡.cl Johanssorr, 1968)" The capillar]z f iltration

coefficient, or CFC, was estimated before and duliug stilnulation of tlre

splanchnic nerves (Fo1kol, Lewis, l,unclgren, Mellander, and Wallentin,

1964b). CFC is cle.terniiired by voluntetric or: gravÍntetric recording of tire

ra'be of tret fl-nid filtrat.ion produced by a knoln rise in ntean hydrostatic

pressÌrre and it inciicates the capilla::y surface area available fo:: exchange

(llerliancler ancl Johansson, 1968). Foliiow atld co\\'ol:liers (]964b) found tha.t

syt:ipathetic activa.t.ion causecl a reduction in CFC t'hj.c.h n'as rvell na,i.nta-ined

:'.,':: 1.'. ,:., . :: ¡;:,
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o\¡er prolonged.periods of stÍmulation, even thouglr blood flow due to

auto::egulatory escape had returned to a steady-state 1evel" near the

control value. The results indicateel a decrease in the capillary surfa.ce

area availalrl-e for exchange. Cessatj.on of stimulation resulted in a

la:rge increa.se in C,FC during the period of reactive hyper:emia. The

clecrease iu capiliary slrrface area during stimulation ivithout an inc::case

in r=esistarrce to flow su-ggests a redistri.bution of the blood flow within

the intesLine" The clistribution of iri.tra-arterLai i-nJec'Lions of India

ink rvas s'ludied before arid during activation of the splanc.hnic rrelî\¡es

(Ì'olkorv, Lewis, I:.rndgren, Mellaird.er, and ltal-lerrtin, 1964b) and the results

suggested a red.istribution of btood flow from mucosal to sub¡rucos¿i,l tissue

during b.erve stimulation.. Unfortunately, these stud.ies did not show that

the distribution of the Inlç was an accuriate reflection of the florv dis'uri-

bution. Richardson and Johnson (fSGS, dcg) fou-nd. that the degree of auto-

regulatory escape rvas not depencient on the initial vascular resistance o.f

the bed. On ttris basis they a.rguect that a redistribr.ition of bloorl florv

to e:rplain autoregulatory escape was unlilcei5z ¿ü6 they suggestcìd that

escape occurs by a secondary relaxation of the sa¡te vascular elements

affected by the constrictor agerrt", Horvever, unti.l furtìrer er¡idence ís

obtained, the mechanj.sm of autor:egi-rlatory escape r:einains unsolved.

fn suntmar¡', stinulation of tire postganglionic iler\¡es cloes not

result in a ¡iaintainecl r¡asocoitstriction of tlre intestinal resistance

vesSeÌS and autoregrtlator¡¡ escape occurs. Tlre'se results suç1gest that

the j-ntestirial iasoconstliction follolviug henor.rhage ca.nnot l:e nrecliatecl

iry the sunpathetic nel'r¡es. This ai'gurnent is suppoL:l"ecl by ti:e obserr¡ation

that u,hen the j.ntestj,tt-al- fl.ol is::edrrced by partial crcclrision of the
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superior mesenteric artery, the response to sympathetic nerve stiniulation

is impaired (Folkov,r, Lewis, Lunclgren, MelIand.er, and T/aLlentin, L964a) "

Unti.l the recent studies of Greenr¡ay and Starlç very little was

knov¡lt about the response of the spl-een to activation of the sympathetic

ner\ies. Barcroft and Stephens (LSZZ ) observed tha-b splenic volune' d.e-

creased cluring exercise or hemorrhage and the contraction rvas d.epenclent

on tlre splenic innervation. Green, Ottis, and I(itchen (t06O, dog) found

that spleiric f low and splenic rveight clecveasc-d simultaneously during

activation of the syrnpathetic rrerrres. Other \r,orlçers have confirned the

'i rr¡rooce i n cñ'I enic vascula:: resista.nce during sympathetic ner:ve s bimu-eJtlrlJ4urre uru r!ç-,.

laiion (Boatman ancl Brody, L964., ctog; llaefeIy, I'Iürlirnanu, aìÌcl Thoenen,

1965). IIolever, alI these studies involved. cannulation of the sptenic

arterr', Greenwav a¡:d Stark v¡ere the firsb to sttr-dr¡ blood florv and volunle

simul-taneously in the spleen with an uncannulated arterial suppl¡z (Greenivay,

Larvson, and Stark, 1968)" They lreasured splenic f lov¡ with a tlon-

cannulaLing electrotnagnetie flowneter probe and reeorded splenic rveì.glrt. I

Sr"rprailaxitral sti¡nulation of the splenic nerves resulted in a marlced

decrease in spJ.enic flow which then recovered torvards the control Level.

After s.binulation for IO minutes, 37% tecovery hact occurred. The r:ecovery

of flow rva.s tnuch slo$'er than th.¿it obser"ved during autoregulatory escape.

in the intestine (Fotkorv g! gL. , Ig64a). Sptenic weight decreasecl urore

slolì-y and the response was well maintained" Neitìrer '¿he f lorv response

nor the weigirt resironse was inrpaired by protongect recluctions in splenic

blooct flolv resul-ting from a lorvered arterial pressure (Greenrvay, Laivson,

and Sta-rli, 1968). This rvas in contrast to the responses iu skeletal

muscf e (Lervis anct À'TeIlattder, I962) anct intesti:re (!'ol,Ìio'iv et al." , 1964a) 
"
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Thus, the syrnpathetic nerves rnay be important j-n the. splenic vasocon-

stricti.on f ollorving heinorrhage.

The .response of the he1:atic vascnlar bed to prolonged elec-

trical stintulation ot tlr.e hepatic plexus has L.een stuclied in cats in

rvhioh the ì:epatic arte:ry rvas not cannulated (Greenway, Lawson, and

iúeI1a.ncler, 1967). Hepatic arterial f lorv dec::eased marl<edly during the

first 3O-4O seconds of stirnulati.on and then gradually recovered towarcls

tìre prestintulatorSr control level during tlre f<¡l.lowing 2-3 minu_tes of

stímulation" Thr;s, sinilar to the intestine, "autroregulator5r escape"

occurred. Cessation of stimulation resulted in a small reactive hyperemia.

The respor.lse v/as t-.he same when a constant flor'¿ per:fusioLr technique was

used" Ref lex ac'bival;ion of the constrictor nerves by occlusíorr of thc;

carotid arteries also resulted in a simil-ar florv respctlse.

Iu summary, the results of these stuc{ies suggest that the syrn-

patlretic llerves may play a role j.n the splenic vasoconstr:iction fr:l-Iowing

hemorr:hage httt they are unlikely to be iinportant in the intestinal anC

hepatic a-::terial responses.

Adlg} +1 IvlecluJ I ar_¿_Fe çf g t i o_n s-

The roles of adrenaline ancl noradrenaliue released froin the

adreual meclulla in response to henrorlhage have not been analyzed. Horvever.,

the extensive stucly in the ca'u iry Celancler (1954) indicates that the
:j

:-
I quanti-tatir¡e ittrportarlce of acirenal rnedullary honnones releasecl aftei: a

. variety of stilnuli is insignificaut ri'hett conip¿rred to the effects of acti-

vation of l;he regio:ral syrnpathetic nerves.

The resironses of tire intestinal , s¡rIenic, ancl trcpatic a:"terial
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becls Lo the adlriini.stration of adrena.lilre and noradrenaline have been

studied in tlie cat and the possible respcnses of these vascular becls to

these agenLs ¡:eleased durin,g hentorrhage may be predicted from thcse

ql:r¡dieq, Tn{ocf-is¡1s Of these drttgs ar.e of littl-e valUe sínce the hOrn<.¡neS

are not released Ín a síngle bolus but are contiuually secreted. Infusions

of the drug pror'Íde a better insight j.nto their physiological roIe"

TI:e iutestj.nal response to intra*arterial in.fr¡sions of nor-

arlren,aline is sitnilar to tli.at following ner\¡e stimulation. There is a

pea.1s constrj-ctor response follorved l:y "alrtor:egulatory escapett an| z return

of resj-sta.irce towartls 'Lh.e control levels (Ðrese1 and \trallentin, 1.966;

Bal<er ancl lúendel, 1967)" fnfusions of acìrenaline, on the other lrancl ,

resul.b iu inc::eased flol th::ough tb.e superior lneseirteric aï'teïy and pro-

pranclol bloclis the response (Greenwa.y ârld l,â\\¡sotr¡ Lg66a; Ross, Ig67a.;

Greenrva¡l and Lawson, 1968).

The splenic floq'Tesllonses and splenic rveight responses to

irrtraverrou.s infusions of catecholainines have been i.nvestigated usì-ng

netlroCs rvhich clid not invol-ve cannulatj-on of the splenj-c alrtery (Greenway

and Si;a.rk, I97O). Intravenous infusions of noradrenaline caused a rna-:clíed

decrease in splenic arte::iaI flow and splenic weight and the decreases

were v/elI naintainecl during the 5 minrrte infusion perioC. Thus, there

wir-s no er¡idence of autor:egulatory escalJe" The responses wel'e unchanged

af'cer adminisLration of propranolol. Intrar¡enous j.nfusions of adtenaline

cansc+d a lne-rl;ccl decrease irr splenic iveight but the flow respou.se variecl.

Tirere ri¡as either an i-ncrease, a Cecrease, or no change in flow" After

propranoiol , aclre¡ralilre caused or11y vasoconstrictj.on rvhicÌr ivas aboLishcd

by phenoxybenzamiire" After phenox)¡benzanine, achenaline ca.usecl only
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vasodilatati.oit which was abolj-shed by propranolol. Thus, the response of

the spleniç resistance vessels to ádrenaline is a balance J:etween the

0- and p-receptor actions of the drug while, in the case of noracJrenaline,

tiae d,-teceptor actj-on preclominates. Bot]: noradrenaline and adrenaline

cã.use spletlic contraction wtrich is rnediated by O-acirenergÍc receÞtors.

Aclrenaline was no::e poti:nt iir this respect thalr noradrenaline (Ahj-qui-st,

Taylor, Rawson, and Sydoiv, 1.954, dog; Greenrvay and Stark, I7TO)"

The responses of the hepatic vascular bed to lnfusions of cate-

choiamines have ireen studied in cats using non-cannulating electrornagnetíc

flowrneters (Greenrvay, Larvson, and lVlellancter, L967; Ross an.d Kurrasch,

1969)" Intra^ arterLaL infusions of norarlrenaline caused changes sillilar

to tirose fol-lorving nerve stirnulation" Ilepatic arterial- flow inii;iaIi.y

decreased and then autoregulatory escape occurred. Tntra-ar1e¡:ial j.n-

fusions of adrenaLine in small- doses producecl variabte effects. Follorvi-ng

the aciministratíon of propranolol, vasoconstriction rvas produced while

vasodilatation occurred after phenoxybenzanine (Greenivay and Larvson, 1969;

Ross and Kurrasch, 1969). I¡o1lorvÍng intravenoLts infusion of ar:l¡:enaline,

tcltal hepatic florv increased with little change in rnean arterial pïessure

and an increa.sed proportion of the cardiac output rvas clistributed to the

liver (Greenrvay ârd Lâwsorl¡ t966a)" Tirere rvas lj-ttle change in hepatic

arterj-al f low (Craig and Honig, 1963; Greenway ancl Lalson, 19613a; .Scho1tholt,

Loclrner, Renn, arrC. SLrira:i-shi, J:9r67, clog). The increasecl total ITepatic

flou' was due to an j-ncreased portal inflorv resulting from intestinal. vaso-

dilabation (Gr:eenrvay and tr:âi\¡sot.t.¡ 1966a; Greenu,a¡, and Larvson, 1968; Ross,

1967a; Sclrottholt gg 4., 7.967, dog).

Tlrese resrrlts suggest that, sinril-ar to nerve stimulation,
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noradrenaline may cause a nraintained splenic vasoconstriction folJ-owing

hentorrìrage but 1t is unlitiely t<¡ cause a maintainecl intestinal or hepatic

arterial resporìse. Adrenaline, on the other hand, dilates the intestinal

vascuLar: l¡ed aird has I.ittle e:ffect on the splenic and hepati-c arterial

resistance vessel-s.

Þqp".Ësi}_ t"ç1_ Aq

It is well lino$¡n that large alnounts of r¡asopressin are released

in rr-;spoirse to lienrorrlr.age in the dog (\{einstein, Berne, and Sachs, 1960),

cat (BelesIin, Bisset, Haldar, and Pola-k, ]1967), and rat (Ginsbrrrg and

Brolvtt, 1956), although the precise mechalr.isnr of release is not clear.

Gauer: aud l-Ienry (f963) postutated that stretch receptors were present in

the left atrium and that activation of these receptors inhil¡ited the re-
/

lease of r¿asolrressin from the posteri cr pituitary. This idea rvas based

on a number of earlier observa.tions which showed that manoeuverls u,hich

in.creased tl:e volume of the Ief t atrium resulted. in diu::esis. whereas

nlanoeu\/ers which decreased the volume of the left atrium resulted in anti-

diu-resis (Henr'5', Gauer, and Reeves, 1956, dog; I\4urclangh, Sieker , ancl

Manfredi, 1959, human; Ginsburg, 1954, rat; I{einstein, Berne, and Sach-s,

1960, dog). Share and Levy (1002, ctog) reported that occlLrsion of i¡oth

comlon carotict arteries iri the clog resulted. in a marlied increase in the

bLaod fe\¡e1s of r¡asopressin. Tlr.e resporìse was ìrloclied by 'ttre simultaneous

inf Iation of a ballcon in the l-eft atriuni (Shar:e, 1965, dog), Inf lation

of the balloon dicl not blocli tlle ïesponse j-f the r¡agi Ìrad been cut (Sha:'e,

1965, ctog)" In l¡otlr consclous anC anesthetiz,ed dogs which were subjectect

to nonhypotensive hernorrhage, tìrere was a significant incr:eas.e in vasc-

. :, | :::.rt:;:r.t;it::::



-27-

pressill 1evels (Ilenry, Gupta, i\{eehan, Sincl.air, anci Share, 1968; Share,

1367). Hoivever, if the vagi rvere cut and the carotid sinuses perfused

at constan'b pressure, there were no signifi.cant changes in the vasopressirl

1svel even rvhen as nli,icl:. as 40% of the lrloocl volurne rvas removed. Iir dogs

anesthetized u,i-th chloralose ancl urethane, a henrori:hage of 8 niI/kg ï'e-

sultecl in doubling of the plasnra vasopressin level v¡hile a hemorrhage of

4û ml/lç.g resulted in plasrna leve1s of 35O ¡ñ/mt, an eJ.evenfol-cl ir:.crease

above corrtrol (Share, 1968, dog).

In the ca.t, Belesliir eL ai. (iS6Z) reporl,ed that follorving

heinorrÌtage, the concentra'¿ion of r¡asopressin in the bfood rose fr:om

16 p.U/rnt to approximately 't1O ¡t.U/nú. Oxylocin levels did not ir¡crease.

Similarly, Clark and Rocha e Silva (fS0z) found independent rel-ease of

vasopressin witkrout oxytocin during.. hemorrhage ín the cat. They also

found tlnat t]ile afferent lilnb of bhe reflex aTc for release of vasopressi-n

involved. fibres in tlre sipus nerves and vagi. The l-evels of vasopressin

in this study rose from a control value of 47 pU./n-rl to lO2O ¡-rU/rnl 5

minutes after hemorrhage, and remained high at 763 ¡ñ/nL 20 minut.es after

hemorrhage.

There is only limited. data indicating possible vascula.i' effects

of endogenously released r¡asopressin. In cross perfusion strrciles, Chris-

toforo and Brody (lOGS, clog) for.rnd vascconstriction of the isolated dog

graciiis rnuscle following halothaire encsthesia of the donor dog; The

vasocorìstr:iction \i'¿rs not due to the direct effecl; of halothane and rvas

not irlocl<eci b5r phentolamiire. Horvever, a.cute r:en:or¡al of tìrc pitui tary

abol-Lshed the response, sr,rggesting the vascconstriction was cilte to r¡aso-

pressin. A recenL stucly by Rocha e Sitrva aiìd Rosentrelg (1969) publishect
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during the course of the lvork Teported j-n this thesis also provided some

interestin.g results. They studied the release of .vasopressin in response

to hemorrlrage a.nd the effects of vasopressin infusions on bloocl pressure

in clogs anesthetizecl lvith sodiurn pentobarbital. Henorrhages vrhich pro-

duced a decrease iu diastolic pressuïe of 40 tn:n Hg resulted in blood

leveis of vasopressin of l5O-35C pLU/mI . In hypophysec'comj,zeC animals

whose bloocI pressure regulating nechanisns \\,ere suppïessed by division

of the vag:l and sinus nerves, infr"rsions of vasopressj-n rvhich procluced

l¡lood levels similar to those found after henorr:haEe increased diastolic

pressure by 3O*4O mrt Hg. They also shor.vecl that the high vasornotor tone

rvh.icir follorved section of the vagÍ and sinus nerves lvas paJtiy due to the

presence of the pituitary gland; retno'¡aI of the glancl vas follou'ed by a

decrease in blood pressure, the tilne cou::se of ivhich was similar to tltat

which follows cessation of an infusion of vasoËressin.

FolJ.ol'ring hemorrhage, reirin is also lîeleased anci the concen-'

tration of angiotensin in the blood is increased. Scoruik and Paladini

(iSø+, dog) r:e¡rorted l:l-ood. levels of 2.4 ng/ml-. Regoli ancl Vane (t000,

dog) founcl an increase in the formation cf angiotensin which was simil.ar

to infusions of angiotensin at the rate of O.6 pLg/nin. Flodge, lorve, and

Vane (fgOO, dog) reported that mild hemorrhage of L4-26 nl blood/kg caused

an increase of O.25-l-.5 pLg,/nrin in the rate of generation ancl an incirease

of O. 1-O"33 ng./ml in ttre bloocl concentration of angiotensin" The changes

in the generation rate rvere not drre to changes of renai atterial or venous

pressure. Tlrey we:re elirninated b¡' 51o.t.tng the r:enal nerves rvith ligno-

cairte. TlieS' shor¡rscl a consisteu.'c inverse corre-ì.ation rvith central venous

pressure, llilt not witlr systerni.c arterj.¿rl pressure. These \i,,orher:s concluderJ.
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that chauges in blood volume bring about ch.anges j.n the rate of generation

of angi-otensi-n by a reflex mecìranisni the efferent linrb of which inr¡ol_vecl

the renal t'Lerves. The mechairism of tire affe¡:ent lj.mb was not clear., but

it might involve vagal afferent irnpulses zirising frorn atrial recepto::s

(Ilctdge, -Lor['e, Ng, ancl Vane, ].969, dog) "

Tlre responses of the intestinal-, splenic, and hepatic axteri-a]-

vasctrl¿r:: beds to infusions of rrasopressin and angiotensin have not been

studied. in any ctetail. In contrast to noraclrenali.ne, Lntra-arterial

infusions of vasopressin cause a mainta"j-ned vasoconstric'i;íon of the

intestitre.l resistarce vessels (Lìresel a..n-d Wallentín., 1966). Otber worliers

I'llar.*a¡ |.'h^,, l/ì\¿vÂ!v.L, vrrvu, ,,,er:ri1f , Laureta, and Irr:oh1ich, 1964, dog) reported that

both r¡asopressin and angiotensi.¡r cause nrarked arte::ial vasoconst::iction

of the intestinal bed" In this latter s'cud_y, holver¡ey, 'che superior

tnesenteric artery was car-rnuìated ancl a punrp device was includeci in the

arteria.l long-circu-it" This tna-,1' account for the high doses of the. drugs

required in tlris stucty to produce a response.

Intravenous inflrsions of vasopressin caused marked vasocotl-

strlction of the splenic resistance vesse-l-s bui tlrere was very little

ef f ect <¡n the splenic weight response (G-reenlay anci Stark , LgTO'i. Angio*

tetlsin constrícted the spl.enic resistance ves,sels (Benelli, De1la BeIla,

and Ganditii, 1964; Boat¡nan aud B::ody, L964, cìog; Da.r¡ies, Grinrb1e, and

l{ithrington, 1968b, dog; Greenrvay and Starlç, 1.970). llorvever, tire ef f ect.

of angiotensin on splenic r¡clume wa.,s not cÌear. Boatman et al. (l_964,

clog) aird Dar¡ies gI 3!" (1SGSb, clog) founci no sigirificant spLenj-c con-

traction" Greernvay ancl Sta:;}< (I97O) found no significant contraction

rvlreti angÍotensin \\¡a.s iìtfusecl itttravenouslJ¡ at infusj-on ral;es of fess than
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O'5 pg/rnin" At higher rates, s1:Ìenic contraction clicl occur. Adrenalectonv

did not alter the resÞonse"

A variej;y of studies revielvecl by Greenivay and Stark (IgZù have

shown that vasopressin. recluced portal pressure, portal florv, and total
hepati c florv due to vasoconstriction of the splenic and intestrn.al vascul.ar

beds. The direct s.ction of vasopressin on the hepatic arterial becl .*,as

vasoconstriction (Shoernaher, 1964 , clog; Mahf auz arLcl. Aida, ]'967 , dog) .

After int:.:avenous adminis'i;ration of vasop::essln, hepatic arteriaL florv

increased (I{eimburger, Teramoto, ancl shumacker, 1960, clog; peskin, Miller,
J'ohnson, lfacvaugh, and Hardest¡2, 196r, dog) or clecreased (Drapana..s, crowe,

Shiui, and Schenk, 1,961., clog)" rntravenous ilfusj.ons of angiote'sin have

been reported to cause er clecrease in totat hcpatic flow (Bashour, Taha,

and Sellers, 1963, dog; Segef, Ba}rley, Paton, Dykes, ancl Bishop, 1963,

hu-man). This resul-ted partJ.y fronr a decreasecl ¡rortal f l-ow clue to lntes*

tinal (Barer, 1961; l'exter, chou, I\{erri11, Laureta, and Frohlich, ]€64,

dog) and splenic (Boatnan and Brocry, r-964, dog; Greenlay and sta::rç, rgza)

vasoconstriction. The direct action of angiotensin on the hepatic arterial

becl rvas vasocottstriction (Kelty and Nyhus, 1966, cow; sciroltÌrolt and shi-

raishj-, l-968, dog)" The effect of intra\¡enous ínfusions of angiobelsin on

the hepatic arterial resistânce vessels has not been establishecl.

S.q3!tq¿ì.y-: Large amounts cf vasoprcssin and angiotensj-n are found

in tlre cilctllatiotr follorving irenrorrhage. I{oivever, there is ot1ly limitecl

d-ata inciicating possible vr:.scnl-ar effects for these agents ïereasecl errclo-

genousl]'. I'urthe::tnore, data c¡n tire re:;ponses of the intesti¡ra1, splenic,

ancl hepatj-c arùer:iai vascular becls to acinlinistration of exogenoL¡s \¡ASo-

pressiu. a.}lcl angioiensj.n i,s not courl:lctc" .Dose-respon,se cur\¡es lr.ave not

':ìii:].:L:):.'.:-':1.-.'.:l,.:l..1';''j:-.]'::ì:ì:..ì:l.;1ì:! ::"-.-- :-
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and the sensitivities of the vaseula¡: J¡eds to these asents

cornpared.

i-::- l:.::,1;lí:::r::;f :_l'i)-.i ì.;: :*l;¡"1, 1l:::::::li.::l'.i::,::' "-r.:lt'l:l:;r,::;::¡-;-i:]i::;:: ì':-a-¡;_;t:: :

been obtained

have not been

cgLq.lgs j c+*_+* ¿ 4¡pe{¡ry! lal_Dj Ðg:.

TIre presont study was devised to investj gate tlre response of

tlr.e splanchnic ::esistauce r¡essels to henrc¡rrhage and to irrr¡estigate mech-

anisms iuvoived in this respoilse" Previous i.vork has iir.dicated that in

response to hemorrha.ge ttre intestj-nal and splenic resistance vessels

constrj-ct; the hepatic arteriat resistance vessels dilate. However, tlre

mechani-snis of these ïes-pcnses al:e conple-Lely unknourr" It has usually

been assumed that the synti:atbetic neïves v¿ere the nrost irnportant factor

in tll.e iutestinal and spleuic väsocoastriction. Horver¡er, otlleï vasocon-

s'uricto:: factors night also play a roLe. Vasopressin is released and

angiotensj.n is formecl in ::espouse to hemorrhage ancl ]¡oth of these sub-

stances a.re potent vasoconstrictor agents. The ïo1es o:f these extrinsic

factors in the itrtestinal and- splenic vasoconstrictiou follorving hemcrrhage

were lnvestigatecf by removal of the maJor sources of these agents and by

Iocal clenervatioir. Thr,rs, t¡r-e effect of henlorrhage rvas stuctied, in cats

with intact organ systems and in cats subjecl;ed to intestinal or snl enic

dettervation, adrenalectomy, nepirrectorny, and h¡rpopltysectcny in various

conl¡i.natíons "

Follo''\'ing henrorrhage, ari;erial pressllre clecreases. To quant.itate

the role of e>ltrinsic factors itl the intestinal and sÞIenic vasoconstriction

aftel henorrhage, the local resporlse of thc.t¡ascuiar bed to changes i¡

ar'uerial pressìirc must be assessed. This nra.y Ì:e clone by studying ilre

pressl¡re*f lorv relati.or:sirip of tlre vascular 'Ì¡ed over a suital:ie range of
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pressures ând f loivs during the pre*heniori'heige control period. The role

of extrínsic factoi:s cluring hernorrhage can then be quatltitated by com-

pariug inciir;idttai observations of pressule and fI<¡w during henorrhage

with the cor:.trol pressure-florv val.rres obtained prior to hernorlhage.

If vasopressí.n ancl angiotensin play a role in the splanchnic

responFie to hemori:hage, then in.traverlous infusions of tÌrese agents in

a¡rrounts tiJsely to be f<¡und in the blood after hemorrhage should cause a

sintilar respcnse" Thus, experiments wcre devised to compare the relative

sensitivities of the intestinal , splenic, ancl hepatic ayteri.al va-scula::

becls to i.ntravenous infusions of vasopressin a.nd angiotensÍn.

.: ::':.:.::,:;::::;:: 
:-:::,
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General

Cats of either sex ancl weigiring between 2.2 and 4.0 kg were

:fasted f or 24 hours. Anesthesia rvas in<Ìticeci by intrerperj.toneal injec-

tion of socìium pentobarbital (30 mg,/kg, Nernbutal, Abbott Laboratories,

Ltd.), lI'hen ref lex linib and er¿r rnovements rettt-rned, additional Coses

of 8 mg rver:e given through a cannula which had been placed in a fore-

fimb cutaneous veÍn. A heating el-elnent, positionecl uncler the opelating

table, nai.ntained the rectal temlreratr.ire of the cats at lì8oc. The c¿¿ts

respired spontaneousl.y, but to ensur-'e a free airrvay the trachea vias

cannulatecl . Systemic arterial pressure vas L'ecordecl f ro¡r a cannu-l-¡¿

placecl irr the left femoral arte¡y. Th.e abdolncn rvas op€flr;rd by a micì-

l-ine incision ancl t]:e f ree edges of the pc-:ritoneum and sl<i-n rvere sewn

togetlier.

A) Rgspoirse of Intestllgl_lgåfstance Vessels to He-rnorrhag-e-

1. Prcparation: I¡igure 1is a diagrarn of the ¡nethocls used to measure

superior mesenteric arterial f lov, and pressure. Af ter exÞosing thc' 
:;:::-..::::::

superior mesenteric artery close to its origin at the aorta, a I crn length ::.":r':':1': '

' , ,. i

of artery rvas carefutly dissected frc'e frorn the surrouncling nerr¡es anC ,,. , ì

tissue. A non-cannuLating e.tectronagçnetic f lorvnleter probe rvas placed

around the su;,reri.or niesenteric artery (sec appenclix 1) and a micro-

meter-controtl"ed screw clamp was placed just dorvnstream frorn the .;r.;:-.,:,,. .,',..,...'

flotvnrcter probe, The clamp scrvecl to stc.ady the f lou,nleter probe aircl

a1lot,ecl control.l-ecì l'ecluctions in supcri-or mesente¡:ic arterial ffo',r aud

¡¡r.., +ì ^.,.,-^+^.r ^ ^L^^t.^^ -F*¡^,,^...{.'l ,, k!, la¡^i ,\+'l a-
¡,r. ÇÞÞLrr u. r¡¡ç r l.oivlneter zero \vas checl<ed. f requeutl.¡' by brief ly occlrtcling

the artcr\'. At tlic encl of each ex1:crinrent 1:he f lon,metcr rvas c¿ll.il¡rated
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(see ap1:encli>r 1) " The arlastomsis between the inf erior and supet'ior

mesent:eric irrteries, the lef t colic artery , rvas ligated. The nicldle

colic artery was cannulated close to its junction with the superior

nresenteric artery. The pressure in the srrl:erior:' uresenteric artery

dorvnstreaur fron the floivmeter proire and clarnp \\as recordecl front thÍs

cannula. Anastonoses u'ith the coefiac artery \rere judged to be of

minor signif icance since occlusion of the sr-ilrerior lnesenteric artery

close to the aorta caused superior lnes-.enteric arterial pressure to

fall bel-orv 20 rnrn Hg. Furtherniore, in an experiment where superior

mesenteric venous flow was being neasured, occlusi-on of the superior

mesenteric arterv caused thc venons outflou¡ to decrease fro¡n 84 rn],/min

to approximately 2 rtl,/mi-n, In a fe',v experinents the pressure in the

porLal r¡ein was measured lry inserting a cannula into the por.Lal rrein

through a snall r'ein clraining the appeirclix. ïrhen tþe abdoininal sttrgery

tvas completcd, the abdollren rvas covered rvitlr. gauze soaked in warm saline.

The animal rvas left undj.sturbed for one hour to recover froni the surgelry

2. Pressure-f lorv crrrves: In each experiment t.he relationsirip bel-u,een

su1:eri.or niesenteric arterial- f low and pressure rvas studicd. Prj or 'co

bleeding the aninal, a pressure-f lorv cur\¡e t,as obtainecl by graded

claliping of the superior mesente::ic ar"tery rvhich reduced sttperior:

mesenteri.c arterial pressule by approxinia.tely 20 nun Hg stel:e at 1

2 minute intervals. One hour after rcinfusion of the shed blooci,

secor-rcl praessure-f lorv cLt::tte \r¡as ol:1,aitreci.

3. Fierrrorrllage: In a.11 cxpcriulcnts blood rvas ivj-thclrau,n throttgh

c¿lnnul-a placed in a f cmc¡ral artc'r'v. The tilood \itas cof lectecl itt

a

.::...

to

glass syr:inge contr iling ireparln (5 nig) a¡td tt,as storc'cl at 38oC. Ttvo



::ì:llt;

-36-

types of henorrlrages rvere Lìsccl - rapicl and slow.

Rapicl )rcrnorrhage wa.s inducecl by renioving blood at a mean

îate of 19 -l- 0.78 rnl,/min,/kg body iveight (rnean I S.E. ) until- the blood

prcsstilre reached 50 mni I-ig. Additional snlall voiunres of blood rvele

rvitltclrawn to lnaintain the blood pressure at 5A nrm IIg f or one urinute.

Thereaf t.er, no rnore blood rvas

allov,'ed to recover. The shed

lnj-nutes fo]loling the start of

hernolrhage was indrrced, efter

olltainecl .

Inaferv

untii the arterial

renoved and the blooci pressure was

blood rvas r:eturnecl to the animal 60

hemorrhage. In some anirnals a second

tire second pressure-f1ou' cur,ve had beeir

Sl-ow hemorrhage rvas induced b5z removing blood over 25 nlinutes

at the r'¿te o:1 0.6 n],/min/kg by a Harvarcl constant infuslon/witi:dr'¡lu¡al

auuara.tt:s . Tirer:eaf ter. no morc bl orrrl rva s rerror¡ec-l . 'ihe shed b ! oorl r¡ra.s

returnecl to the anj-lnal 60 minutes follorving the star.t of hemorlhage

fn sorne animals second herno::rhage was induced.

ex¡:eriments, animals rvere bl-ecl slorvly and continuously

pressure reached 50 mm Ilg. Thereafter, the arterial

pressure rvas tnaintained near 50 nm I{g for several hours by eitJrer re=-

tnoving or returniug small additional r¡olulnes of bIood.

Aclclitiona1 proceclrtres: The f ollorving proceclures were carried or-rt

in certai.n of the cats as described in the results

The intestinaÌ vascular becl was clencrvated l:y ligation anci

section of the nerves ar:.cl tisst¡e surlourlding the sÌtperiol'nlesenteric

artery. Coti.on wool soajçed in J-fo plocaine tvas placecl around tho artcry

i-,ígal.ures n'ere tiecl arc¡und thc aclrenal glancls ancl the glancts renlor¡ed.

f¡r these (ixperj-inents hyclrocoltisone (5 ng,/lig, Soir.r-i.--oltef, Upjohri Co.)
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wats administered intralnuscularly (Fo1kotv, Lervis, Lundgren, ['Ie11ander,

and \['altentÍn, L964a; Greenrvay and St.ark, 1969). The' kid¡cys rvere

removed by ligation ancl scction of the renal vessels aucl ureters.

Tlre pitui-ta.ry gland was relnovecl in the f ef lsv,ring ¡t¿y. A mid-litre inci-

sion \ves tnaCe t.irrough the sof t pa.lato and the pter¡rgoid hantul-i rvere

located. A line Ì:ettteen these crossed the sagg,i.tal nlid-iine at the

sj,te of a small- f <¡ramen, This was the surf a-ce ma-rhing of the pitttitary

and the meninges coverj-ng it were Civicied. Thc-:

tiic spiienoid. Bleeding

pituitary rvas identified

gland was then removed '

by sucti-on. If bleedir'ìg occurred, it rvas quicl<1y stoppecl ü'ith Strrgi.cel

(Johrison anci .Tohnsolr) . Blood loss drrring and af ter the hypoph)¡sectolly

rvas se ldom rlore than I-Z mL, The completerr.ess of the hypophysectomy

and the other procedures lvas verified b¡r díssection at the end of each

exlreriment.

5. Drugs: Phenox)¡benzamine hych:ocbloride (Dibenzylì.ne, Smith, Miue,

an¿ French) rvas dissol-veci in propylene glycol (25O urg ín 25 mI) acidifiecl

rvith 4 drops of 10 N I{CL. Prior to lnjection, the reqtiired dose $'as

cliluted with 5 volumcs of O.9% NaCl

I-ì Ì'r r o'

wi th

A stoclç sofution containiirg norach:enal-ine tarbrat'e (Bi'itish

i{ouses) in distÍ11ç+d viat.er (1 ng base per rnl- solution) rvas cìilttl.ed

0r9Í.ó lriaCl containius O.2 m.g,/¡nl of ascorbic acid. The f inal corl-

centratiorl of nol:adlenaline it'as l- ug/nL

6. Caleulation of results: Comparison of the changes in iutestinal

vascnlar resistairce before and after: ilelrrorrhage is not I;he best lnethocl

A trephine (6 rnm diameter) was used to peuetrate

fron the bonc rvas controlled with llone ivax. The

to assess the lol-c of exLritrsic vasc¡constrictor factors. Chauges Ín
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calcula'l...ed rc'sist¿rnce tna.y be due to extrinsic influences acting on the

vascrrrla.r slrlooth nuscl,e elenients such as circ.ulatilrg vasoconstrictor

agents but they nay also be due t:o l-ocal acljustments in response to

changes in aL:terial pr:cssur'e. Fcllorving hernorrhage, arterial pressure

dec.r.eased and the pressu.re-fl.ou, curve for the intestj.nal vascular be<I

rvas not linear. Theiefr:re, the effects of ext::insic factors were

quautitated b5r cornnaring the ac.tual flol,s a'u ar:.y tirne to the f iorvs

expected from the changes in arterial pressure. These la.tter floivs

werc cleterinined from the pressure-florv cr-rrves and, throtrghout this

thesis, r-ircy rvil-f bc referred to as the passi-rre f lons. The actual

florvs \Ä,cre cxpressed as perccntages of tLre passive f l.ows. Thus, the

e:rtent oÍ deviation frorn 1009á represents the extent 'co tvhich f l-ows

u,ere altered by extrinsic factors. Tiris method of expressing the

results also allolecl compal:ison of the respoÍses in diff ereirt atrint¿Lls in

which the arterial pressure tzalttes dif f ereci.

B) Response of Spl eni-c Resistance Vessel-s to lleniorrhage

t. Preparation: The i'esponsc of the splenic vasculal bed to hernorrhage

rvas studi-ed in a, si-nrilar rvav to that descril¡ecl f or the intestina.l

v¿iscular l:ed. Figr.tre 2 is a Ciagraul of tlie p::eparation. Becarise of

tire suraÌ1 size of the splenic arLcry, tire fl-orvrneter 1:robe ivas pl.aceci

on thc coef iac artcry af tcr: tying all its l-¡ralrches ü,i [ir thc e-xc:cption

of l-.he spJ.eiric a::te:'¡. ]lìris \\'es clone as fol-1orvs. The vessels in the

gastrc-splcnj-c liganient aricì thc inferíor part of the lieno-renal-

1j-garlen'l; u'el:e t;:ied " 'fhe liganrctnts were then dividecl to a1l.cr.' nlobil"lza-

tion o.i the sltleeiiL. Thc pancrcatic Llranchr,'s of tlic spletiic artcry n'e ::e
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tied. The left gastric arterial b::anch and the hepatic arterial bi'auch

of the coel.i¿tc artery rvere also tied. Therefore, all branches of the

coel1ac artery ivith the exception of the splcni.c artery were tied and

florv through tTr.e coeliac artery was a measllre of splenic flow. After

exposing the coelÍac aLrtery close to j-ts ori.gin at the aorta, art

ap¡tr:oxirnirtely 1 clr length of artery rvas car:cfully dissected free from

the surroulcling tissue" This section of artery rvas just proxima.l to

zthe poiiit rvhere the nerves frorn Lhe coeliac ganglion joì-ned the coeliac

artery. A non-cannulating electromagnetic florvlneter pr:ol:e rvas 1rl;rced

around the artery (s;ee a1:ltcndlx 1). A lnicroneter-controlled Screw

clamp rvas placed intnecliatel¡r ¿çlut strcal:r f rorrt the probe. Thc c1a-rrrp

sertied to steacly the fIolneter probe aird all-orved contlol-1ed reductions

in splenic arterial florv and pressure. 'Ihe florvmeter zero l';as f::equentl5z

checÌ<ed b)'l¡riefly occlucling t.he aïter:y" A canirula rvas pJ-aced j-n the

irepatic branch of tl:e coel.iac artery so that its ti¡l lay cl.ose to the

irrncf-i nn o{ the tryo arteries, Pressure recorclecl f roin this cannlrla
J q¡¡v ervrr vr

was a measure of sitlenic arterj.al pressure clolnstrea¡r froui the floiv-

meter probe and clarnp.

Changes in splenic weight n'er:e 'aiso recorded' Thc splecn

$'as tvrappecl i-ir gÍr.uze, soal<ecl in rvar:nr saline soluti.orl and then rv:"apped in

a thin polyetirylene sire'et. It ivas then placecl on a rveighing cradle

suspcncìeci f r:om a f orce-clisplacement tr¿rnsducer (G::ass F?O3C) calibratecl

to recorci t.lie splenic tvcight (sec ap¡renclix 1). The signal front the

transducclr \uas fecl into a Beckl:t¿rn clynograph (Type R) . 'i'L:e height of

¿il¡ove 1'he aÌ¡clomc'nthe cracll-c \r¿rs acljustcC so tliat it Ìrun3 f r"eely just

At tire end cÍ e\¡ÉìÌ')' cxlrelirirent. tire pedicle tt'as ti-ed an<l ctrt. A cltatlge
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i¡ recorcled weight caused b5r this procedure tvas ciue to tt:nsion on the

pedj.cle. This rvei.ght lyas, thcrefore, subtractecl f ronr the values obtained

during the experilrenl.. It v,as assurried that the pediclc l;ensíon renlaj,ned

constant thrcughout the experiment. ThÍs assumpti.orr was shorvtt to l:e

valicl sj-nce if the splenÍ-c pedlcl-e 1s tieC but not cut there is no

change Í:r rveight over several honrs (Greenrvay¡ lrâ\\¡sorl , and Starl<, 1968).

Z. pressure:4lov ggIySF_: f n each experitnent the ::elationship betrveen

splenic arterial fior.v and pressure rvas studied in a manner similar to

that describc'd for the Íutestinal vascular Ìred.

3. Hc-.mor::hagel A Ha"n¡ard constant infusion,/rvithdrawal apparatus vas

useci to withdraw blood through a ca.nnulated fenioral artery. Rlooci tvas

renrovecl lor 20 lninutes at the r:ate of 0'68 Inlr/lnin,/kg bociy t"teigirL' Ther"e-

--^ ¡,---¿r-^-- l^1^^J ..,^- --^.-^--^J õi--i-.. .-i--=+^^ ô.l? tr-.\.- +1..\ ,..-.c--J- ^fa_i Ùiir t tlÙ .¡-l¡r gLlvt ,i-L(ivLl \f iã5 r vlrtvv9_u ¡ rf lauJ ¡lrrIlqugÞ 4¿ L!r urtÇ grrÚu L v1

hernorrhage the blcod rvas reinfused intravenously. In sone anirual-s a

second hemorrhage was induced.

4. Aclditional procedu::es: The folloiving i:rocedures lveue carríed ottt

in certain of the cats as described in the results.

The splenic vasctrlar bed rvas denerrzatecl b5' ligation and

- section of the rrer\7es and ti.ssire slrlroullding the spleuic artcry. Cotton

wool soa.liecì in L,Io procai.ne was placed round the artery. .Aclrenal-ecto;n5;,

nephrec.bouty, anci h¡rpol.rhysectonr5r were carried out a.s describecì above.

C) Res-p9¡rs.9gof..the Intestinal, _$rl"_tlS:_3"{_ttu-¿g!;!.c ¡ìS$S34gg--\a-¡9lF-

t.o Infusions of Vasopressin aud Atrgioi.etlsiu'

'l ì)rênâr'1J-ionq: .In One group Of el-rillAlS Si-tpeliOi: ntesCnteriC ar:tel"i¿rI

f lorv rvas meast¡recl as descriL':ecl ai:ovc i¡lrrge 33) . Ir:. a sect¡rrd. groitp of
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animals si)lenic arterlal- flow rvas measurecl also as describecl above

lpage 3g). llo measure the response of the hepatic arterial resistance

vessel-s, a mcthocl rv¿is used siìni. 1ar '{:o ihat descrÍi:ccl by Grecnivay'

LawSon, and Hellander (1967). Figure 3 is a diagrar;r of the preparal.ion.

Tire splenic ves¡;eLs were ligatccl a.nd 'Llie spl een l'etnoved. 'Jlhe splenic

ay:cely \\,as capllu-latecl so t;hat the tip of the cannula lay close 1o thr:

junction of the Fjrrlenic artery rvith the coeliac artery. The l-eft

gastric artery u,as tied. The only rema.ining b::ancJr of the coeljlac trunk

was tile comtnotl hcpatì_c arter¡r. The gastroduocienal brancir of the comìnorl

Irepatie arterTr rvas tiecl . Flow through the coeliac a-rtery \¡Jas l'!oÏ/ a

measure of hepatic arteirial f lorv. Sintil-ar to the nìeasurement of

spletric arterial f1ol, 1.he coeliac arter:y was exposed close to Íts

orjs:in a.t the aot:La ancl an approxilttatetV 1 cm leirgth of ar.ter)' rvas

clissectcd free froln sulrounding tissue. A non-cannulating eleeti:o-

rnagnetíc florvmeter probe u,as placed around this ttortiou of artery ancl

a micrometei:-controllecl scïew clarrp rvas placed immedÍately doltrstream

from the probe.

occfusion of the comnton trrtnl< of the hepatic arter¡r at its

point of dir¡ision iirt.o the hepatic ancl gastroduodenal artcries gave

the Same zero f lorv rea<iing as OccluSion of the cOel.iac art<:::y u'ith

t.he. screrv clanP. This confi-rlnecl that there were no untiecl i:ranches

betrveen these trvo. points. Branches f rom the hepatic artery 1;o the

gaì.L bladder ivere not tied. Collatcjlal circtllatjon to the liver

(e , g. phr:e¡ic artcries) was prorÐilbly sma1l since occlusioir of the

coeliac arter-y carrsed hcpatic arteria] pressure to f all belou' 2O nt¡n

iig. Ot¡er stliclics ha.r¡c shcru,n that lcss thau S% o1't]:c total 1ir¡e¡¡

. "..'.'*a'¡-!., ;-". r.' _.j.'.:.:
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flow cones fron vessels other than the hcpatic artery and portal vein

(Greenrval' atrcì Larvs;otr; 1966) .

fn each series of experinents , artetial 1:ressttr'e \\¡as re*

corcled clorvnstream froni. the probe and cJ-arnp. As arterial pr.essure

i¡cr:eascd cluring cli:ug infusions, the clatnp was piroglressively tigirtened

to maintai¡: arterial t:reSsure i11 the vaScular bccl conStant.

2. Infusiolts: Angiotensin (iiypertensin, Ciba Co. , Ltd. ) ancl vasopress j n

(Pitressi,n, Parke , Datris a¡d Co., Ltd.) were dilutecl vith 0.9% NaCl

solution ancl infused into a cutar-ieous forel-inb vei.n by a l{arvarcl con-

stant inf usion/rvithclrau'al punl: " Ihe i.nf usioirs rvel:e cont.inued f or 6

niinutes, by ivhich time flol rvas steadv at its nerv level"

3. I"pfgs"t_gn-gå-.,13rqlJg: In contrast to resistance, conductance

; ¡ ^-nl-^t-'f -r .l-lrn rn^?^ eaJ-i ef rol nerz ma'j'h^rl nf aynr6'qqi rrrr r-êq.norrsosl of¡D IJ¡

a vascular becl in which blood f 1or'., chalr.g*es (Starlç, 1968). Conduct.¿+uce

was calculatecl by rlirriding thc flovi through tire vascular Ìrecl by the

arterlal pressure dj-fference across it" Ib ivas calculated l ntinute

before and at ttre 5 minute mar:k during each infusíon. The conducLanee

during infusion lvas expressed as a percentage of that l:efore ilrfusj.on

¡egan. fn this rvay dose-response curves \vel:e obtail-rect for bo.th drugs

on each vascular becl.
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In each ani:ual tire relationshì.p betlee'n su"perior mesenteric

arteri¿LI f f ow ancl ¿rrt.crial- i)rcssu:.'e rvas studied. App::oximately one

houi: afte¡r the conl:lction of sttrgery and lO to 20 ntj-nutes prior to

¡emorr.hage, a pt'essjltre*flou ctlrve rvas oÌ:ta.ined by graded clalii:iug of

the su1:erior rnesc-nt¿:i:ic. arter'y as descr'ibect in the rnetj:ods . Thc

recording frcm a typícaL experirnent, is sl:orvn in figtrre 4"

Tìre abs;olute values and slopes of the pressure-'flol graphs

varied in the different anirnals. 'Ihercforr:, in a¡y one cat, the

pressure*flolv rel-a.Lionship cù.ir"ing henoirrhage was corrtparecl to the

prc.sslll:'c-florv cu::r,e obtaj-necl in t:he same cat, For thi,s reason, 'à

pressuïe*f lo.,v graph of lnean val-ues rvor,rld har¡c littIe signif i.canr-re.

.I.1.ìeïe'l'ôr^c, â -q exânìl)l eq . t-.hr.r.e. r:Xrreri r'renl.s f rom eacJr e'rolltt of altima]-s

rvc::e chr:sen by rarrdoln numbers " The preSSuIe'-f loiv curveS f ro¡t these

experiments f or Groups I to 5 are .shovin in f igure 5. The graphs f roln

ç"rouns I s. 2s,. anrl POB are shorvn in f igrrre 6. Itr gcncral, thc crrt'r¡es-.,

were concave to the pressure axis and usi"rally florv ceascd at pressures

belorv 20 rrim i{g. The secoud pressure-florv curve ob1;ained one hour after

reinfysion of the shed blood rvas usual.ly very sintilai: to the flrst

plressu-re-f loit, currre,

Ef f ect of Fleniorrha¡¡e in Ca.ts rvi'cir Int:act Or:¡¡an S)tste'nls (Gro'¡p 1)

The r:est)onsic-.s to 10 henrorrhages \vere studiecl in 5 c¡rts in

n'hich tlie intest.inal" rlerves, the adr:enaL glarrds, tirc Ìiidneys, alld tl'Le

-^. '-.-. r-.' -^-* ^;r '.*.. \r'cre ¿LI inta.ct . Hernorlhage Níl.s induced by rvithc'ìrarving
IJI LLII L¿il J Ër.¿¡r\¡ \1 c.L s c¡r :rr uav u .

lrl^c.oiì r:a1:i.d15' as rÌcscribecl in tlie rnethocls.
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Group 2

t

6A
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L--- | -_i*_--J*-_-J0 40 Bo l2C ló0 o 40

Superici tneseilter¡c orleriûi

IóOl¿t,BO40
L-_

!lÊ0 i20 1ó0

p!'essure mm Hg

Fi*Is*j. Exanr¡lle-.; chosen by ranclorn nurìlbens of pl:essure-f 1o$' graphs.

Grorrlr 1 - c.ats with intact organ $ys'Lems; Group 2 - cats subjecl:ecl to

intesiinal denr:rvation, adrenalcctonty, nephrectollìv' irypoph.ysectonly;

Gr:oup 3 - cats sub jectecl to int.es; l,in¿ri cleuervet j-o]1 , adrenalecl;c-rtrt5r,

ncpÌ1r"ectom)r; Group 4 - ca1;s sr-ibJectecl to iui-.cs LiriaI cÌelrel:'r¡ation, aclrenal.-

ec.'r-.oiny, ht'poirh¡'sectorn5r; Gror"rp 5 - cats sullJr:c.tecl to nephrectonty, hypoplry-

Sectoln)¡.
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arterial pfessureSuperior mesenteric

Iigqåg--Q" Exarnl:Ìes clloscn by randorn nlrlrbel:s o:[ pressufe-f ]ow g.ralrlls.

Group ls - cats ivith intact organ systems; Group 2s - cats subjected to

intestinal denervatioa, adrenalectony, nephrectonry, and hypophysectottty;

POB-t.rea'cecl - oirgan systellls intact"
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The r:ecoi'diilg f rom a t5'picaì- cxpcrinrent is shot'n in f igure 7

Fcmoral artcriai pressitre ancl supcr:ior mesenteric arterial pressure

are sitn j-l ar- 1:rorriclerl theire Ís i.lo oirsl;ruction by the f loti,uetel: probe.

T¡e solicl li:re is the actual f lorv lecording. Dllring the hemorrheige

arterial pi.css'üro ancl sui:er.'ior nresenteric ¿rrterial f low decreasecl .

VrrJren the r',,ithdra,wa1 of bloocl ri'as stopped, ar''ce:ria1 presslure recoverccl

towarcls the con1.r'ol lcve1 but f lolv recoverecl r'ery litt1e' Since a

presslrre*f l-or'¡ curve hacl been obtained prior to tl-re hetnorrhage, it rvas

ltossible .to cafculate the f loiv .¿,hich rvould be exitected at the various

resi)onse of the vascu-Lat' bed to hc'morrhage. Sinc''e

. This f l-o"v is shoivn

as 1:lrc nnssì rze I ocal

i;he ac|ual f low

resnonse deviates substantial-l-v from tl:is Iine, extrinsic factcrs lnust

lr¡ c¡rrsi np f irc vaSocoirstriction. To quan'ti-tate tirc'resitonse, the actual

,::ij:l:;:

arterial pressllres urirj.ch occirrred aftet helttorrhage

by the l¡i:olçen line in :[j-gure 7 and is refer:recl to

florv ivas expressed as a pel:centage of

are shou'vr in the L¡ottotä of the f igure

fl'¡ê rrnqq'ir¡c florv. TheSe Va.LUCS

The val.ue of 100% indicates

th4t the actual florv at thi-s pressure was the same as that expeci-eC

fronr tire pressure-floiv curve ancl the extent oJl clevi¿Ltj-on from 100%

represents the extent to rvirich f lou' rvas altere<l b)¡ e>ltritrsic f actol's '

Follo¡ingç heniorrhage f iou, feL]-'to 62/", then to 48oi" of that expoctecl

:f rom the chang¡e in arterial pressure.

The respo¡ses to the scconcl hetnor::hage were not: signif i.catrl ly

differe¡t (p > .3 pailecl t-test) fron those to the f j-lst ltetnorrhagc anci

thc cla.i;a i',,ere poolecl" 'Ih.e niean r¡ol.rule of blo<¡d rentor;ccì from this Þ.rouP

of aniurats in o::dei to lcducc thc art:erial i)l'csstiÌ'e to 50 r:mr ilg arltl

to nlai.ntai-nit tirei:'e for one urÍnrrt.c rvab 20,0 + 2.¡tr ritl.,/lig (nlean ¡ S.E.)

clf l:ociV rlei S,ht (1'abÌ c, l ) "
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{j-g#^19_ 7, Response to rapici herno,r'rhage in a typical experirnerl'b in Gronp l

Hatched signal represents peïiod of bloclcl relno\.'aI to reduqe artel:i ¿rl. pres-

sure to 5O nrm llg'. Open signa-l rellrescnts period of bloocl removai to main-

tain arteiri.al pl:cìsslrrc at 50 ûtn Hg fo:: one ninute. The brol<etr. l-ine repre-

sents the passive f low expected due to tire decÏcase in arterîi ¿ì1. pl:essuÌ'e,

calculated froni tlLe Ìlressure-flow curr/e for thÍ,s cat.



I\,Ieans 4 S. E. of

blood removal,

groups of cats

Boay lïeight (kS)

Initial rate of blcod removal

(nr1,/min,/kg)

the values lfr)r body rueight, initial rate of

and volume o:î bl ooC removed in the different
subjected to .l'apici hemorrhage"

T^Þ-i t,! 1

Vol.urne of bloocl removed

(n1lkg)

Group 1

2.8 + 0.18

Group 2

22 ! 2.5

2.7 + Q.21

Group 3

20 + 2.4

19 + 1"5

3.4 + 0"07 2.7 + O"27

Group 4

10 + 1.0 19 + 1,5 77 + 1.7 11 + 1.0

20 + I.7 23 + 2.2

Group 5

3.1 + 0"13

LB + 2"2

I

C¡
H
I



The nean artcrial pressures and flou's bcfore and after'hc¡morrhage ¿lre

slrorvn ln Ta.l:le 2. The arterial. pressure prior to hemorlhage was I22

l.3.8 rnm Hg (mean.+ S.E.). Fol1or,;iirg hernorrha¡Ee arterial lrressttire

lecorzerecl-'co 87 1- 6.1-r rrirn Ìlg i','ithin 10 lnj.nu.Les and 96 l'6"5 inm IIg at

60 rnÍnutes .

Tire f lorv l:esÌlonse of these animals to helnorr"hage tvas calculated

ancl the resl¡Its aLe sholvn in f igure 8. lVi'chin 5 minutes of the onset

of henìolrrhage, florv feII to 45 + 4.7!" (llean + S.E.) of that expected

frorn the .Jecrease in ar'cerial pressure as deterlrined froltr the pressure-

f lc¡r,,' curve. Flow rema.Ínccl at the a-pproxirnatel¡r 451, Lt^vel for the

remaini.ng 55 litinutes. At all timcs betr';een 5 and 60 ntinute's, the

valles werc r;ignificaltl¡¡ cliffcrcut froln the pre*heinorrhage tzallte measurecl

at the tiirie zero (p ( .001, paíred t*test).

Thris, follorving hemorrirage thcre is a marked t¡asoconstrict'.iotl

of the intesti¡:al- resistarlce vessels and this vasoconstri.ctÍon is r'¡el1

naintained.

Ell,g-t-_gtltetlsr1lhl89 jt catq s -!gT.Ss1i""1-qg"9.I3i¿9t,
Adrena 1 ec tgny, * Ne phrect ?ri)', anct l{}'poÌþys ectomy- -(G-t'gp 

2 ) .

The responses to 6 henrorlhages weÌ'e studiecl in 6 cats rvhich

ivere s¡¡jected t-.o clenerr¡at,ion of Lhe iirtestitre, aclren¿rlcctoiny, ueljhl'ec.-

tcxry. alid ir¡'pct1:irvsectomy. Heuorr'lrage rvas incluced l:y rvithdr-'c.ri'i-ng blood

rapidly as clescribe.S in the mc-thorls. The ar'1.crÍa1 pressures and

f lo\\'s bcf ore and ltf Lcr' hernclrheg;e at'e slton'n in Table 2. Tire bloocl

pressure prior to hetnol'l'herge u,as 102 +- 5.4 nul i{g ¿rncl t.his \\:as signi-

f ice.ntl¡' f oti'i:r' t.þa1 in Lhe a¡rirna 1s c¡f Group I (p < .01, unpail'ed l'-tcst) .



Arterj.a-l pressure - before

nrnlJg -2min

i\{eans + S.E. of
cats subjected

ùfesen.teri.c flov/

rJ./mj-n/kg

Tab.[r:r 2

the pressures Irnd flou's in differen-L groups of
to rapid hemor:cJra.ge.

henoz'::hage

after hemorrhage

after hemorrhage- 60 min

before

2 rnin

hc¡rorrhr ro

after hemorrhage

after hemorrirage- 60 nin

Grouo I
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¡) aì
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+
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intacL orgeu. systcns

of tlre srti:c':i:j.<;r
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I¿"*g:"e_ q" Iìes1:onse to r:apid henior:rha.ge iu cats u¡i.tir

(Group 1). Tlrc respotr.se is sholt'u as the nlealls i s"n'

¡lcscntcric al t.cliaÌ f tol',s expt'ess()cl is perccntagcs of

cxpectcrci fr:orn t:hc cirangcs in altcrj-¡rl pïcsstlrc"
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Dtrri.ng the period of hypovolenii.a, the arterial pressure :recovered to

75 ln¡ii lIg after 10 lninutes ancl 76 l¡n Ilg after 60 lninutes. 'lhis was

a snral-1cr recovery in ai'tel:i.irl 1.rrcs;sur:c than in Group l.

The f lorr r:esitons;r: to extrinsic lactors \ì,as calculatccl, ancl thc

resul Ls are shotvn in f igure 9 (Group 2). }-iorv cler:reased an<1 retnainecl

betrveerr 7Ít/6 ancl 82c/6 of that expected fron the declease in arter"ial

nressuÌ'e a s cleterminecl f ro:n tlie D::essr.ire-f 1ow cul'\/e " These values

lvere sign.if icantly diff erent f ronr the ¡rre'-henrorrha-ge con'cr:ol val.ue

(p < .O25, paired- t-test). I{oruc'ver, at all tj-mes betrveen 5 and 60

tninutcs tlle valucs for Gloup 2 rve::e sigrrificanLly diffcrent froill thos;c

f or Gror"rp I (p ( .001, ttnpairecl t-test.) .

Tireref ore, although a sme-l1 vasocons'i;ri.ctio¡r ien¡r;incd.

intestinal- denervation togc.ther r',,ith adrenalectonty, nephrectotny, atrcl

hypophSrsec toniy gr:eat1y recluced the va.soconstriction of the i¡rtc'stin.e

following henorrhage.

In this group of cats, the volrrme of blood renor¡e.J in order

tc¡ recluce the arterial prcssure to 50 iurn l{g ancl nraintain it there for

one minute \\,as oirly 10 rnl,/kg ìrody rveight (fa¡ie l). This rvas a slgni-

ficantly smalfer \¡o1ume of blood Temovecl than in Group 1 (p < "01,

unpair:eci t-test) " It scelned nìost lil(e1)' that this r','as the cousequetlce

of the ì nnb j'l ì trz 9f these aniln¿rf s to vasóconstrict " Ilowever, anothel

expl¿11¿liolt was possible; tlr.e snafler rzasocoirstriction in these aninia.ls

may, have l:een dlre to the l;ilrall-er lecllictj.on in blood volunte errcn t'holtgh

sitnj. lar" clegrees of hypotcltsíon hacì ìreen ¡rroclttccd" 'Io inr;csjtigate th j. s

ser:oncl possibilit¡r, ltorc cxpclimcnts \irere carïiccl out in ivitj-ch sinrilar

volunres of bloocl \reïcì L'enrorreci sJ-orv1y aircl cotrtinttottsly.
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Itffect of lìeùtoving Sinilar Volumes of B:l-ood in Cats with Organ Sys-Lems

Intac'u (Grorip ls) and in Cats Subjected l-o Intestinal Ðenervat-.ion,

,Acllcnalc'ct<-rnry, Ncrrhrcctonty, and iIypol>hyscctoniy (Grott¡l-2s)'

Two gïoups of altiulals rvere bled Ìry rer¿oviltg l¡lood at the ¡ate

of 0.6 nL/n-in/lig fc:r 25 ninutes a-s clesc:ril:ecl iir thc methocls" The

arterial pressures and the superior: mcscnteric arterial flols before

ancl afj:er hernor:rhage al:e shov.'n in Tabj-e 3.

The resl:onses to 6 henrorrliagcs lvere stricij-ed in 4 cai:s in

v¡hich tl:e intestinal nel:ves, the acìr:eual glands, the kiclncys, elrrd the

pitlii:ar;' gland tvere all tef t intact (Group Is). Prior to l:elnorrhäge,

mean arterial pressure \vas l-29 + 6.8 mm Hg. Duri.ng tlne 25 lrinr.rte

perioci of blocd r:cnroval, arterial p::essure dccr"eased to 90 -l- 8.5 nrn IIg.

Over the foLlon'ing 35 mr'-nutes. it decreased fur:tirer to 78-l 8.7 rntr Hg.

'Ihe vasoconstrictor resÌlorlse to extriirsic factors rvas calctll-ai"ed anci

the rcsults are shou,n in figu::e 10. During thc peliocl o{ bioocl removal,

f lorv clecleased to 32 + 5.7"/" of that expccted f rom the decrea.se in

arteriar pressulre. Fl-orv rei:rained bctq'een 32% ancl 36/" during the foll"ott'-

ing 35 minutes of hypovolcrnia. At all times betn'een 5 ancl 60 mintrtes

the values weïc significantly different front th.e pre-irentorrhage value

measr¡recl at t j.tne zero (p ( .005, paired t-test) . Thrts, rcntoving bloocl

sloiv1-y a¡d cont:inrrous1.¡r resul-ts in an intestinal. rrasoconstriction which

is r¡er:y similar to the vasoconstriction. seen af tel rapid henoL:r'hage

(Grc¡up i-) .

In ¿rnoth.er 7 cats the intes'Linai nerves u'cre clivicìecl ancl the

iidt"ctlal 91a.uc',s, I<iclneS's;, ancl pii.ui-tarl' glancl tiere lentot¡ed (Grotlp 2s) '

Prior 1:o ]rcmorrha3'e, tlteait arte;:ial 1::r:essrile \vas 101 -¡ 4 .0 nrn l{¡; ' T}r j-s



Boo.y rveigh-c (kS)

Means i S.E. of the values f():t' ilody weight2 pressures, an<i- f lols

in di-fferent grotips of anima.llr snbiected to slov hclltorrirage.

Arterial presstire *

(mm Hg)

l;{esenteric flow

(ml/ntn/kg)

before hemorrhage

25 min after hernorrhage

60 min after hetnorrhage

T,\l tLE 3

- before hemorrhage

25 rnin af-ter hemorrhage

60 mia after iremorrhage

llvn¡rn I <v¡ vrrv ¿u

3.2 + O.16 .3.I + O.29

72e I
90+

78+

G-rorrn 2q

6"8

lt"c

9. '7

-l_01

'7\

ry

I

Group FOB - treated

+

-l-

+

I
T

40

,79

L"7

1"3

0.6

3"0 .+ 0.llz.i

43 .r

2O+

¿,J +

r10 + 6.9

73 + 7"8

88 + 12.9

â.¿

QA

J"I

J.t

11

l2

+

1

I

c|.r

I
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ôg lr
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I,fSyill. Iìcs1:onscs cLiriilg i'.nd af Lcl s1c)iv, coirtínual. rcuror¡al o:f blooC"

Group Ìs - ca.ts ivj-th intact organ s5'ster:rs; Gr<-rup 2s - c.ais subjccl;r:d t.o

inl-estilrlaL clcncrrvation, aci::eäalcctoni¡', ncplilec{.orrry, a.ncl }r1'poirhysectom¡'.

The respolìses are sh<:r,,n as blrc+ nrcrzìl'ìs Ï S.n- r)-l: the sr-tperior mesentelic

a..-' Í.crr iaI f lorvs crprrcss'c(ì ¿rs Ðc=;.'ceïìt.ages oll the passi rre f lotvs expc+ctccì

f.l'o;lt thc cbarrges in ¿lr Ic:r: j.al Ì)rc.s$'rrl'c."
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w¿l.s a sÍgirif i,cantly 1or,,,er pre-hetnorrhage ¿rrterial llressurc than in

anj.nra,l-s of GL:otip ls (p < .005, trnpairecì t-test). During the peri-cd of

bloor1 re¡rro-,2¿1.1 , arterial- pressure r.ìccleasecl to G5 + 7 .0 r¡m I-Ig. This

rvas signiíicair l-.1.r¡ lor','cr th¿rn tlr.t- cc-¡i.'t'esponding va1u.e ín Group 1s

(p < "05, rrnp:rired t-test) . Pressu:re tireu recovered sli,glttÌy io 7.I +

7,2 mm I{g over the next 35 ninritcs. The vasoconsi;rjctor response \ïas

cal-culated and the ¡:'cs;ults av:e shorvn in figure 10. During'che period

of bi-oocl I'omor¡a1 , florv decreased sligirtly to 82 t- 5.7% of that expcctcd

f rour thc prcsfìrile*f low curve. This rvas signif ica-ntly di fif er"cnt f rolrr

the pre*hemor::hage r¡altrc (p < .05, paired t-test) . Flou' ::enaiired

betr';c-en 77-t'7.5% ancì 83-t- 8.4% over the ne>lt 35 lliinutes. At all

tÍmes bettleer. 5 and 60 niinutes thc extent, of \¡asoconstri-ct.ion i-ir tlresc

cats rvas signif icantly lcss (p < ,O25, unpailcci t-tcst) i.h¡Ln j-¡ cats

rvith intacL or:gan systems (Group 1s) " 'lhereforc'., wlten iclentical voILImes

of bloocl rr/ere\ llemoved frorn the tn,c> glroirps of animals, the degree of

l'rypotension procluced rvas grcater and the vasoconstrrcl.:'-ou tvas lruclt

srna I I e1 i lr '{'J1g çrlnrrrr i rr rr,1r ì nlr 1-'Ì16¡ intCStlne tVaS denef Va'¿CCl , anCl thev!'lJ rrr t -___- 

.. .:.

adrenals, kidne¡'s, and pitui{.ary r:emoved" 'I'hese experiment.s suggest that :"-::

in Gr-r:rrrr 2. (ot, ool nf r¡lrjd holnorr'hroo in onf c quhiee.tcd to intGstiffal ., .,¿l¡ ur

dr,nor r¡nJ'i on nrìrcnalcctontr,r. 11g1¡lrlr.'r-1r-:rirrr :ncl ìrvpopliysccto¡nV) t.he sltlallL¿Ul¡L.r t s\fJ.

voiulìte of l:loocÌ reinovcd acutely to reducc' the ai:terial prc'Ssul:e to

50 rrr¡l Iig \vas ¿ì conseqrlctlce of and noi 1.he ealisc of the slta.l ler l l

-. . ...t

r¡a soc<,¡ns tr i c t i- on .

Su:lun¿rry: Af ter ireritorr)ra¡¡c there \\'as ¿r markecì at)d sustajned

vasoconslriction of tirc' inf.estÍnal ler;-istance vessels. Tiie vasocollstf ic-

tion n'as greal;1.y rcchtccd b.v intcst;ina1 <ie¡rert¡a.Lioit, adretlalectorrty,
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nephrectorny, and hyl)oph¡;sectoui5'. The rcstilts vrer:e the saine rvhethe,'r a

g:i,rzen clcg::ce of lt¡,'lrotensj-on \\¡aS producccl or simifar volulnes of bloocl

wcre rcrnovecl atirl l4iether the hemorr:hag1e l,ir¿t.s lrapid or sloiv,

T¡esc exì)cL'i)rrents cl irl u.ot pì'ovicì c any insigltt into n'hcthcr olre

factor' \'jas respolisj.þ1e f or t.þe \/â.soconstrictio:: or rvheiher several r"'ere

nnrrJ-r"i hrrJ-i nrr l:o l-ìro .-¡r¡o-..¡ I I 1'.rsnonSe . -fheref ore, experi-1ì1e11tS v,tere
vvff LI J-¡-¡\!(rlrb

rtaqi or¡r¡cì f-n 'i l¡¡osf i ça1'.e 1'.he rolc of each of the f actors in tlie orzerall

I'esponFje .

glr*-!-.9lll9r9:_t!':lgs-g-cgli--s'"U.9:i::r-J:lr':9¿!ir¿l*P9,L9{.vai:g:'

å9lg* -: !i!-".19:'¿*131e'i-:--'c::r¿lÐ-"
,l.he responÊies to t hemorrJ¡.ages uere studj,ed in 6 cats iu which

the in{;csti.nal nelrves rvere clirzidc<i and the aclrenal glands and hichreys

nnrrrn¡¡ad, 1-hc ni1:u-i ter.v p'lairrJ rvas l-eft intact (Group 3). Flenlorrhage

was inciucecl b5' withctr=awj.ng blood yapicìly as described in"th.e lne'Lhods.

The volu¡ne of l:loocl rentor¡ed is shoiln in Table 1"" 'l'he arterial pressrtles

ancl superi-or Hesenteric arterial floivs before and ilfter hemorrl:a.g;u 
,r:.;:,;ì.,

are shorvn in Table 2. Arterial pressure .rrior io hetttorrhage was 118 + :::: :

3.0 mn Hg. T¡is u,as very similar to th.e co¡."responCing val-tl<'> in G::oup t. 
",,"',',,: a . .,

Fol.lou¡ilig the r.'emor¡a1 of blooct, the ar'¿eri.a.1 presstlre l:ecovcrecl tc 85 +

?.5 nun lig at 1t) ntinutes ancl i;]retl 91 + 7.5 mnt Ì{g at 60 ntiirutes. 'Ihe

vasoconst:rictor respollse t'as ca].culatc'cl and the resul ts ar<: shoutn iir 
:.,.:'..,-t,,,.,

'.. ::,:'..
figr-rre 11. \Vilhin 5 mitiu1,cs, florv clec¡easeci to 33 + 3.6Îå of that

expectecl flrorn the cicc:-'c'¿r.sc in arterial. 1:r.'essilt:!:e. Flon' :recot'erecl'

sliglrtiy tc .:1 1 :i- [t .0% clut'in¡¡ 1.he rerna j-nì.ng 55 rttitrutcs . At a.l.]- tirtles

bettieen 5 ailcl.6û rnil-iritcs, i.ire valr"tes \\,er(ì not significautly clif.fcreÌi
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tris:fjfll"" Rcspouse to r¿ìpj-cl hernrorrhage in cats subJected io j-n'¿estj.nal

cleiterr,;atic¡u ¡ acl:i:eira.lectotil1', and neplrr:ectomy - p j-tuitar,y in Iact. - (Gror_ri; 3)

colliparcd to that j.tt cats tvith j.nt act organ s5,s;tcins (Gi:orr¡r 1) - Thc ;:espc¡ses

aìrc+ 5i191i;¡-¡ as the tÌl(ralts 1- S, 
". 

of the stipcri,or llic'se:litcri.c arterial f ]otvs;

ex1:rcssecì as pcrcentages o:1 i;he passi ve iiou,s expectecl ft:'oln tÌre r:hang,;cs

itr arterial. Ìlrc¡ssnle.

L'
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from those of Grcup I (p > .10 - > .5O, utipaired t-test). They rvere

signif ir:.antly clil-feren'f: f rom those of Group 2 (p < .001) "

'IItì*ts, tlie r¡asoconst.r'ictioir f ollorvi-ng herno::rhage rvas not

reclucccl by iltestinal clclcrva'uion, adren¿¿l-ectomy, and nephrectonty. ,.,.,,.,'.
,:;,:,:-:,j-t:rr.

llhe 1:i.-esencc of thc pittiitary alone \\,Íls sirfficj.ent to ensure a maximal

l:esponse t.o hel¡rori'b,age .

Eff ect of Ilemol:l'}rag1e j.n Ca-t.s Subjectecl to Intes {"i.nal Denervat-ì.r:n,

Aclrenal ectonr'/-, and llypoph5re6¿f,6¡y - I{idnelzs Irrtact (cl'qqPl¿.

lhe responses to 6 heniorrhages wel:'e stucjied in 3 cr.rts j-n which

the inl.estinal llerr/es were di.r¡ided a¡rd th.e acirenai glands and pitttitary

glancì retito'/ecl; l-he iiiclneS's were lef t intact (Group 4) . I-Ientorri:a'ge vas

.i rr4rrr.^¡{ l::o Wi J.hcl.r"¡'¡j ¡.ro h'l oorl r-anj (:l-l \.r ,'ì,q rìeScr:i hcri i n J:}re meihocìs - TIre

volulne of ¡lood relnovecl is shoivn in Tal:l-e 1. The alterial- 1:::essures

ancl superior inesenteric arterial f lorvs before and af ter þetnor"rlrage a]'e

shcu,n in Table 2. Tire arteri.al pressure prior to hetnorrhage-' ;rtld the

recoveiîy of pressure fol-lowi:rg the remov¿rl of blood tvere simj-la.r to the

corl:espol1cìing val-ues in Gror.tp 1 and Grorilr 3. 'Ihe r¡asoconst.rictor

response w¿rs caf cirlatect and the result;s are shoti':r in f igure 12- \\'ithitt

S nj.nutes, f lol clcc::easecl to 58 t 8"6% o:f tirat expect.cd f roni tho plesslll'e-

florv culve. Fl.ov,ctecreasecl furthcr to 47 + 0.9/" by J0 uillil.tes a:.rd to

4I + 3.7% by 60 uri.nutes, At all tiures l¡etu,een 10 and G0 minr.ttcs, the

r¡alu.es \vere l'lot signif icantlv clif f erent f r:om those of Gror.rp 1 (i: > . 50,

u¡pairecì t-test). TheSr wei:e signi.fÌcantly cliiifelent fronl 1;hose of

Grou¡r 2 (p < .O01, unpaì-rcd t*tcst).
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$g5aq--1?'. ïlesl:onse to rapi-ci hernorrhage ilr cats subJec.teei Lo intesLiiral

c-Lencr"vatÍ.on, aclrenalectorny, arncl irypoirlr.¡'s."aon,t - liiclnt:5's itttacl; - (Grot¡Lr 4)

coli¡-:a:'ccl to that in cats rv j.th intac.t: cri:'gan systents (Gror-rp 1) . The ::csponses

arc sholn as tÌlc rilcalrs I S. tr}" of 1;he sr-rlrerior nieserttcr j.c arteli.al f lows

exltr:es:scci as perccìlÌtages <¡f t.he passir;e f lou,s e¡pected front thc chatrgcs

in a:"'tclial plcssure.
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'l)Ìrus, the vasocons.Lriction follovrj.r'rg henrorrhage was not re-

duced by cìonc:rvÍttio1-r, a.clrenalectottty, ancl h¡zpo¡:hysectomS'. The prcscnce

oi the l< j-cltreys a.!-one r.,as s;uf f icicnt to e¡ilsurc a maximal- rcsponse to

h.enrorrhagc.

Bffcct of Ilclrorrhâge in Ca1.s Suì:jcc'l-ccÌ to Ncpirlcctotti¡l ancl Hyltophysec.tontv

- Nelves aud Adrenal s fntact - (Group 5)

'I'o invesf;igate the role of t.hc s;*rn1:athetic nel:r¡es and aclrenal

øla.n{s. six l1s¡1lsrr.hnroq ruêl.ê irrr|lcecl j.¡ 4 CatS in wþich the I;iduey,St Ð:-'\

ancl pitu.-ltaly gland rve::e remor¡ed; tlie innelvation to the intestine and

the adre¡al glancls rvere left intact (Group 5). Hemorrl:.agc was irrcitlcecì

withCr¿rr'¡iirg blooct ra¡rldly a-s dcscri.bc'd in tlie met.hod.s. The r¡olitme

h,! oorì rernor¡ed is slrorr;ri jn Tab-'lc 1 'fhe ar'1;eli.a1 nressurc's a.ncl

r;upe::ior mesenieric arter"ial flows before ¿¡nd af 1,er hettrolrltagc are

shorvn i.n Tal:Ie 2. only 11 + 1.0 nr1,/i<g of bl-ood ri'ae relnqved in order

to redirce the blood prcssure to 50 mrn Ilg ¿rnd to uraintain iL there f or

one.utinr¡te. Th.is r¡alue was very siurilar to 1"he volulle of }:lood relitoved

in GL:oup 2 (p ) .40, trnpailed t*test) and wa-s signifj-cant1¡r 5¡¡1¿11er than

tlre volunle removecl i-u Group f (p ( .O2, un1:aii:ed t-test). Thc pre-

Irnrnrrllh:¡ ('fì 1r"l-ê1''i ^ I rrrêqqrIrê rv¡ s 1Ì0 + 5 .4 nrrn II3 . F,l.l rliv j.11g llr.C lfCriOCìr*" i_

of bloocl remor¡¿r]., aLteria.l pressure reco\¡cl:ocì to 63 + 6.il mnt Iìg at

l-0 minul:es aucl 73.+ 8.3 nint I{g at 60 ntinutes. T'hese vallles tt'ere

sign:if icantly dì ff erenl; f ront thosc of (ìr'ottp 1 (p < .O5, unpailecl 1.-

'l"cst), btrt rvcre llot si*-nif icanti-y cl j.ff er:en1; f loril 1]rosc of Grottp 2

(p ) .f0, unpairecl t*tc.st). Thc va.sosc.nst::j.c1.or re,9!)onsLr ivas caicula'r.ecl

s.ncl i.he rc=si,ilts aLe shoirn in f igure 1-3. Driringi tl:c- f irs i. 5 tnintttcs,

ìr1'
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Ð-Slllc*À]. Resiror.se t<> ::apict )renror::hage j.n cats subjcctcci tc; nephrectomy

aì1C hvJ:ìí)pltvsec-tontv - nerves and adrena.ls intact - (G::clup 5) conrpzi:recl tc:

tìtat iu cat.s rv:Lth int.aci olßer1 systens (Gr:oup Ì) anct to that in ca.i;s sub-

ject.e<i to ilrtcs-uina.l dcirerv¿r'L j.orr, acl::cnalcctorly, neÌrhrec i;ouly, and lr.¡,pophy-

sectolltv (Grout: 2). The ::esporlscs arc slrown as {-.bcl tiÌcalls I S" I] . of the

sr-t1:cri or n:cscirtcr j.c ai:tcri al f 1o$,s expI.c,ssjed as pcrcelltages: of tltc' pas:i j.\/c

flou's c-.rpcctecl l.roni the changes in a.r'teria.l 1:r'<:ssur.c"
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fl"orv fcll slj-ghtI1' to 73 + 2.8",1, of: that expectecl fron the faII iu

¿rrf.eria.l llrcssure altd i,t rernained betrveen 69 +' 5.O% and'/6 t- 8,2%

f or tiic rena i ni.ng 55 litj.nrites . These valucs rvcre signif icantly

díffelcnt from the frre-henorrhtrgc r¡alue (p ( .05, paired t-test) 
"

1'lr¡r: ri,or"o sr-i rrn.i f i ncnl I r; dì f f nrorl{ f fOll tlfe COJ'f eSpollding Valfrr-'S ilf¡¡:rJ ¡.,r.Þ¡¡¿¿L'rq'Lv'J

Gr:oup I (ll < .01, unliaired t*test) , brrt v,'cre Dot si gtrif i.cantly clif f erent

f rorn those of G::oup 2 (p > .10, unpaired t^test).

lìhus, the snall rernaiiling vasoconstrj-ction of aniltals sul:-

jectecl to clelr.er:r'ation, ad:renaJ.ectomy, ncphrectotny, a.ncl ltypcphyser:totn¡z

(Group 2) rva.s not rnodif ied by the pl'esencc of t]:e iirtes-t.ina1 innerva't.ion

anC adrenal glancìs.

Effect of l:Ienorrhage in Cats Trea'bed wi.th Pirenox\¡benzatnír'rc"

Since the intestinal nerves and adre¡:als cij.cl not ap1:ear to

contribute t:o the intestÍnal vasoccnstrictiotr f ollotving llerno::rhage, one

rvould e>lpect that the ù*ì:locking agent, pirenoxitlrenzanine,. wouJ-d not

l:1ock this rcsponse. To test this hypothcsir-;. pheno>rybenzalnir:.e r¡¿as

adrnini-ste::ed, intra\¡enously to 4 cats in v¡hi-ch the intestinal innerva-

tion, aclrenal,s, l<idncys, and pituitary rvere a1l- lef t intact. In 2 of

the cats the closc of phenoxlzbenzarnine ivas 5 rng/l<g and j.n tile othe::2

cats the dog:e rvas increased to 10 nig,/kg, Af ter t.he phenox¡rbenzatninc,

571 clextran (Rheonracrocìex cÌilu1.ed rvith 0.9% l.laCl-, 10 rnllhg) rvas girrcn.

Onc hoirr -i.a.ter, iremorrh¿ge \vas inducecl by rentor;ing bloocl at the rate

of 0.6 tnf./tnin/kg f or' 25 nlinutes as dc.scribccl i¡r thc. utcthocls. Siitce the

responses in all 4 cats \çet'e \iery sinril.ar', the d¿rta rt'ele l)oolecl . Th¿-

nr.1-.o:¡i:-r't ì)ì'{rrss;lrl'êÍ: ¡¡rrl srr;rêi'i or nrcsentelic ¿l.rtcrial f lotvs bef:'ore a.ticl.L(!¡. ts!
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af ter hemorrbago arc shoivn iir 'l'able 3. i\'fr:an arterial pressure prior:

to bernorriragc rvas 110 r- 6.9 nrm IIg. During ttre 25 minute pcìrio(l of blood

renior¡aI , at'î'.e-ri-al pressure tlecl'easc,'cl to '/3 l- 7. B uun Hg. Dttrin.g the

f ol.l.orving 35 ntinutes, i1. recovered to 88 r- 12,9 nrtl Ilg. Ti-le vasocon*

sLric{.o;: respoilse rvas c¿llculatecl and t.hc results arc sirorvn in f igu::e 1.4.

ñ..:.-ir¡¡. +L¡ ^¡:-ird of bloo{ removal , f lcrv decre¿rsecl to 46 t 3.0% of thatlJur rtllj t-IIs Pu_f .Lvu uJ- ¡-r¿(r\/\r I sirluv<Lr t r rvrY

expected fr,om t;he decrease in arterial pl'essurc. Florv rentained at 469å

for tlr.e renlaillinß 35 m1mrtes, At aL1 tj-nes bet',rveen 5 and 60 niinutes,

the va.lues Nere not signif icantly tlif f e'r't'ir'c (p > .05, unpairecl t-tes i;)

:from tjrc col=1'cslloncling rralucs in cats u,liich clid lrot rcccivc irhetraxy-

benzarnÍne (Grot-tp 1s) .

Thirs, phenoxybenzamj-ne did not bloclç the j-ntestinal v3.so*

ll:1:li.: ¡l-i nn 'f n,'l ì ¡u,'i ¡o' hp¡rnnrh¡ o'e ,

It u,as iritpcrtant to shorv that ttre doses of phellollybenzanti-ne

\r¡ere ef f ective i-n bloclciirg the intes l-inal resl:cnse to neï,vc ac.tivltS¡

and ci¡:culating catechoJ-anines. The.r:'efore, before, and onc hour af 1.er

the acìnrinistration of phenoxyJlenz¿r-rni.11e, noradren¿rIine tvas injected into

thc super:ior nresente::i.c artery. The rcspcnses iir a typical c>lper"irrient

are shoivil in f igure 15 " In all experinerlts the \¡asoconstrictor rc-sÞollse

i,,'as aboli-shecl or con\¡erted to a small clila1 ation. At the end of eacli

e:\perj-ntent, the nerve$ slll-rouì1djng i;he sufJcÌ'ior niesel-Iteríc arter\/ 1\'el'e

c¡t ancl the periphelal- cncls inseltcd throrigh bi.¡>o1ar plati uutìt 1-it1ll

r'l arrÍ-r-¿:rioc Srrr¡¡¿rnaxiniirf t'ecta-ngu1a-r pttls.es (.15 r;oì-ts) of 2 lììScC.vt'f

clrir-¿rtion were suÐpl-ieci f ro¡n a Glass SiD - 5 s1. j-utu.lat,o::. Thc- f retluenc¡'

wasi vat i,ecl f r:onr 2,/sec to 8,/sec. Fi-gu::e 16 shoir,s the rc's1-lonsc takcn f ì'olìl

¡ ..+i nn'l o êxì1c-r'i rnr-.ut. Sti-¡uulatÍotì of; t hr: ncrvc:; r'c'srt1i;ed ii: citÌiel' lìo

chanÊc clr n srniì11, ,Lnc:leasc j-n s)-lÌrÉti:j o:r: rtesenteric art.clria.l' f lott'.
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plrc ssuI. c

L¡



-70-

lSa lsb

z\J i-/ l-
Supc,rìci À{csenf cr ic L

/r¡.ie¡.ia! lrressure IOC[- 
ëÈs{kjii1"-+]J;+-:kï-,ìtcnt*r-'oo.*tf'\fìse-è*,tr-H.Éi'ErJ-ì1: df.oæ,ø\átu.vr-æÞ.+\\.ævq

rnrr l-ig 
l-

^l

60r--[ 
t\ ^ 

'- /\^"^" '-t^"4"*--'&A,^--''i.A^"^.
"o[t zr-*U/ \^'',' 

UIu
/-\ L

Superior Ä4ese¡rts'rlc

./rrt,¡rial Flov"

rnl/ rriinTike

Àé'írruf es

€).25 tn O.5 r:c o'25ps O.5 ps i ps

Li-gjg:g--19-. Response {-o no::adrcrialine injecteci iuto the super:iormesent€rirj-c

.r1'J'6'1"\' lro í'nrn ( n.) ¿tnçl o¡o þOur af tcr (Il) the acìninistration of pheloxy- .. :v \ø/ \v.¡ L-rrv 4ujrrllrl'aúr-4 urvrr v¡ yrrL-l¿u^.J-_ 
,:,,...

ben.zamine (5 rng,zl;g)



:. -,- : --- -'-- -- - - - -, -:-ì: i-,:-'r- --:

-7L-

I

--lã'Fg¿':P{-i"',-a.,¿:+qr¿)!û.ier4:*e!È;¡'--irzr+!iir¡1'tiì! d,€:,r!]try'+,,@tu.*la\/eJ@@.s+rñ

Superior lr'ieie.ntoi ic

Árierir-¡l Fressui'r:

rnr-rr l-ig

Supcricr Mc:seri.¡teríc

Aric¡'ial Flc,.'.,,
t | ,. lt

rfi;,; t,*ilil,r liciTi

i',ri inutes

ïigg1.q_16_. Resporise bo stirniiJ,atlon

treateci wi th. tllLcnoxvbenz-alninc.

.¿r_¡ \-_' i-
I

r
lccl--

t-
I

t)L

2ûl-
I

n..!
¡ t-f l-

I

¡J*{" \''ç."* .=.**-=.--"*\,,0**"*o*t\*\r*'""*. 
¡i;itl,i.t ll.il "*ç

--+r*Et,ðæaf-----.t_"-----+---.--r----r-.E:,ædì'w_f-gt---1.-----*------f*:læll:4i¡af-

21æc . Å,fsec Bfsec

of the intestinaI nerives in ani¡nal.s



---1:1.!1,.1 :,1, :1 :::,:::|aà

-72-

Di scnssi ori

Al1 experiments irere done in cats anesthetized rvitli socliulx

¡:etrl.obarÌ:ital-. A variety oÍ studics in clogs has indicated that anes-

tliesia rvith ¡tcnto]-¡¿rrbital has negJ igible ef f ects oir the splanchnic

vasculai' bcri; si:lanchni c blood f lov., remains essentiall.y rrn.cha-irged a'nd

ilris has been assr¡ciated u'ith a slight decrease in splanchnic vascula-r:

resistalce (Iìv::i.ngharn, IJrenneman, ancì JJcla\rath' l-9159; Gilmore, 1.958;

Katz ancl Bergn;r-n., 1969; lr{acCannell , 1-9ô9 ; Pra'tt., Hof llres, and sheicl ,

Ig52) " Most cardiovascuLar, studres are done in anilnals anesthetized

rviur either pentoÏ:arbita-I or chloralose" BaroI.eceptor artcl chetnoreceptor:

ref lexes al:e sonewìrat cleplessed under ¡rentol5ar'bi'uaI airesl:hesia bu'; 1.11e¡'

are exaggeratecl'and less uirif orur uncler chlci:alose (Grei-sheitner, 1965;

Rror,,,n a,nrì Ili l1.ol'r. 1956; Arlnstrons. Pol:ter- And Langston, Ì961; Str:obcl

ancl \{ol }nan, 1969; Clif f o:rcl ancl Soma., ì !i69¡.. In the cat, Greenway,

Lawson, and X,iellander (1967) found that the response of tþe hepatic

arterial bed i.o carotid occlusion rvas sj.nil-ar under peutobarbita.l- or

chloralose anesthesia. A great deal of t.he previr-¡us work of the effects

of hen<¡rrhage on the splanchnic rtascular bed has been done usi-ng

pentobarbital (Greenrvay and Stark, l-97L) " Since much more is known

about thr: pharrrìacological actions of pettobarltitaf than aJ:ctt t chlo::alose

and since peutobrtrlril;¿¡-1 tenCs t.o rninil:lize rather tha.n exagg-eratr: the

rcsj)oilseS, 1:eirtobarÌ¡ita1 ivas cliosen as the anesthel;ic agent" 1,he pÌesct'tt

resirl.ts nray ltc a1lp1 ì.ecì only to cats anesthetÌzed rvith sodj.ttln pentcì¡arlrital

Ttrrr.ther ì nr¡r:s1. ir'¡ ti on i q rr¡nrri i.ecl t.o conf irtn the Se resul-ts in dif fercnt
IL{rv¡¡\/¡ t-LScrLr!¡r rr¿ J.vrlq44\

species anr:l in collscious aninals.

Iil t;he clog, therc I s o- nl¡rr-ì<f:d vaSoconstríct j.on of the intesl.iu¿r1
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resistatlc€) vc$sels fol.lor,iing-. heniorrira.gc'; horvever, the l'egipotlse ín tire

cat rvas not cl car (see introduction) . fn tlre preseirt s l-udy, hetnor"rhirge

resul, tccl i¡.r a. rnar:ked interstinal. r¡a-socc>ns1,i"ictir-rn g,hich rva-s v''elI maintained

cli-rri-irg tii.c sixi;y nlinute ircriod of hSzporrole¡rij,¿1 . A few prel-illinary c);peri-

rilents iüd-ì-cated tha.t 1,hc vaíf ocorlsti'ic'cicn r','as ma j ntaillcd clriring scveral

hcur:s of by¡..oiioleniia (see ap¡:endis 2, figtri'e 2-1). 'Ihus, the lrresent

resul ts shot'¿ clearly that 1n the ca¿ L, as in {.her clog, the¡:e is a mai:ked

ancl susta.ined intestilral vasocons-t;riction irt resl:onse to iretnorrhage.

IÌxperirnc.nts tver'e designecl to inrzesti.6-a{.e the rnechanisms of the

Íntestiiral- v¿.soconstri.ction f oil<¡rving hcmorf irag;c . It h¿rs usually belen

assumed that t.he syltl.ratht:1;j-c ner:ves are the iitost importani; faclor itl

this rospou$c, but cilcrtla.ti.ng vasoaclivc faciors may aiso Pla¡: ¿ 
",rto

lse,-' i ntr.od.rlc j- j_on) . Vâsonress-i n j s r:el caser.l an<l a.n.giotensin is f olmecl

Ín rc'spcnsc to henrc'rrrhage and both of 1.llc-:se substanccs arc:'potc¡llt vaso-

constr j.ctor agcnts . The roles of these f ac Lors u,ere irtt¡e¡stiga tecì by

relnoval of 1;he rna jor soLtl'ces of tliese ageul s aud b1' j ntcs t j.nal dene¡:va-

'Lion. The resitlts clo ;rot prove that. thc ef f ects of ltypoi:hysec1.oììly

a¡cl nephrectoury n'ere due solely t<> the absclnce of circulating \¡aso-

prc.ssin and a.ngiotensiir. Hou,ever, sincc it is knolvu that 'the concen-

tr.ations of these agents i rr tlrc bloocl incr:ea.se marÌiediy f o11ov;J-ng

ireruoi't'Ìra-gc, 1.1t,: t'estr11:s have l¡ccll itrtcr'¡trct-etl on this assttnil:tiotr.

In luost experi-rnents, hernori:hages \vele stancìarcìizc'd b\¡ ì uclttcing

a cont:'cl1er.l degrc-.e of hy¡ioLensi<¡n, AL-:l.crial. J)ressLureì \t,as reduced to

50 lnnr iIE f or I nrinutc-- " lJnclcl tirese¡ coircl:i. 1.ioirs Lhe clegree of j.¡t't-csti n¿tl

rrasocolrst.r:j.c1.iou and the r¡clrune of bl-oocl t'çil;ot¡ecÌ itr orcÌcl to plocit-tcc

¡ o'i vr-rn ,:lac"r"ee o Í' lrvirn¡ ¡nsi.r'rr ;rre lloth incli.catt Lons of thet iutegri,t¡i ()1
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the cor¡irle>: mech¿rir.isrns þ5r wirí.clr the airimal cornpensates for heniorr'liage

To shorv that the ïcr;ponscs ',vere not cllte to ttre cliffei'eirt r¡ol-ulnes of

bloocl rvlricli were remor¡efl, sinilai' voluurcl; of blood \velre rellìovccl in

sorrre anitnal s.

Althor-r-gl.r the l:'esult¡; of this i¡rvestig:l1:ì-on can be accur"trtely

assessecl only b5z coi:rparison of the pressLlre-f Iorv reia. i.ionshì-p iref ore

airci cluring Ìreurorr.'ha-8e as discttss;cd earl

by com¡raring the ca.lcttlated resistance

FÍgure 1.7 j-s a sutntnary of the results.

ierl, the resttlts ma¡t Jre sunllnar:ized

tc; f iorv l¡ef ore and allter hemorrhage

clifference âcross t.he bed dirrided by thc

I'hc resi stauce to f lorv (presstrre

f lorv tli::ough i1.) was calculai.ed

prior to hc-morrha-g;e a.rrd sixty mj-nutes af te:: hcmorrhage " The iirc,r:case it:.

calculal;ed iresi-sta-tlce \¡ia.s explessetl as a Ì)eïcentage of the pre-hc'tno::rhage

co¡rtroÌ va-lue "

Af ter j ntes l, j-na1 denervat.ion aircl rerlor¡a.l of t.he adl"enals,

hidne¡zs , and pì-tui tary (Group 2) the intc'st j-nal vasoconstlj-ctioiL t¡¡as

grea'ul¡r reclucecl" In aCcli.tion, the volurne of blood renoved to produce

a giveir clegree of hypotension was less The urechanisn of the slltall

re¡ra.ini.ng- vasoccnstríction rvas not investigated. Bx{.rarena1 sotirces

of renin have been reported, namely in tire uterus (Ferris and li'lulrol'

19ô5, ral¡bit) anC in the salivary glands (Bing and Farup, 1965, motlse;

'Iakeda, DeÌ3usli, a,ncl GroJ-1ntan, 1969, ntotisc) . Recently, Gan'ten ct ?1 .

(19?0) repo::tcd thet, f ollouring hemo:rrlra.ge in bilatcrally nep).lroc:tornizecl

dogs, r'c¡in tt,as alSo releasecì f lolll the Splatlchnic area. Iìo\','eve1-, a

l-ocal effect-. of 'ehc:..eni-n-.angiotensilr systetit oll these t.issLies i.s

tlIIIJ.l\uIJ'.

in bloocl

It.haS ì¡cCit shorvn iü ClOgS tlrat "CO-l-.rtrellt:i.tlg ellzylne" aCti.vitlt

i.s too slclrv to acco¡,tn{; for thc rapi-d itl vi.r'O COn\te:..SiOll Of
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to henio::l'hage. The res j-stance to f low tvas cal cuLatc:ci irrrmedi¿rtr:15r pri.r:r:

to hcniot:r'hage ¿rnd after six-{;y minutcs of hypovoleniia, T}rc increase jn

res j.s {-a-ncc is expr:essc:ci as a pel:'centa¡¡c cf the il::e-he;rror::ha.ge ccntrcl

val.ltr-:. Tbe r¡olunre of Ì¡]oocj. rcl.¡iovecl J.lom each grorìp of ani-ut¿rIs is¡ ex-

prcs:,recl in rnl/ì<g of br:cty u'ci,ght"
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arlgiotcns j-n I to angioterrsin I I and tiiat tire c.onvcrs j-c¡n iu vivo takes

¡r1ace j.n titc pul.rnonar'y ci¡:culation (l'Ig ancl Vetto, f967 and 1968). This

conclus j on h;rs Ìrecn conf i.rrnecl f or c¿rts as rvell- (llj i:on ancì llrtggins, 1968)

I'hr-rs, it alrpeai:s 'Lhat the ren j.n-angioi.c-nsilr svstcru is desigitecl as a

cilculating- r';rther tha.n ¿r- loca"l horrL<irre syst enr. I'u is possibl.e that

the re¡lainj-ng j.ntestinal r¡asoconsl,rictior. was clue to angiotensin

¡çene:..ation in 1.he lrings subsequent to renj-n reic;ase front exi;rarç:na.L

sources. If this rvere the cascT thcl tire splenic resistauce t¡essels

should also cons i-r'i-ct since '¡:he sensitir¡i. ties of tlie s¡rJ-cnic and

intesl;inal i:c'sistance ve ssel s iut.r'avenoris j.nfusiolis o:f angiotensin

This probieri n,íi. 1 be discussecìare verv siniilar (sec scc{,i.oir

furtirer in the next secl.ion

Af 1.er dr¡re:r^r.¡ât'ion. adretral r-c1--omv. a.nrl nenlrrecl.olrv (Grou¡t 3)

the intestinal r¡asocons;tricti-on was nct signi.ficantly diifr;reut from

the response in the control aniuials (Group 1) " it'iri"s srtggçsted t.he

possibility that vasopressin u'as soj-eI,y respcnsibf e f or' tJ:e vasocoir,'; Lric*

tion. ÌIorveve¡r, whetr. ouly f:he lritr.ritary waË renroved, the leslronse \\:as

not signiflcan1,1y reduced (see ap¡:enclix 4), Thtls, it ap1:eareci that

eitb.er v¿¡sopressin or other vasocon.st:r:ictor factors coulcr prodnce tlicr

rcSpO¡Se. Af ter ClenCL\t:,ttion, adlenalect.O,n¡t, anct hy¡..O¡-rìr)'<"" O,,tU (GroLrp

4), the intesti¡ral vasoconstrj-ction. n,as not sigtiif icautly cìi-ffr¡reitt

f roin tire l:esponse ilr coiri.rol aninals (Gr:oup 1) nor f rom

l-n

in ani.nrals s'.rbjcctecl to denerr¡a.{-iou, acli:'enalectont¡r, aurJ

t.he::esp<:nsc-i

rrantrr r¡tr'ì rirnl¡ar\. l,¡ ¡ i.

\¡ascpÌies5i11(Glor"rp 3)

,secrcti.oll

to i:.tlose

Thus, the resr.tlts sb,o'rv clr:arf y that ci thcr'

al-one or atrgiotcnsin lll'oduct.iou alonc caused.sj.¡nil-ilr l'csl)onscrs

el-icit,ccl nJr<:n bc¡th fact,or:.': were ac1.ìri¡; sj.lltrtl..tatrec¡t¡sl"\¡.
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The rel.¿Ltj.vc c<¡ntlibu'Líons of vasoprcssin and augiotensin

to tl¡o intesti.¡l.a.l, vasoconstricLj.on foll.orvÍng hentolrhage in animals

rvitþ i,¡r'iact or"¡¡i:n systcms cannot bc assessecl f rom t-Ìrc prcsel'rt rlata

In the absen<:e of one coraireusatcry rnc<:ha-ttisnr, the other may act lrrore

strctir.gly" f t ma¡. i:e alg¡ue<ì tJrat angi,otensj-n pIay,s a lesscr role since

tach¡rptr_v1alrj.s to ¿ìngio1.e1ìsin iras been re¡rorf;eC in a r¡¿rriel.y of smooth

nrrrËcics (Z,air¡i.s, l96ti) . Iìo\r.¡ever, tlrc doses usecl i.n these studies t'¿ere

rcf atrr¡c:l )' Lp.i'Íjc , jotrssotr., Svanvik, ancl \i ikP;rcn (f 967) usccl. an

arterial long-'cir¿uit bechniquc to stucl¡' thc effect of intravcrlous

infusiolts of angiotensin on the resi.sta-nce vessef s cf tl're ca.t i¡'rtestine.

TJrcS' reltor" bed that iyltestin¿r1 vasoconsl;riction rvas f olloived by ma::l<ecl

'l:¡clrvrr'lrr¡J:¡;¡i q. IIor',¡r:r¡r:r.- si p'nì f i.cant i.n.1:,estin¡¡1 r¡a-soconst¡:icti-oli cccu-rredu6\ ¡l'J

¡rrl:: ¡ * h; th ¡lnq^c Th-i c '¡¡¡¡ 1rr..¡o L.¡.o"r rìrra f ¡ -l-1.^ rra4 n-f' ¡¡11 9v.J-ar¡ j..9 I

to¡g-ci¡cuit rvhicJr is knorvn to depress vascul-ar ïeactÍvity (set: intro*

duction) . In the presetlt stu-cly, no evi.dence of tachyphylaxj.s rvas f otlncl

n'hen ano-i.o1,ensin \vas infused intrar¡et1ously

in the l¡lood after hemorrirage (see section

¿¿mcunts likely to l¡e fouud

Anoi;hcr consiCer¿ìtion is

ín

e\

tire f act that vasolt:."essin is leurcveci f lorn the circr-tfatir:n by bc1.Ìr the

Iiidne5's ancl tìre Liver. Thus, it. is possj-ble t.1'¡.a1. tLt,¿ rate of renoval

of vasopressiit was slorver in nephrectornirjed animals. Ho\Ã.,e\,¡cir, fur'.ther

i nr¡r.çrl ì o¡1:i orr ì s lenui rerl to esi:ablislt tÌre rel¿rtir¡e r:oles of .¡¿sopt'essi nL.r ss v¿\¡r¡ *v ¿ \'\f \!+¡ v!.

ancì airgiotensin in tire intestinal r:esporrse to he¡:lorrhage. Iletermin¡:t:.ons

of ti'te bl-oocl lcvels of vasol)l'essi.n anrl algi oter:sin af i;cr heutorlhagc

rvoul-cl l:e useful in asscssiirg 1.1-reil r-.: latj-\¡e inr¡ror'i;i.lt-tce i.n the o\¡e]'af l.

l'esÐùnsc "
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I\tter nephrectorny ancl h¡rpophyscctonr¡' (Group 5) tlre intestinal

vascconstri'-:1;i.cn \vas greatlv rcduced " The sllia.ll. retnain.irrg vasocon'-

sti:i.cti.on \\ras not sign.;.f i.cantl ¡r d1¡¡ereltt f :roin tliat i-n anil-nals v¡il.h a11

crpj¿it1 systerrc uemcvecl (Grcup 2) sugÉ{cstiug t.ha1. the syrlpathetic nerves 
.

ancl ¿clienal nteCullat'y sccl'e1.Íons dicl not. ¡:1a-y a roie in the responsc.

It rvas irossiL)f e that; '1.hc ner\/es h¿rcl l:eeü injulcd clttriug' p-l.acenten'c cf

the f lor'",nte ter irrolle aronncl 'uhe superior mesenteric .artc¡r\¡, l{olever,

i¡ a co:rtrol experimerlL, the venous outfloiv rcsponse to stititttl,ation

of splanchnj c nclves bcf orc and af 1;e.r^ pla.cctncnt of the f l-ol.:tltcter Þrobc

alt.ouncl the su1:crior rncgenteric arter"¡ iudical ccl that. tiie net'vcs werL-

nclt damagecì lr5z 'this proceciure (see a.p¡lcnclix 3). Previoils studj.es l))r

others irl rronnc-;olenic. c¿¿t.s have sìrcrvn that s1;irnulation of tIìe syln'*

nai.lte1.-i q re,r\/Éìs i¡,ncl :i.nfrrsi ons of nol'a-drena.li lrc do not cause strs Ûa.inect

intesf ina l va'soco'ttstriction aud au1'olcgul ator'52 esc'aì)e occllrs (Fci1.l<r:rv,

Lervis, Luncìg1'en, lttellancler', and I'1a11e¡-itinr 1964a). Infusions of,

adrenaliu.e ea.use intestinal vasoclilatal.ion (Greerruay aud Lz.lvsolt, 1966e";

Green\',,ay ancl l,a.wSott, 1968) . FultheriÌlore, tt'.ltett intestiual f lciv is

r.'educecì by parLial occlirsion of the super:ior ¡lresentevic ar:te'r:y, the

responses to syrnpatltetic nerve stimrtl-ation ¿ire ì rnpairecì (!'oi kor',',

Lervis, Lunclglen, ItIellarrdcr, and lVal.l-entin , ).964a). f u vicw of these

loi¡or.1:s - -i 1. i s not srrrrrli sì lrp t.Ìrat í:hc intesl.inal ÌnnerrtatÌon andr. ç Pv¡ ç,, 
'

adreuaL nrech-rllarv sccretions; di-cì not prl¿y a role iu the iirtestinal

vasc)cons'r-r' j.c1.-i.on :f olloivin¡4' helriorrhagc, and thlr L tlte I'esìloi-tsc' Ne-s,ì

unchanlìecl af tel: phenc,xybenzalnirle .

Dgri:rg' tlle acÌ¡rrinistl-atiolt of phcnoxr,-bi,-nz¡tnlitte, clr:x'rran

(l-0 nilz/iç$) r','i;s gir:en {.o p.t'cvcnt a J-t'"r'ge f illl. j,n a¡.'tc:r:ia1 I,)ressuro.

i ; i ;._:,_ :,.,.- -:. :: : t-..: -:'1,

Tf
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phenoxvl)er'r.zaÌnille ÌraC b.locÌiecl the intest j.naI v¿isoconstriction, tJ:e

r:esults u,oul-d h¿,ve 1¡een inc:cnclusive, since thc hernorrhage rvculd irave

'Ff ,ìrr'êqorÏi r'rl z rr-1 ,1'.i \¡ol v srri:.rl I r''r' r'r'trr-.r".:'1-.i orr o1' thC ¿rffill)al t S Cniai'øcd¿ ,J vrlf *-,. bL u

b-l-oocl volririre. Hor',,ever, si-nce pireno>;ybellzarni-ne dirl irot recluce libe

resl)cÌ'1se, tirc f act -bhat the heiilorriiage v,,as pi"oÌ,ìcr LionatelJ/ snìa11er

incr'eas;es tirc signi-f j-cairce of the obserr¡a-tioir "

llrhen jntense i.ntestinal vasoconstrictlon occurreci, the volume

of bioccl I'enior¡ed 1.o pr,cd_uce a giye¡ degrec of ì:5;potr:ilsi<.¡ir Varied f l:olì1

J.7 to 20 ml,/kg ltod5z 1a,1" (f igure 17; Cìroups 1, 3, aird 4) . On the other

haud, rvÌreiL 1'he intestiii¿¿.L r¡asocons'Lriction rvas sma11., thc vol-rune of

blooci rernoved rvas onJ-y 10 or 11 nil,/iig of bocly u'eight (figur'c 17; Groups

2 and 5i. It scernecl liI<ely 'ul:a1. thj.s \\'as '{-he consr-'clu.elìce of the in*

tri¿ri,t uy vr 'Lifi;;j'3 ¿rìrìji¡¿j-Þ ';ü 'ii¿Si;ûvil;j;l. lju. iiiiìi;-v-.i: i"ri-.,r.:i i-;i;-i;ric;L¡-¡ì

u,as a-lso possiì.rle. The small er r¡ascconstric'f"iolr of thesc aninrals nray

have been clne to the snlal-l-er rccluction in bloocl \¡olunte cveu though

c i r¡'i 'l o l ilaoraa. Of hypOte¡SiOir hacl Ì:¡eeir 13rodUCeCl , HOwever. tl-re reSUl_tS

rvere not altered rvhen iclent'ica-L volunes of blood rvere ::eriior¡ecl (f .Lgur:e i-7); ... .: .

'.',t', :':.1'.,

intestinal cleneriration ancl re¡novaL of 1.he aciren¿"Is, kidnr:ys, and :

,.t¡.,:r ' 
t

¡ritui i;ary greati-y reduced 1;ire Ìntest j.nal vasocoirs Li:'iction (Grou1> 2s) .

t,hj.ch occurrcd j.n anj.m¿rls rvi tl¡ intact olgeir systcrrr:; (Group 1s) .

This stucìy r';as dcvisecl t.o inver;tigaie thc ovel'al-1. l:'esistanc.c

l'orìrìonse r>-f 1-hc-. i-ntestinal vascnla.r becl 'Lo hc.ult¡r'r'hase: 1-lrus - it cliCt' """:' ^ "

not 1rr.-ovi-c-le cla.t¿r on tiìe ciistribution of bl-octl f1o'i t.c tili. corììi)()ìlei1ì1.

tis;srre layers of the intestine. As desc.ribecl in i.hc int::oclüc: {-io¡r¡

I¡o1liow and co\,iorliers (196.,1b) rcported tirat autorcgirlato;')'r:rí:;ciÌìlc \\'âus

associíìtcd wi1.il a iu:riui.airìccl cleclL.ise ín. tire crl¡>illary sut'.face a.re¿r
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availablc) for cxchangc anrì a diver:sj.on of l:Ic,ocl flou fron lnucos¿rl- to

sublitucos¿rl. structrir:es . -fhus, al l.hough 1.he intcstinal llerves and adrenal.

lncdul.ì ê.r¡r <.-.t.1;ir¡rr.s; cild not pi-:iy a ro.Le in the overa-l-l resisl;an<:e

respousc) of the intestinc 1,o bcmo.r::hage, th-e possibi 1j- Ly tha L thc}'

calise a redistribut.Lon of l¡foc¡cl lll.orv rv:ithilr tire in'Lcsi;iue c¿rlurot Ì:e

c:-cflrci.erl . Expe:riuielt¿¿f dat.a on -t.his possibi 1-t-ty v¡c¡r.rrd l¡e of interesL

a¡rì of potcntial si-gr:if icallce sincc' concìil io¡is of pr:olorlged syni1..u'chetic

activ j-ty nrighL lcad to ¡rLucos¿e.1 ce11 cìalrage, Hov,'er¡er, un1 i1 dile r:t

ei¡icience is pror;idcd to conf iTm a reclistribu {--i.on of blood f lorv ditring

r.1-^r'ì ^ ^¡,1-ì r¡¡.Í-i nrr. f.'Ìre irloÌ_r1Cìtì fCntaiffS UffanSt','efC'C! "ÞJ'ljllJ.i. Lli.U UJ-U 4\, U-L v4 u.!\rI¡, L.¡lv '|:J: vL

'. t..
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Pressure-I'low and Pressutc-:\Veight Rc:l.ationsltips.

fÌ1 each a¡in'.al, the relatious;hips of si:l-cnic f lo',v anC splenic

u,cì.g-lit l-o ¿1.::tcr'ia1 prcss:rrrc \vere strrcliccl " Ihcrcf crc, approx:i.rnately onc

hour ¿if ter t.Ìre oc;riipl-ction oí sri-rge::y a-ucl airpro:<itnately I0 tc¡ liO nliutttes

nri r¡i. l:o her¡ror¡'rlta.ßC¡ a l)t:efisirre*f Lorv ctlrve ar]C. a. preSSLlfe rt,cight curt¡e \r/elte

cbtained l.l¡, g¡i'rrcir,'cì cJ-anrping c:fl the co<¡1Íac a-rter';v ¿s riescribed in the

nie bhods.

The aìrsciltrtc values ancl sloi-res of the cuï'ves varieci f ro¡n one

anj-nal to the ircxt. The.i:efore, in airy one c¿rt, the nl'essul'e- f 1orv rc:*

hernorlhage werelatic¡i:ship a-nci pr'essure*iveight rel a.t j.onslii1: durrtrg

.^hrr11 rorì 'i n f lro rrl"e qç:lrr.o*-l=l rr\u aìlrve arrd Dl'css1r¡'ç.--lrai r¡1rJ- r'trt'r¡o olrta,incciUUllllirlJ- u (l Uv ulrs P¡ çÐ.)u-t

in thc salnc-: c:at. Thc pllcsslìre.-f 1or,i and pressul"e-t';eíght cuïves f t'cìlt

th::ee experimerì bs

1tn approxintatel¡,

i.n ear:jr grolrTr of a¡ii-mals are shown in f igure 18.

Iinear rela,tionship l:e'uiveen si:1enic flc¡tt' and presstll'(l

was seeil unde ir al.1 conclii;ion.s. SpJ.er:ii: rvei,ght remained neatî constatlt

at all arterí4.-j- pressrlreisi.

Ef f erct of i-Iemc¡rrhage in Ca ts rvith ln Lact Orgart Svstems (Group 6) '

'Ihe reslrorlses to 6 herrolrhages v"cre studied in 3 ca.ts in

ii'-hicli thr,. slrle nic n€rr\res, the aclr'cua1 glands, the kiclireys, attrd 'uire

ni J-.ui í.rtr^r' p.l .q.lrrl r,,,erC a1] illtaCt " SJrarn it5'1>opirr,,""",-OutY NaS pcrf Olntc(l i)y

6\a-nrì,ììrrr, o{'l:ìre'nil-nii''¡r'iz. lrr:relrlii:'ì on- t.irc ueritoncttììt ortcr tlt.e kidl.re-l'vÂ tr\,, r.!ç+ J . "-.- y -'-

t','as cìir¡iclercl arril thc 1:clir-'ei:irlic. f at v,,as separated f rom the liicltrcy.

BloocÌ \vr-,s l:etìtoi:c:cI, shouly au(l con-t.inrrously as clcsclibcd irl ti-tc met.hocl's "

llorlr r:r,J.rrr,,i ¡'llllçc¡.ll 4t Lur !(lJ. ,Jr uÞÞLl-l LÞt '>IJartirf L, IrvlrL-rt (.r¡\f, tfl/r \

ar"i cl.' hclliorr'l:¡lrr{r ar1'(1 sht.lirn irr î'aì-r}c 4. l)i'ior to hctno:.'L'ha.*c, lìtcal}

,:: ':.: :::i.'::
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Grcup ó Grou¡: 7

L__-_-t-_.*_-,1-----__l-__...--j L--**-l**-.-J---_r**_i
A 40 BC 120 T{'ü O 40 ü0 l2.O 1ú'0

Snle¡ric orìe¡iol rlrÕssure mnì ri.q

Group B

L-____l_-*r -.--l-*--Jo 40 60 124 100

Fi surc iB. Exo.lii:1cs cÌros¿.:l hy rarrriont nitiill)ers of prcssr-tre-f ]o\\, a.ltc;.

prcssrrrL'-ivci.glil; gi:a¡rhs" Gioul:6 - cats rvith organ systcttts inta"ci. 1

Gron¡r 7 - cats subjccted to s1:icnic dcirel:vation, adrcrla:lectc;t:t\', nephrec-

t<>rai' , alC ìr¡'po¡rhJ,scctonry; G.r'oitp 8 - c¿rts suÌ.1¡ectccl l;o irclrhloc tot:ty atrcì.

ìt yiro ph;, s c r-l t only "



Þ¡rrlrz r,'ai ol.l- 1l¡õì

illeans 1 S .E.

splenic florvs
q¡.r1¡iacfod fo

Az"tpr.i n'1 nY'Ê.{srrres -

rrm Tio'

T,4,:]LE 4

of the values f:r body
qrrd <n-lonic iir::ñi.È- ihauu JIJrL¡¿¿v rv; .-6rr uÐ r¡¡

ql orv lrr-no1'r'nnç.'

Splenic f1.rw

(r¡1 /mi n/ko\

before hemcrrhage

20 min aftei hemorrhage

60 min af'ver hcrnoi'rhage

SpJ-eni-c iveight - before liernorrirage

1-\ - 20 ¡ii.n after hemorrharrn\5/ rr¡qÉç

- 60 min after hemorrhage

.,.^i ^L4 ^..+^-i ^ f\re'rgn L, a-r're-r1a1 pressures,

rJi f f cren h ør()1lnS of cats

before hemorrhage

20 min after hemorrhage

Group 6

- 6C nin a-fter hemorrhaEe

2 "9 + A.4 2.7 + O.3

I to , ry Fluo t a .¿

107 +. 11"1

9& + 6"9

Group 7

l1t

À

116 + 6.9

UU I AoL¡

62 + 6.6

-f

+

Group 8

?n

lâ

0.9

2.8 + tJ"2

24 + i.8

21. -y O.9

l-9 + 1.7

âJ-

ö

1^

126 + 3.2

9C + 5.8

78 + 4"6

1

+

!

Q9

,.7

!2

_tu

+

t

.L

L

+

'to

2.O

4"7

I

¡

28

o,1

24

+

+

+

90
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drrr^i nc" i-hr¿ rrr¡r.'i r-C of 1¡loClcl ltellto\¡al_ anLl-

jt fcll. tc: IQ7 + 11.l ni:r lig

then decreâ.scd furl.he:r i;o 98 +

6.9 mln Hg ovei" the folfor';i.ir.c1 4,0 rninut.es.

Thc îl-cii' resjporlsr to ircl:r.o::r-liag'c uas c¿r1cul-n.tcd a:rcl c>;pïcsscd

^^ 4i"''l ^r'F^õ'r-'clcscril.¡cd fcl' the: intesti-rle, The(1 ,> UII¿¿L rll-.t\:<at.rJin Liic sa.nre

resul ts are shol'in in f i.gr.ire I9 (Gror-rp

rt:ìl-:r

arterial pressure vias 13[ì t- 7.5 ntrn IIg.

rr:rìro\¡a1, f lorv cl-ccr-cased to 39 4- 5,7tio

i n ¡rJ:el.i:l nlcr;St.u:e " Floiv rcitiailled

*^1 ¡ 6r,ri rro I.l'l r-,r-i rr-' *a^ ^ Ê À'rñ^')^'l .-.i.ltcs uI nypovorc)lll lì.

nin'-r-[cs, the va,lnes rveLe signi-iiczrnt

6). i)ui:ing the perioci of blood

of that *->ipecteci fronr Lhe decrease

i:etrveen i)9lo ztrtd 44a¡o d,uring t.he

/lt al 1 'cimes l:e-Lu,een 5 ancl 60

ly rliff clerL'i. f r:orn the i:r'e-herììor:rlì¿rg'e

in a rria:tr.rer siÌni.l.ar

hacl been obtairrec'l

val.uc iri.-p,siÌred at ti:-mc zcro (¡l ( .02. pàiÍc'ct t-test)

Ttre splenic rveight r:esponse wa.s exi::rcs;sc:d

to 'lJre f I orv resi:oì1scì. Slince a rlrcssul'c:-'rr,e j.gltt curve

prr'-o:' to t-lie henior'r'ha-ge, it rvas possibi"e to calcul-a0c '¿irc u,eight '.vhich

rvoulcì be expccted at the r¡arior-r.s alterial pr-esstires after: hemorr:hage

Thc ¿c1 na1 werghts \\iel'c cxpt'esscd .:rs p(ì:Ìrc(ìn';agcs of tire passi\¡e or ol\''

r¡or-J:¡¡ri ruoi r¡h1:s - '.1'ho qnl orri c u,r:i pl, 1- r'e,s,norrqr-- i n 1-his groïrÐ of a.uinals
tr¡-L Lv\.. rJ.¡v glJ¿vr.!

rvas ca.lci¡lated and the results ar:e shouir in f igui:e 19 . Dulitlg the

periocl of blooct lenrovaf , splenic v.'eight cìecreascC t.o 89% of tha.t

€xi-rc'stccl f ro¡i 1he change i-n artcrial pl:cssirre. I1; then decrcâserl

f ru'1.1:rer to 76% o¡,.cr the f oi Iowing 40 minutcs . At- ¿r-11 tirn.Js botrt'cen

30 and (i0 niin.ul.cs, the r'¿rlnes vrelie si¡¡n.i-f icant.Ìy clif f eler-lt f r:oui thc

pr.'c:-irc'lnol:l'hag;e vaJ-ues meastl:t'cci at t-ì.iitc¡ :'-er:o (p ( .0J , pai-r'ccì t-tes i;) .

'fìrlis, f ol.icu'ing hcrlollir:'rgc, 1.lic s1:i cc¡r coutractecì aud there

\vas a marl(ed a,r'rC \\,,.-,i.--1, inaiut¿r-i.il,cd.¿¿rsocoltstÏict:iclir.
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.EIi",9l-{--li::lrq3!g-qtfr-g*e*l-r.lrii-ec.1t:cl-19 ipl-91" Iriln:':11:lgr: i'ìl:$*.1u!jg}J'

l.lc;rhrcc.torny, artd ilypollh¡¡st:ctorn¡' (Group 7) .--,.-:_-.--...-å
'Iìr.e rcsponses to 8 heinorrhaS-cìs vclrc: stucliccl in 4- cats in ri'irich

f.ii<.: splcnic nc.i'r'es rvc:rc C LvJ.de cl , ancl the ad::en¿r.l-s1 l<icine¡rs, aird pi.ttiitary

.,¡emcr¡ecl (Gror.Ìj) '.7), Blood v¡as ri,j-tl:t.lla'.','n slorv.l)¡ aucl c,outittliottsly as

ciescrilter.l i¡: thr.-' nrelliocis, The artcrial pr'cssrlres, s¡:1enic f loi'¡s, attcl

qnlei'ri¿-. rvr.lir"ìrt.s: -T¡efore ¿rnC after Ìreino:."rh:Lge al'e shotvn in Tabl.e 4. Prior

r-^ a^1s^.::¡..^ I.r^^d, ¡liean a.r.'Leri.al trlresSure \vaS l_16 r- 6,9 mr !Íg. It thenL9 I Utlr\rVilIrí ,JI\JVU, ¡¡¡ç4IL d,J Uça J-<¿À I/¡

clecrcrascci to 5ll + 2.3 r-,rrn Iì¡ç dur'i.ng Lhe 1:eriod of blood r:etltor¡al and re*

cor¡crcd sliglitllr to 62 + G.6 rutr Iìg cve:: the ne:çt 40 lninutes, These

r¡alues a::c si-giii:licanlJ-rl' loiter th¿rn 1ìrc colrresirondi-l-lg rralues in Groitp

6 (p ( .05, riitpairecl t-test).

'llhe vasoconstïictor resÌlcrlse to cxtrinsi-c f ac'{,o::s was câ1-

culated ancl the ¡:esul.ts a,r'c shorvlr, in figure 19 (Group 7) " The changes

i rr f I nu; dryr'i rrc¡ 1'hr-' hrr¡rrrrrol cnri c neriocl tvere si-nli-1ar to thcsc e>;1:cc'tccl

froln the ciecrca.se i:r e-i.'t.eria1 pressure. At all- tiltes beirveen 5 and

60 minqtcs;, the r¡alues $rere not s-ignif icantly di,r":f eren1. f rom the pre-

ireinorrltage vrrlires uteasrrl:ecÌ at 1.ime zero (p ) . I0, pailecl t-test) . Tire

values ivele si gii j-f icaüt1y clif f ereir-r. (p < .02, unpaired t-test) Ivo¡l

the colrcs¡-.roüding valrrc.s in an:-m¡,r.l.s n'i'ch iritact organ s)/stetììs (Grorrp Cì).

f i. u,¿rs concluiclcd tha {, all acti-r¡e extrinsic f actors h¿rd }'leen

reniovcc',, Tirtrs, tlie t,asocolls-t:."ic t-ioli of tlie spleni.c r"esj-st¿'.ncc \¡cssels

f ol.loii,i-r-rg ÌrcnloL:r'lie¡ic' \i:ì.ri eboli sirc:tl lry siileui.c clcnE::'r,'atioir, aclrenal('cto)ri)',

1:¡1¡]rr'¡¿, 1¡¡11r ¡¡i¡:l lrrr.rrrnlrr-¡'¡.',- f ¡r'ulr¡L lJir.r r err¡\r rll l?\rlJrrJ -\: L (?v j'r.i .

'l'he i;p1.en.ic veì.-e.Jlt ciecr-c¿rsecl on15' slig^ll tl-r' f o.ì-Iot',,iug,; henrorliragc;

ancl u'as not sjgjtj.fi-catrt.'.¡' ¿i.t,t*"cnt floln the pi.'c-heütolrll¿ì.ge vahit¡
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(p > .05, pa.ired t-1;est). At all i;j-nes bctv,een 10 and 60 rninutcs, tirc:

valtics t,cle s j ,3ni.:f ica ntl y cl .ì f Ic::clit f ro¡n LJrc co]:r'cisl)()]lciiirg val-ucs in

ca{¿s r', i'Lir ir.r'¿ac1- olgar: sJrs L-c'rnc (Grc'.ip 6) " 'Ihus, sirì enic dene::va'i:ion,

acilr:n.el eclon:;¡, rrcpll:'oc.: l-o;ri-r¡, irrrcl h¡riropirysectorly aÌ:oiisirecl tlic splcnic

cc¡ntraction in lrespci:ìscj tc J.renior:'r:J:age,

Be<:alrsc of llrevior'rs wo::li b)¡ Gleenlay a-ird Stark (19t]9) tc J:e

discr,¡sscd Iaôr:;.', it rr'äs not necessary tc remove the sources of '¿he

t¡ari or¡s c'xtrinsic vasoç:o::stricl;cr f ac ûor's in the sa.rnc comb:ì.n.aiic¡ns ¿¿s

rv¿rs do¡rc in thc sLucly of th.c inLestj.rr¡r.i. r'its;cu1a.r rcsi)or1sc t,:¡ helrio::r:l:agc

'lhcsc ivt)r',}.-ers. cl icl ¡rr;L, horvr'\'el', i.rì\'cs Li.giLte thc lole of t:lie synll:a Lher.ic

uel:vcs and secrc'¿ j-cr:s f ::orii the acil-c.ii:rl gJ.an.cls in the abselice of th.c

other f acto:rs.

Effect of ÉIernoi'.r:hage in Ca.1.s Subjc+c1.crì {-o Ne¡.rhlectcurv ilnd l.ì\¡pollh):sec1..c;;l)¡

(Grotri: [ì)

The

dirl rrnf rr'lrr¡

hemorr'ìrage "

svmìra-Lhe'ric ne::ves and sccre Lions f L'oni 'l;he adl'e ;:ia1 nedulf ¿t.

a ro1e in the intestiual vasoconstric Lion f olJ.otiing

'lo investigate '¿heÍir rolc in the s¡:.1-cnj-c va.socorisi.l'ic I j.oJ-I

and spl-cn.ic coni.i:acL j-on, 8 hernorrhages rvi.re j.uducecl in 4 ca'is iir t';irich

thc kidncys ilncl piruitari'¡i.lancl r','cre rcitrr>vecl; thc sl:-l-c;ri-c:i.nnc:r'-

vation ancl i-hc adrena.i g:l ancls rvere lef t, íni-act (Gi:oti1> 8) . l.lcnrolrl:lLge

rv¿rs jilcìr.tced b}'1'q.tt,orr-n¡¡'i:1oocì as dcscribecl in thu uietho<.1s. T'hc ¡lic-¿l.n

r¡alires of arter'ìal. pres.sur:es, spÌenic l1ç¡',r's, alrd s¡rlelic ri'c--:i¡4i'tt.s J:efolc

ancì aft.cr heniorlh:rg;e aro sh()\\,ir in'l'rÞl-e 4, P::ior-t.o hcrnoÏ'l'Ìrrg-c, lneân

artcrial i)Ì'cssirrc rv¡-rs l-20 + ä.2 urrn 116,;. It tlie¡r ciecrcasccl to 90 -t- 5. tl

rnnr Ilg cl'.1i' jng thc pcliocf of l,.l o(:cì I'ellroval, anci tìrelr rìc-c:-'e¿':.secl .f urihe.¡' l"o
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78 -t 4.6 nitr ITg or;el the next 40 lninutes.

Jlhc r¡asoconst;::'i-ctor respcllsc to e:ltriirsic factors rvas cal-

cula tecl arirj 'r-:jrc results are shor','n in f íglre 20 " During thc. periocl of

b.Loctl tt,ithdrarva-1-, fioiv clccrcasecl Lo 7I +- 4.5% of that expect.c-cl fi'ont

tire :ta.Ll in a::ierj-a1. pïesÞ^ure. 1ì1olv leit.iaineci be tween 6S'io and 77,io

duri-n¡¡ tho le:ln¿rÍn:i.ng; 4O m j.¡tu1es of hypovcIeini¡r " l'he val_ucs rve¡e

...i.r'.ì +i âÂ'^+ l'. .ìi Ê4^-^^--l- ¡--^.^. +f^-s.rgrìl,rlcanr-Ly r.rif f erent f ronr the pre-hcnror:rhagc values (p < .OZ.-t,

paj-recl t*tcs'L) " Ãt aIl t.irnes betrve en i0 ancl 60 niiurtes, the values

tvcr"o- sis^nif icantly d j-f f c-:r'enl. (p < . 05, unpn il'cd t-test) both f r"orn

th.ose for cats ivj.tl'r intact organ s.1.stel'rs (Grou1: 6) and frc-rm tirose

f or c¿:t s srrì:jccteci to dcticrve.tion, adrcnal-cctonl¡,, ncphr.ectoni;r, etìd

liy¡ro¡th¡.scct'o:,r¡i (Group 7) .

TÌrus, in contr'as{. to the intestine, the syrn¡:athetic nerves

ancl the secretj-ons f rorn the adrenai glancìs \v(ir"e c.âllâ.bl-e t-rf causi:::g a

s.i.gtiificant s¡ilenÍc vltsoconstr:Íctj.on, ì:ut this vasocons'{:r'i.etion ri¡as

^ì^.'^i 
Êì^r.=^ì.f ff^-- Il-^.- f-L-.f- ...1-i^_kÞf,Ërr.r.Lr,ualrL¿y ;'iuall-er than that rvhj-ci: cccurr:ecl rvhen 1:he liiclnevs ancl

pi.tuitar¡¡ were also intact (Group 6) .

SplenÍ.c weight decreased to 8rc; + 7.7% at 2O minutes and to

83 + 1 .A% at. 60 nrinutes af teï the oirset of hernor:rhage (f igure 20) .

These valr.les rvere signif icantl)' díff ererit f ¡:ont the pre-Ìrc'niorr:hilge

t¡aittes (p < .01-, pail:ecl t-test). At a1l. tinres Jretn,cen {r a¡rcf 60 rninutes,

tire r.¿rlues \rrc-rre siguifi.cantty diffel:i:nt (p < .005',, trnpaii'e.cl t-tes1-)

f roltt those f ol cnts subjcctL-cl to rJr:nclviztiou, aclLr.:u¿rl cct onry, nc.phr.cctoìn)',

ancl hypo¡-ihitsç,"ton,U (Glr,ri¡¡ 7¡, but t.ircy wel'e rìo't. signif icant..l.i' cliff e'rent

(p > .4, unf,Í:ri:rocì t*test) frc¡rn t.hose:[or cats ri,ith int:act crgan s]'s'Letns

(Glorrp 6) . '-fliose resr"rlt-s sug'g'cst tjr¿rt t-i¡c syriipn Lhetic nelves ancì 1.hc

scclctions lì:,'oni i;he acÌr'c¡nirJ. g1 zruds plc.y au inrltoi'i;i'Ln'L r:o.j-c in the nrecìrani-s;r¡

oll tlre spì.ctrì.c cont:-'¿rct-i,on f o-l -l or,,,in¿; hcnio:.'rlta¡.1<t.
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Di.sciissi.ol:.ì

Tilc ap¡lr:'crxirna'l.cl J' Iilie¡.:: l)rcssure-f lorv rcl.al;ionshil; j-rr the

spleri j-c v¿rseuJ,¿r.r' Ì¡cd vi¿rs in corrti:asi. 1o the atlLorcgula-tion of i¡loocl

f -i.o',,; obsci'vecI i.n th.r: intostiu¿-r1 rrascular becl . 'fhc aìrsenc<.: of splcnic

a-uto::eg*ul ¿11. j-oir c()nf irtric.ci earlier st.r.rciics; i¡i thc ciog (llrohlich and

GiJ,J,enlator:, .l 9iì3) ancì j.r'r the c¿¡-t (G:.'i:enwav aircl Stn¿rli, 1969) . I'{- is

sonrc',','l¡at surill i.sing tltatl; aui.oregul¿Lt j.on does no I occnr-

osc.ill a-i.ioirs ili spl c:ric f I ow, nrhic.h alc f rec¡us11{-.1y soen

srr93ìcstccl to bc causecl ì:y lhy lhnic ni\¡ogenic ac'L'5.vity of

slnooth rntrscl-c (GrccrLrtir.¡', Lâìvst;r.r, and Sta-r'li, 196[ì) . In

follori'Íng occlus:ion and rclcê-sc of thc s1>Lenic altcry,

br'.i-cf lrut niai:lçeC react.ivc-. hl'i:e::cini-¿r " Si.nce this ivas; not secrÌ af te r

sj.rrce large

, hatzc beett

t-.ho a.i'tc.:ri. o,Lar

aclrl i 1; i on ,

thcile r\Ìas a

¡r¡l cll-IvI.

wes a myogenj-c

rc$pcnsre of tÌie srnooth 'muL+cl,e i-.o loive::ing of pl:essLil:c-. r,¡j. t.h j.n i;he t,essels "

Irut'theirniore, Lutz a¡rd co\i,ori<ers (l-969) rel)orterl recently i;J:at elci'¿¡.ti-c.rns

of vcilous l)rc'Fjsure causcd nr)rogon'c v¿rsocorlsti:ictj.on of thc splenic

resist,ance vessel-s " Thus, ia5'ogenic lrcsllcnses a.ppe¿)i to 'Jccur in tire

spl-enic ar-'ter:j-a1 becl but t.he responsc to chailgcs in e.rter'Íal Ì)ïessure

i .- .,^-..r. I ì -.ì i -.,:lÞ \'+I J III'lI iç:\¿.

(rrl arri ¡ ti;¿ri c.llJ 1¡'o,. rrnl- q'1 îar' i-,r¡ì I:r¡ r'hlrrooq irr srj:Or.i r-l lìt.êqqttt-rrulJ¿Lrr:u rvuJ.àr¡rL riL¿--J !l\iL 4LLçuL!u L¡J ç:rqr:t;u (.u:I.L.r lrrrÐ')r¡r u

This oìrserva-r.;i.o¡r *as relrol'i.cd earl-icr ìry Greerir,.'iry ar:rcl Starl< (l-969) wìro

coilc'.1ucic<ì f;ira'{. tl're snooi.il uuscl.e of t;he capsll:le ant.l t:r¿ll¡ecir-1¿ri: i:l ici irot

shoii c-i 1.lrer: ¡;ressnrc-:Ll-Lclitcccl nt¡*og-cnic contiract:l'-on.s cÌ' l)iìssivc' rcspons,es

J_n ¡lrnno'or:l irr nlJ-¡:r-in'l nrrrrqÈ!ì-,rr)(¡ \.¡ UJ | 4¿¡D\,
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Tire m¡:cl-¡anisnr of the s1rl.eni.c vasoconst::iction follotvirr¡;

hcntorrhage \Ì,¿)s investigrited rn a uranner: sirnifal to that dcsc¡:il¡ed for

tfie intcstiri¿¿.1 v¿rscul-ar bccl . llhc-. roles of tl:c v¿rr:ious e xti:1Dsic f act.ors

rr¡¡.,rr= s;1:r;11 i orl 1'¡r-¡ reiltova.l. of the t¡¿¿t'ia)Lts SoLlrces of these f e.ctc¡rs and!, !4g ¿ !- \' v.'

b)r spj,cr:ic cleneL\¡abj-oir" ilorvever, ìrecausc of'previotis rvork on tiris

liroì:lcnr Ì;;, çr'nor',,oay e.ncl Stai:Þ;. (1969), it n'as ìnlt-rccessarJ' to rerirove i.ire

sourccs of ii.re varioils :taç'cot's i.n aLl of tlle co¡nÌ¡iriati-oir.s descriiJed

f or tirc. iirtcr¡l-inc. 'Iiltrs, 'uhc ef f oct. of henollh:lge rvzrs strtclicd in only

a.or1.e i n qroll r-rs of a.niliia I s "

f t was plerrioirsly sllo'ù'rr that spJ-enj.c dener".¡at j ln tog*ci:iier'

rvith rci:roval of thc a(ll'enal glancls ancl kidrrc:ys sigi:i-ficai:.11;' rcdttced,

but; cìrc't not ¡lbçl ishr 'uhc splerric va-soconstì'.i.c'[i-on f cil].o''i,.i.ng ilclìorrlìagc

(ur'r,:r,roarrv alu. i Ltt-, ;Jæi. Sriit-è ,jcii¿'v¿-Lii.;;, a,i.-i -J..-',-,1-.-r-1,-,,;, ¿1;',:

hacl 1itt1c. ef f ect, it i.vrrs collcllldc('l that angiotensiil f or:'nration sub-

seclLlcnb to ::cnil1 rclease f rom thc hiclneys rvas ';he causc of 1-'¿¡1 of the

spl enic r¡¿¡sc.rconstrict j-on " The cause of the si-guif icant renraining

r¡as<-¡conslriction was rlob investiga.ted.

'I'Ìre present rcìsul.ts show that the renoval of 1:he ¡..,:'-t-u'itilly
:t,.t: 

;.::

o'l r.rrci -i n addi i:i crlì to cìeirelvation, adr.'ellalectoniy, aìl(l rlepirlcc Lorny

(Group 7) <:on¡rletc1y ebolishccÌ the vasoconstriction. Tl:us, in adclitlon

{n a'..-i¡Ja'¡"i'. ..j- ^r-a ^ In '.1 -rr În i¡lrrrri-l-:rn1. t,OlC, il'lLV dII:3aV Ls'tlÞ_L¡i, VcLÞ\/l/r L:ìrÞtl.r 4rùv <lIJPLjcr. Þ Uv IJ¡(¿J clrr -Lrrp\-'r

{-rr¿: ¡'-'1 a" i rstl'icl-ioir f ol-lor.ving henìorrir.age. Sil:ce tire r¡aso- , , .::'LiIg Þl-,IçrtlL. \'4ÞvuvllÞtr.r\,tIvt¡ l\rrf \/!Yirr6 rfsJltv¡r¡¡út;u. L¡-!r¡'vv 
......,...:..

const¡:i.ction rvas cornp-Lc.i.e1y aliol:Lshecì, it rv¿r.s cor-.cl-udc'<1 tl:r¿¡t al l-

extl:i.11sie ví.tsocorlst.rictor-' f actols ir¿rcl l>cen l:'eniov<.tì. Ti'lís ii';,rs il con*

1.ras1;1:o []re in{;cstinal r.'¿rscirl.ar bed in rvhi-cir a snÌe1l- r'a.socronstricl.icrl

s'cj. 11 l c-jtìaj-i:ccì j-lr ¿urim¿ll-s suìrjscLcd to inlcacina.i cle¡lcr'.,'¿ltion,
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aclrcnalectoùry, nephrc'cLomy, anci hypol:irysecton'15' (Grorip 2 and 2s) . Since

the seusitj-vii.ies of tìrer intestin¿il. ancl sp-l-eiric vascular beds to intra--

vclrolrs inf r-isions of iLng;j-oterrsin vrcl:'c vcry s j.rrri l ar (see secti.oir 3) , it

seerns unlilio.l y that tJie srnal, 1 rcl'raJ ni.ng r¡asc¡collstriction of i.he int.estinal

vasclilar bed r';ils clue to e,strarena.l- sources of rcn Ín as was s'.rggested

earlier " lf tÌri s rverc- the case , the spl-e nic vesseis alrìo should he.¡e

constTic'Lecl . 'J'hr-rs, it rvoul-d apÌ)cal: that sclne other unident j.l-ieri vaso-

cons'rlictor a¡çent rvirich affects 1;Ìre iirtestin.e but nct the spf een \¡as

].lL\/o I ved .

Af ter nelrhrectoniy aud h¡,popir¡'sec Lomy (Grou1: 8) , tÌre spJ-eníc.

vasocorrsll'riction lvas s;igirificailtly cli:jl:feren'[: f:rom bol-]r'thcl res¡-ronsc

in con 1;r'ol- aninrals (Gr:orrp 6) ancl thc l'esporìsje in anim¿lls subjccted to

snJ.eni.<: clenei:r¡ation. adrenalectornv. nenhl:ec1:ornv" and hvi¡ophvsec'coniv

(Grorr,p 7) . Thus, in conti"ast to the intestinal r¡ascrrlar bedr tire

crrurnithai-ì n hêìârze5 a.nd/'Of SeC1'etiOll¡; f ¡om tlf e adf¡¡nal ,c:'l t:trdS aT(f,v J 'tLjJçe

caFable of causirig a si:lenic v¿rsoconsLïiction âfter henior':-'ha.ge, a1 thougir

th.e r¡asocon,';tr:iction is smaller than that: o]¡servecl in aniuial-s rvith 
i,j,.,,,,

il-rtact org*all systents " ltre role of the s5z¡np¿ f-hetic neives in the slllenic ;::::r::":::

vasocons'¿ri-ction is consis teirt rvi th Lhe observations that the ext.ent " ':...._

of autorcgu1al;ory escapc in tire s¡rleen is slnall axi(l tha1 there is lj.ttle

prog-ressive j-ntpairment of tire s1:J-crric res¡ronse to ner\¡e st.i-nul.ation

ruha:-. l-1ro crr'l ani ^ f lC¡lv iS reducreCl f Or' ì-Oitg 1:c:.-iOdS; by partia.[ OCc..luSiOn r..:. :.

.,'. ..

of {.hc splenj-c artery (Gr:ecnri'ay ¡ J.â\vson¡ ancl S i.¿rrlç, 196Éì) .

flr ttvo 1:r'egnr.rn.t crìts, s1:1ou.ic dencrlrrl.ion, aclrcn¿rlcctonr¡',

trcllhrct:l.oiiir', .'.llrrl I:\'l:ol'¡h¡,scc t.onr5' clicl no1. conpletcly abol-:i si: thc sirl crri.c

\r¿!so(ror.sl;r'i.ci i-oll f riLl ou,i rr¡'; hc.ri;iorrlra¡-1t:. 'llicsc r"csul-1s srrg¡gcst that
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other vasccotlstrjctor l-act.ors may be ímpoi:1-:rnt in the splenic vaso-

cor]s1:r j-ci-i-oir iir pregrrant cai:s . ìlowcver', ti-;c--sc tvere otrly p:reliminary

cx¡rer"irnc;its ancl fu:.'thc:' irrvcsi ig¡a-t. j.orÌ of tlr:i.s intercs l-i.ng irroblerir is

reqrriled.

'I'ire i'e1¿rtj-ve contlj,ì¡tit:ì.o:rs c:f vasoprcssin, an6riotensin, and

tire syriipathc tic ricr\¡cu$ s;1's;torn to the s1:1cnj-c vasoconsl-i'iction in

ani-liiaf s rvith in1:act olgan sJ¡stclns canuot be asscsscC f roül tlic present clata.

Tbep:coblems i:r relation to this were clj.s;cusscd in section J." Deter'-.

niinatiorrs of the bl"oocl leve1s of vasolrre ss-i-r¡, angi.otensin, and ci¡.'cu-

J.atiug ca i:c-'cirol amine s, as rvelL aG an estirilril j.on of thc ra.te of f iring

<¡f the sJ¡Írpa1.lle1:ic ll,-'i'ves to thc splcorr-, u,ouIC iJe neccssarj: "

th.c spJ.enic iveigh L lesponr;c wasl c lrol-Lshecl Ìr¡' ç1gt.tr¡ati on¡

n.lyo*r'J p¡i-¡_rn¡1r l '.enl1r-a'a.f orny onrì hr.r¡-.¡¡_r1h¡¡spetninrr (G:-Crf¡l¡ ?\ HOu.¡er.¡el,

ne¡:hlcctoiu\' -'lcl h5'pc;pÌryr:ectomy (Group 8) cl.icl not red.uce the response "

Thtrs, bhe presence of the nerv-es and adrena,Ls rvas suff.icicnt to cause

the sal¡.e resi)onse a.s tt¡lten all factors were opera-t:ing si.muItaneousl.l'.

Prcvionsll', Gr:cenrva¡r ¡rixl Starlç (l969.) had shown tha1. splcnj-c denc:i'\ration

and aci¡:'enaf ec{.omJ, alone completely abolished Lhe splenic conLr¿ict j-on"

Tirus, the s1:1enic contraction folloling hcuio::i:hage ¿rppeaïs to be

mer-liatccl 1-.y' the s]¡nil)athe {.ic nc'n'es and adl-'eÌì¿ì1 nreclrrllar¡/ sjc('rct j.orlS,

\\,hi1e \rùsol)r'cs$in sccrction and angi oteirsiu l-r¡llna1;ior1 appear

lrol-e. This concl-usion i s consistent ivith the ef f ec1.s

{-n '--l ¡rrLv Pr¿a-t

of i.nftt-1it.'cl e

5Íor1s \¡:isôìlrr.s'qi rl d ìr{ rrnl- r'ârìqn snì ntti ç:r ¿L¡r1,

conl;r:acti-oir , u,hi l-c air3;i otensil catrsecl con-Lrac.l,ion onlv in .lalgc closc.s

(Glccnu'a1," r.r.ircl Si tr'Ìr, 1970) .
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ç9r!r9l_v4r9å.

Foi' encli gl'otl l) of aninlals, thc lneair valitcs f oi' bocÌy ricight and

control f lorvs ancl artei'ia1 plessul:cs are shorvn in Tabl.c 5. The weight

range oÍ' thc ¿ninal s ri'a s slüal1 and ihere lvcre no signif -lcant d j f f ercnces

anlo1]g tho' nican r¡¿rlu.cs iü each sclies of c:,rpcrimr¡nts. The contrQl

flori's and ¿rr:r;criaJ. lilessui'es in thcse c'xpcrilrcnts rvci:c rncasrlrccl apltloxi-

r¡at:cly onc l'iotilr after: conrplctio¡r of the Sulrgor.'y anC rvere not sLlJ)stanl:iaflJ'

diff elent f ro¡rr th.ose previorislSr ¡qpe::ted fr.¡i' the' hepatic arterial

(Greeniva¡r, Lat'rso:r, and [ÍelJ-ancler, Lge,'7), the splenic (Gleeüt'ay and Stalk,

1969; tI.r.j-s 't.hesi.s, page 83 ) and the j-ntestinal (1;his thesis, page 53 )

r¡ascul ar l¡ecls; .

'rrâ s,31ìr-eS S i tr- T nf r.r_S i, ellS**.-+

Thc res¡toltses i-.o intr'¿rvenous infusions of \/asop*ressin rvere

stridiecl in the intcstiiTal, s1:lenic, ancl hepatic arterial .rrascriJ-ai'becls

as descl:i.'Irct'l i-n tlie mcthods " The infusion rates r¡aried f ¡:oru 0 .57 to

5'7 "O ¡tü/nrj-n,/l<g bcdS' 1vç1*¡¡, Thesc doses covcìlred the ratige f roirt

that causing a minilnal ol¡servab].e response to that causing cl'"r'cli-ac

arr'hythmias. The ciose-response curves are sltorvu in f igti.r'c 2I ancl

cach curve reFires€.'nts tire mean + S.E" o:f the I'esponses i.n 5 to 7

cats. Dt Lhe in1.c-stinal aDcì splerric bedsr \¡esopl:essin cartse'(i a tìiarlqccl

cl.ccreo.se i-n cond.uctancc, aucì thc corrcsponcling vr+1.ues at eaclr. close I er¡e1

\\icl.'c nol; signi.L jcanl'1v ctiffcrellt (l: > .5O, uirpaired t-1.est) " On tllc

othcr hanci, vasopl:eÉìsiu causecì ¿rn increase in concìuctauccr of the hc¡:atic

¿rrtcria. l bcC. 'Ihe rraJrres at cìoses aÌ:or¡e 2,3 lllll,i nrin,/ìig v,'ert- si-gnif icatttl¡r

clif f c:rt-'n 1- .ilro;¡ thc (ìoi'i'(i,..ll)L-\ì'li-l :iug¡ r'aI-ncs f ol:' 'i-hc' inl.cstina.l aì1d splenic
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1UBLE 5

lfeans -r-. of thc valu.es f oi: bocly weight, arielia I itr:essures,

ancl contrcl f loivs in 'chc diLfercnt groltps of cat.s.

\r! vq IJ rt Gloirp B Group C

(llepal.ic LL::tcr'ial) (Splenic) (Iirtesi- j nal )

Rorìr; rvr.ìøhf fl<o'ìv \ --Ol 2.7.t-O"O'7 2.9-¡C).19 2.8+"û"I7

Ar-j-c'r"i;:l rìr-escrlre (nrn I{g) I2O + 6",1- I34 +- 8.0 lzJ. + 5"9---'-

Fl-ows ^ (tnl-/:ni.n/l<?:)

23 - 3-8

-1 ,) , C ,

32 + 2.1

- !r^l-p +; ^ 
.i1¡1-âa.i q 

.1

- qnlan'i n ¡i'J-oi'ia1

- superioi' nleselrteric
arterial



-; :,r!. :";r.: :i: ":,i:

HËP,¿\fie hl,ìTEiìY

SPLFCi.¡

50

ancl intestiu al

ìl^-il 
^ì11." vv ^ \.ÌJr !
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r 80
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ût,
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li.g"Ig*?-1,. Responses of tl:c,

¡,'ascular i:ecis to ilttt'a-r¡enorrs

1-
sents the ¡reair * S. E" of 1,1're

J"-I

C0f\'¡iltJC i'iqftCH

(% cür'{TRL}t.

¿t,þ -a.::-,,.:q;'"ê-l

v/'.stFRris.si

^ fF{TE*cïiNA

s lic

i\.1 niUf minf t<g

lrr.':rq{-i n o ll r:r.-i nl cnl ¡:rrì a
tJl/fv¡Ilv,

i.nfusions of vasoll.r'essin"

r:espcnses iil 5-7 cats.
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vascrrl¿ì.r beds (p ( "01, unpaired t-.tcs;{-).

Tltris, int::ar.¡cnous infusioilf; of \¡asopressiin causie intes.i{.i.na1

and splenic vasoconst.;-'iction ¿rnci ¡L'¡:a.1.i {'. ar"1.c¡:i¡-1 vasodi,l.et¿ltiorr.

Alløi o f .cns in l rlf t:S.ì.o:ls .

'J']ie res¡ronst:s to iu.t::a-r'er;oris j-r:tfusi c¡;.s crf atigiotensin rvere

strrilicd in the i.nie:;tina1, spJ.el j-c, arncl irc:¡ral;ic alter"ial t'ascuf all beds

as descrii:ecl i-l-r 1.he methocls. Tlic i:rfusion rates vãried frcm 0.004 tr:

O"4A Ug/min/),-g and cor¡ered the rsngc f:'om tl'le dose crr.using a nilrilnal-

obselr¡a-bl.e rcsl,ìclls r: to titat caüsi.;lg calclia.c al";.'hy {-hllii¿¡s . The dosc-

rcsl)onse cuïves are showrl in f igtrrc 22 aird e¡¿ch cill:vc ::epresents the

mcan + S,E. o-f the reSPonseS j.i-r 5 to 7 cats. Ang'iotcDSi)1 c¿lusr:<l a

decrease 'i n ccn.drrctance in a1l. th¡:ce vascul ar becls " At all close

ler¡els, 1,he val.Lies for thc intesLinal and s1:J-tlnic becls rve::e not sl.giri.-

ficantJ-y differcnt (p > .10, unllaired t-test) " .¡1.1 doses âllove O.L pgi

nTin/Jrg,, the response of the hepatie vascular: Jred t,a.s sigrlificantiy

I ess than tirose of the i¡r'uestiiral and s;pIeni.c 'treds (p < .05, unpa.ii:ed

t-test)

Thns, intravenous iufusioir;; of arrglotensin catise niarl<eC

in1¿cst-inal anci. s;pleiric .;¿rsoconstri.c"Lion ancl weal< t esr)(:otts1,ri.cti r.¡i of

thc he¡:atic ar'1.eriaI r¡ascul.¿rr l:ecl
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Disc:ussit'rn

FolJ-orvin.g herncrrhage, the hepatic f r¿rc bion of thc carcliac

output cloes noL cirzr.nge. Iìo\veveï, this res¡;.onse is the net::esult of

intes{,inal and spleníc vasoconstric'i.ion and hepzrtj-c arterial vaso-

dil-a.tatj-on (see in'crocìuct.ion) . Stucli<-'s of thc' nechanj sIn of the int,es-

tinal- aucì s;clcnic r¡asocons trictioll havc su.^gestcd that vaso¡rrcssin

secleti.on ancl angiotensin producLioir ¡r1e.y irnportei.nt roles in 1.hese

rcsllorÌseii " Since hepatic a11;cli-a1 r'a,socij latation occurs f oJ-Iou'ing

hetnorrhagc-, j-1; fol-loivs that the fsctors catisirig i.ntestj-naJ. and s1:lenic

vasoconsl..riction cither have no cff cct on the he1:atic arterial resi-s-

tance vessetrs c)Í' l..ha-t thc:ir ef f ect is cou-n'ueractecl ¿lncl '¡ver.'r'.i-clclerr l¡v

sone othcr vasodi-l-ator uechanisn¡" T-f r¡nqnrrroqqì tt .nd .r'raì ai ar.¡ j:r ¡*tlu i:rilgIt-) LellS-L 1l A)Îe

i rnnor"1.¡nt i lr f:he snl a.rrchn-i c: resnonse 1.o heriori:h:¡.r::c " therr i.ntl"¿.vencus

iní:usic¡us of tiresc agents j.n amounts lil;cl¡r tc be found in 1-he bl-oocl

during hemor::ha.ge slioulcl cairse a respol)se silni Lar to that.ivirir:h occurs

af ter: hemorrba¡¡c "

Under iclcal conditions, t.hc l¡loocl f lot,s thr:orrgir each of tire

inl:oq1.-i n¡l - sr')lenir'- ¡nd lr¡nnf ic arterial beds Should þe recorclecl

sjntultanci::usly. I-Iowever", tiris requj.rcs thrce flowÍreter pl:obcs u'itlr

niagnel.ic f iclds v'hich do not j-nterf erc with eacir other wiren r-rsed in

close pro;<inri. 1.y. These Nel:e not arrai-1¿l¡l e so that each v¿rscr¡l-ar bcd

wes studied sep¿Ìratc15' 1¡i gl'oups o{ rand<>ln1y selectcd ca t.s of sirn-ilar'

\\'ei gil 1; ,

In.t:r'errcnous i,nfu.siorìs of rf¿ttioÞl:essin causecl

anrj slplcìnic va¡:occnstri-ctj.clu anci 1;hc senl;itivitics of

nìal'liccl i irtest iu¿rl-

thc.se br:cì s rvei:t:

\'cr-¡: 9ji¡1jl-¡r.1'¡ lJrc llt'1:a1j.c a.r'tcrial bt'd clilat-c<1 " triiixiilal i'r:i;iroirses wclc
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oìJtaincd at j,nfusiori ::ates of t0 mU.,/nlin/lr-g of body welght. .A.ssttinlng

tlre ]rloocl vo.lurnc of l-]rc cat Lo bc a.¡.rirroxi nratcly 50 tttl- /kg of bod¡r vic.:ight

(Grc>cin, Rowlancls, ancl 'J-iloirras, 1965), infrrsious of \/asopl'()ssitr frorn

0.5 tr:.10 rnl/rnin./kg Í'ot" 5 nj-nui;e:s..';oLr1d ì..e expecl:ecl to procluce bloocl

cc:lcentratir:ns of the d:'ug frotn 50 tq 1O00 ¡rli,/ml- in a 3 kg cat. Thi.s

c¿¿l-c:rrlation âssulìcs no inactir¡ati r¡n of vasoprcssi-n during; i.nf usi-on "

I¡ol-la\vi ng; sevel'e hc'rnr;lr'lia"gc i-n tl:o cil'u, Beleslin et al- . (I967) reito::tcC

that thc ccnr:cntral.ion of varjolrressin in the blood increased front 16

,,11 /*,1 {-^ õ,.1\1'^\-jma.tcJ.y 75O ¡tU/nLIru/ '!t' 
úv aIJv'v¿\L Clark anci Rocha e Sifva (1967)

f ouncl tli¡lt the bloocl leve'Is of vasol:ressin in the cat rose r-rom a

control r¡alr-re of 47 ptU/tn]. to 1020 UU/nI five uri-nutcs af ter.ircmorrhag-'

arrd r.cllainc:ci iri¡3il aI. 753 þLT/nti- t',ven {-y nrinutcs af tcr hctnorr'hagc . Thus.

J_l'lo trno'o

intrar¡eno'.rs i-llf ursiorl s of vasopressin on the s1:lanchnic r;ascular bed

¿r::e con.sistent rvith the postulatect rolc for vasoprcssin rlr 1:ire splauchnic

response to hernor::harge "

flitlave.nous ¿Lclinin.Lstration of ancioûensin cairsed marÌ<ed in-

tcst inal and spì r".nic vasoconstrici.ion, anrl the sensi tivit j-es of thesc

tu'o l¡eds i o Lhe clr'ug tele similar. Angiotensin also constricLed the

hepatic arter':i. lr1 r'r:sis'¿arìic;e vessels, l¡ut to a lesse:'exl.ent.{.han l,llc

intcst jn¿l alld s1:lenic -ue.'sscls, nlaximai rcsptrirses to augioLc'ttsin r','c'r'c

oiri¿rini;ci at. ;r 1;pr'<;-.:ir¡le'i.uly- 0.2 lt.gir¡'i.t't/I<g of botìy \\,ej.ght. Assuriiing; t.Ìrc

ca.r'cìjrrc orr t¡ilrt of 1:lic ¡:-ncsthclizcd ca.t to bc ap1:r...rriiniatcl.5'.l lj0 trrl,/rni¡r.,"

liÍj (Greelì\\'e,y rl<'! Lat'son, 196Cb), then intrar¡eirc¡ii..; irifLrsi.ol.rs of: lì-tìliic)-

tcr.rsin f loitr l).0rJ.i * û ^i2 ¡i.t¿i':.,,tii1.,/ii{l \ïoul.cì ì.re e-;';pcci.c'cl .1-o pl'<.rclu<:c ¿rl:'tct i.¡i

,;--;: ;il-^r::;i-=1-=:ci :::" tl:::: e::p::il:i::nis 3:a''irr{.+hì

bl.oocl after: hcmorrhagc, aüd thc effect.s of
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tlo si rlli { i c-al|l: ttCCttinul.atiOif O.f ltlìo' j of.r-ilsi lt dllÌi "" r'r'n 'i '¡r'¡'i rrr.r-n iuf rlSiOn'r( r.¿¿ r. ¡¡ É

pcrrio(l " IÌ<>cìgr:, Ì'lß, ¡ì-ì1d l,¡er-rc (l $67, cìog*) s1.r-rclj-cd thc :.'ate of clisiappearî*

ailcc o-ll a.Düictclrs Ln in \/AIiollFj pcriphcro.l r'ascula-r lJcds, Lhey f oultcl

lnat tt'|-'7(;"i, oí. ii-rl-risecL alrgiol cil.si l-r di.sni)l)(ìÐ.rîcd :Ln onc pasisi¿ì.gc t:ìrloiigh

nros1, \.'a.sìct,rl.a-r be ds. OnI1' the lu¡gs; f a j.,Le d 'co Lcrirove angi-oteirsin.

Tliese rv<)rìçoi'f,; couclr¡clecl that 1;ìre half *1:if e of ansi-r.-l1;ensi-n. in the rzasci-rla-::'

s-vst:en J-s a¡tprorinratcJ-¡' one circu,latioll. t.ir¡e "

f ,,r. .\..^-i ^l-^-.-,i,- .r.-^."-. +l-^r ç:r¡L.\..1 ¿ -r *rr6r--t'c¡rsi.n f ro¡l; ti.Lc circulat:loi'1 , it

llic¿rnt accrinulation occurs cluring the i nl:'usions

Tiris calcula.ti.or-r assuntes there is

^.,., ^'Ê 
:¡¡can--¡¡:i ¡¡

nli l- c.l lic nroi.'r{1¿ì gc of

p,g/irtj.n- j-n t.be r:a-tc

I¡r vierv of the r:rpid

the obl;crvatioll t.liat r.'cco\/ery cf the _[1o',v responsc

rrlrl i ì¿ol r¡ l lrr f q'i orri -v¿¡(r e rrrb¡¡¿

1'lri q i q qrrrrr¡¡r-J-pd ì¡'.¡

f o11 ou,ing cessafi iolL

cf all j.lrf ilsi on r',ris rapicl . ihc f olriiat j-on of angiotcirsin rl'.rlin.g' Ìrcrtr;rrhiige

l_s

f u dcig:;s, ilod.ge, I-or,ie, a.rrcl Vane (1966) r'eporLed that

l.tt-26 ml l:lclocl,/ii¡; ca-uscs an i ncrca-sc of O ,25 - I .5

^-c ^,^"-. ^."^ J- ì ^- ^ -'t 6çrrL,,. a Lr.v'1 ."rrcl. an increase of 0 " I - 0 .33 ng,/mI in the

4!: ¡ .-+ a

i-n. arterial i:loocl" Scorni-lc and Paladini

coDce11 {-rati-oiL

(7964, dog)oF rrrc'i r-rJ ênqi n

reportc.d ÌrI cod

1i.i;t1e \\,olrli has

l evcl-s of. 2 "4 ttg/ntÌ. af ter scvct'e licnrorrl'rage. Ul;f oltuneteJ y,

becn clone in t:he cat" Assurni.irg thc data in the cats to bc

simil-a.r to iiia t in bhe clog, 1;he clclses of angi.o'Leilsin j.nf used iu 1-.he

llr:escnt exlier-inients a-re not Ltrìlilie thc anrot¡nts for¡l:rf j-n 1.he bloocì ¿rÍ1.c:r'

Ìreilcrrl:a¡¡c. 'J'ire :r'csi:onses of thc lntestinal. ¿ì.ncl sp-l cnj.c vascu1¡rr l¡ecls

to ini;]:avc¡1o'irs ii:Jl'.ts;j.on:-; of aii¡iiotci-isj-it ai'c C<.¡nsj.stùr1-t- riiti:i thc postulated

rolc f or '¡:il-Lsi agc,rit in theiI' l'cspotlsc to l'icinollh..,rgc.

Sìnce in1.r'a*¿rr."ic¡ria-l- aclmi-n i str¿11: i L-n <¡f c.ii:hcr' \¡asoìll,'cssi-lr ol

ar1!liotr-'11,iitl ciLitr;c; ìic.'¡..ri',t.it' l.L::'1.c1'iiì1 v:.iiì()cL)ns1:r'j.ci ic¡ii (sc'il ilil r'clrlrrc:ti.otr),
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it seer¡s 1íkeIy 1;ha-t the effc.cts of these agent.s ou the helratic arterial

bed du;:'ing herno::l'hãrp,c arlcÌ clurín¡ç intrar¡cnous ¿rr1¡nir-iistl'.'aLion lnus1. Ì:e

cou¡rteractecl ì.ry fìoÌìre \/ascclii-¿rtor mec.hanísur rvhj.ch opPoses the direct

acti-on of tircse aplen.ls. Such a rnechan1sm is es{-a.blished. As cliscussecl

in the introduct..'i-on, a dccl'e¿lse in portal \iein flow ca.u-scs lrel.åxatioì1

of t;hc hetra l.;j.c rirte::ia1 resi st.ance vcssels ancl , as llaD.son and Johnson

(l966, d-og) pointccl oiit, thc' data is besi exlrlained on the i¡asis of a

tnyc,gerlic respcnse of the

;- .'.i-"-¡i-l^1-LlI s-ttrus()tLl¿1r IJt CSStl}.C.

hcpatic artc:r'iolar snrootir miscle tc; changes

'¡'httc it appe'ars th¿rt therc are no fr:ndallrent:aL

¡,'F l.I"/\ ñr1't^rlìñ i*rt-n..{.ì..o1 --.À Iror:nfi¡uJ- r.lru ÞlJJ_s¡1J-(-, f.ll L uÞ LL!L4L, Alludj-.f f e::cnccs arnolìü the responstrs

ari;cr"ia1 r¡ascui.r-r l:cds to vasopressin and air-g¡iotctrsiil . l{ot','cvcr, in the

heplri;-ic artci'ia1 bcrl , tirc vasoconsl:r:i ctor actions of Lhese cl::ugs arc'

colrnl;eracted ìry a uryogenic r¡asodil-a1"at-ioll seconcll.r\,'co thc decrease in

t':or.f.¡I lrr:i¡r fIr;rv. Trr 1:ho nrosrr.rrf exnr:r'imcn1.s. l-Ifr: nCt I'csLllt fv¿¿S a:¡:lv¡¡ vv 

' 

!

vasodi-1a1.atio11 r.vith r¡asol:ressÍn and a rveak vasoconstriction ri'ith alrsio*

1:ensin. Ho$,evc1', hc.patic arterial florv was lrreasulled after the splenic

vesscls h¿rd ber-rn liga Lecl ancl- thc splc.en rernovccì " Thus, 1hc nryoger-ric

vasoclj.lata-tor lrrechani.s¡u secondary to a decrease iu poltal \/eirì f 1olv

rvas paltialJ.y actir¡ated and it. seeÌrs lihely tliat the effectir¡enes$ of

tli.is mcchanisur iir antagoÌiiz-ing 'uhe dir:ect constr:ictor ef f ects of vaso-

'^"'---i.. '"-r ^*^-:o1:errsin ìs lr:'ohalrl\r o'i'eíì1r.r'in t.hc iutact aliit:iaI thatrPJ. s-Þ;,1 ll .l¡lLL 4l¡ùr.¡. - r-- - ^ *vIJ'

i n f'rrn rrv.ncr¡rr4. ^xlJct'inìenLs.r.¡r \. trf

On thc basis of prer¡ious !\,cr]<.anci thi: r'esults cÌc¡c.ribecl in

tiris thcsis j. L i.r; l;ossil:l-e to clcscrj.be thc overall- rc.sponse of tilc

sple:r<:.1:r.rj.c lesj stancc-' r¡csscl-s to hcnro.ri'hagu-. Follorvin-- Ìrcn1o¡-¡'11¿¡o6,

t:'l'! ::-¡'a'
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pot t¿ìl vej.D j. lorv clecïeases dr.re t,o n¿rrkecl ini:cs1;j-nal- a.nd sirlenie vaÉio-

c<-rlistriction" Vasoil'cs:;j,ir sccli:1.ion f.r.'<r,ro tirc,'¡litt-ritai'y g;1and aucl

angì.ot.cns;in pr-ociuc.ticrì r,jilbseqiicnl. i-o rerrj-lr.llel-eâse Írorn thc kiclircys

nrrìrêrr. 1:o r-,1 i¡\r nìì ìnl vn'i ¿'c i n i'1ir: nte¡Chaniglii O:f tlfC. j_n1.eStitr.aI anflr'¡L- J \/ ¿

splenic \:D"sosoDSt.rj.ctj.on" Thc sy)lipa t;llctj-t: net'vcs arlcl .rdreÐal rncCulia 'l"v

s;r.c.r"e1. ì or s ììrir'\' a.l gç ¡.¡l¿¡r a rolcl -i n t.lie rnecJt.¡.ní stn of'--*- r"-.'-,

Çoi1str":i.cl,i rin büt l.he5r çls not appc¿ìL rl.Q be j,tiLpor'1.an';

of i;ire i-irtesti il¿rl r¡¿l.soconstrict.ion In conti.-¿rsL 1;o

constricl;ion of thc: in'l.estinal rr-irt1 s1:lenj-c va.scrllla¡:

irerno;.'r{ra3ìc-', Lìro ìreparri(j ¿Ìrterial :.'esisie.lrcc vcsscl-s

'l'ìr r' :l l:l r. ìi i t-. \irr q o.-

in tire mechanisiir

thc niarkecl r¡aso-

hedc f ni'l orr¡-i rr<¡

diiate " '1iri,s

v¿tsodilal ¡-t j.or1 is; pr"c;bably a rlyo¡-;-cllic: rel-axatioì1 of t1:c hepatic artc:r j--

ol-er slÌoc¡tJr liiu-scie in r."csponsc i:o the cìeci:ce.Fje ir iror't:ti1 vein 1l-oit'.

'J'he ltepa1,r.c a.l:telliar vas<;ar.tarA t.lon ¡1¿y p1a.V au irrr¡.rù.r.'i.¿ÌiL i'uiu rrr

nla-j-ltâiTtj-n¡J birc- oxygerl sullply .bo tlie 1iv.-:r " Under conditions n'J:erc

por:ta. 1 f l-oiv cìecrLrases, a qllantil.a tirzely smaller incrcase iri. hepati.c

arter:ial. :[]-or',, u,crrl.d lir: suf f ici-ent Lo ¡ìaintain the ox¡tgen supplv to

1.he live¡:;
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A¡pg;r.J j-x .l : P.ecoacìinji'tg"*t¡:l3_tgå

A) Ffc¡w

Flor'¡ rvas recoLclcd us j Irg a IIycc.rt::on (Os1o, Noltva¡r) type 372'

el-ectrorrragrr.ol.ic f 1or,.,¡lie'i;er. A norr-cannli La-ting clectrorrra.gnetic f iou;meter

,r¡nlrn rrrì r-h on i r1'r¿g¡11¿¡1 Cli¿r¡letef <tI 2 tntìt \',,aS C.hOSe¡ JleCauSO thÍS SiZe

providcd a snLig fit; rvj-th the artel'y, yei. ciicl not cffeir a rcsistailce to

fl,orv a-s jucigcd by i.lie lrrcssulîe cllop across ti.re probe. Thc florvme'cer

pl'o}le was stea(ìicd l:¡; t¡'ing i1. to ¿r. l¡ricromete::-corrbro1 led screw cJ-arnp.

ôner. l",ronoll rz trrlsitiOncrì " the t):'olto nnd r:l nr:nr cOu-1Cl bC ttil;vecì Scvei'a1

milliriteteïs in any clii'ec'uj.on u,i.thor-rt affectì.ng flow oï zelo floi¡,/

caL iblat i c.xr"

Thc si.Ena-1 :í'rom th.e f lowmeter rvas :f ecl intc¡ eithcr a Gr:¿rss

no I vørR nh (.tvÍôrle-L 5(i,) or a Beclitt.tÍ:ul D€11 recorc.er.

(i) C¿l1il:ra1. j-or1 of tire f lou,nieter: .A.t th.e end of eac]:

exper: j.ìrlelrt, tire f lou,me i-el ivas cal-ibratecl as f ol-lorvs.

I-Ieparin rvas aclministerecl and the superior lnesicnterj-c a.t"t;er:y

tvas ca.nÌrrilated dou'nst::canl fron thc probe an.d c1atn1¡ l:ut pro)iinìal tcr

zulir ¿¡1.tiaf branches. 'Iheref ore, f 1c-¡u, through the ca.tr:ru1¡r v.'as equal

to thc-r fl-oq' through the florvuieter prol:e. Bloo¡l \"'as collc'cted itr a

gracluatjecl cJ¡linriel anC the vof ulìre ancl iinìe of col-.[ecticn notecl . From

'f-hcse nteastrr(imet-rts tilc f loli' in m1,/lnin cculd l¡e calculatcci a¡rd tlii.s

f lor',, n'as rc:plcscntecl Ì:y l-tre deiî1ec'Lion of thc rcc:order. The c¿rl iÌ.llation

\\'íÌs usuailv ex¡:resscri in nL/r¡tin,/[.¿ f I scale cìef IectÍou. Set'cra.L clc Ler-

nrin¿Lions ri'erc utade aud tlìc rrrcirì.ì uas; used 1;o cal-c¡-il¿lte thc'fl-oli's; clti,':'iu¡ì

l lr rr rr\-ìrAl'i ¡rr.n J-
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In cxper'.i.lnc¡nts on tl:e sPlcnic vasc:rrlar becl , 1.hc peclicle to thr:

s1:lecn r,,,as ticcl ê,ncl Ìrlood \!as c01lec'rr:ci f ronr a cantirj-a. in thc heltartic

artcr';' (sce fì.;¡irc 2).

In ex¡;e;:'ilncnts ou the hcpatic ar"tcri¡¿1 vascu,l,ar ìrccì, the corjnoll

he1-.¿'¿1., ârter.,r rvas ticcl. an.cì l.¡looC rva¡; col-lerc:tecl f::oln a canrlul.a j.ir tìre

s¡r1cir j.c rrtc:r'¡' ( scc f i¡;-irle 3)

(i j ) l-ineali Ly i It was ¿rsslurrcd that the f lorv i:assing through

the flor\'Ì:robe was lineirrlS' rc+la.ied to the defleeL; iol1 recorded bv tJrc

f loil'lneter.'. Ttri s $,:as checl,:ed i).rri-odi-czr1J-y as f oll-o\,i s.

Hepariir ri,as adrni rr j,sl.cred ¿rncl the su-pcrior mesenteric ari.ery

ï,ras c¿l.nuulated dovrlLsl,re¿ün f roin the f lolliietelr probc-. a.ncl scr"ci'¡ cI¿-1nì11 and

pro;iiliiaj- to an-¡' a-rl.erial- b::anches as clescrii¡ed aj,rcvc fcr tjre calil¡ra.1.Íon

plocedirre. A circuit hacl l:een constructe d so that blooct drainiirg f ront

the carurula passc.cl thror.rg..h a- gla.cluated cylinder ancl tiren int<¡ a small.

reserr¡oii.' . F rorn the rcsci'voi.r, the blood rras liuripctì (tlasjcclf 1c:,1 ,

Colc.-P¿rrlner:r Chlc:i3o) bacli int-o the animai- through t}:e ;:i.ght jugular

vein" 'Ihe r¡ol-unie oÍ the circuil. \jas apllroxirnatel.¡r 10 n:1 . lVhen the f 1or''-

nìeter Cefl.ectiolr \i'AS steacl5', thc outfloiv fronr the graduated cy1íncler was

clanrpctl " The tiine e.Iarpsed bo collect 5 in1 of bloocl rvas notecì ancl this

¡rlor.ricl,:,d a cli.r'cct. iÌeaslirenerlt of tirc f 1oü, ra1.e t,hicli u,as ;:e¡r::cscntecl l:y

the f l.o',ir;tr:'cer clef lection, Controllcd r...¡clttctions in f 1or,,, rvere niacle by graclecl

clirnpii",g of tlle srrltelr j.or' nìesLìiìtelic erl. et'I¡. Thc f ic¡,.i' nas exprc'sscci as

¿r ìrercu,r:tagc of 1.lic: -il c:'u, ç'h j-c.ir Þ-iì\'c a f ull sc:al-c-r dcf Iect,iou aucl thcr

rc1¿rtic'ltshilr of i.l:r-,.fl.ou,to tlie floü'lnetel dc:flectiorr is shouD i.n:figur:'e

23 " 1i1r-: ariipì if ic¡r L j,orl u'as var-i ccl ancl 1.J:rcr f lo',v rao3;ecl Ir.orn l-0 t.o 15O

iiilz/üij i.i, i\ltcrc.t j oni:i o,f 1.ire licril¡.t<;c:ii-t of f irc c:ilclrlnl::lngi bf ooC Jlrorn
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F Iou¡¡',ieter cje ÍÍcc'i ic:t r!-'ilt

*-ff.-'q__?.11"" ll,elatjous!rj-i: of su¡re::ior nesen.Le:r'ic arte¡'iaI f lov¡ r¿l'Les; to

l;he clc,[f ecti.olt cf tho -[1o'rvrneter:. Flou' ra1.es lvere n-rca,srrrccl l,r¡, col ]-cct.ion

of blo<¡ci atr.d c'xi:r:'es;secl as pe-rc<.:rr'uLrges of tire florv ral.es',vhich gave a fulì-

scalo clc::f Ic:c Li<;n of tÌle :f loii,nretc,r'. Open tli. liïrqlcs - f 1<,ru, r,ertrrcccl Ì¡\,

ciatilpitlc; sr.tlrcrior: nlcrser]te"rric ar{.c-r.';.; clo$ccl cìi-¿¡;noncls - fl_oi',,rccli¡cc-'cì J:v

blcccìin¡¡ Lir¡ j n¡-i 
"
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27% to 4!% dicl rro'{- char-rge the calibratj.on of the fi-ot'meter.

In ar.rimals sub jcctccl to hcnrorrhagr:, art-er"irrl prcssur(' decl'cascs

ancl the slcc-:incl;rv of t:he artery wÍthin the f lon'¡nc.be:: plobe rnay chan.pìe.

TIr,.,'¡'ofor^c. i n ¡ctcìitio¡r to rccìrrcíng f lorv tlirougìr the supcriol lncscnt-eric :.-Þ _ *- 
.t.,.

,:'.t _ :.'

al'tcr¡r b.rr cJ.ar,rlri)i-- tìic artery, florv rv¿rs al-so r:educccl by stc¡lvisc lelmoval

of lrloocl fro¡n ti-re aninal, Arterial ¡rrr-'ssult: fell from 100 to 4,A mrir Hg.

tnrr¡,:.r,'r.¡r,intclrìn of tþe fj_oq,to Llori,rnctc::.. cleflcction is r.eprese¡1 ecI b¡r
t-:..-

-.,.
the cl-o:;ed clj.alnoirds in f igur"e 23,

It t,as coocl.¡ldcd that fl-ow throug'lr the flou,lleter rvi:.s Ii.ncarly

¡:e1¿rt.ecl to the defl-ecti.on of ûhe.flol¡neter. This lelati.oirs;hip held

rvhetire:r ff orv was rcduccci by cl.ainping o'r' f;he su1:erior mesenteric artery

or hv i.errrov:?l r>f bloocl f ror:r tb.c' a¡rima1.,'. J

tJ) Pf cr-;su¡e

lrleai:i presSulres lvere rneasitred using Statharn pressure trans*

ducers (P23--C, ll23t\C) " l'he signal from the transclucer rvais f ed j-nto

oi J'.lroi. n G:'nqs riol vn¡atrTr 6¡ ¿ fl6'aì:ñ1o11 ñ^h ì'^ô^r'rlcr, 
^11 

VeSSel.S \Vere

caTlnulated using thin-v'a1l-ed polyetirl'1.tt" tubing, the bore size of u,hich

was .l;he rn¿r:;imuur size pernri-tted b)' the vessel . Tire cannulae ivere f illed

r'¡ith 0.97á NaCL conLaini.ng hepar:in (2 mg/tn].). The zero rcferencc point

f or all prcssrlrc rìrcasrlremcnts r','es at the lcrrel of the ri¡¡ht a tri.um,

approxilli¡ì [e1¡r 3 ciu abo.,'e the operating te.ble. The tr-ansducers were

c¡-.l.j. l)r'ni:cd and 1:i.ncarity chcclte cl b¡, qtt.trr,tison '*'ii.ir the pressttles on Í1
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C) Splcuic \ireÌg;Ìit

Cp-1i.Ì:i:ation: Ât tl¡c encl oÍ'ci\/ery exp<:r'inrc'nt thc sp)-c'nic i;ccli.r:1c

u,¿rs tiecì a.ucì cut, A chang-e in rccol'(-led v;r:i¡';Ïrt. caiisccl ÌrY thi.s l.irocerlu:"c

rvas clue tc.¡ tension .on thc pcclic:ie. The spleeu \i'a-s remo\¡ed leavilrg 1;he

ci:arì1c ¿inci ri,l'Appin¡4s of Lhe spì ecn. TIrcu scries of ue i¡¡irts wet:c

¿rclclcd to the crad-l-e ancl a cal.i.brati oli Nas ol¡t.e.inecl .
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.A¡lp<:n<l'.i.x 2: Ef f ect. of Long Pel j.orìs o-f l{vpovol eni.a on 1.he Iir.Lcstinal

Va :-r oc oiì s 1. r'.i. c i. j, <;n .Fo ì. J, t.rtv i l g IIc-'ttt o l' t" I r i ¡c .

'I'jrc; ilt¡-:llse vùsocolrsl.r'ict;i"on of 1-ìio j.ntcst. j.ual. rcs j- st¿rnc)c

ve:isc'l s f ol-1.'.lir:-i:g liclnor.:.'hagc ti,as i','c.l.l i;l¡.j,,.i-,,.i rrt'cl f o¡.' the sixt¡' rrlinttl;r: ....
l.l:.

hy¡rorzolerlir: pc.ri.ocì (Grotips 1, 3, 4, i.s, POB-i.r'eatecl). It lr,as of

iirtclest to invesi:i¡5rii.e -t;he rcs¡:nl.1s(t ovcr 1-orr2;cl r pei:iocis of 1.1irrc.

Ln /+ c¿¿ts, b,Ì-occì v,,as relno\r66[ g'l 6t¡,]-¡' arid conl-i.nttouF:1.)r trrrt 1

ar1.erjal nr€lssuí'(,,'fe1l. to 50 lul Hg*. 'liìereaf l-er', the a.rtcri-a1- p.i'essiire ':
. ' - - ':,

r'¡as maintai.ned l:et'rleen 35 ancì 50 riliri IÌg i:¡r ciiber rerìro\zing; ol t:ctttr:tri n¡; ..r: .r:.

su1a11 ¿lrìcli'¿iolr¿r1 r'olunes of blood. fn 3 of the a.nirn¿rls tt'i1.ir inlact

or-garÌ $ys1.cìûs, r;lie L"csl)oÌreìcs \'Jel.'e l.'ecûrdcd f o.r:' 3, 3 L/2, and. 4, !i2

houl's f ol1ori'i-ir'g t,he on:;et of hc.:nlorr"ha¡¡e, The ari;crì.al 1;r'c:r;sules and

rzoliluies cf ìrloocì reno\rccl are show¡ in Tabl.e 6. The vas;ocoÌ-rstri-ctor"

l'esinolr s;e 1.o extri t:sic f actors \!as calclll ated ¿¡nrl the val trcs f ci thc

nle¿Ìl1s are shoir'¡'r in f ì'g-i-lL:'e 24 (solicl lirle). V¿rsoconstri-ci'ion occt:;''lrecl

durin3 the inil.i-:i1 peliocl cf blood rerrroval anr:l rvas ri'r:l.i lrrait.rt.ainecl for

{-}.a ¡.nì'i r.r, ^âr"i ^rJ oÍ StirCìyr I r¡\1!r 

.:,.'.,,

One of the aníma1s rv¿'rs sr,rirjecteri t;o intestinal- denelr¡a1;iol , ^-":''.

nrlro¡rlnc-l nr¡r, cnrì rrcrrhtcjr'J-(lnì\/ 'l''ho rlilrlì1¡r'v \\,íìS Ie:ft ilfi:ifCt, ThC .t ( Laru

resllotÌses \\¡erc ltecorded for E hours. Tire ¿rr1:eI'ial- ])r'cssi¡1.'e5 ãrlld

\iolr¡nÌcìs of bl.oocl I'ellcl¡L-d are sllo\,ln ín Tal¡l,c 6. 'fhc vascicons Ll:i.cto1'

¿' a'' 1 cul.e.tcci ¿¿ncl tlic,r resu-l,ts ale shori'n in l-'igtrle 2r1 (bi:olicl ,,, :.,¡L-È-lJvlr-!\: lr(Lù L,(i:L:Uj(1 uç\t (-¿r1r( ctl\t òti\r\\11 lll J_f ù1tr.t\: 4'J \¡JJ.Vr\çIl .,...,

l-:ine) , Tiie \'âi:rocotrtrii-.i.'i.ci ioti w¡is rvel1 rnaint.¿iined :[ov thc I houi' peliocì.

It nrust bc crll:iras'i.zcci l.hei; tilesc c.xpt-r:inlc'n1.sj are ou1¡, 1:r't:J. j rttiir:'.t.'1

;rirc.l rcrlni::c r:onfir:lrr:rtjo;'l . I.lc',l,cvcr:, tÌrc'.y clo srrsges.l th¿rt thc r¡tsoc()niìrrr't-c-

r¿i.on of the i.nlestinal. rc-sistarlc:e r;c-ssels fo1Ìciü:ì-rig ìrelrtoyrlir:gc is t'cc11

rrli-i.nii¡..ine-:cÌ cìuIj.ni:' sct¡ct'¿:,1. hottls r::[ lr1'poir<llc:lti.i.a "
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Ii¡¡gig-ÍJ:" R,-tspc¡rtsesi ciulitrg :ruc{ '¿1ter slo\v rcnlo\¡a:l af bloocl irr 1;hree cats

\vitlì j.Tltcc i. ()iîgiìll s],Stùirìs (soli-ct l ilrc) aucl it:I ()11e cr'.1: suìl.jcct.cd to in1.es-

_ ,^; r,r; +.,1-,-Y {.-{.^Ct *j-, L Li.t.L ( (u -) r.rr L 4t j.l,t.:rI cle'ric1'\r¿i,i; j.,li1 , âclretl¿1 .l.cctorn¡r, ¿itlCl rlcpllt:'(ìctoin)'

(l:rokcn I j.ue) " Su¡re;.'i.()1' Jìiesentc:yi" alrtel:iãJ- f lcrvs a-re-\ exìlllesscci iì.s pel'-

ccìì).tr¿rs-csj ofl t;Ìle pass j-\Ìc) f 1o.,vs c;{}icciccl Jlrorii tllc c.}iel1gcs i n al.'t<-'r'i-zrì 1)}'cs;r.;uLcr.
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rl.irlieuii I >; lì ; Iì.er; ¡ronsr:;.; of the: i.n1,es1.i.n¿¿I \¡asr:ul-¡r.r' Ilccl tc.r Spi,anch¡ti.c NcI'r¡c:

S 1. i. lnn ,1. l {. i, on

l.'cl- lou':i r:g-. Ìrclrlorlliä¡:,c i.l:c::'e \\,4 F a il .i-i1 lcll:ìe ."'a socolts Lli-c i. i-on of

t.h-c i.ü1-<,:s t j.iral. rc!ii ;,; i¿itcc Vesí;el i; (Gr'<-'u¡: I) ; hou,cvcr', thc intes't.in:i1

iiilic,i.'t¡aii.r.;;i <ii.cl ir<;1. ¡Þl,rcui' Lo 1;J-a.y a. r'(¡l r, i.iL. ihi.s itcs j.,ûnsc (Grorrp 5

aì-ìd j.)l-rcn.:;{ybc'i;zar,ii.rLe Li'e¿lte cì ¡¡L:c;r-ip) . I t u,i¿s }loss j.b1e, hou,er¡ci' , 'í.Lta.t

rli'.r in¡.rl¡ j. ií1.y o:[ ihe ne]rrvLìs 1o c¿rl¡sc j-ntcst j,r-r¡.1. r¡asoconstrj-c1,i-on ri¿l.s-r

a icsnl t of i:rjui:,r,' 'i o the ilcr'.'u(:rs cluL:iirg lrlecenrcn.b of the f l-oru¡le1:cr.

i)rolic ar"or-inC Llic: supt;: io:r nc'scn1:crj c arl.cly (scc rnctlrc<ls) , Thls

pc:ssii:i-J i. {'1i 1i;1c i-nvc's'li gai'.ccl }t.'¿ r'c:cordii-'g thc vcnous oiitf 1or'., ro,cjlJoúsc

of tlle ini,<,'sti'-nai vasc:rl1¿:rl i¡r¡r,l to s¡rÌarrchnic nelve sûj-nlrial;ioir 'oelio::c

¿,.rrid a-ft.¿r placerric.ui. of the ^f1t)r',,r;retcr prcÌtc arc,.r.lncl 1.hc: su1>c::'ior rne¡;enir,.r'j

¡1^J-¡:_¡-1¡ 'l.hì q r¡¡rìq rìni¡e in 1.lf e .Fnl lfrr.rt-i 11e- Irji-ìV-

ilotli ;rclr'¡rillrJ. gluinds u.'e re remove(l and hydlr-rco,.'i isone (5 mg,/1<g^,

tolu-'ç6rvi-.e -ri, Upjohn Co. ) r,as ac'lnii nis'{-ci:rjd int::¿nt¡-tsctiJ-ar-1¡r" l'he sripelior

mesc.iri:cric veítr \!as car'lnul.atccl . A cilctrit liad J:c.en constructecì so thaL

ìjl-oc¡cl , 11r'airri-itg frorìr tLrc cai-ri::lrlll , passecl l,hrough an extracclitoreai fìow.-

nìe Lcr ljroìle (3 nun cliarne-'t-er) ancl then into a. s¡ua11 rcset'vo:i-r'. li rotaly

punil) r'e tu].irecl 1.hc. Ì¡Loocì to 1:hc an.inia.f tliÌougìi thc i'ig.ht jrrgr.r.l ¿r} vc.rin.

Thus, tÌre r¡cnous clliffotv fr:oi¡ t,Jre iutc,,stincrl rrÌscill-al' J-re{l w¿1s urc.aslifc¡cì

ancl i;irc si:ii('.1'io,'- urcscnl.eric ar:1"ely u,as ur-¡cì j.st.rrrbccl . Thc. J-ef t splilnchrìj-c

Tlcl-',¡es rt'erc cut

i rr qrr r I i.rl 1:lr lol r rrh

(7-7O volts) of

suppli-cci f¡.'olri ¡-

s tilrli¡l.a i.Lrrn el'c:

GIÍìsr; Sj)-5 s l- j¡r;irl rr'fcr;'

i,,.--i tr¿rrrôo l-h 1tl n rlì nr.tì1.,ì,rì¡ nr,À llfe 1fCf.,i.¡lìtCrr:al C;f.t-lS

bii:ct1ai' 1tJ-nf inirrn r:iu¡¡; erlccr1 t'';i'ìes. Snlrlanra;*irì1íì1 pul,$(ìs

2 rlsec. cù"rrati-ot iìr--rd at a f le:qÌlcnc:y r---f..' 4zlsec . \\ieL'(-'

" Tlic f Lon, r'c l:u()r'rÉiesi to ncrr,'e

:;Lcilü ia :ii.grtrc: 2$a. Floi'; cir:cr.'c¿ìl,,cii ririi-r.'ìic'<Ì.1¡, iltrr:.ì ng
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I*.,1*i-.q_åir-, llestro¡.sc ol: su1:,.:r.i.or.'nc:scnter:ic venolls.tIoli'to spl.al'!Çhnic

rle lrve st.iri.iu.Ì¿¡ bioì.r lic-[or:'e (a) ar]cl ¿rf tjer" (l:) p1¿iccrne¡rt oÍ tìre f l<tryn:otcr
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the:fi.r'st 3C scc. of stj.nuts-tÍon ancl tlicn "autol'egtrlatrtry esc.apc"

occrirrecl . 'lìrc rcsÌ]orlsjcs .;,o;is sì ¡1iÌ¿rr to 'Lhosc lrcllcrl Cccl b3' Itolllow,

l,c,.ili-s, L,un{lgleil , lic11:.,irtic:', ¿rnd lr¡aJ I cn ti¡l (19ti4a) . Thcn tl¡c.r strpc'r'ir-:r'

tnoser^ric'1.'ic a.r-t.r-r.ç¡' r',,¿rs cii-s;l;oo1.ctl frcc froln sur:'r'oullc.iiilii nef'v'es ¿lncÌ'l; i-ssi:e

¿iu¡I a. t1ol.t*cl¿rÌili.Ll1ri1.j.iig el,cctromagnc'{.j.c lll<¡ii'ilie'í.<,'rr prollc alid scrc\','-cì.:rnJ¡

pl.ircecl aror-¡nrl the â-r'r.er')2. Nervc s'tll¡illeitioì1 \\,¿ìs repeatcd ¿lnd 1.he

ltcrit-10tiscs â-i't) si]()\i'n in f igurc 25Ìt. l'itr: res¡)oì1scs v.¡cir'e ¿r1]úost 1clent.:L<:atl-

i.o i;.1:ose c-'Ìltíii^neC prio:r to PJ acenient of the f lorvplrol)e alroltncL the ¿rÌ'tor")'"

'l'i,rus, Í;lrc tcc]:niquc ir*:ccì Lo f rcc 'cJrc sui-lerj cÏ rncscntcric arter'y

f ¡:otil srrli'c,u;rcl.ii-¡¡ ner\¡es anC Lissr.re anci ¡rlaccrncnt of thc f I ovi¡rietel probe

arorintj t]re ¿r ri:cry ciid llot âLl)pcftr' to inrlii,rÍ:: I1c1'\/c 'ulansr¡iss j-o¡r.

Irr. tT¡c stud.ics of fÌrr: sirJ cir.íc vascul-al bcd, i-'l u'as u111i.l(c-1.')'

J-'ì.^l- {-1.^ c'¡ìe""'i^:rôïr'oq r,,ara r1^¡1¡n¡¡l r-i_1r¡.ç r¡11¡: f-'lO¡'¡lt.al-or- n-f..lhê ¡¡âci

1:l-acerd on ¿t scûbÍon of the coelia-c a-r''re;:y proxi.nral to the po:'Lnt. rçirei:e

thc nct"ves f ror thc coclia.c gairglion .jr;inç.61 thc arrtely (sc-'c lrc Lhccìs) .
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l\ nrrorr¡ì i r. /
' 'r'._!i::i:ji:-_-: ljJ f cc I oli llcmorrhagc i n ll¡1'q Slnll jccl:nrl f o Tlvlrnlrh\¡qêr'f o!ïtvv ¿,J

Dur'-ì,ng; cxpíll^iììre]1ta l- i'.o,r'i.^ oil the rlìcciÌ¿r-itism of 'r:he intes i;inal-

vasocor.s-L; L'ic i.ioli f c11ou,i-ttg hcrrrcrr:hage, it rvas obsel:ved tirat intc-:stina-

clcnc;rr¡ation tcgcthcl" \,!itli adrcrl.ilcctonr5'ali(l n(ìpl'ì.Ì'cctoirìy did nct redtlcc'

l-he vc.socotistrict j.ct1 (Group 3) ; hov,rever, the ¿rtìclj-tion o{ tiypcptr}/scc fionty

to thc ot-hcr proccdîìr'cs clid sigiiil:icantl¡r r'çrj-ucc t;his lcsponsc (G::ou¡r 2).

Tt r,vn S .l.hOilpJt1: 1:hnf. 1:lro n j J.riì j.¡¡ .nrr rrro c i_tr¿, ,¡r .i ¿rr. f :1 r,.1:or" nrrrrq.i no. l-h_Cvrlv¡¡].!J\'¿r'vqt1',¿rlÞ

\/asoconsti:iciii.on aÐd that reno\¡a1 of the pi.i:uitary y,,orìlC abc¡l-ish thc

vasocolrstlrictic¡n.

Th.er"ef ore, tb,e resporlses to hclliorrlrarges werc stLìcliecl j.n 3

cats in tviií cÌr onl-Jr LÌìe pitr.riialy gJ.a.nd \,,,as reìrÌoved . Tlie in Lesti-o¿rl

i-lrttert'aLi.t¡u, aclr'ener1 glands, and kidne¡'s rvcle a.11 left in'Lact. llemolrhagc

was inclucetÌ Jrt¡ iviLhcirarvinf,- irloocì rapidl-v ¿rs described in the niethods.

Ar'1;e¡iaI ]lL'essri.l"c pl'ioì. to hemo::rliage u,as L27 t. 11.4 nuri Hg, li'ol-l-ot'inß

tlrc per:lod of blood rcltri-lr'a.1 , at'tc:'iz-r1 plessrrrLì rccovet'ed 1o g4 -l- 8.7

nm I{g aL 10 nlínutes anci 99 + 5.9 rìln Ilg at 6C;ninutes. The vasoconstl:ic*

tor r:esponsre \ias cal-cul-ated and the reslrlts are sho\i,n in f ígure 26

Wi-thin 5 minutes" f lou, fell to 55% of tirat expr:cted f r:om thc pressule-

52to and 55"¡å clu::ing tlie rernai-lìi.Ìlg 55

¡irj-uutes. 'I'he v¿ì..l-L-Les \\'ore not signi-[icanf;]v ctif f crent f lom t]rosc j,n

lirotrp f (p ( .O5, r.rn¡r:rircd t-test).

Thrts, l:esirles the pj- t-rii tt"t'y, othel f actors utusl. jrar¡e l¡c¡r:n

'j.trìpo1't¡llit in the iireciranisur of the intestj.n¡r1 vasoconstl:j-ctiorl fcll. l-ori'ing

ìrrtnirlrr.irl o-o 'Iire ¡:of o i'c trvrìrrì.i trr,-rr_l c tl:¿rr-r.r ,¡âr'ì,-'.^ I r-^!.-tlrLf ¿r¡rurlLL- rrL.LL (rt ÞlgilL:r.l u9

f-1-ov¿ curve and rc'nrainccL betu,een

c.xalli-nc l,]rc i:<i1e

ân(l ¡ìclrenåìLsoJ ll;c, l<ícllrevs (Grouir

(Glo'.i¡r 5) .

aÏrcl t lrc i'ol.c clf {.ìlc itcrr,cs
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