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Todroduebion ¥
Hweewous defindtions of shook have bown proposed deving the past
senburye lone, however, is entively soblsfesbory sud thedr Lavge numbew

yofiovts the Loads

gupgy ol owr leowledge wnd undevstending of the problon.
“hoth pesndng o genorsl eonceph or gyideone robber $hen o well dofined
ontibys T4 con bo prosigely wecmmised only in its advaneed whegen vhich

ave eheyoelurined by sowe s yob incomplebely wlorsbosd ovimt or evendg

lending inemorobly bo death howrs ox sven doys oflor the end of the poviod
of #lress.

in mosb of Iis foxuw, shoek may be eonsidered o be & subocu b 2y
genevelised sarvdiovaseunlar inoud fficlioney,
Uhis bexm differentiobes 1% Lrow cheonde cenditions such vy congostive
honed fallupe, sud from wowbe snd subseube Impadzment of blosd guoply to
lponlined orensy Geges due o onbolims ov thwoubosine It differentintos b
furbber fron senbe deeths wiich way weault from the same couses which uder
diferont eiveunsbunges Josd 4o the byples) olebuwe of shuthke Uonbhe from
soube essonpulnebion end soube %mmm%gi% duaths such so may voundd Jrem
tweuan in the Nobleefoiiip deun (71) £oll tnto this eotogory.

in ghook blood flow to mwal ovgens is veduesd, elbbough the oxtond of
the veduetion may Aiffer widely in differont veseulor bods. The hlood

ply o seme orgens ney bossse insulfledent Lor their funebionel codfor

3

#® Tho 3ibop wm&a, on widel the idees oublined In dhis &wﬁm:&émm&mi @f‘@
based, dn veviewed in mﬂ«m deteil in the following ohapborss Thes
ap vePovenses o speeifie avbicios ave mode, excopd in cesns whopo maa
fuptbor discusaion iv propendod,




*

mebabolie denpnds and i this fuadeguesy porsisty Yoe Longy widofined
brzoversible elwnges in vitel organs ney develops Unce $his hos souurred,
vecovery will wob Yale place in spile of oll Sreatuont prosontly evaileble

end Who shoolk is sadd bo be ivveversible.

v etier grinary foeborn ey orerabe, o deficit in the effective

elppad wors o be progeat early in woesh fomme of

v blood volume

eilindenl end experisentsl shook fneiudi

shath due 4

wnoryhnge,; buvng

ond vardous fovms of braunn {(13,14,19,17,32,500. Verious meehonione woy
be brought inte pley by the body in wilenpls o sorreet or compensnie fop

thie sivedintory iondoqusay.  Thoms way be divided inbs tws mein enbeporiony

1) Those tending %o inerense the elrenintiag bloed volwuse

&

2} Those assnciaded with clrpulgbing the sveileble Blood volump

in the sost effeebive mnnor.

Hechondams prowinend in the fivsd @*‘%vﬁ?f?t&s{‘?; zeey 8) dischorpe of blood
Srom Tpvogorvolr avoas® such as the sploon, ab Lesch in the dog {63}, ond
perhaps other vigeoral or veseulor spoces (42), ond B) enbyonce of €luid

feom the outyavoseulsy ap

sebive elrenintion of the svallable BHleed volume would

The wost er
be puch that eeeh oegen wuld veceive Jush enouh bleod for ibs Yswvivel®
wnd Lor bhe wlniow Jevel of Tunsiion neteuanty Sor suevival of the orgeaion

on o wholes Tho megnivements of verlous dissues pud aggens obviously will

verys In shoek the extent of chengos in bloed flow to wrious vesculep
beds eleo voriens snd in sny perblouler sven i% will depoud ong
1) The sexfusion prossare or peberiel DPOSAUNGe

2} The vesistence bo Clow olfaved by the vaseuley bed in questione



The blovd pressurs da tuwn depende s the eardiac cubvad end the doisl

popipheyal vesisteonse,s the veguliont of the resislancss of 211 wasoulaw

abure of any ovgan or blosue poaw

2

windized Yo

o o o "
&b noeurs in o

iny Pontor detoss

B

it sreny sesuaing thet the blood

prassure avedleble bo old parte off Yhe body fs the seme or approsdesste

%

the gomes  Yhe gresd veristions in the amount of vesoconstriotion seoureing

i the blosd vessels of veylous Ydasues in shovk probably sye dus bodh bo

R & g

difleranees dn Whe anvud of vapowoler lawrwation sl o differences

x

s

b

tho responsivencss of e various wasculey beds 4o huwral vassaebive

agenlse. Yoy emmyde, dn thoe ahin, where Lhe nopve goppldy fo the Biosd

vosnels by edeh ond wheve wide Dlvebunbionsz in the pnount of vesoeonetyicbion

and vaaodilotabion socur wder physiologlen) souditions, wsseongbriction

andd pedaebion dn blood flow in wo serheds  Severe Yswconsbeiotion

,

in shodk slaw boles s

ChopeRay Beges bu Mo Ridoey
and bho gplaachuie nvess Yo conlvesty Blosd vessels of e hoeord end brein

ngw gwpelisd with fow sympetiedde vassoonadeliobey neeve Pibyos, o8 thodp

bhoy dhan by novvous

Blood Tlow L governed Lovgely by webabolie demands

or busorsl conglriebione  Thus thore du Jess vaeooonsbpieton fn the corebrsl

argd Goronary Yessele and the bloed fiov ds reduwed To o lesser degree bhen

i wogt obhor avoss during shoek. In other wnds, the body tends %o meinbedn

%

i

s

biood Llow W some cvgaus, soch ae the braln ov ¥he beewdy ab bhe

of obhers vheps severe Yesotonsbriobion Selwe placs. This remlbs fn o




o

dor puwbidbe

some of the owgeon In which severe vasooanabrlotion comury

gen whbthatond lowg periods of low blood Flew wilh

i devepnreble o by

Begtey bho shing others sre move sengltive to @ ol surbelinent of %fmaﬁ

supply end Lyveversible clungos sy ooours  Jevewrsl lines of ifndirect ovidence

wh it bthe Yivew may be

nghblves corlnng

dhe vndone poaibion iz the vessulor svabem, Tndesd, e warked vadu
in Yhe bleod flow Yo the Liver hos been bupdiested ns sn inpovhend factop
in the developmend of freeversibility 1o ghoole

The ides thed dhe soveve vesveonybriction wiieh securs in vesponse %o

verions ghocke-dodueing proceduren, soy hasld

&

be hemefil fo vob newy end de

wparbed by the following Tindines

piy

1} Dndusion of advencline or soredvessiine enn produse typicel shooks

e favoureble wesaonse Yo bes

P aurvlvaly and desyensod

2
o

ity ean be seodueed by spisel oond seotion, spinel ausewnd

hoging 0P

seotion ap lovsl mnestbetds bBlochade of periphercl nevves to the breoumatbined

extremitiosy thesy benefieinl offoets probobly vesulbing Teen the blowhede

ol waflon Ae sblndelion.

3) selective intevforence wilh sympethet

BT

whlvmrn by oone of

oy chomienl blodiing sgenbs affords proteetion do provps of axdanls mdiected

o bemorshaple end dvesmadic shocke

in the presence of hypovelesie, the cerdien eubtpul e 1isdbed primerily
byt low venous roburt which way be sceenbwbed by low veloelty of the

elvoulplions A veduction in periphorel posistunces gegep by moons of

venergie blockade, I¥ sol ascoelatod wilh too pueh relosnblon of velng,




| wmay inepense bhe veloelly of the civeuletion nnd produce on osverall lverense
in eapdipe oubput in adilition Yo the offechs on reglonsl Dlosd fiowe
Abthough lmpeived myocswdiol funcbion bao nobt been dwplicated as o prlwery
fantor du bhe desvonsed eowdise oulpub in vevious forms of shook, soeveyel
groups of workers hove sugpestod thed sume degres of myocerdisl insuificiency
might oveuy durlog the conpsze of the shook provess snd dhus secenbusie the
Inodeguste oubpul, |

Two therapewdie approashas for cowbersed

vy bhe affents of thig

wyegordial fngulficiency sre possibles

1) To docpense the botel periphers) wosisbonee by inbdbition of “excessive?

voasconstrdetion aud hus bo yeduge She work of the weskoned hwerd {although

n wesuiling  doevense in blowd prossure mighd beve o detvimentsl effest on

Thie syesardium by decvensing the covonayy peefusion preasure) sed
23 o gbinolede the veskened wmyoenrdion by wesns of o sulteble ohise

gojopiesl agonde

k\s

The ebjeed of the presend sbudy we Yo dnvesblgate tho offocts on whook

T

3

ol bydvelenine, <o agent wideh hes bosn used Teldyly extensively in the

breatoent of Jypevbession for o wuber of yeavse. bhough the shavmesolsy
Y oy St 9

of this dray is wob conpletely wiereboud, I appears o hove bwe nain ond

epondend seblonss 1) i locresses espdise oubpub theough an Indizect

& § L

affeet on the hoapd sad 3

&

it peoduses vesodilutotion, predoninantly in
vigoeval weatder beds. In addibion it mey produee soue dilstolion of the
soronery eod corebeal wessele. Hydpslasine thuy soened to be o pavbiculenly
sultoble spond with whioh do ebbeupd Yo wodify the development of shook

buosuse LY might bo expoctod to exert o Powursile iofleence by ineressing




enxiiies subpeb andfor by preventing the devslopaond of lvwvoversible
changes in the visgers Ly soleabive vesodilebalion withend ab the gome tine
inberforing exbtensively with advenergic vesoconsiyrletion in obher owvgans

bebber coudpped to withotond exbensive reduetion in blood fluwe




o

wlabnng A

Palior sad volduess of $he aldn see sy She cosh obvious Pestoyes

o pobionts io verious Povms of shooh, wnd dulienie vessesostriotion sad

whanaive vesneonstielotlon with

degrensed blood flow to this organ

dogpensed vabton of £1 wng Lo bhe Ceuen

%

sl oiber bypes of

fo 1909 Gesell (40} Sn his elsssicsd shuly on She sulbou siilewy glond

mshrobed o provownced deeresse io blood flow bo Lhis ovgon when blood

Yolume won doorss

wowss detressed bo o g

blowd voliw. & poduobion io blood veluns af o

wlowd Plowe In w

{dom

prasures  Uose Poods fnliosded hod weosonstrieiion tool ploag,.

or gt sde {27} demenstuaied

Blood inbte %ﬁ;m&z sptenthnd t Pouoval veatuiop

W Aednediand io dowell ws

albor graded hemoyyl

iy Lovopsl woln ol bolow the vusoulay

30 ?‘"‘%v wﬁ %méﬁ W

L 22 »k’

ropdatnnng

v 8k nle

AFERE KOS




Tonts in sup

Thisy found o

oranomesd deoy

Hvwever, thelr grons wng

vaery belevogenous and I soonm 1ikely Thalb severad of

wmve boon in drae ghook whileh ig eorrohopahad | by nes ally vorand

TR

by
WK

bett bo bhe ovgens of

y ef

et ale {30} desony

SRR ws&x "‘

ol wonal bleed flow sud plomewday £4 2 A

& 2

prbion ;aéz*%;a by mesng of elearence sthudios fu dogs wib eehed bo bournloued

.

ghotke A yeay loter sindloy sorh wm

eprriod oul on 3% poblents dn ghook of

various ebiolepies by Loweon &b ul o (613 who Pound aronsunesd vesoconshetation

by

wibh ineressed o wod o detresse In the properilon of envding

daeye Ghasrvablons on doge hove besn Turibop

gxtopded to inciude homewrthaple cud Srouedle 1idps o als £76)

whe nobed merkedly diminished vomal blood flov wiuen in the @ wrossncs of
almogt covoal Dlood pressuares. Sellurd dn 1946 (68) wsing simal banevugly

$he

sionpenge sud divent nothods Por nessunis g ronnd Dlow denovgbrabed 4

slesrance mothods beonme wivellable ob low levels of Plovs Howovery bin

studies weing the divecd mellod confizned the merhedly dindnished voual

Blood £low end ineressed venel resisboscy, sssecielly in the lodew

stoges of homorvhegie g he doge

The proncunced vesoconabricbion ond eurteiled blood Plow Pound to

exiab in gevorsl vegens in shoek (Incluiing the m; wwbiesoloanglnie

wbely) wi

o be dlgsunsed sepa noby however, be asgoeclebed nocessprily

with sn inevense in tobal perishersi resisbenge O




4

Laot that the TRR deos neb equnl the sum of poriplorsl vesislonves in
verious veseular beds,; bud because of bheiy perreliel mibor than in seplos
sreaugerent, the resiprocel of TPR eguals $he sum of reciprocsls of wll
peripheral resistoncen (103}, Thowefore sovers vasseonsizietion in a
portieuior veseulnr bed ovr buds dous mot logreese the T os much sa
whght be oxpecbed.

The bimee-course of VPR changes ln gheek hus been sbudied by ¥

il Yorle (305), snd Wiggews and Hiddloton (I08). The lstter sulhors

uged o saline diludbion wethod to estimsbe covdise ouvboud and thig method

is subjeet to the possible eriticiss of lvedoquabe mixing ob low lovels of
eardise oulpubs “overtheloss bobh groups sgroed thet bthe TP wes exlresely

yavishie during the couwrse of hesorrhegle shoehs ¥

gpeys snd Uiddleton
found an inerense in TP in the wverly sbeges in only 500 of thely dans,
the others showing eltber o decrense o & deeresse followed by o retursn to

P

dary bypovelenie hypotension

the eonbwel values, The lebe gbeges of homereh
wore usmally occonpaniod by o dévvense in TER below conbrol level.
Pollowing weinfusion of the withdraws blood, theove was o fell in 990 vawally
folloved by an intvonse shove contrel velues, wilch was again m@m‘«mm&
by o £211 storbly before denth. In some snimnds, bowevery no pise ebove
conbyol levels cocuwrred Wuoughout the ouperimends The verdebility in
the values of TP in mﬁgm’*mwgm shoel hag M% boen found by other
suthors in nore reeenk sbudien {47,52).

in sost of these shuiles, however, mo correietion wes mode with the
enydiovaseulor stolus of the spimsle ot the tiee of nosgurenenty of TP

Sbviously 48 the doge sve olrvesdy decompensnbing es indicebed by felling




e Yolune doovoess

¥

blood pregeuve ov the Dlewdd

#

w aongtont pressure,

lowey velues of DR ave 1ikely Yo be obfeineds Un the othow hond 4F they
sre sbill able Yo compongabe as shown by wlsing bleod progssurs oF lmrsasing

Bles

ng volwmey Wgher velues will vewaldly boe found.  Gensrel olovalion of

£y s

in hemorzbagie sheck hos veceoily besn poevoried by Bendugion ¢b ole (79)

sodl By Dok (8} Gimilowly Reynell ob ple (82} Found ingvonsed in

pabo b

sorrboge, ol my sonslsbend ebanyes wore evidend in prodreobed

henoeringie hypobonsion, Taviboruowve, Insvonced eleebrical soebivity in

the progangllonic syupathetie fibres derlng beworebaoie shoudk bas boon

deronnh

shed by bowl and bonbas {9).

e peaningless wlesy ovnlunted

dn mfm’wmm W the topdlowascnloy slobus of the meimaley sud 1% soons thud

%

bofare don

e Logrense in

doos enist wsundldy In the eavly sbeges spensnbion
mebs iny sud In sowe enses apedin afbor reinfosion.

The congidernblons of

allel avpsngessnt of replosel vegoular

bods dn ¥ho boedy ledlenbe, bowever rethon

in madntedning blood pressuve 3o o tn

&

& od blosues, sight

be beneiflelely nob m wueh by mednbednieg bloed jressure, bub by redisteibubion

off the seedlable gurdine ouboud Lrowm gk Yo wesgonsbriahed srens,

Thome in wiich vessoomsteiotion is loss severe. Forbhorms

blood pressure. The suel) effech whigl b be of luporbanee
in the erlticel sbtogen of hypetonsion dn relotdon o the perfupion of the

oerebired ad coronary bDudd.




GEAPYER X1
The Bole of $he Liver

Thip oxgon hse besn the aubject of apovial stiendion in studios on
anperinentel ghoek snd bas boen huplicated in the developunt of iveoveprse
ibility o %@mﬁﬁ‘@@im&e invelvement of the Liver mg%& be reloted %o the
3@9&%3@ dependence on the pordal %:@ma systenm for its blosd supniye
Uognuse changes in the m&axﬂm@@z of bthe Livey affect the hemsdynomie
vhongmens in %‘é&@s splonehnie wegion, and “{zfiaé verse, bhoy will be coneideved
togethor in the following @fi%ﬁ%ﬁ%&iﬁﬁ’ie

& morked fall in blood flew wmwg& the hwpeto-splanchnge aren duplog
hemorzhoge bas been ghwwn by @W@&@&i Lnvestigators. Solhurd ot ale (89)
aﬁﬁ.&g the mothod of peviodically diverbing blood from the portsl vé:m, |
found that the rﬁeﬁm’%@mzﬁ Tiow $ell fyom 26 to & und oven 4 ﬁ;iiszggzé/ﬁ@:&ﬁ.
duping severe bemerzhopic hypobension, Although i s vessuranamb %@:mm
the liver and its vosisbence oxul ﬁmsaé@s&a%@& in erbifically high wives
of £low, sbhor suthors (50,53,82) uging the P slearsnce moblnd found
roductions in the effestive splancinie blood flew of 40 bo 754 dapending
on the severity of the zm;mﬁ@@‘ |

Hoynold gt ule (82) using an 1000

&

dilotion echndque, furtber
doncnstyabed o deckense in the ciroulebing sslenclmie Mﬂ@& volume during
hemorstegey o finding whioh supported the ewrlier obuervation of Fricduan
b ale (39) thet the vaseulow nemny s%zmmm of the porbto=hwpsiia svsbon
ave decroased in shook. The redushion in splanctnde blood volume woe
proporblomntely grecter then the btubal blood loss and esz:ammf:gw;:a%wg &

ranafusion offeot wes nseribed %o it (82).
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Un the obher handy Vesil ob ole (29) subjected Solefisbuls dogs bo

S

sie ghook apd found we elfeat on pupvivel aud hieoding

w
= -
2
74
i
=
?:
;»-; ¥

volunes, slthouyh

3,

wo wor w0 splobeinde congosblovs They concluded thed diversion of blesd

inte the splenchnie bed is nod » epitiesl fuctew in the develepment of

i prehable, therelore, bhobt e developuent of LPROVER e

befove yoinfusion sod songpabion and hesoryd

spdlonchnde viseors Lo aler o soguel bhas wover, 10 gbill

P

s bho bepsinel elvsulsdory fsilaves  In addddiony the

arpbagie shoek when sdven

sdbor peinfusion, oltbowgh siguilicent prodecblon is affowded ofber esriier

Jrrevey

robiong condivms yidity develops befopee Dloed

V)

&2

wned o the sninalde

The loportence of edequate Blood supply bo e iiver lus boen broughb

oub by experioends o wuieh e ondmals were pendered hypoleusive by soons of

heworvhogey bub the Liver Liow was sednbaioed ab copmel ievels b s ey of

sl Vine {m;

artificisl porfusions pank gb ale (1) snd Ueligman, ¥
found that vivieporfogion of the liver Lxom the dovor dog wedueed Hhe
wopbality from BEL to aboud 1370 Whe condyel avimels received donoy bined

5

inhoe bhe Jugulsr jusbesd of the gplonde velue Slniler probocblon was

obboined by other wehers whose Trested aninals were prepeved by snesbonosing

sorbe (181, vieht penal sxtowy {3) or splonie webewy {3 J} o the portel venoug
syatene

The inedecuate blood supply Yo the liver appeers therefore o bu an

dmporbant ¥ vob the ovueisl facbor dn Bhe eccurrence of lvveversible

civesistory failures Howover, the neshanism of ils developmsat is fer oo
aseadion for dlniainied blood flow tohen

wadoratond,s A thouelh oD oy




plocey o Indiented by oo ivsrensed agpetie AV axysen it fovence, § Ry

compensation iy aob oo

lete in protyected hemsyrhogy, Homedek b o) {50)

fuatiedy

*

dhue nowmel for o ghopd

denansterbed 4 nde oxygen senswmtion ron

Gine of gy bub deciloos whon the Blood yrossure fs ! ok

% Low lovels Por longer perieds of timo.

- Ubswrvabiong of roduced probhyot Wity sod ovothesabin eonversion

Lector during hemosthegie shoek b y Feeel ob ale (28} s

Dupeldon is dnew

Showe m‘:. sle {90} deswnsiesiod rolonse fvom $he livey of o

MR Ao

4} whieh wes laber fdontified o ag fereidin, The welesse of Y9

mpdorisl ¥V

wiy nebed in lode sboges of hemorebagie sold brewatic shook and wos thought

o be respnnible Yor 4 decrensed regpansdvensss of the small blood vessels
cheosvad in iveeversible shocke I wem denongbratod by these workers What
wherens nowned Liver sliees wero eupelde off foecblveting Vi undey sovebie
eonditiong, bl was vob biue of Yivers from salmsls in irpeversible shoclk,

¢l dnnetivodted

In addldon, livewr slices fvem wals mede vesighanb o Ay i

For 2 howrs in tho abavoge of oRygens wherens sormel Liver slices
foiled o innctivate the matovial wider aunsvebie comiit blons (113} lowever,
the hypotbesis het the poloase of VoM by e lver bosrs n eangal relulione

ship o e development of ivveversibili by de gquestlioned by o faob thul

#o loererne dn suscepbidility $o sheel vesulbed when tissue VI W

artificsily ineressed prior 4o the oxperiment {497, 1% is pos suible,
thawefore, that 1t moy be ouly ap nesecinbod phonenentie
Whon Pyuole gh sk {30} wnd obhovs i%"?yé&f} sprbed provection of dops

galioubed o hesoreh ahouk by w@mﬁm wblon with andibloties, %t. Liver
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Proteebive sotion of Hympathw-idrenadl Tlockades

The fdes thet sovere vascconsbeiebion, which vcourg in regponse W
vordous ghook inducing procedures, mey anctunlly be %zss:;m&‘zm hos bewn refarved
o previouslye Iuperivonty desonstrabing Peb o shoechelike abate san bo
produced by the injestion of vaseesnstwicbing druge geve it eexly supporbe

i 1917 Helabwddge and Yveven {6) obuc

pved hypobenshon and shoek following
tho slow indvovonous infusion of sdrenpline Lor 20 nirubome Asgecinbed with
$he vise in bleod mrosvere duving the iujeehion G A elevation in portel
venug pressure, which porpioted ofbor the infusion wos dlgeontiowed, Yhe
latber wan thowht o be velabtod do bhe splenchale eongosbloh eonoeiabed
with phoole Similew elovebion of perbel prossure afbor reinfusion of bloed
in expovimentel homoyrhoglie sbuok was digeussed in the previcus seehion.
These ém:;z@ﬁﬁ:e@;ﬁ%}za BORG By orbed by similer rosulds obtuined by Brlonger sad
lingnor {Z‘%@} who found slso that the pablvlogicsl chenges in solmals &?ﬁ%gg
foliowing adrernling infoglons wors idiobinguighable fron those of enimels
Aving =8 o resuld of tpmuedic shouke

Hove wecontly Vreoman {33) shoved Bhet prolesged infuglon of sdrensline
vosulbed in o mexhed deerence in blood volume. This effeed wee blocked by
orpotenine. The peroduchion of shoek by prolonged infuslon of edrensiine
{34) or nowsdwessiine {331} hon Deen reporded bo bo sssovlabed with the swue
high morbality, hemoconcontration, decwensad ploans vodungs low peripheral
blood flow, and pothologicnl findings chorncbevistie of shoak produced by

athey proveduren. These findings sequived Bddibtions) dwmpoplonce vhen high




blood levels of adrenuline were dononstredved during hevoxrbegie shotlk (300

Procedures which interfore wiblh vasceonsivictor poibwoys wore o

gukte early to the stuly of shwebe In 1919 Helesnger gl ale (37} vhaspved

Ly

R

thet shotk wes induoed move saslly in bw doge «lber sahdonionl syepothocbomy
than dn conbrol audliwdse J%é‘ﬁ&%%% Bhe eondddien of the sulusly was very poow
and ene solually begen b slip fudoe shoel before lhe shoshing pwosedove
wae dnkbiebede

fovestlgeting Whe luporbenee of “noxlouy” sbimuli frow the lujured

wrens in the ebiology of shooky D'Shouginesey ond Blese (751, Swingle eb el
B 9 R i L L2 R PR

(94} and Vong (99} obsexved » more fovourable yesponse t0 bruusn, Lenger
sarvival and deveessed merbaliby, folloving sosd seolion, soinel smwesbhesie
of loenk coacelbebie blodkede oy seebion of poviphewsl norves o Hw

treupnbized exbprendtion. The intervupifon of the «fepent Cibres, ond

e deeresse in vellex wopethedie sb Lon wou probably the wein Dagbor
2l B & & 5]
rogpongible, bub the diveot section or lphibition of the sywpathetic
npogongbeictor pabbways ses probebly slso of iwportonce o some of Yhese

&

exporinenbye.

soblossberg sod Sewyer (85) desvumbended $hwd sympebhoctonivod wnd

srpobminized cede, oe night be expected, could be rendered hypolenslvy,

a nopnst gondeolss  On fhe

by wiihdpswel of soller volumes of Blosd &

obthor bhond Frocsun ob ole {35) showed Whwdb 3 swmpmilhestondesd dogs vosiobed
Lror e et &

hemsrrhege bebber wnd supelved while 7 oub of ¥ conlyols dieds

regulbs, however, ave Gilficuld bo ovalunie buetause ellhsugh
grouns the blood prossure was redused o eempareble levels, the blewd

Toss wes dedinditely weller in the gywpuibetionived vnlunlse




Chemicel blothing sgends elss hove heen stown o oxerd o burefioial
influence on the ouleere of hewmorvhoagie wed freuwnsiie shoek in varions
laborotoriess Hele Wiggovs gb sle (107) used dibevamine in dogn sbjeched
to 40 to 43 mm Mg henorvhagle hypotensien Por 30 minubos. Bogs probrentod
with 10 to 195 mpmfigm holf an E;umw before hemorshege hod o higher mertelity
Bhan the contyols in spite of bleeding volumes less than S0% those of the
sontrolse They mm;%s:& the goover response of the trented snimals m e
ioability %o coupensato shordly »{lax the sduinistesdion of the vathor Lawge
dose of the blevidng vgenbs In o socond g;eari&a of experimente in wideh the
whross wven somewhed incvedsed (35 to 38 - gl dibensmine wes sduinistoved
20 ours before the experduend, he m@%&%y wog 707 in 20 eondwol doge
w407 dn the same number of trosbed endmels. The differcnce altthoush nod
‘:'ammﬁg {p = Golly @i&g}‘fﬁ&‘f‘%@& & bonoficial influvence of the deugs  However,
it in popsible thel the | lover wmorbelity way howe boon due do &5.3&?&"633%@%3&%‘%@3? 25%

siopdleor moxinel bleeding volumes in the trented growpe

In pioller exporimenty, the same eubhors (106) repsrbed that ndnindgiretion
of only 3 mgg@ﬁ&ggm of the drug helf an bowr afber beglnning of henowshege
rosulbed iu o deorense in mordalily from 700 do 109, ‘ﬁam difPerence in
Bighly &iggmif;imm‘%s.v Although pone ééi%i’f@zfmwm in bleeding voluwes hobwoen
the trented and am&%&% snimals wvore vobed, ﬁésw were nost pronouneed bobween
the survivors of the tw EROUPS, Yhe sontiol Patelities ond bweated supvivors |
apposred to be quite compareble in this pospeche

Pemlnghon gb ale (78) olso obleined pignificant proteciion by the use of
5 mgm/lgn of &ﬁmﬁ&fmﬁzgs 30 minubos boleve groded hosorehoge whereas 15 wun/lum
did not offer as wuch protection ss the peeller dose. There was vo Aifference

bobweon "Sebal" me@ﬁ:&mg volunes in the coubrul snd brested groups, although
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the subthies QA4 not shebe wpthey this poforred %o u

1 bleeding volume

&y bloadi wh e dee of peinfusion,

niviat fobed wubeons fo besorrhesd

w fn dope sad rabe

s

ghie veeoconstrivtor sabivity hos besn eonfipmed

é‘&&%?ﬁ ’“ﬁ*’{&ﬁﬁ@*&”wﬁ; Halls 285G, §,§“§§$

. ehdorpronnaine (54). . In some of ihese experiments
Aew dn e dresled sudsnlse

T belows oy while so andeed is
souneeted to o Dlosd vesarvols one rosuld dn o ssedler wlume bled ool or o

&

s upre ond $his difTerenae mmﬁ& B wempwmible

speuter volue of Blesd &

S

ot
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Fop gome of e powd veouilis perddcned shovo, Sl

]

wirery the fuot

differongon in Wosding volugen wore welsbively wm A1 end bhe At fovenven

in mordodity weve wh sfw.w, augpents o boneficlal nflvenes of he dyags

sporh frow any offeed witeh thoy nighd oserd on blood loss.
Beck (8) and Lobs ok als (84 whe pen thodr conlrel wnd teonted animals

Loy

in pureliely devonsienied Mad do dibevswing twented degy thore wos o m

o

v i eurdlan pubpady prenter ox

¢ & ameller pedusdi

sonspblons grenbor oxvpen tressnort spd lowey lovels of oloam mm&wm@

sibropen o drented bhean in condeel sodunive  Smaller doope

sap dn Ponsd
blood Flow snd sreller lugresses in vesel vesisbooee derdogy hesorrbege Follovwing

%@mﬁ@;{m hovy beon Soumd by Prendfonbwener soff deller (161

&b L welobed sampo o offer proteetion when

pey Yook (B hus showm thel

ghvas befors op exvly In She course of heworshug

no bhe dreg wes given sfter 8%

wy sigpldie ab protesblon svald be obialned v
winubon of o 90 sinube perfod of hywelonviuny slibuugh some baprovesend in

hosedymanie indices vy ovident.




Humerous inwesbigntors have demsnstzeted Yhe proteedive influsace of
wardous bleeklng sgonbs in trowetie shook. Heminghon and hia group (80}
demonglvoted o signifionnt desronse in movbelity is ddbonomine peetvented
dogs when bhey w ore pub iudo shoek by polpabion of sbdondvel viscexn op by
il tiple blows o the leg. Sdmiler vesulds were obloined in weds subjoched
W ahoek in o Noble=Uolllp deum, uwsing dibevamine (4}, ond obhowe bloviing
agents sueh s dibsngyline (55,62}, dibpivcergotenine, tole oline ¢ plumbolanino,

plooroses, B.%. 28 {62), st sbhops (72).

&

wok (91} wos able Yo peoleeh from fobul oubtome in dourniquet shook

by hexemebthondu sdelsistered o the bl of rolosse of the bovrnionete, and
5 |-

45

B0 o lessew, bub sipdifesnt extent wen the deuy was plven bw hours lodeve

Ghlovopromeslog, tegolber with saline theveny, was peported to be benefiviel

5

in Yowrnigoed sboek dn wies (¥1)e ‘

Am im bhe case of hewowebapie shoelk, bhe dpgs é};};;@aw o be inefieebive
when pdndnietered in She loaber steges. Levy gl nle (62) found no protection
whon dibenwyiine or dilidveexgotamine over o wide ronge of doses, wes glven

Indbpavensusly or intraperitonesily afber drmendug abd Spoovel (91) fowd pe

effeet i doweniquet shools when heramethoniue wes sdninietered 4 hours ofbow

ﬂi‘i&%if@a

e rolosee of Yhe Sowvs

fopther showbeoning of the Wecking egents was Lidiosted by the Pindlag
of Lovy ob ale {62), et althowgh verious Mlodkiug agenbe deeressed sige
lenatly the svernll w@w&@m%w Exon dews troue, the lncidence of desths
dupiog drumsing waa lnerenseds ’"é?*zw £elb thok those neube denlle were move
frequent with lurger dosos of the drugs.  The wfavsupsble effect of large
dermtn m*; ergoboning on the pesponse bo seube hemorrhage las slse boon vepovded

by Seblossborg wnd Sewyey (85) whewsas Wiggers ob ple (I0T) found incweosed




mortality dn doge subjeoted Yo b

&

wilh Towse dogey of diben

protections Thepe findi

serfove, papdioulorly o lavger doges, with

the sodnels® shility to copy widh on poube shee aags  Furbhernore; pariial

voboebion oy

abpoping probecbed from

3

deun brewm postuleted ot the protostlon sffomded by vorious gy

ie sl due o an @ i bloed Liow, bab odght by selated b gome

metobolie sebion. Peotuocbion ¥ Fapise wad aeepoienine had swmsm,w

been ve -2 ade (112} swd Novth ool Vells (Y2). lowwer,

Those o o appabie of produsing geeglionie bloclkeds sod thus an

Aneey

in blood fiow in scuwe avsas. Tewvshey ob ale suployed 20 mow/Ban

ol by gt al. sdgbered even lovgey dosess b gownn

i34 wag produeds

v doses gorg

&,1«,

probable that with these wery Lo

e

25 eon ho seld, B

rodore, Thaed v shoek hoe

noh beon sebeldved by dvugs s foPinsg

in blopd flow.  Pogbuls aoang Lo

o superflbusus ot presente

-

Gupeiesd oy chomiond

the effents of gympullive

3

sdsenel aebivity bos boen show fo 2 vl euboons

protection frown fa

o verious Cowne of shoeh when he shosldng

v e

provedures Yo protection, lowever,

H

erany fa v bhe Lele shagess
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e Yeord snd Uneddee Gubpub in Shooke

A werled decronss in esedise oubpud duving heworshagle shwek huss been

swbed by numerous lavesbigetors (1,824,497, 70, 105,108) s e

igrors

adteton (108) found cardline owbpubs sweunding e 20 to 4578 of conbyol
alogs in the cowse of %&mm&%m Iypotension, snd welues below 200 of
Tuomsl” bave boon found by Sdwads ob ale (24) and Deek {8). Poilowing
mmmm ‘%ﬁz@é@ is olways an inerensv, the welues voopging feom 43 0 over

100% of dhe Indtiel ecerdine mﬁm% adbbmugh they are usunlly below novmede
Thore ia s&ﬁ‘%&z@%ﬁ% deerence ob o veriable wabe in gecos of leroversible
ol

Elbhough deeronsed blosd volune wd venous polturn s the primesy Postow
rospongible for Yo decrensed covilos oubpub found in henorshagic hypoes
fonslon, the poasibility Yueb 16 pdahd o dopropsed Darther as o vesuld of
fmppdved myosordiol function, wos mmﬁm%&& by Wlgpors pad his schivele

In 1942 verle ob ule (101) meswaved efocbive ceniyal wenvus pregsure

dueing homorrbopie shock. They found in gome dops thet onfbor the inibiel

dwop with bloeding, 4% wus vosboved to vovmal for shoub cus hawr ofbowr
popssbion of Bloeding, wlthoweh the erderinl sressure eenbiowed te falle
Bunilarly pormel effeebive conteel vemwus prossure wes found do porsied

durdng deberlovebion of bloed pressure afbor reinfusion. They poabuleded

Wk deprossion of the myoonydiuwm was Pespumaeible for these Pindingse
Uhgorveblong of weodvioular sltopsany duving shouk by those subbors also

ebad Sowslvenmend of the headd pusglic.

The Pisding of Uelnkebed copdiae culipub dn spibe of mozmel offective

R £




contpal venous pressare ofber zelnfusion in 30 eub of 49 dogs (102)

bl ho Lhe hypobhosts thed nyosepding

Wiy ey be oa

footor In the devolopmont of shodk, Ubhuawnile D deevessing inferiowy
vone save flow o She pressmce of wising op
Belore wod afber selntusion wove alsme

by inlerrad fron

-

wowble pregeure pulses by Opdyle sod Wapers

imivdehod covonnyy flow s o possible foctor ospousible for the

A%y beas beon oxplored

fmpoivoent of wyoserdial fueetion and $his poasibilis

Powemmy {73

by seversl subbors. Tn 397, Optyie
it

i

4

Fhow exd covorayy vosisbonce duping howmorvhasd
oy

sovonesy Tlow duping aed b 3 e

MOTTRene wae deoku

¥i:}u"“?,§,‘;¥f‘;}: el T
LEne & maiiend

Wasden the floy rose o 120 3o 40 and poersluded

above nowred woalll shorbly hefore denthe  Thoue wade oub

Lrow an the Paebor divos For borsiand

Loht have

slrenlols ﬁ‘sz.ﬁizmz. Yovevery Ve low flow duping howmorelngo

repulbed in deerossed myocerdial Lunstion. Ueevensed eopsisry flov in

g

i owns eonfipmed by Swerds gh ole (50} sod A1lbough

ﬁs w52

Sowvetl (1} ueing different vethods, IThaehel ond feodele (47} found

£low durlng hevorshage bub bhis weg probably dug o the

goptvhiat lesy severe hempevhogle procedore they aupleyeds

wybe of Soametl eb ale (84) eles sugmosd Wwt insufficiont
Sy

coronazy fhow il resudling myecerdicd felluee aspy bo o

hay oboorved o oelse in ledd ol

Pnotor in ?ag*mw

i

in opoen shest dogs Tuole gouree of oo rhagle bypolension, which




o
Loy

could be eonplotonbly reversed by wrbificeddy inorensdng soronayy

whone  whe slgnidicence of Wis vepord becones ssmevhad o gussbionehley

howvers dn whew of bhe Teed Yt o viase do lefd strisl prossure ooouryed

in 4 clogedechost dops videh bhay slulded.

6 ol myveerdiel selabolisn in onperinental honper ke

Cound by Sdwerds gb als (44) od toodele (A7) Hyoe

cordial enygen eonsumption wee found dimdnished by Hdwrds 8 &b sley bub

wis nowmsd dueing the leows severe expevivonts of laohel ond Coodsle. Soth

aroupsy Lowevery reporbod dlmdndsbied Jovinle s

prrabe ubildnnbion,

Lshed {sivont to zero)

ravety exbEpebion dn the presonee of

slovebod blood Luvely of bobh congwinnyise

e Iperd tun shook lg Toathor s

aarbud by bhe fiHd

i} ingveussd Iward sime lode in boworr rhagle hypotension (88).

seny congistent with ischonds {56).

- dn the beoed of some

&

rp Sipaiiment off syocnpdisd fewblon, perhnps dup S

Cpexdusion, sxishe in the lale sbages of hewmes whagls

typotuitslon ool altor velnfusion, ob leash in some ensesy and oy be

an dmporbent conteibubing, olthowsh probably wb o priveyy Leohop

deternlndag the ouboone of homory




A
The Properties of Hydvslasineg®,
Gross gt ple (46) uoted the hypotensive offert of hydvelonive in

1535, In the same yesy obher veporbs éﬁiﬁ;&ﬁﬂ?%‘é@iﬂg i vavdioveseuloy

{27 37,95,81,98}, sud yusorous eybiclos foliowed in

¢ gonrse lowvevers the phasseeclony m“ the drag 4o pod as yob
enmplately wnderstood,
The Hffect on Blood Pressure.

A definite hypotensive offest hng heon oblained by all investigators
in wll sposies studied, émmﬁ,mg the guines olg, wol, robblts ealy dog
wsnd figite The degres of blood propsuwre Ppll depends on the size of the
dose, bubt sounsistent effects hove boow obbuined with desos ss sunll ae

0e2 mpnflomie  Domes m«m 1 senflpm do noh vosuld dn o prector deorosse

in bleod pressuve {31}, /s he hypolension sebe in glowly (12,21,46), o
mobobodie ollevstion o an sobive gompennd. of o elow scceasion o the suse
ible sbeactures has been supposbed (33)e The L1l in ddestolic is presles

then in sysbolic pressupe {237,597} wgpenling o porishersl vasodilabobion,

hoin confizeed by o woried decrense dn TRE (2,38,%
bandan of Pewipheral Mlabebion
The wvasodilotelion, wiich seoury followd

dows wob appen®y o be due do blockade of pose

wmea W sy

abiviiye nomeditiention of vopbaln vasnelay refloxes ox yesponges

&%’?t&ﬁéﬁ.ﬁ*ﬁ m@ some &%2&%@%‘ nmﬁ%@m ai”%it izm sgwx‘m%, M‘ i wild, ‘%} @ :
o veview the effeet of thy deug in the brentoent @@3 yportensions
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S

bo syspethoninetie soines bove beon peueried by so m subbors alley

inbrovensus doges of hydraiazine ﬁféﬁ,gﬁum, 46405, W0 Iutdbibion wua

sguaily eibher E-.mmszggﬁ@%@ (45496) or fneonmisbent (45}, om we

quibe lorge mmfi&&ﬁ off the dewg (31,49,46,68,97 ). i workers bhave boen

anable bo bbbaln these oifechs (J,57,9

oyer oh ades (68} wepurbed

3

the ahsenee of E%Me}ﬁ; &i@ if¥°‘ Bl @ﬁif%%sﬁ uf adyensiive ot ing

@ &

when these drage am% E@m&&&&«iamm were given inbresavbovicily

%

inte the seno

vaugulor bode Ew pea;x*%%mxm of conbrnebion of the anlebidabing nenbrine

in rewponge bo preganglisnie shemlobien in the presence of hydealowine

{12,200 sudes oub an offect of biw deug on fg&ﬁx?}iﬁ. it mm@mag, thavelorg,
that hydeolasine bos 3i0%e, if any odwenergie or genellionde »m i
aoblons The Limited blochede weported fm probably largely uonspeelfic,

B smwmﬁ,w% by bhe desonpbrebion of siniler solegeniom o olbhow gubgloneen

yhanding {«‘%%}, pliudtein {207, histouing, sy

rlobondn, sevodonin

and boedwn ehlovide {12)

i bydenlssing hod beon thoughd by sone workers 4o offood

vosediintetion by wess of w%%;wz /%i%iif:m%m& of vasonotor boue {12,30,37),

no diroed ovidevge of sush o m"@m hos boon gm@mﬁmi géle

wey Boged erdiglielly on exporinents of Freds and §

fuidbdtion of vasoeonsirletion dn the fingers iu pesponse te veriouns pbisull,

& vy

woide thewe wes no blockede of the presuoy iines Ho

goan b rosched ©

defivdbe conclusion regerding moghn

bhese e ﬁﬁ‘ﬂi‘ monbey wu evident fvowm the previows dscossion. Uvever o nle

opted o sontead dnbibitory sellon when they fouwnd no of

{70) aleo

it Thene vorkors,

in blood Llow in the lsoloted rubb

wh bo ingronse the

HOWEVOL, Ly did pob use any v




tone in dhe vessels of the rebbit’s leg bofore sdninistesiion of
bydwedovines “he vessels in hls tipe of preperation ove Feoquendly
fully diloted ond therefore dilating offeed of ihe drug eawwod menifosd
ibgelt. Purthoymove, vasodilotion dn the swie propezebion was Peporbed
o bo effected by hydrolesine efber a wriely of wesoronsbriebing spenbs (323,
Hore cunvinelng pvidonce fn favour of » vonbeel estion hoy bown progenbed
by Hein @b ole (12) wio showed tiab hydrolesine in susil doses inhibited
prasyor vesponse o sbiendobion of the cesbrel end of the cub selalic snd
vogus verves or to clamping of euvetid syderies in the cate

It seene to this cubloy, howeves, thod the pveileble fects sugnest

¥

St o diveet sobion en the periphersl vessels is pwilmawily vesponsible
for the dilatation produgeds. The finding of pevsisbence of voimal esuer
rogonge o "%sﬁaé gtimlebion of the canbral ond of the oud Vo nerve

i %o dog by Urimson gb gl. (45) efter very large doses of ydrelssine,

s womil opposite do et found in the wab {12}, seems %o offer faivly
shrony evidense agelned eonbual inhibilion belng a mjer facbor, as the
drug oxexds compaveble hypobensive effects in the tw a@@z&mﬁa; *he
Miwieished or abeent bypolonsive effecd in splnnl preparebions whose ossure
winis wodoed by neans of azi&g}%%&i&ﬁ&@ reported by Cpuver gb ale (R0} sgodn
should rob pecessarily be sccepbod se ovidesee for o conbtysl action in
view of the opposiie resulbs eblelved by tvoss ob ule (96). The lobiew
aubhorg Tound thet hydealazine hod no offect in the spinel coby the Blood
prossure of whieh hed fellem bo 50 to &0 wwm Hg, bub the usued hypotensive
aebion weo oboerwed when the blood prosseve of the gpivsl prepavebion woe

radoed o 120 Yo 160 mm Mg by infusion of ophedvineg oy evgobamine. Thiw




i,

dndiontes Shot hydealesioe doss possess o peviphorsd dileder edfect wideh

oot be wmonifested when the vessels ase alroody dilated wss in the

splued et wilh low bloud prossurgs Ahe foet bhed diletebion obbaived

4

with hydesienine ds ool eonplote, s dndicobol by o furtheyr dvep o bleed

prosmire obiolned by sdnindpbreblon of o nibylley hisgt

3 e oy soebyloheling
sdber hydwelesine {20}, »ide bo the diffieddiy of dewonsbrubing its

perdpbered weblon in the prosunve of pee

axigbing dintetions

Further evidesse for o peripherel offeet of hydeainsine ws provided
by stunserd gh ple (93) and Sediseh ob ple (77 vho foumd sn ineveuse
i Blood Fiow in denervebed humen exbronilies sfler bydvelazine. (he
Pindiung of o wove consistent iucronse iv the blood flew in the legs aliew
dutvemerborial Huwn abfter inbeavenvoy adolaisbeetivn (93,108}, alen
fovonrs o periphozel sibte of aclion, no doews Bhe feel bhat the “WW“%
in vousl blood Piow albor tyidwelsszine ds oob blocked by bexemotbondvm (67,92}
The MiZoods oo Deglovn) Voseulow Beds.
1) iabvenition.

Hydwelesine sppears o bawe o relotively wenk &ilading seblon on the

blood vessels of bhe exbromities, both in din ond muscle. Yoyer b ale (68)

foumd o wlisht decyesww do the Llow i the degts lep vt the bolphh of the

hypobensive eoblons Vindlexly o 350 deeresss dn onll blood flow wen
vaporbed by Freds ob ple dn hunens (38).  Un the othew hawd, seme mige

o the dddn tenperatige of the Tiogers o noweld non, ond :is:xl‘ﬁay};;s@%&m%w
andt tosemic pebionts wee obladved by Aseell gb ale (20, sud Vendorbolls (93),
whorens Stuskerd gb sl. {93) snd Redlisch gb pde (77) weze oble %o show an

ineresse in bhe giuln aod wusele bleod flow in domerveted bub wet in

Innevynbed exbrondbions The Labter subbors alse meoorbed theb e oflecd
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andes hove beon abudiod

e

Phe offects of hwdvelosine on oovebied hyusdy
primerily in petienbs with toxenis {06) o hypertension (48) and in olderly

whients with senlle psyelwses cnd assoointed primayy sysbolie hypertension (58),

2

Hedhengehiel g ols {48) foumd that the hypobension produced by lwidralesine
g asseelsted with o slgeificent decresse in copebrel vaseulor vesistance
in hyperbenasive patients, sl therefore its hypotensive effect was nod

pegovdabed wibh o doerense In coreobrel blood fiows Kloh and Peselosn (98

weporbed o deerense in corebral vasculsy resivbwee and io govelwal arlorioe

vonons oxypen differvento, wrl elbher no ¢hanpe oz an incresse in cerchrsl
Blood Llow in thelr group of #lderly putionbs. In wemen with loxesie there
wis o vise in cerebral blood flow afiey hydwslosnine {66}

4} Houwbe

The effvets of hydeslesine on coronnry vopsels hove besn ebudied vnly

dn the esnine hosritelung prepavehbion {¥). vivelvsive wos found do couse o
glow progressive diletetlon lesting cboub an bouws Ihiwns eopable of
sbagondaing the censtrictoy effest of piitresgln andl of pobenblobing the

dilotor offect of sdrevaline end coredpensling lonover, fuvoersien
?

of Tewaves in the BRI {37}, supine aod even myocerdicd infevebvion (67)

hewe boen poporbod in hyporbensive pabticnbs foliowlng the sdninigbraticn

of the drwg. Conseguenblys 1% do possible thelb in Inbedd orgendsms will

fsed desresse in blood progswre due to hydrelosine, we inerense in

coronary flow mey oceuy in splie of the dilstor effeat, or the dilatation
may be inademusbe Bo meed the sxyges pecuiveneud fwposed by the ineronsed

srossiaronise

coadine sobleily, porvticulerly i€ the vessels swo alfocled by ol
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5) Hepato-splenchnic areg.

Freis eb ale (38) found en inerease of T5% {renge 31% to 110%) in
hepato-portal blood flow in 5 out ef 6 hypertensive patients and in one
normal subject after 0.25 mgm/kgm of hydvelaszine. The accompanying average
maxinal ineresse in eardiac oubput was 128%, Maxks et ale (65) observed
Thet in dogs given 0.5 to 1.0 mgn/kem of hydrelazine there was an average
rige in hepatic blood flow (BSP cleavance) from 524 to 830 mi/min. In dogs
given 1.0 mpm/kgm the imx’eaée was no gresber than in those given 0.5 égm/iigm,
With increased splenchnie blood flow there was ao agsociated ilncrease in the
cireulabing splonghnic blood volume (from 17% 4o 29% of %hé $otal blood
volume), which bthe subhors invoked to explain the inability of the inereased
cardise oubtput to compensabe for the peripheral vasodilatetion and comsequently
the hypetemmﬁ.

Effeet on Cordiae Cubtpui.

A eonsidereble rise in cardiae oubpubt sssocisted with tachycardis lhas
been veported to occur afber administration of hydrelazine by nuneroug
investigators both in animels (6‘5;68) and in vormel and hypertensive man,
(2,38,83,92,109), The exceplions which have been reported were patients
in whom administration of the drug was followed by o severe hypciensive
reaction (83,92), and patients with congestive heart failure in whom the
inerease smounbed to ouly aboub 20% {109}, the lotier within the experimental
error. Lhe usual increase observed with doses of 0.25 o 1.0 mgn/kem is
about 100% in normals, bub may be considerebly less in patients with
hypertension (83).

The stimulabion of the heert is medisted through the nexvous sysbem,

a8 it hos been shown to be blocked by hexamethonium (67,69,92) end



sympethovtony (44). lowever, 4 wny vob be sinply seoondery bo pepipherel

idstation boosuse &b appevently precedes eud oudlseds She Lypetension {68},

sdvhough the evidunes for the lndber is fay fvom ponviocing. Addibionsd
evidense syninet o diveet soblon on the lheard pusele in provided by the

raport of Oraver b sl. (20} thet lowpe doses of e drug hed no offeed om

the porfased hespt or the heerdelong prepuestiion.

Wfent op Hespleation

Hoyer b ole {68} repovied an inerense iu pete ol depth of respivebion
efter inteevenous hydpelesing. This weo luler contisned by Howks ot ule (63)
whe aleo Pound on fneresso in exypen consepblon sud in sdoube ventilebion,

ge bave

aud o deovense in arteriosvonous orypen difference. Sloiler Pindd
been reporbed by fowe ob al. (83). Abbhough the deeressed arberio-venpus
exygen difPerpuce mupt be dus bo the inevesse in covdice cubpub, the ingwonsed
venbilation mey be produced by the swe weshanden os the cazdioe offont,
Twb oy 3% mny be seconiury bo the deorsese in bloed pressure oy do o
conbeal ereilatory soblon.

In swaery, hydeelasiue seeng 4o possows bwo imﬁ%@gwﬁﬁmﬁ; efteatus
1} It produces poriphersl vasedilubobion, srobably privesrily by o divesd
aebion en the vessel wells, whieh is mneh mere pronounced in the viscowsi
vnueuler bods sueh as the splsuchnie snd wenel them in the eldn al musele,

and 2) 1t dnerenges coxdies oubpub by mesos of reflex or conbeal sbimalobion.

The reosons why hydealssine sooms o merld drind oo sn cgond fo medity
the shooh pabbers will be peesphasised in relotion o the phenoons associadod

with shock diseussed da previous sheplors of hils review.




1} Preessive vasooonsbrietion mey km horsfuly sod poy sebually be
rogponsiile for the development of lvveversible shodks . The vasedilater -

affeed of bydeplasioe wight be benefieiol in the swe woy ot olher deug

videh dosyesse blood Llow afford protection in shouke
2) Heepupe impaiement of bloed flow **'e; the livey kes boon ghown do be
an dmpordent, 1 aod crvedel, fasboy in ‘53%*;@* dovelapont of Srveversibdliby,

,s

the wejor vesedilating offecd of hydesiecion in the splopehuie and veusl
arens wight be of penblcular velos, espeeisldly becouse ite weok dilabing
webion on the wusels wod sikin vessels would vob fnterfere with vesssensieicbion
andl vedistribubion of hlood fyowm those sreas to the wsove vilal visvers.

3} e dilating effect of hydralasing on the cerebrel snd coronsyy
vossels wighd poerd spaingt o Ffurbhor deeresce dn flow bo thuse voeeulow
bodss ever 1f its odednistrebion should be sssuaiated wilh o full lo
Blooed pressulte

4} The joeresce in cexdice oubpub coused by hyienlosine sighi tend bo

sounlernet the nerbed full in cexddae oubpudb whieh oceurs dn shocl,
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Husmary

The veview of the ilitersfure welobing bo the m@%}mg@m&ﬁm of shoel
ailows one to defise shook of the meve eswson drowmbie and howorrhagle
vardeties ny o form of snxdiovasculay imm%‘;*f‘mﬁ.@my; ahingacterined by
inndeguate offecbive bivod volume, decrensed csmilec outpubl and incrensed
periphesal resistonsey ob looad ob some sbages of its developmende

The resulbing desvense in bloed flow to the witel wlscers sy lead Lo

ee  Umee bhis hos sceuryed; recovery will vob take place

1o spite of sll brewbmend prosently avelleble and the shook ds seld to be

2

Ho e liver mey be Inbimslely veloted to the development of lezevereibility

ireoversible. Indirveed cvidence supgosts $hwd Jupsloment of blood su

i1 shoole

Albhough » degeee of myocardial forufficiency mey oxist in somo fases,
it is only o @é;;mmmﬁg feetor in the developing civenintery fallure in
tpamedie and bhenorvhagle shoele

Humoyons gbwdies ﬁ‘émw Sheb dvugs vhich ineres o blood flow fib?:?“ fndevloving
with zesponses bo synpothossdrennl sobivity offord signiflewnt proleciion
o proups of cnimsle subjoeted bo byeuns op hemoyvboge vhen fhere ave 14 2
mindubored bofore or eoviy in tho eeurge of the siwek fuvduelng stress. I%
vemoing Por the elindesd siudies bo prove vhethor these agenbs will beoome

seenient in the fvestuond of

m fmporbont adjuset to Yhe blosd wolume rep
ghooke

Hydealasine pyoducons mevked vesodilabobion in Yhe vigesral vanculor
beds, probubly by o divect offect on the vessel walls, end iccrenses govdine

aevivity by means of veflen op eowbral sbiymiolion. booawse of Mese prope

orbion the dyveg serdbs o trisl in the olbudy of g
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Seversl wvagblons ey soowr in o chwinduoing srocedures.

somne b veplons &b

Auong Shose, the lntenge ‘&mg%mm«z'}t{a ion in several vaswuler beds is perbaps

bhe most steiltiugs  “he vesulbing inevsase in v 1 waseuley resisgbonee
digdndahed blood fiew buve boen deson Lobe soouwr in

8)p klinoys (3L, oo hepelos

the produgiion of hvpica Ling (%) aed

\M%E;wa viine {24) I mqﬁgmw%i’:ﬁ whion x%wﬁ?

ot bo boralud. Jmong dw veglous orgens, ¥he ver sey be perlienlasly

sonsltive to the dininished blood swoplye lodeed, the werhed reduction in the

blood flew to *i}:,%s;% Yivew {19} bes been fwpliosted s o lmpovbent Pactor in bhe
Ak 2

Gevalopment of luwoversibility du ‘i‘i%&ﬁi«‘? {2575

A mwbey of dyuge wildh osuee B g,s;nmmi zasmwm in Blosd flow hove baon

1ded to bhe eh docode, Munorows

fy of shouk o the eourse of bhe gs;

EE

¥
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m;;;«ﬂss: by wovontly *“EW%“‘Q,& send dey .;i*i,a’@a,&mma & e :;;,zaii e 4
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wal Iaduelen proteduresy thay veduce gigilicantly

e

e o enrly in the couwwse of s

e aw%mﬁi by of aninels sl auke or teswwile shoulie  The dreug

whdeh have bees uged go fowr £03l, oy the most perly lode the estogory of

ﬁggimn‘é‘ix G adbwy «z*w‘;;m ol

The pursose of the m’wm% sbully ds o zopord the offecds on shodh of

&
N

mydveioniog, au sgeet shileb hes been wsed exbeusively dn the trestuent of

ypertension Loy o nuboer of yoars., Albbough the phessacoiogy of Lds dyuy

in oob conplebely vodersiood, 1% avpoare fo poasess bws mein ;sg;&*%mm& i) %

inevenses cordise sobivity ol sopdise culpud by mesns of poflex ov contzsl
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the vissers) veoeular bedse I1 Bow been shows o

itden, it n

o

s profuse gone dilatabion

and grlenehuic Wlood flow (12,

v (L) oud cowebenl vessels {133, veblon bo

of the aoroy

s {‘i.% s wd hlogk e@gwx»{ixﬁ {:;%}

grewh o oy «mmﬁ;“&n fufinonces

1) By prevends

o

the develgmond of irvoewrsible o

selocbive dilubabion, withoud at the pome

with sdrenerslie vesoosrebriebion in othew OTgENG bbb saguly

medied veluotion in blovd Flow,

2) By ineresslog copdime acbivity, pevdleslerly in view of evidence

2

webor in the

,v

Gdng bhet ayecardial Jepression mey Bo ow eontribubing

dovolopnent of clvewlubory Yalluve in shoek (23).

The fivel denly the eifeeds of

The vepord conslets of “Lx

&

me bo soude braws In the

fme oon beeomikie shool end on the romps

fpdrad

zh

2osy bhe oovond desexdben the offesds on havworel

scke ahoglk 5 m dogre




The Lffeed of lydwalazine on Troumstic Shook and on the
Besponse to seube Tewew in the Bad

Mnbteriels aud Mebhods

Pemple albine wabs of an inbred Wister siwsin wore usede Thelp weight
venged fxom 325 bo 159 gm, bub the avemage spreed wilhin groups wun on The
sase day ws only 12 gw (venge 5 to 20 gw) ond the wolght withis enol wum
wss randonized anong the conterol and tvesbed groups. The ;és&‘%s were fosted Loy
ebout 15 houes prier to the ewperiments, bubt had scepss to watbow.

The endmels wexe subjected do 400 or 450 burns of o glendend Nobloe
Collip drum with fwo shelves (16) in the fired pord of this studye Bocouse
of the variability in the muboer of £alls from euimal o pudmal, whon subjecbed
e the some nucber of tuvns, o Jdrum wibth one shelf wes used in the latlew pord
of this worke line husdved durns of bhe deun with ene shelf were HECORBRLY
to achlove o congorable worbelity, ‘the speed of the deum was 40 revolubions/
adawbe when dwo shelves were used and 48 revolubiong/minute for the Qrum
with oue shelf, |

Fnrions %Ss‘@:&%&i&?&% groups of 12 do 2 andwels weve divided inte mubproups
of Lour to five, which wore subjected 4o trowmn on three to five separate days
é;;;m:;aéi over twe to four weoks, in order to moke sure bhat sny effects vhich
might bo cbserved wore reproducible. fnoh contpol s.-m’éz%*m;gx of four op Pive
sudeals wos run parollel to one to three treated subgroups, emeh subgroup
is,wmg reecodived o different trentvent, The wabs of all subgroups were
sdbernated bebwoen the twe druns wseds The results described below include
ol rons oxcopt three in which, for wobuown vessowns, e usuel puiher of
revolubions resulded in only o wild uiress es evidenced by o sorbalidy of 255

or loss in the sonbrol andmals.

Afber tupbling, the snimels wore ohsewved fop seversl hours and those

surviving this poriod wore $hen returned to thelr engos. Habe slive 48 hours



afboy bubiing vere consideved suevivors, Urops post merben omsaiontions

wore porformed on o1l Fatulities, and special sobe wes token of deaihe

sosoviebed with inteaporitoneal homorrls

B due b saphlured liver ox sploci.
The srdmels whieh died fn the dyum op within 15 oisubes nfbor berie

insbion of the browns were wob gonpidered to hewe died of shweke. Vhe

mechaniemg opexabing lo prodocing soeb eovly deslthe ave probubly Alfferont

Prom Shose lesding to he typlesl pleture of stoek dn svivels dying labew.

4

ot From the different Wopesvoursey 1L hae bean voported {16) that
pethoephysiclogiond Pindings charveaberisbic of shotk ove absent or windmeld
in such cnsbse They were closeified vs avule mwm:m denths dn the
immmm sbudy sod the effect of demgs on bhely incidosce wae assessed

goparnbelye

Lo S

i bhat of She powepful

The ePfeet of Iwdraiesing was Goupared w

-
3

e, previously dows o v

sdvenergic bloerdng ageud dibe o

protegtion from dmsgg proume (9,31).  The deags were sdminisbered iabwos
porddoneally wille conbpel anlmmls veceived egnivelent volunes of salloe
{usually Lless then 0.9 ml)e. The detulls ol domage wud ime of sdefadstration

ere given wilth bhw wesulloe



Heaulds

The effeets of dyrugs on the incldence of warlvus ypes of deabh

rosal bing

g Lrom bunbling procedure ore suworised in Yable 1 and ove
sonaldored water the following beadings
8 Uweroll Morlolity {oil mdwels ineluded).

bl Uvowell Hopbelity axcluding Deaths aosveinted with Tndyaperitosesl
¥ AN

e

Hesprrhege dus be Buplured Liveyr or Splows.

@) Ineidence of Acube Traumiie Yenth (bomovshopie desthe oxciudod).

d4) Incidenge of Deoths due b Trewiadic Dwel {hewordmpie an e
AL

Chrawnetie desths exeluded).
u) Oversll Hopbulity.
Feemmpdivelion with 2.0 wgn/fhge of hydselesine given inbraperdtousslly

ope howr before bunbling reduted worbelily due Yo 0 durns of & lHoblow

y bhe teesbed growpe This

iy sigedfiennt (F =2 0.01)%, A3 & wove gevere lovel

2

differvanue is Bl

i
&

3

of trowsn (450 bumns), lydealasine in doses of 1.0 to 5.0 men/kgn ddd uob

vorious doses in thds Leuze.

{dbensyling L¢3 mgw/bys glven lodvaporitonesily one hour before the

# The P welues wers oblnined by the uge of 1° teatb.
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significance (P« GaR) duey ob Yeash in porty 1o the velobively suail

nuwibor of wimeds in bhese groups. dowever, w

i pdd the dlbonsyiinge

K

trenbel end contvel mpimels ab 400 angd 450 toves wre cosbined, the cvorall

diffevence in mortality is slgpiflomnd ot the 27 level. The lotter is o
viddd sladisbical proceliws beonuse bho dibenwyline-treated mud coubrol

groups ot bhe bwe levels of twoume swe howogunous with respeed bo tiely

Horted ity esiludlag B

dter exeluslon of hemovehagie deabhe, yivelssine shill mrobotbod

ab 400 buens (oo hesovvlmgie deotis in Shie sesios) ond vemsined wiihoub

cotuebive daflusnee on oversll mortulity dup to 450 burns (P2 0,30,

JAdne boewe wore proncunsed wheon

ihe protettive offeet of dibe

2 2

hemorshogle donbhs were sob congidoved, 4% fbe lower levels of trowe

e wortalily ws reduesd fron 755 to 27 aivber Yhan 0.0%5),

(9 = 0.05)e Conbinabion of bhe groups

sivd ab 450 oy feom B
ah 400 and 450 bures desonatyebes o highly shygnificont protection (F = 0.00).

@) Guervivel Vime s oot of Drugs on Dncidecce of soube Tesumbic Donbh.
ihe cwmilative pervsenbege of desths ab vaplvas biwe inbervels is shown

o Teble 2o Yhe survivel o of andunls o

ok gucouwnbed varied consbdeveblye

i sosuered wiiidn alx

adoute to 40 hours. However, choud 800 of dthe do
bours of bhe end of thy fPaums.

Thers wos o stedbing diffovence in the offoots of hydwsleosine nod

dibonzylioe on the ccowrrence of aeube brawmniie desthy (Guwring or wi

15 mizutes afber the end of dywmaingle 412 donthe due o inbraperdboneal

heomwerhuge vere excluded feom the foliswing whotistivsl couparigonse.




Fa

Table 1 shows thet ddbonsyline 434 wb ofPeet e incidence of soube
paumndie death {P 0.8) in contrash o hvdeelesing which reduced this
ineldence remarkoblye Yo aouly doathe oconyred iu the hydeslesineetresbed
group ob 400 burns ond ouly 157 of anduels subjoeted Yo 450 turns died an
seube deall conpared bo 19790 and 507 pespestively dn the eseresponding sonbrod

P

groupss The 1%

aouby braumetle deaths ln hydralosinestwentod group ab
430 turng ol cccurred in salesds whiileh were givon doses of 2.0 nanfiyn

£y

or losge Altheugh the difference o 400 furas is nod stelisbicsily

atguifiasnt (P« 0,2), orobably due o low ineld af aeute dowths amng
he conbiels, the difforesces ab 450 fumg ardd. whess groups ob 400 and 450
burns sre vonbined sre sipnificant ot the 5% and 10 lovels rospectivelye
ihe dete shewn do Teble 2 indicabe Bhat moab of the senbtiol suimsls
vob dead within the Lirst 15 winabos supvived over bw hours. Tovever,
in the hydenlenioeetreslel group o considorableo mubey of anivals disd
botwesn 13 wlsubes sad two hours after deussinge This suggests thet protection
by hydwalonine egoiugt woube desth is only ivensient, death belng delumyed 1
o & hourse
It ie slso obvious thed soute treumetic deaths were move Praguerd

in eosbpol endmels subjected bo the mye severe txoums. Ineluding preliniuwszy

experinonts not shown in Table 1y 145 of all condrol rats subjected to

400 turne deod an acute drsnmalic desth coupsred fo 468 of anduels subjeched

to 450 Surne (P« D402}
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d) Bitect of Yyugs on Ineldence of Teall dus Yo Trawsetie ook

ihe effect of may treabusnd on norbality Prom e’ Srawmbilo shoglk
rosalting from bambling e be gmsmwzy sastssed only ofter exelusion of
oll acube browmiic deoths and &@*h}‘a)‘:& doe belmmorrhage, Toble 1 dewnaizoates
et dibenwyline provided protechion sgaingt she ole du animels subjscled

to bobh 400 sod 450 twms, whevess hvidveleuine probected only thone

gubjected bo 400 burns. The roductions in wortslity vre a1l sigeificond

ot leosh ot bhe 8% lovel. The sheihing Yenbuve of the eifeet of dibenzvline

way eompleto eliniontion of oll lete {whock) dosths ot both levels of
Wrouee  However, the wesulis wush bo sssessed in veluidon to chunpoes in

naale brovmebie denths in the oo

of hydralasine wiich mrobecte apsingd

aoube deathe. Yhis Luclor might bend to wmove weaker swimels indoe the

iobe {shool) deebh geeup wud woddd tend to pat e deug ot & Alscdveuboge,
The prosence of o sigaificsnt protection in gpiie of this Pacloy mies
&% oven move eortain thot hylealesine provides renl srotectisn agningt

5%

doath from tvewmtic gioek in ondmels gabjocted bo 400 buruse The shasones

of probection al 430 burns, however, wust slso bo vesl becsuse theve ws

uo effeet on overall wortelidy ob Shis level of tvowune

%

¢} Gffect of Frotvestoent with both Bydvelesine and Didensyling.

<

singt seute deaths, vhoress

Hoenuse hydvolasive provided probostion s

Jneb shook dosths, 4% wne thowht
P

dibonsyline protected remaxkebly ng
hob prebrenteent with both deuge wight prove sere effeetive then with

eithor one alene. However, prewedicobion with 3.0 mun/hgw of hydrelonine
ol Lo% mgp/lign of dibenzyiine one houy befovs buabling (nob Lllusdented

in the teble} vesulted in mowe denbthe in the trented Shan in Mho condyvl




anteds dn o prelimineyy experiment end 4his conbined trantmend was wb
invesbignted furbiers The vewmdls of premediendion with 30 mmfliom of
hydwralesine one houwe befors %%?;% oxperivent and with el m s/l off
dibenuyiine jush prior Yo dvwming ave preponied in Teble L  This sbuldy
wis poplommed using 900 burks snd oue shelf only, The difference in the
ovevall morbalitiey Bobwesn o wontwod and dwectod grouns s ok
shelistionlly significant (P> 0,3),

ALY denths dn the trested group wove acute, indiesting Wet hydvalazine
did not proteet from seuwbe trawmabic deoth in the prosence of dibonnyling.
flowever, dibersyiise sppoured sbill o omerd iiu pretocbion sgninsh ghwek
deatie
| £} Ineidence ~¥ fwbuaporitonesl Heworrbege from Hupbured Liver or Splosi.

Yelde 3 illusbvates the jocidence of intweperitonecl henorrbage due
%o puptured Liver o spieon, Huplure of the liver sceouabed fop 0% ve
wore of the rupbuves iu the cowbrel i drevted groups. Tor pevgont sy
loga of =il sontwel seioals wabjiecled to bumbling suecusbed following
rupture of one of the bw orgnge

Lydealasine bed no effuet un Wi ineidence. in eowbpacty, dibensylise
luerensed bhe overall ineldence of intwaperiboneal bewoprhage Cyom 36
o 226 Vhe diffovenves hebuwosn dibenuylincetyested vobs muithely conteols
8% Moé sod 900 terns ave nob platisbicelly significant, due in parb ot
leagh to bhe susller musbers of sndmals in these groups. The difference
botweon the lerger groups subjocbed bo 450 turns de significant ul bhe 99

level and the oversdl diffovence in significent ob the 29 lovel.
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Healbhy songrel dogs of both sexes welghdag frow B0 to 20.05 g were

useds  Yhe eoodmals were £ . poosss bo oy

ted overuish

“

aracsbhosia o L

duced by indrevencus adulalsbeption of sodiun pontobaxbitele

The weepage initlel Jdose was &7 .asfmﬁg@ whbh e vonge of 207 to 3.9

in o smooth

aaonbe weye piven when negvssury W oselw

B

iovel of anaesthesine The dogs wore enbloosgulnbed with hepavin 3 g/ lsge
vgpploments of & mpnflgn were giveny if nucessazyy wee or bwiew duving the
exparineals

| One brachiol arbory wes ownulated to pexaid withdwewsd of avterial

blood sanples end o nessurs the Blood prossure; snd snobher polyethyleng

sl was Lolroduced Shrouph o femowed avbery well wy inbe the awrls

wobed to o saline

For bleeding purposvss A selfeguiding cotheter, oo

menomober, was inteoduced inbo the wight wendriele ow the pulnonary artory

Ywongh the ight exberasl jugulay veln {10)s  The enbrance of the wighd

; 2 & s R " S P xs ~ Rk D 3 Y - R’i« .
vanbriole was signeiled by o sudden, pdeebile pise dn pres ul@s a0 pome

$4iom of W calbebor wes cheuked post worien lun several experimeste ond

£

the Hip wes slweys found to be in the right ventviele or pulsonery arborye
ihe bewrdb pabe and x*em;g&%&*eym;vy rate wers noded peviodicelly. Blood
prosyare records wore bakon visuwnlly every 3 % mipabes wndil relnfusion

andl b 10 4o 90 sloute indervels for ene % bwo hours theveafber. A
mereury tmooaber was used wnbil the bluod pressure deopped o aboul 50

s Vge  Ab that poisd a change s wode bo o seline manomeber, sevoed %
en shove the table, for grester securscys Dleeding volunes wore slso

vouorded every % minubes. Cavdiag oubpub wos messured uping the Viek




pringipies  The oxypen consumpbion ws doloen ooy o ;g;aﬁmmé% of 4 nisubes

o » ooedified Pensdiet-loth sulzomelor with & nayyow m:;ig‘ {10 on In dawior)
competed o an endobrachesl tube with en inflateble owlls During the widdle

of thet porled the blood senples vere withdwom shaitoveousty ints oiled
syringes Tron the brechiel avbery sad the vight veoteiele vy plmanery avbory
over o perdod of aboub 30 secondye Onypen sebuvebion wes estimebed vn o Yarbuvg
apporebugs  tupliects sobloetlons were wede on all the veuous ood on some of

the erboriel seupless The sversgo exvor was (Gel0 valed fi‘i&;@h&i&?uﬁ%ﬁ Tor Hhe

T Y
wonougy o Delh Tokeh i

e Golid Tor Uhe srbordsl Bloode The reliebilily
of the coxdive oubpul esbiuonbions wee ohoolnd by cnlovinbing The ewerage
eryer of 2% pedve of wewsurenents teken a% 10-ninuie fodervnis duping varions

6w 3. & N 3 ¥ A " &, W *@’ 0 4 T G .
prelisinery expeviments, ool this swounded b0 10Vt e 1o99% Duplicube

gontral debersivations  were medo dn % of the © experinents in whieh covdive

oubpieh wns nessureds  The T we esleuleled dn perlpherel vosisionce widts
e Kﬁ*%@ D RS L, ) Por onch solmed aed eworessed ae peresndene
gopding owipul bl min " R AT
ok She condrol enlbinnblone

Homoyshoge wes dnitioled by blosding fyon the femvvel sedery inte on

inverted vopervelr connecbeld to o conodant prossere onyeen ayobom by neouy
off which o degdroble level of blosd pres.are eould e meintelined with only
soaprew Dluctosbions. The blocd wer nized continuously by wmeons of onygen

bubbling Shwough ite The vesepvelr contaiued § mywfom of the snlmelts

wolght of hopawine A tho end of o expewiment all the blood was reinfused

intgearbordeliye  The wiuse of blood belen fop swwios and soning lowses
wrs veplaged by sn eguel wiwe of dentirene

Conlwel and trecteld dogs, melehed se woll se ponsldble an to weight amd
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¢ penlotmed in “"‘W

goriens, The sonlnels of remsure ol

48 wm g over o perdod of 10 mimudes snd Shey
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for 20 winvies and then the snimsls were clamped off fvom the veservols
for U5 winubes. 4% the biwe of clsmping the tveated snimel veseived D5
wgndlign 0f hydvalonise intzavenouslys A% the oud of the §inel Tieminute

neydod a1l dhw blood vas

velalused over o peried of 15 nioubes,

5

The animels of series U weve subjocted fo o mildor stress iu thub
z,my ware kept fur wuly 80 minubes ab 49 mm lg sod then for 30 minutes ab
T omm Ny befove clumpiogs Ulherwise the procedure wes idenbiced with that
used in Serlos be

I8 ot any bloe during the clumpedsoff perdod the condidion of the

bosane precerious, povblons of the withdravh blood vere veisfaged
in en abbenpt o eevey the dog thewwsh the rensinder of e 7% ninutes.
Tho vondlbion wan considored 4o be precsyicus whon dhere wass

1) Vmrked £all in the rate sud depth of wesplrobion {inveriebly

hovalding onseb of spues sodfor

2 Precipitous drop S blood progmuay with ox witbhoud sadden bwedvonrdic,
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5, #

e series consisled of 6 polrs of doges. The eoupswability of the

wrented and the cenbrol groups is illusbrated in Table d4e  Thowe were 1o
slawdsing differonces in sex, woight and wwunt of eusesthebic piven Yo
e e groups.
&) Mowbelity md Supvival Tinse

There was no appovend difference in mortality. 431 & condasl dogs died
wigh Bhere was ondy oo seevivor weong the 6 teeated snimelss Two conbrel
and oae treeted dog dled duping the clampod-off poriod, in spite of reinfusion
off L4 Yo 455 of their Dleeding volumos in oo efford to save them when ‘i:.}}m’i#
sondition begume procsricuss On the bosis of chservelbions on obhey snimals

1,

i bhis serdow wnd seversl prelimimecy ewpericents, we beliove thed these 3

dogs wousd bave died even If bhey had beon csepled thwough the elanpedwolf

perlod sad Lhey sre considersd to be fatelities. They ere nob lnsluded,

bowever, Lo the esleulsbion of the survival Sime. Although the mean suprvivel

&

bime was 143 hours (range 18 miuubes %o 30 bours)  in Yhe conbrol wnd 4.1
hours {zange 3 heuve 10 minubes o 5 houws) in the tvested gvoup, this

didlevonce is nod significeut becsuse of bhe verdebility of the conbrelse

By Caxdivvesgular Hvenbs

Bloeding volumes at variouw sloges of the euwppriment eve dwown in

¥

#5%

Tabie B Mo significant dilfepences bebween the twe groups are sppavenbe
Table © gumnerizes the chonges in various casdiovasculay indices

durdng the oxperiments.  Iydvald wine ewerded o hypotensive effect duving
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hoowrrhugie shoek pg indiceted by o fall 1o bloed pressure within 10
minubes afber adninisteation of the dvug m, the tae of clowpling in old @
trocted dogsp wnd By the faeh Bhet bhe sversge iz:tgﬁiw.@s% bived prossurs
rosched during bhe cluapad-off gevded whs slgudlicewbly lower in the
tre-dod bhen in the coutrol endmals (P« 0.05)%. The fall iu blood prossure
coused by hydralenine wes felloved by & rise within 30 winuten afley
avinistralion o 4 out of 6 sndundse

A1bhough the blood pressure of 4 of the & conbrels fell afber
elmuping, the fall wes obvicusly due to deconpensabion as evidenced by
the necessity for the sdmindebrobion of blood begpune of thresboned
vogpirvstory feilure. thery wey no sbrilking difference in the blood pressuve
of the bwe proups ofber veinfusion.

Table 6 slso indicetes thab . sheiling differvencos bebweon e buo
grovpn were apporend in olber coxdiovageulsy indices befors, during op
afber the pewied of sivesss There wos o slightly grester full in tolel
periphopal resisbeoos in the twested group during the ¢lonmpedsoff period.
However, the foeb thet 1t wes deolining spondaoeously io the cunlyols
b the pare . time mehes it Aiffieuld to be suve tel Bhé offesh way due

o Bhe drage

This sewios conglels of 6 palivs of ai@:agm foke sompuring the anlnels
in the contwol sad byesbed groups sre ghown in Toble 4. Thore sge no
gbeiking dilferences o the sex and welghds The cundrel gwvoup weguived

2 ypluos in ogperivents on hemoprbegle ehogk were obleined by mesns of
i{a pieTo s/
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gomovhint lovger enousbs of sediun pentoborbilal.
o) Mowlslity and Suvvivel Time

Pour oub of & tresbed anlvelds m&w@@m% whorsas there wae wnly one
survivor smony 5 gonbyel u&ﬂggﬁ“’*. The difforence, alibough pob slmiticnnd
stotiglically, represents o redustion in wortelily frow 807 to 33h

Yhe two fobulities in *&E&i#%}m&a%m gEoun éﬁeﬁi o5 honwrs ond 32 houws

efboy velnfugion, wherens anong the conbrel wndmels bwo died 28 and 33.9

hours ofter roinfusiony sud the wemsining bwo sucecusbed duping the elanpods
off powiods
b} Caxdioveseulor Dvenbs

‘ggjg@;gg,m@ volumbs are shown in Teblo ﬁo Ho wignilicont d30foronpen
botuwcon the Wronbed snd condeel grouns weve ﬁfx‘&z@o

hp in Sevien Ay %%w Blowd seossure foil Yo lovels wanglag from 2
o B1 wm Hp de el) & twecled dogs, begloning wiibin 10 winubos niboy
apdndatretion of nduelaning ab the tine 5;’ clogping. This wes followed

Iy & spondonesus plee within 30 plades afbor clowsing in % of the &

shdisdss  “he remedodng dop pogsived seindusion of o botal of 260 of the
biveding wolume bo sverb vegpizatory crresb Suring the olumped-oif ;gw:ﬁ*simio- :
In $he eonteol geoup there v an dndddal £0ll albor ¢looping dn 3 of

wondpately 308

the 6 dogse  Two of thew requized blood and were given ¢
uf thelr bleoding volunes ovey less Bhan 30 wioubes bub seecanbed

voverbheless, In the reselvdng 3 eonteel onimels, the bleod prospure

HPost morben vovesied pulmonsry infecbion dn ane of the condgul doge and
it dg ot congldered In poperd Yo wortelity end swelvele
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the mechsodee of protocbion afforlded by hydrslssine is nob closw. The

capdioe oubonb dn the pented sudmels dn Sovdes U wes gonowhed ligher Shen

in the covbwel dogs bofowrs and ofber relafusion ollboy

oh The difforenue wes

%

not abeblsbicelly sipnificond fn tde awal

I oppoup of snduelss The sveilsble
dobe do nob xale sub perbicipetion of an effeed on voxdize oudb st dn the

pRobeebion ap

However; vesolllobobion, poy SR

Likely respongible for tho offend observed, 4 sionificant doorense inm TIR

duplng e elamped-eff poried sod ofler volnlusion was Pousd o hydenioninge

8

Jobed Yo She silder bemopvis gie wrocedvee (Sevles Ble he

weohed dogn m

Py Yol Bl N DS TR, YO B e e N
Poet bhot $he i the swdoales of Cowles By

e daug protented, and only slight iy did wot bopefid,

de sheongth to the muppoeifion thet pevd shion wie the Loctop

¢ hydvelovine. Tl

hannuue decronse

dos A probably wes seshod by the gy

due Yo decompenmelion ol Shis ghage of the wope severe proctduxe,

sdodpbrebtion of hydeelonive during ovoerhegie hvoobonsion wes

sosoglobed with o fuld o blesd pressure dn oll bhe bweched dogsy o fh

s bhe inddisd

sbvinusly welated o the periphersd dilabablon. The Zeut

3,
'u‘:}}

dwop Ao Dlosd pressure wae soun Polloved by o viso in mogd ¢eses voy be peleted

o the Past theb dllsbotion produeed by

¢

wbie tone {22), or olse 1% mmy peilead o

vesgoloy sbobus of the anlosd effestoed by the douge

&

Whe mopt sbedking offeet of hydvalozine fa the prosent study wes ite

§

ablilty to protooh ageinet csube Wwou donbls o oy fvon the bhunbling
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¢ of exbensive Dlochade of sympat
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fypobansion & corebyel blood flows This lopuiveend of

Lo 4y probs for the sbhoont op wlavoy

kie affeet

o powerial blecklng ag as to aoube lenimne

&

Sydwnlaing, on the other band, loe and

Blogiking acbion (7) wnd dherefore weuld nod be expecled do inbovdeve with the

eonpensatory reschions to otube slress. In addibion, beesuss of the shility

of the dveg b incresse cardice oubpeb (32,24) and peseibly %o inoresse

govebral blesd flow (13) 13 yove the covebral owysen suoply duving the
LY £

newiod of ,ﬂ*?ﬁ%w& BEm whd ity of hydealan
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abvess and thot this ds st lessh one of tue foctors vosongible for the

3 A

peobostion afforded by the deug cgaingt avebe Wreowitie deaths

b conbyest do Yhe protechive influsnce of bydealenine ageinst shook

Whien w wocoed only vhen velebively wild stress wos employed, the

protestion wgeined scube trowmbie doodh wos pregsent both ad the lover

ousl bigher levels of broweme

den Bydeelesine snd dibensylise were both adnindstered to e andmals
before burbling, the probection agningt soube Yeounms wos nbeend, This
dndicates thab hydralesine is wuble to protect agelnsd soute deabh
in bbwe presence of effeedive sdrenergic blockades

Yhe prosent stody else showed tlad premediestion with dibensgyline
rosulted du ap Snewonsed iseidence of ruptured liver svd sploen in robe
subjected to buabling, whereus éss:s gush effleeh wis obeepved in hydzalasinge
%:;*m%@ﬁ sodvelse This effests of dibenwyiine wig n‘s be sysribed to biochade
af w%wam& o ﬁz@g@@ﬁzw conbraviion, leaving e organs more engorzed

ol thevefore move suscopbible bo broumabic Fapburg,s
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guiparable dogpenset in wopbalily ob both Jower wd
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hamorrhoglo hypevelonte hypobonsion and oftor polufosion in

b e ollder |

eabs Wb periphersl Vomge

o

hugle pwpesdure. Thisg o
diletetion wae responsible for bhe shawrved protendion agelned feveversibile
sy olbhough gome fnerdcse la cexdice oubpud conwod be ruled sub as o

sonbritubing faotows

whthin 35 sdautes afbor deuming) both b lowew and bigher levels of iraumn,

in sondrast to diboneyiing hod so offeet on Bho ineidence of noube

sble donthe Urubined premediosbion with beth dvuge 414 nob preloest

Sronn

agedush soube Seaomebie death,

dn the prossneo of adpevergico bloghade.

prifdenntly loovossed the fueidonce of lanbrepeyiionesd

SR

progedure, hydvalonine bed no offect on Yhe invideuce of this complicablon.

hoape due o papbored 3iver or ppdewn o weds aubjected Yo the Yeble-lollip
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Ghe expavieants on hemorrhogic shool, Mre Yosd will veport on the effeet
oF nopidrensling on nomorrhegie shouh in bdo Phele Yhesife
hes fan Gressier for blood oxygen esbimbions whioh made the meosues
nends 6f csvdiae oubpub possible,

Hrsy denopler Stephen for typing the rmuseript,

dgs Blale Husdlbon

Asramtrong,

and s dan ek Sor thelr help apd intevest ob vorious sloges of dhis worke




il

72

Hefoventoy

Bowretby ey Relbut, %oy Plummer, Aeds aod Tonbeany 8%  Covoneny 4ilsbiug
aebion of aprogelive in e condne henrbelung proporntion. Tede Proes LLa200, 1932,

Chombergy Bee Gweifoch, ¥ole and Lowensbeldsn, B UClvenlstonvy reschions of
rahe trevsedbined ln the Heble-tolllp dvome Ame Jo Physiole 3381123, 1943,

Upovery Belle, Rarpebly, ey Covievomy Ao ond Yoshiony oW The sobivities of
:%wiggwimmmajgga%émiammﬁ o« o bpobensive agenbe Je Ame vﬁ@%m. Awse 408 fﬁsﬁ‘?g 195k e

Belusbodny Bl Llubawy L. nnd Wiggers, Gede Liwb m@m fiow snd vestuler
ropivtonee chonges v dogs duping hewovrhegle bypobonaion and dhoole
Ate s W.ﬁé‘\n:f{gﬁis i&?ﬁﬁ?g"fﬁs &%"%ﬁa

Provmony Helle s Froodunn, %:iia b @imﬁm mm e produetion of shodk
by the prolopged senbivecus injeebion of sdeeplin bn waenesbhetized dogte
Ame oFs Physlole %332«%&@9 A 5 I

Frownony Helley Shmwy Jele wndl Bapdery Jel. The periphersl blood flew in
gupgderl shotke Je Uline Inmveube 131651, 1956,

Prodos Deits omd Flonerby, Foleodws Huppression of vesenobor pellexes in sun
following l-bydpesiuophibalosioge. “roce fote dxps Niole Hode THs20, 1930,

Heneliy He Sbudiow ou submesadllery glonde fme Jo Plysiole §¥s468y 1918,

Hupsheyy Holley Uwoifache He¥o and Mebes U.%e  An evelupbion of the grodective
sebion of eulonwuie blosking sgenbe in powiphersl cireulsiory whresse
sonesthesiology 3355080, 1954,

Gotopolog He ond RBalmy He 4 selfeguiding ¢dthwler Poy condise sal puluovery
arboriel cobhorizabion and seclusion. Procs Soge tapors Blole Veds 8431067, 1093,

Tawys Baliey Nowbhy Wolls snd Welle, J.ie MHodiliesbion of twaumntic ghodk by
vitwenergle blocking spontes Je Thoams & Snpore Thewape 142515k, 1954,

wmmg Pahsy Roynelly Polle sl Dradiey, Hel. HWomsdynonde eifeels of Le
ipdvesinophibnlavine in the deg wilh @«swam‘& roforenne to siveulating
ﬁ&{ﬁ;@ﬁﬁgﬁi‘i@ blood wmlumee e Je *Exgmieﬁ. R&%&i?@g 1955,

wm&m giveniotion sod selabolisn lo tosenis @f PRSERINOY e
b méw% @Q vorsterun vivide sod sprogolinge Ame Jo

o bioiise

Hovery J.il.  Hpdwrelnsine - phewuscologienl snd eliolesl obswo
Aenive Inbe Hode %&gﬂigg 3«@336




16

3
o

Hobley Hele aud mmwg dolle & guunbitative vethod for tho produstion of
a@mmm&riﬁmﬁmi brawntie aboel %M&mx‘s howorshage o woenesbbotized mmmm
A ] Gite PRYR Lade 3§. 38T, 1942

Hoptly WG ond T%sw@ Hefie Foallng of £luld in the jntestine in Ywabling
ghoshe Fede Proge 135391, 1904,

foubidy Polle Bonud hypovenis indused in wen by o vew phthelesine derivetive
{apregoline)e Prog. Hot. zz.&p.. ﬁiﬂ,. & Meds 732302, 1950,

p Hailg, P .z%o,, {tddeoy, o aund '&"izﬁ’m’iimyg Galls  Uhaopes dn

; e blood volune ond splanobnic Blood § tow Lo dops afber homsrrhags.
Gline iva 1"’%3 M? 15%5%,

Seldgonng Aelfey Frankty Hels and Finve Je Teaamnbie ghoeke. HIV. The successfal
Srastoent of hawoyy m&;m ghoolk By viviperfosien of the liver o dogs irreverge

ible te transfosion. Je Uline Invewb, 202530, 1947,

nonsl blood Plow aud tounl elesrenge during hemorshogie shoelke
yoiole 3451609, 1946,

Shunknwdy Aep Terthoinery Le wd Hedische W lpdralosine; evidence fov o
porlphoral site of selion. J. U3ine Invesbs 3323047, 1954,
qemss Gede Physiology of siwele “he Uoimenesalth Funde New Nowky 1950

e

&

%’wﬁg Bells mnd Bichersons M  Shock produced in dogs by slons of
»@m@gﬁmmm fi’e.é%.a Froge 13330, 1930







husosmment of the Nobleelollip Hotbod
For the Produebion of Towmmliie ook

le Previous *Es;%azsﬁww%mm,

e smethed of indueing tesawtic swosh by bubling weys fivet reporbed

by Hoble snd Oolilp dn 3942 (B} Andmsde sye ploved dv roleling dwoms of

stonderd dievenpiony with ppojections of ghelves wieh pelse the nudmls
wd allow Bhewm to fdl one oe move times per wevolobion, Noble and Ueilip
opiginully used 2 ov 3 shelves oad wovlous drum spoeds, end eblalved mesh
eongiebont cesalbs with twe shelves and o gpeed of 40 pevolubions por winule.

‘}

he snisels wsed in the owigivel study were webs end gaines plgs, bab the

W

=
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b) The Time=-Course of Deaths.

Noble and Collip (8) reported that the average survival
time varied inversely with the mortality £48e, 1t was less than
one hour with trauma resulting in 80 to 100% mortelity, but in-
creased to 2% hours following traume resulting in 50% mortality.
Deaths more than 6 hours after drumming were rare; deaths 5 to
15 minutes following trauma were frequent with the more severe
procedures. Chambers et ale. (1) who usged 650 revolutionsy
found that most rats died 1 to 2 hours afber the experiment,
with a range of 20 minutes to 10 hours. These authors rejected
all the deaths occurring in the drum or within 20 minutes after
termination of tumbling (104 to 15% of the total). Levy et al.
(4) observed that whereas most of the control animals died 15
minutes to 24 hours subsequent to the experiment, treatment
with adrenergic blocking agents resulted in a striking increase
in the incidence of deaths during trauma.

separation of the early from the late deaths is essential
when the Noble-Collip ﬁethod ig applied to the study of shocke.
Reasons Tor believing that animals which die during or shortly
after the termination of trauma do not die of travmatic shock
are as follows:

1) Pathological findings characteristic of shock (see next
section) are absent or minimal (8).

2) Hemoconcentration is less than in animals dying later (8)o

3) Intraperitoneal hemorrhage due to ruptured liver or
spleen is not infrequent (1,8).

Separate consideration of the eerly deaths appears therefore,
to be Justified, but they may still provide useful information re-
garding cardiovascular events. Although intraperitoneal hemorr-

hage may at times
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nre due o hypoxds of vitel covebral senives is ued bnowig bub the Tlndiog
of severe hypotoneion {39 %o 40 e Hel shortly &i’%ﬁ:‘ bl dng (1) sebos bidp

| @ diabinet possibility. |

The wffeet of any trentuont on sndmels subjecbed fo dran Srawm should
thorelore bo analyaed with vespost tos
1) The effect on overall worialidye.
2) the effeet an oversll mopbad ity exeluding hemorrhugle denbhss
3) The effech on acvde teawble deatha. |
4} The effest on dealhs due o dewanbic slonel,
51 The effoeb op dnsidesce of inteaporitonoal beserchage due bo
sapbuved Liver or mplogu.
8)  The Wvideuse for 4he Presence of fhaek,

The geverel sppoerance of pobs renoved from e deun hos the som

ehppaatoristlen as Wt of cssos of wlinlesl shooke “he pols sroe songeious,
bub oxe pele, Lmnebive sl peosteete (3,8). Polyiipsle cvcues freyuently,
. ¥ & i [

{6)e The uwring in

will dlorybon, ofben blosdy, has slse been obaorved
seanty ead mey be bloody (R)s The evduals awe oold end theve say be seversi
dogroe foll iu bedy tewpevature (1,8)e b dn mwm produesed by obhor proe
gedurog, verhed hewsconsenteation oseurs (1,8). “he homatosrit Hends

W return bo pormed 0 1 do 3 beurs in anisels vhich ragower, bud ronsing

high ew lneresses fuebhor io thoge which witisedely diee iz hevossusendyetion

in essouisted with o decrense in plesme volume {1). -



)

?@

Ghrewlatory vecctions dn Pdrun shogk™ lwve beon studied in dedadl by
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