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A si ngl e i nj ect i on of l i popol ysacchar i de ( LPS) ' f r om gr am- negat i ve bact er i a

can pr oduce mul t i pl e pat hophysi ol ogi cal changes . These i ncl ude hypot ensi on

( 1- 5) , di ssemi nat ed i nt r avascul ar coagul at i on ( DI C) ( 2, 3, 6- 9, 10) , and changes i n
number s of per i pher al bl ood cel l s ( 2- 4, 11) . The ef f ect or mechani sms r esponsi bl e
f or t hese compl ex phenomena ar e not wel l under st ood . What i s known i s t hat a
var i et y of humor al and cel l ul ar medi at i on syst ems may be act i vat ed by LPS i n

exper i ment al ani mal s and i n i n vi t r o syst ems . For exampl e, LPS has been

shown t o act i vat e bot h t he cl assi cal and al t er nat i ve pat hways of compl ement

( 12, 13- 17) Hageman f act or ( 18) , i nduce r el ease of vasoact i ve and coagul at i on

pr omot i ng subst ances f r om pl at el et s ( 11, 19, 20) , damage endot hel i al cel l s ( 21-

23) , and pr omot e t he r el ease of ef f ect or subst ances f r omneut r ophi l s ( 24) , mono-

nucl ear cel l s ( 25) , and macr ophages ( 26) .

The f ol l owi ng st udi es wer e under t aken t o est abl i sh t he r ol e of one of t he

medi at i on syst ems, t he compl ement syst em, i n LPS- i nduced pat hophysi ol ogi c

changes . We have assessed t he r ol e of compl ement i n LPS- i nduced hypot ensi on

and DI C by di f f er ent means . One appr oach has i nvol ved a compar i son of t he
r esul t s of LPS i nj ect i on i nt o nor mal r abbi t s wi t h r abbi t s ei t her depl et ed of C3
and t er mi nal compl ement component s by cobr a f act or or r abbi t s genet i cal l y

def i ci ent i n t he si xt h component of compl ement . I n t hese exper i ment s t he r ol e of

t he anaphyl ot oxi ns, as wel l as compl ement - medi at ed cel l l ysi s, coul d be st udi ed .

A second appr oach and one uni que t o t hi s wor k i nvol ved t he use of hi ghl y

pur i f i ed, st r uct ur al l y def i ned LPS pr epar at i ons whi ch di f f er si gni f i cant l y i n

' Thi s i s publ i cat i on number 1033 f r om t he Depar t ment of I mmunopat hol ogy, Scr i pps Cl i ni c

and Resear ch Foundat i on, La Jol l a, Cal i f , Thi s wor k was suppor t ed by Uni t ed St at es Publ i c

Heal t h Ser vi ce Gr ant Al - 07007 and Nat i onal Hear t and Lung I nst i t ut e Pr ogr amPr oj ect Number

16411 .

$ Reci pi ent of Uni t ed St at es Publ i c Heal t h Ser vi ce Young I nvest i gat i on Pul monar y Resear ch

Gr ant HL18376- O1 .

§ Reci pi ent of Uni t ed St at es Publ i c Heal t h Ser vi ce Resear ch Car eer Devel opment Awar d 1 K04

A100081- O1 .

' Abbr evi at i ons used i n t hi s paper : CoF, cobr a venom f act or ; DI C, di ssemi nat ed i nt r avascul ar

coagul at i on ; LPS, l i popol ysacchar i de .
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t hei r abi l i t y t o r educe t he hemol yt i c compl ement l evel s of nor mal r abbi t ser um.

LPS was pur i f i ed f r om Escher i chi a col i 0111 : 84 and Sal monel l a mi nnesot a

Re595 . When t est ed i n vi t r o 250 Wg of 0111 : 134 LPS di d not r educe t he hemol yt i c

compl ement act i vi t y of nor mal r abbi t ser um. I n cont r ast as l i t t l e as 1 NAg of

Re595 LPS was shown t o r educe compl ement l evel s i n nor mal r abbi t ser um( D.

C. Mor r i son, per sonal communi cat i on) .

A l ess pur i f i ed, par t i cul at e pr epar at i on of LPS f r omSer r at i a mar cescens was

al so used i n some exper i ment s . The use of t hi s LPS pr epar at i on al l owed di r ect

compar i son of our dat a wi t h t hose of ot her wor ker s ( 3, 4, 11) , as wel l as det er mi n-

i ng i f sol ubl e and par t i cul at e pr epar at i ons of LPS behave i n a si mi l ar manner .

Many of t he pat hophysi ol ogi c changes whi ch occur i n exper i ment al ani mal s

af t er LPS i nj ect i on have al so been obser ved i n pat i ent s wi t h gr am- negat i ve

bact er emi a who devel op sept i c shock ( 10, 27) . The st udi es of Guent er et al . ( 5)

have suggest ed t hat t he i nj ect i on of pur i f i ed LPSpr epar at i ons i nt o exper i ment al

ani mal s r epr esent a usef ul model f or t he st udy of t he pat hophysi ol ogi c changes

whi ch occur i n pat i ent s wi t h gr am- negat i ve bact er emi as . Thus, a def i ni t i on of

t he mechani sm of LPS- i nduced hypot ensi on, DI C, and per i pher al bl ood cel l

changes may hel p t o def i ne t he medi at i on syst ems r esponsi bl e f or si mi l ar

changes i n pat i ent s wi t h gr am- negat i ve sepsi s .

Mat er i al s and Met hods

Rabbi t s . Mal e and f emal e 2- 2. 5 kg New Zeal and whi t e r abbi t s f r om a cl osed col ony and

r abbi t s genet i cal l y def i ci ent i n C6 br ed i nt o t he same col ony wer e obt ai ned f r om Rancho de Conej o,

Vi st a, Cal i f . Ani mal s had f r ee access t o f ood an wat er bef or e t he begi nni ng of t he exper i ment .

LPS.

	

LPS was pr epar ed f r om E. col i 0111 : 84 by phenol ext r act i on and f ur t her pur i f i ed by

t r eat ment wi t h r i bonucl ease, et hanol pr eci pi t at i on, and gel f i l t r at i on ( 28) . LPS was al so pur i f i ed

f r om S. mi nnesot a Re595%by t he phenol - pet r ol eum et her - chl or of or m pr ocedur e of Gal anos et al .

( 29) . Bot h LPS pr epar at i ons wer e f r ee of det ect abl e pr ot ei n and nucl ei c aci d. LPS 0111 : 114 was

sol ubl e i n aqueous sol ut i on and was st or ed at - 70° C. Concent r at i ons of 0111 : 84 LPS wer e

det er mi ned by measur i ng t he col i t ose cont ent of t he pur i f i ed mat er i al ( 28) . Lyophi l i zed LPS Re595

was sol ubi l i zed by t he addi t i on of 0. 1%t r i et hyl ami ne f ol l owed by soni cat i on . Thi s mat er i al was

di al yzed agai nst st er i l e i sot oni c sal i ne bef or e use . LPS i sol at ed f r om S. mar cescens was obt ai ned

f r om Di f co Labor at or i es, Det r oi t , Mi ch . and was used af t er suspendi ng t he l yophi l i zed LPS i n

st er i l e, i sot oni c sal i ne f ol l owed by soni cat i on .

Exper i ment al Pr ocedur e .

	

On t he mor ni ng of t he exper i ment a cannul a ( I nt r amedi c Pol ypr opyl -

ene Tubi ng, I D 0. 023" ) was i nser t ed i nt o t he f emor al ar t er y appr oxi mat el y t o t he l evel of t he aor t i c

bi f ur cat i on . Sur ger y was per f or med af t er t he subcut aneous admi ni st r at i on of 1- 2 ml of 1%

Novocai n at t he i nci si on si t e . The ani mal s wer e st r apped i n a supi ne posi t i on dur i ng sur ger y and

f or t he r emai nder of t he exper i ment . The cannul a was ut i l i zed t o r emove bl ood sampl es f r om

whi ch cel l count s and pl asma pr ot ei n concent r at i ons wer e det er mi ned, as wel l as t o measur e bl ood

pr essur e . Bl ood pr essur es wer e measur ed wi t h a St at ham SP 1400 Bl ood Pr essur e Moni t or

( St at ham I nst r ument s, I nc . , Oxnar d, Cal i f . ) and St at ham P37B Pr essur e Tr ansducer . Two pr es-

sur e measur ement s as wel l as 2 . 5- ml bl ood sampl es wer e t aken 30- 60 mi n bef or e LPS i nj ect i on t o

est abl i sh pr ei nj ect i on base- l i ne val ues f or t he var i ous par amet er s measur ed dur i ng t he exper i -

ment . Dat a f or al l par amet er s measur ed i s expr essed as a per cent age of t he val ue det er mi ned

i mmedi at el y pr ecedi ng t he LPS i nj ect i on. St abl e base- l i ne val ues wer e obt ai ned f or al l par amet er s

measur ed . Af t er t he i nj ect i on of LPS, bl ood sampl es wer e r emoved at 5, 30, 50, 180, and 300 mi n

x The S. mi nnesot a Re595 LPS was pr epar ed whi l e one of us ( D. C. M. ) was a guest i n t he

l abor at or y of Pr of essor Ot t o Mi der i t z, Max Pl anck I nst i t f ur I mmunbi ol ogi e, Fr ei bur g i m Br . ,

Ger many .



1572

	

THE ROLE OF COMPLEMENT I N LPS- I NDUCED HYPOTENSI ON

post i nj ect i on, whi l e pr essur es wer e moni t or ed at 5, 30, and ever y 30 mi n t her eaf t er f or t he
r emai nder of t he exper i ment . The cannul a was r out i nel y f l ushed ever y 30 mi n wi t h no mor e t han 1

ml of a 2 Uhepar i n/ ml st er i l e sal i ne .

I n al l exper i ment s LPS was i nj ect ed i nt r avenousl y i n a 1- ml vol ume dur i ng a 30- s t i me per i od .

Quant i t at i on of Per i pher al Bl ood Cel l s .

	

Bl ood sampl es wer e col l ect ed i nt o 3 . 8%sodi um ci t r at e

( 1 vol ci t r at e/ 9 vol bl ood) i n pl ast i c t ubes . Sampl es of ant i coagul at ed bl ood wer e di l ut ed i n 2%

acet i c aci d and gr anul ocyt es and mononucl ear cel l s count ed i n a hemocyt omet er .

Changes i n ci r cul at i ng pl at el et s wer e det er mi ned by i nj ect i on of 5' Cr - pl at el et s 18- 24 h bef or e

t he begi nni ng of t he exper i ment . The r abbi t bl ood was dr awn t hr ough a 19 gauge needl e f r om t he

ear ar t er y i nt o pl ast i c t ubes wi t h aci d ci t r at e dext r ose ( ACD) ( 30) ( 1 vol ACD/ 6 vol bl ood) . The

sampl e was cent r i f uged 20 mi n x 1, 500 r pm at 25° C ( I nt er nat i onal PR- 2, 12 pl ace r ot or ) , t he

pl at el et - " r i ch" pl asma aspi r at ed and r ecent r i f uged f or 15 mi n at 25° C, 3, 000 r pm, as above . The

pl at el et " poor " pl asma was r emoved and t he pel l et was r esuspended i n 1- 2 ml of t he pl at el et poor

pl asma . Af t er i ncubat i on f or 60 mi n at 37° C wi t h " Cr ( 0 . 23 mCi / t ube of whol e bl ood or i gi nal l y

col l ect ed) t he pl at el et s wer e washed t wi ce wi t h pl at el et poor pl asma, r esuspended i n pl at el et poor

pl asma, and i nj ect ed i nt o t he exper i ment al r abbi t s . Radi oact i vi t y i n 0 . 5- ml al i quot s of whol e bl ood
was measur ed i n a Packar d Aut omat i c gamma count er ( Packar d I nst r ument Co . , I nc . , Downer s
Gr ove, I l l . ) t o quant i t at e changes i n ci r cul at i ng pl at el et s. Cont r ol exper i ment s i n nor mal , noncan-

nul at ed r abbi t s demonst r at ed t hat " Cr - pl at el et s have a hal f - l i f e ( t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� a) of appr oxi mat el y 30 h . When

exper i ment al dat a det er mi ned over a 5- h per i od f r omnor mal and cobr a venomf act or ( CoF) - t r eat ed
r abbi t s ( af t er cannul at i on) was compar ed t o a cal cul at ed cur ve f or " Cr pl at el et di sappear ance,
good agr eement was obser ved . Thus nei t her t he sur gi cal pr ocedur es empl oyed nor CoF t r eat ment
have any ef f ect on t he sur vi val of " Cr pl at el et s .

Compl ement Measur ement s .

	

Pl asma sampl es wer e anal yzed f or C3 by r adi al i mmunodi f f usi on

( 31) . The ant i - C3 ant i ser umwas obt ai ned by i mmuni zi ng gui nea pi gs wi t h zymosan t hat had been

t r eat ed wi t h nor mal r abbi t ser um and ext ensi vel y washed . The ar ea of t he pr eci pi t i n r i ng was

cal cul at ed, and changes i n C3 concent r at i on wer e det er mi ned by compar i ng t he C3 concent r at i on

af t er i nj ect i on t o t he C3 concent r at i on det er mi ned pr i or t o LBS i nj ect i on . The C3 l evel s det er mi ned

f r om t he t wo pr ei nj ect i on pl asma sampl es di f f er ed by l ess t han 10%. I n some exper i ment s ser um

was col l ect ed, and CHsu val ues wer e det er mi ned accor di ng t o Kni ker and Cochr ane ( 32) .

The concent r at i on of C6 i n t he ser umof of f spr i ng of a C6- def i ci ent doe and a het er ozygous buck

was det er mi ned hemol yt i cal l y . Al i quot s of t he t est ser umwer e added t o C6- def i ci ent ser umand

assayed i n t he hemol yt i c compl ement assay ( 32) . Pool ed nor mal r abbi t ser um was used as a

st andar d and consi der ed t o be 100%. The het er ozygous r abbi t s t est ed had bet ween 35- 45% of

nor mal C6 l evel s .

Depl et i on of C3 .

	

CoF was pur i f i ed by DEAE Sephadex A- 50 chr omat ogr aphy accor di ng t o
Cochr ane et al . ( 33) . Decompl ement at i on of nor mal 2- 2. 5 kg r abbi t s was accompl i shed wi t h 600-
750 Uof CoF admi ni st er ed by f our or f i ve i nt r aper i t oneal i nj ect i ons of 150 Uof CoF dur i ng a 36- h
per i od endi ng 24 h bef or e t he st ar t of t he exper i ment . I n al l exper i ment s t he pl asma C3 concent r a-
t i on, as det er mi ned by quant i t at i ve i mmunodi f f usi on t echni ques, was al ways l ess t han 5%of t he
concent r at i on bef or e CoF i nj ect i on .

Gr oss and Mi cr oscopi c Obser vat i ons .

	

Rabbi t s wer e sacr i f i ced f or aut opsy exami nat i on 24 h
af t er i nj ect i on of LPS or , i n cases i n whi ch r abbi t s f ai l ed t o sur vi ve, wer e aut opsi ed as cl ose t o t he
t i me of deat h as possi bl e . Af t er exami nat i on of t he or gans macr oscopi cal l y, sect i ons wer e t aken of

t he l ung, l i ver , spl een, and ki dney r out i nel y al ong wi t h sect i ons f r om any t i ssue of ot her or gans
appear i ng abnor mal . I n i ni t i al exper i ment s, mi cr oscopi c sect i ons wer e pr epar ed f r om al l or gans of
t he body . Sect i ons wer e f i xed i n 10%neut r al f or mal i n f or embeddi ng i n par af f i n and wer e qui ckl y
f r ozen at - 70° C f or f l uor escent mi cr oscopi c obser vat i ons . Par af f i n- embedded t i ssues wer e st ai ned
wi t h hemat oxyl i n and eosi n, phosphot ungst i c aci d hemat oxyl i n, and per i odi c aci d Schi f f r eagent .
Fr ozen sect i ons wer e t r eat ed wi t h f l uor escent ant i bodi es di r ect ed t o r abbi t f i br i nogen, gamma
gl obul i n, C3, and al bumi n. As cont r ol , speci f i c ant i bodi es wer e absor bed f r om t he ant i body
sol ut i on by addi t i on of pur i f i ed ant i gen bef or e t r eat ment of t he f r ozen sect i ons .

Resul t s

Hypot ensi on I nduced i n Rabbi t s by Thr ee Pr epar at i ons of Bact er i al LPS.

	

To

compar e t he var i ous pr epar at i ons of LPS used i n t hese st udi es t he r el at i onshi p
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The dependence of bl ood pr essur e changes on t he concent r at i on of E. col i 0111 : 134

LPS. The dat a ar e expr essed as a per cent age of t he pr ei nj ect i on mean ar t er i al bl ood

pr essur e . Resul t s f or t wo i ndi vi dual ani mal s ar e shown i n each panel .

bet ween dose of LPS and bl ood pr essur e f al l dur i ng a 5- h per i od af t er i nj ect i on

was det er mi ned f or t he sol ubl e LPS pr epar at i ons f r omE. col i 0111 : 134 and S.

mi nnesot a Re595 and t he par t i cul at e LPS f r omS. mar cescens .

Repr esent at i ve dat a f r om sever al i ndi vi dual ani mal s i nj ect ed wi t h 50, 100, or

250 Wg of LPS 0111 : 134 i s shown i n Fi g . 1 . Dose r esponse exper i ment s f or bot h

Re595 and S. mar cescens LPS wer e al so per f or med t o det er mi ne t he mi ni mal

concent r at i on of t hese mol ecul es whi ch woul d i ni t i at e and mai nt ai n a 30%

decr ease i n bl ood pr essur e dur i ng a 5- h per i od . I n most subsequent exper i ment s

concent r at i ons of LPS wer e used whi ch pr oduced and sust ai ned at l east a 30%

f al l i n mean ar t er i al bl ood pr essur e over 5 h, namel y 100 wg f or LPS0111 : 134 and

S. mar cescens and 50 Mg f or LPSRe595. Al t hough t he mi ni mal dose usual l y di d

not r esul t i n deat h dur i ng a 24- h per i od al l ani mal s i nj ect ed wi t h LPS wer e

char act er i zed as vi si bl y si ck . For exampl e, i n one ser i es of exper i ment s 2/ 12, 1/ 9,

and 1/ 6 r abbi t s i nj ect ed wi t h t he mi ni mal hypot ensi ve dose of Re595, S. mar ces-

cens, and 0111 : 134, r espect i vel y, wer e dead at 24 h post i nj ect i on . However , al l of

t he sur vi vor s i n each gr oup wer e char act er i zed as si ck, and as t o be descr i bed i n

a subsequent sect i on, pr esent ed evi dence of DI C. Ani mal s i nj ect ed wi t h sal i ne

demonst r at ed l ess t han 10%change i n mean ar t er i al pr essur e dur i ng t he 5 h of

t he exper i ment ( shaded ar eas, Fi gs . 2- 4) .

Dur i ng t he exper i ment 2. 5- ml bl ood sampl es wer e r emoved . To el i mi nat e t he

possi bi l i t y t hat t he bl ood sampl i ng pot ent i at ed bl ood pr essur e decr eases af t er

LPS i nj ect i on, a gr oup of ani mal s t hat wer e bl ed t wi ce bef or e i nj ect i on and t hen

at 5, 30, 90, 180, and 300 mi n post i nj ect i on ( 17. 5 ml bl ood r emoved) wer e
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The ef f ect of r emoval of bl ood sampl es on LPS- i nduced hypot ensi ve changes . Two

gr oups of r abbi t s wer e i nj ect ed wi t h 100 Wg of 0111 : B4 LPS. One gr oup had no bl ood sampl es

r emoved, whi l e t he ot her had 2. 5- ml sampl es r emoved t wi ce bef or e LPS i nj ect i on and at 5,

30, 90, 180, and 300 mi n post i nj ect i on . The number s of ani mal s i n each gr oup i s gi ven i n

par ent heses. Bl ood pr essur e changes i n ani mal s i nj ect ed wi t h sal i ne ar e shown i n t he

shaded ar ea .
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The ef f ect on mean ar t er i al bl ood pr essur e of i nj ect i on of 0111 : B4 LPS ( l ef t panel )

and Re595 ( r i ght panel ) i n nor mal and CoF- t r eat ed r abbi t s. Nor mal r abbi t s wer e depl et ed of

C3 by mul t i pl e i nt r aper i t oneal i nj ect i ons of 150 U/ i nj ect i on of CoF. CoF- t r eat ed ani mal s had

l ess t han 5% of t he pr et r eat ment C3 l evel s at t he t i me of LPS i nj ect i on and dur i ng t he

exper i ment . The mean ar t er i al bl ood pr essur e i n nor mal and CoF- t r eat ed r abbi t s i nj ect ed

wi t h sal i ne i s shown i n t he shaded ar ea. The number s of r abbi t s i n each gr oup i s gi ven i n

par ent heses.

compar ed wi t h a gr oup of ani mal s t hat had no bl ood r emoved . The r esul t s of

exper i ment s wi t h 0111 : B4 LPS ar e shown i n Fi g . 2 . These dat a i ndi cat e t hat

onl y at 30 mi n post i nj ect i on i s t her e a di f f er ence bet ween t he t wo gr oups of

ani mal s . Even when up t o 35 ml of bl ood wer e r emoved ( dat a not shown) t he

pr essur e changes obser ved wer e of t he same magni t ude as t he t wo gr oups of

exper i ment al ani mal s shown i n Fi g . 2 . Ot her exper i ment s ( dat a not shown)

i ndi cat ed t hat bl ood sampl i ng had no ef f ect on ani mal s i nj ect ed wi t h Re595 or S.

mar cescens LPS.

Bl ood Pr essur e Changes i n CoF- Tr eat ed Rabbi t s .

	

To assess t he r ol e of C3 i n

LPS- i nduced hypot ensi on nor mal r abbi t s wer e depl et ed of C3 and t er mi nal

compl ement component s by mul t i pl e i nt r aper i t oneal i nj ect i ons of CoF. At t he
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A
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The ef f ect on mean ar t er i al bl ood pr essur e of i nj ect i on of 100 l eg of S. mar cescens

LPS i nt o nor mal and CoF- t r eat ed r abbi t s . CoF- t r eat ed ani mal s had l ess t han 596 of t hei r

ci r cul at i ng C3 at t he t i me of i nj ect i on and dur i ng t he exper i ment . The number s of r abbi t s i n

each gr oup i s gi ven i n par ent heses .

st ar t of t he exper i ment and dur i ng t he 5 h of measur ement t he pl asma C3 l evel s

wer e l ess t han 5%of t he pr e- CoF t r eat ment val ue.

Resul t s obt ai ned af t er t he i nj ect i on of 100 Wg of 0111 : 134 LPS or 50 Nkg of Re595

LPSar e gi ven i n Fi g . 3 . Nor mal ani mal s show a bl ood pr essur e f al l char act er -

i zed by an i ni t i al decr ease of 25- 30%wi t hi n 30- 60 mi n post i nj ect i on, no change

or a par t i al r et ur n i n t he pr essur e 60- 120 mi n post i nj ect i on, and a secondar y

smal l dr op occur r i ng beyond 120 mi n post i nj ect i on . When 100 kg of 0111 : 134 LPS

was i nj ect ed i nt o CoF- t r eat ed r abbi t s bot h t he r at e and ext ent of t he pr essur e

dr op was i dent i cal t o t hat obser ved i n nor mal r abbi t s . ( Fi g . 3, l ef t panel )

I nj ect i on of 50 / Lg of Re595 i nt o CoF- t r eat ed r abbi t s pr oduced an i ni t i al decr ease

i n bl ood pr essur e ( 60 mi n post i nj ect i on) par al l el i ng t hat i n nor mal r abbi t s, but

t he secondar y dr op i n pr essur e was somewhat r educed when compar ed t o t hat of

nor mal ani mal s ( Fi g . 3, r i ght panel ) .

Exper i ment s wer e al so per f or med wi t h 100 Wg of S. mar cescens . These r esul t s

ar e shown i n Fi g. 4, and i t i s appar ent t hat t he bl ood pr essur e decr eases

obser ved i n CoF- t r eat ed r abbi t s par al l el t hose seen i n nor mal ani mal s . I n

addi t i onal exper i ment s, 12 . 5 mg of S. mar cescens was i nj ect ed i nt o nor mal and

CoF- t r eat ed r abbi t s ( si x r abbi t s i n each gr oup) . The hypot ensi on t hat r esul t ed

was i dent i cal i n t he t wo gr oups and si mi l ar i n i nt ensi t y and t i me- cour se t o t hat

shown i n Fi g. 4 wi t h 100 Wg of t he S. mar cescens LPS.

Bl ood Pr essur e Changes i n C6- Def i ci ent Rabbi t s .

	

Al t hough t he bl ood pr es-

sur e changes i n CoF- t r eat ed r abbi t s par al l el t hose obser ved i n nor mal r abbi t s a

r ol e f or t he t er mi nal component s C5- C9 cannot be compl et el y excl uded . The l ow

l evel of C3 ( 5%) i n CoF- t r eat ed r abbi t s coul d be suf f i ci ent t o per mi t l ysi s of a

cr i t i cal t ar get cel l by C5- C9. Thus par t i ci pat i on of t he t er mi nal sequence of

compl ement component s ( C5- C9) i n LPS- i nduced hypot ensi on was assessed

usi ng r abbi t s genet i cal l y def i ci ent i n C6 . Rabbi t s def i ci ent i n C6 wer e i nj ect ed
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( Lef t panel ) The ef f ect of i nj ect i on of 100 wg of 0111 : 134 LPS on mean ar t er i al bl ood

pr essur e i n C6- def i ci ent r abbi t s and r abbi t s het er ozygous f or t he C6 def i ci ency . The het er o-

zygot es have 35- 45% of nor mal C6 l evel s . ( Ri ght panel ) The ef f ect of i nj ect i on of 250 hg of

0111 : 134 LPS i nt o C6- def i ci ent r abbi t s compar ed wi t h t he ef f ect of i nj ect i on of 100 Ji g of

0111 : 134 LPS i nt o nor mal r abbi t s . The number s of ani mal s i n each gr oup i s gi ven i n

par ent heses .

wi t h 100 hg of 0111 : 134 LPS, and t he decr ease i n bl ood pr essur e was compar ed

wi t h t hat obser ved i n nor mal r abbi t s . These r esul t s ar e shown i n Fi g. 5 ( l ef t

panel ) . I nj ect i on of 100 j i g of 0111 : 134 LPS i nt o C6- def i ci ent r abbi t s i nduced a

decr ease i n bl ood pr essur e i n C6- def i ci ent r abbi t s over t he 5- h per i od . Bet ween 3

and 5 h, t he hypot ensi on was l ess t han t hat obser ved i n nor mal ani mal s . Thi s

decr eased r esponse coul d occur as a r esul t of st r ai n di f f er ences bet ween t he C6-

def i ci ent r abbi t s and t he nor mal r abbi t s or a par t i ci pat i on of C5- C9 i n medi at -

i ng LPS- i nduced hypot ensi on. To di st i ngui sh t hi s, r abbi t s het er ozygous f or t he

C6 def i ci ency t r ai t ( 35- 45% nor mal C6 l evel s) wer e i nj ect ed wi t h 100 wg of

0111 : 134 LPS. The f al l i n bl ood pr essur e obser ved par al l el ed t hat seen wi t h t he

C6- def i ci ent r abbi t s . These r esul t s suggest t hat a st r ai n di f f er ence coul d account

f or t he di mi ni shed r esponse t o 0111 : 134 i n bot h C6- def i ci ent and r abbi t s wi t h a

par t i al def i ci ency of C6 as compar ed t o nor mal r abbi t s . Thi s di f f er ence woul d be

r ef l ect ed by a di f f er ent dose r esponse behavi or wi t h r espect t o 0111 : 134 LPS. To

t est t hi s a gr oup of C6- def i ci ent r abbi t s wer e i nj ect ed wi t h 250 Wg of 0111 : 134 .

These dat a ar e shown i n Fi g. 5 ( r i ght panel ) . The C6- def i ci ent r abbi t s showed an

ear l y f al l i n mean ar t er i al bl ood pr essur e whi ch appr oached t hat seen i n nor mal

r abbi t s, al t hough t he maxi mumdecr ease occur r ed 20- 30 mi n l at er . Some di f f er -

ence was obser ved i n t he second phase of t he hypot ensi on i n whi ch t he C6-

def i ci ent ani mal s di d not demonst r at e as l ar ge a f al l .

Per i pher al Bl ood Cel l Changes .

	

The r ol e of compl ement i n al t er at i ons i n

number s of ci r cul at i ng pl at el et s, neut r ophi l s, and mononucl ear cel l s was i nvest i -

gat ed usi ng nor mal , CoF- t r eat ed, and C6- def i ci ent r abbi t s . These exper i ment s

wer e per f or med f or sever al r easons : ( a) To def i ne what cel l s ar e af f ect ed by LPS

i nj ect i on and t he ki net i cs of t hese changes, ( b) t o det er mi ne t he r ol e of compl e-

ment i n changes i n per i pher al bl ood cel l number s, and ( c) t o det er mi ne whi ch, i f

any, cel l changes cor r el at e wi t h bl ood pr essur e decr eases . Measur ement s wer e
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The ef f ect of LPS i nj ect i on on ci r cul at i ng " Cr - pl at el et s. ( Lef t panel ) The ef f ect on

pl at el et s of t he i nj ect i on of 100 ug of 0111 : B4 LPS i nt o nor mal and CoF- t r eat ed ani mal s.

( Ri ght panel ) The ef f ect on pl at el et s of t he i nj ect i on of 50 Fa. g of Re595 LPS on ci r cul at i ng

pl at el et s i n nor mal and CoF- t r eat ed r abbi t s . The number s of ani mal s i n each gr oup ar e

gi ven i n par ent heses . The dashed l i ne r epr esent s t he t heor et i cal cur ve f or pl at el et t ur nover

based upon a t l , s of 30 h ( see Mat er i al s and Met hods) .
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obt ai ned i n t he same exper i ment s t hat moni t or ed bl ood pr essur e changes af t er
LPS i nj ect i on . The var i ous cel l s wer e quant i t at ed as descr i bed i n Mat er i al s and
Met hods .

Pl at el et Changes .

	

Cont r ol exper i ment s descr i bed i n Mat er i al s and Met hods
i ndi cat ed t hat 51 Cr - pl at el et s behaved i n a si mi l ar manner when nor mal noncan-
nul at ed r abbi t s wer e compar ed wi t h ei t her nor mal or CoF- t r eat ed exper i ment al
cont r ol ani mal s . A t 1, 2 f or pl at el et sur vi val of appr oxi mat el y 30 h was det er -
mi ned . Pr el i mi nar y exper i ment s demonst r at ed a cor r el at i on bet ween " Cr - pl at e-
l et changes and changes i n number of pl at el et s det er mi ned by vi sual quant i t a-
t i on of pl at el et s i n a hemocyt omet er .

Af t er t he i nj ect i on of t he di f f er ent LPS pr epar at i ons, t wo di st i nct pat t er ns of
51 Cr pl at el et di sappear ance wer e obser ved i n nor mal ani mal s . I nj ect i on of 100 j i g
of 0111 : 84 LPS i nt o nor mal r abbi t s pr oduced a smal l decr ease ( <10%) i n ci r cul at -
i ng pl at el et s 5 mi n af t er i nj ect i on . The r emai ni ng pl at el et s di sappear ed at a r at e
t hat appear ed t o be onl y sl i ght l y mor e r api d t han t hat obser ved i n cont r ol
ani mal s ( Fi g. 6, l ef t panel ) . When 100 pg of 0111 : 84 was i nj ect ed i nt o CoF-
t r eat ed r abbi t s and t he r esul t s compar ed t o nor mal r abbi t s, onl y a sl i ght
r educt i on of t he smal l dr op obser ved at 5 mi n was not ed ( Fi g. 6, l ef t panel ) .
When exper i ment s wer e per f or med i n C6- def i ci ent r abbi t s i nj ect ed wi t h 100 pg
of 0111 : 84 LPS pl at el et changes i dent i cal t o t hose obser ved i n nor mal r abbi t s
wer e seen .

I n cont r ast t o r esul t s obt ai ned wi t h 0111 : B4 LPS, i nj ect i on of 50 wg of Re595
LPS i nt o nor mal r abbi t s pr oduced a r api d and subst ant i al decr ease i n ci r cul at -
i ng pl at el et s ( Fi g. 6, r i ght panel ) at 5 mi n. The decr ease was f ol l owed by a r et ur n
t o about 80% of t he pr ei nj ect i on val ue and t hen a secondar y di sappear ance
phase . Thi s secondar y di sappear ance phase pr oceeded at an i ncr eased r at e when
compar ed t o t hat obser ved i n cont r ol ani mal s . CoF t r eat ment gr eat l y r educed
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The ef f ect of LPSi nj ect i on on ci r cul at i ng s' Cr - pl at el et s . ( Lef t panel ) The ef f ect of

i nj ect i on of 100 Wg of S. mar cescens LPS on ci r cul at i ng pl at el et s i n nor mal and CoF- t r eat ed

r abbi t s . ( Ri ght panel ) The ef f ect of i nj ect i on of 12 . 5 mg S. mar cescens LPS on ci r cul at i ng

pl at el et s i n nor mal and CoF- t r eat ed r abbi t s. The number of ani mal s i n each gr oup ar e gi ven

i n par ent heses .

t he i ni t i al decr ease i n ci r cul at i ng pl at el et s obser ved af t er Re595 i nj ect i on, whi l e

havi ng l i t t l e ef f ect on t he r at e of t he secondar y di sappear ance of t he r emai ni ng

pl at el et s .

Si mi l ar l y when ei t her 100 gg or 12 . 5 mg of S. mar cescens was i nj ect ed, a

bi phasi c pl at el et change was obser ved wi t h t he r api d and subst ant i al dr op i n

pl at el et s bei ng mar kedl y r educed by CoF t r eat ment ( Fi g . 7) . At ei t her concent r a-

t i on t he secondar y di sappear ance of pl at el et s pr oceeded at a gr eat er r at e t han

t hat obser ved i n cont r ol ani mal s . Exper i ment s i n whi ch S. mar cescens was

i nj ect ed i nt o C6- def i ci ent r abbi t s al so demonst r at ed a bi phasi c pl at el et r esponse

( dat a not shown) .

Two di st i nct pat t er ns of pl at el et behavi or have been not ed . The i nj ect i on of

0111 : 134 LPS was char act er i zed by a change i n ci r cul at i ng pl at el et s t hat oc-

cur r ed despi t e t r eat ment wi t h CoF, whi l e i n mar ked cont r ast a bi phasi c pl at el et

change i s obser ved af t er i nj ect i on of Re595 or S. mar cescens LPS. The i ni t i al

r api d dr op obser ved af t er t he i nj ect i on of t hese LPSmol ecul es i s l ar gel y r educed

by pr i or admi ni st r at i on of CoF t o el i mi nat e C3, whi l e t he secondar y di sappear -

ance of pl at el et s r emai ned unaf f ect ed .

Neut r ophi l s and Mononucl ear Cel l s .

	

I nj ect i on of al l t hr ee pr epar at i ons of

LPS i nt o nor mal , CoF- t r eat ed, or C6- def i ci ent r abbi t s pr oduced a r api d and

vi r t ual l y compl et e di sappear ance of neut r ophi l s f ol l owed by a gr adual r et ur n

begi nni ng about 180 mi n post i nj ect i on . The ef f ect s of i nj ect i on of LPS 0111 : 134 or

Re595 on neut r ophi l s i s shown i n Fi g . 8 . No di f f er ences bet ween nor mal and

CoF- t r eat ed r abbi t s wer e not ed . Ar api d f al l i n mononucl ear cel l s t o 10- 20% of

pr ei nj ect i on l evel s was al so obser ved af t er t he i nj ect i on of t he di f f er ent LPS

mol ecul es i nt o nor mal , CoF- t r eat ed, and C6- def i ci ent r abbi t s . Changes i n ci r cu-

l at i ng neut r ophi l s and monocyt es have been obser ved wi t h as l i t t l e as 0. 1 N,g of

0111 : 134 LPS.

Gr oss and Hi st ol ogi c Evi dence of DI C.

	

Gr oss and mi cr oscopi c obser vat i ons
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The ef f ect of LPS i nj ect i on on l evel s of ci r cul at i ng neut r ophi l s . ( Lef t panel ) The

ef f ect of i nj ect i on of 100 Wg of 0111 : 84 LPS i n nor mal and CoF- t r eat ed r abbi t s on l evel s of

neut r ophi l s . ( Ri ght panel ) The ef f ect of i nj ect i on of 50 l Ag of Re595 LPS i nt o nor mal and CoF-

t r eat ed r abbi t s on l evel s of neut r ophi l s . The number s of ani mal s i n each gr oup ar e gi ven i n

par ent heses .

wer e per f or med on nor mal r abbi t s, r abbi t s depl et ed of C3, and C6- def i ci ent

r abbi t s i nj ect ed wi t h t he t hr ee t ypes of LPSdescr i bed i n t he exper i ment s above.

Qual i t at i vel y si mi l ar changes occur r ed i n r abbi t s i nj ect ed wi t h each t ype of LPS

al t hough t he quant i t y and sever i t y of l esi ons ( descr i bed bel ow) wer e gr eat er

when 501Ag Re595 LPS or 100 wg S. mar cescens LPS, r at her t han 100 Wg 0111 : 84

LPS, wer e i nj ect ed . I n t he nor mal r abbi t s, at t hese dosages of LPS, t he l ungs

wer e r eddened and occasi onal l y hemor r hages wer e not ed i n bot h t he l ungs and

al ong t he ser osal sur f ace of t he l ar ge and smal l bowel . I n some r abbi t s, yel l ow-

i sh f l ecks of 1- 2 mm, r epr esent i ng zones of coagul at i ve necr osi s, wer e obser ved

on t he sur f ace of t he l i ver wi t h penet r at i on occur r i ng sever al mi l l i met er s i nt o

t he cut sur f ace. The ki dneys i n l ess t han 10% of nor mal r abbi t s showed ear l y

evi dence of coagul at i ve necr osi s, but ot her wi se appear ed nor mal . I n r abbi t s

pr et r eat ed wi t h CoF and i nj ect ed wi t h 50 Wg Re595 or 100 Ng S. mar cescens,

gr eat er sever i t y of t he DI C was obser ved gr ossl y t han i n r abbi t s wi t h t he LPS

al one . Four cont r ol r abbi t s wi t h CoF pr et r eat ment onl y, di d not show evi dence

of DI C gr ossl y . No di f f er ences wer e not ed when nor mal and C6- def i ci ent r abbi t s

i nj ect ed wi t h 0111 : B4 LPS compar ed .

Mi cr oscopi cal l y, f i br i n t hr ombi wer e seen i n a gr eat maj or i t y of r abbi t s

i nj ect ed wi t h each LPS. The di st r i but i on and ext ent of t hr ombi i n t he case of

LPS Re595 i s shown i n Tabl e I , and t he appear ance of f i br i n- r i ch t hr ombi ar e

shown i n Fi g . 9. No t hr ombi wer e obser ved i n sal i ne cont r ol s . I n t he case of

nor mal r abbi t s i nj ect ed wi t h 50 Wg Re595, 8/ 10 showed t hr ombi mi cr oscopi cal l y

24 h af t er i nj ect i on of LPS, whi l e 15/ 19 r abbi t s i nj ect ed wi t h LPS of E. col i

0111 : 84 and al l r abbi t s i nj ect ed wi t h 100 jug S. mar cescens demonst r at ed mi -

cr ot hr ombi of a moder at e t o mi l d degr ee . I ncr easi ng t he dose of each LPSt o over

3 mg r esul t ed i n gr eat er sever i t y i n al l cases wi t h t hr ombi appear i ng i n each

sect i on of each or gan. The t hr ombi st ai ned bl ue wi t h phosphot ungst i c aci d

hemat oxyl i n and r eact ed wi t h f l uor escent ant i f i br i n but not ant i al bumi n . I gG

and C3 wer e pr esent i n onl y smal l amount s i n t he t hr ombi .
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TABLE I

Mi cr oscopi c Eval uat i on of I nt r avascul ar Coagul at i on S. mi nnesot a Re595 ( 50 f ag)

Neg

* The number s r epr esent i ndi vi dual r abbi t s bear i ng l esi ons of t he st at ed sever i t y 24 h af t er

i nj ect i on of LPS. Sever e : mar ked number s of t hr ombi i n each sect i on of t i ssue wi t h evi dence of

r enal cor t i cal necr osi s . Moder at e : occasi onal t hr ombi i n each sect i on of t i ssue . Mi l d : r ar e

t hr ombi obser ved i n occasi onal sect i ons .

Rabbi t s depl et ed of C3 and t er mi nal component s wi t h CoF bef or e i nj ect i on

wi t h LPS demonst r at ed qual i t at i vel y si mi l ar changes as nor mal r abbi t s, but t he

l esi ons wer e mor e numer ous and of gr eat er sever i t y ( Tabl e I ) . Fr equent l y wi t h

S. mar cescens ( 4/ 4) and occasi onal l y wi t h E. col i 0111 : 134 ( 3/ 11) , r abbi t s pr e-

t r eat ed wi t h CoF devel oped sever e t hr ombot i c l esi ons . Of f our r abbi t s i nj ect ed

wi t h CoF al one i nt r aper i t oneal l y ( wi t hout a second i nj ect i on of LPS) , one

showed a si ngl e mi cr ot hr ombus i n t he l ung . I n f i ve C6- def i ci ent r abbi t s, i nj ec-

t i ons of 100 l i g E. col i 0111 : 134 pr oduced mi cr ot hr ombi t o an ext ent si mi l ar t o

t hat i n nor mal r abbi t s .

I n Vi vo Compl ement Measur ement s .

	

To det er mi ne whet her t he LPS pr epar a-

t i ons used do act i vat e compl ement i n vi vo, pl asma was anal yzed f or C3 by r adi al

i mmunodi f f usi on i n al l exper i ment s i n whi ch bl ood pr essur e and per i pher al

bl ood cel l changes wer e st udi ed . I n addi t i on, separ at e exper i ment s wer e per -

f or med i n r abbi t s t hat wer e i nj ect ed wi t h up t o 30 t i mes t he mi ni mal hypot en-

si ve dose, and ser umsampl es wer e col l ect ed f or CH, . det er mi nat i on .

Usi ng t he mi ni mal concent r at i on of each LPS t hat pr oduced hypot ensi on and

DI C, no changes i n pl asma C3 concent r at i on wer e det ect ed . These dat a ar e

shown f or i ndi vi dual ani mal s i n Fi g. 10 ( sol i d l i ne) , but ar e r epr esent at i ve of t he

22 ani mal s t est ed . Onl y when doses 30- 100 t i mes t he mi ni mal hypot ensi ve dose

wer e t est ed sl i ght decr eases i n C3 wer e obser ved and ar e most appar ent i n

ani mal s i nj ect ed wi t h Re595 . Si mul t aneous measur ement of RSA or r abbi t I gG

by r adi al i mmunodi f f usi on r eveal ed no changes i n t hese pr ot ei ns dur i ng t he

t i me when t he modest decr ease i n pl asma C3 concent r at i on was obser ved.

Changes i n CHso measur ed at var i ous t i mes af t er i nj ect i on of 3 mg 0111 : 134 or

Re595 i ndi cat ed no consi st ent pat t er n of decr ease . ( Fi g . 11) Even when decr eases

wer e det ect ed t he changes wer e onl y 20- 30%. Agai n t hese exper i ment s wer e

per f or med wi t h concent r at i ons of LPS much gr eat er t han t hat r equi r ed t o

pr oduce hypot ensi on or DI C.

Hypot ensi ve Changes Associ at ed wi t h Compl ement Act i vat i on . The pr e-

vi ous dat a suggest t hat compl ement i s not r equi r ed f or t he pr oduct i on of LPS-

i nduced hypot ensi on . The f ol l owi ng exper i ment was per f or med t o di r ect l y exam-

i ne t he ef f ect of i nt r avascul ar compl ement act i vat i on on bl ood pr essur e changes .

Moder -

at e*

Nor mal r abbi t s

Mi l d Neg Sever e

CoF

Mod

r abbi t s

Mi l d

Li ver 3 5 3 1 2 1

Lung 2 6 3 1 1 2

Ki dney 1 4 6 1 2 1

Spl een 4 5 2 1 1 2
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( a) Phot omi cr ogr aph of a gl omer ul us of ar abbi t i nj ect ed 24 h pr evi ousl y wi t h 50, ug
of Re595 LPS. Abundant f i br i n deposi t s ar e not ed i n t he capi l l ar y l umens of t he gl omer ul ar

t uf t s. Advanced necr osi s of t he r enal par enchyma has occur r ed i n t hi s sever e r eact i on. PAS
st ai n x 320 . ( b) Phot omi cr ogr aph of a f i br i n deposi t i n a pul monar y vessel . PASst ai n x 100 .
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The ef f ect of LPSi nj ect i on on pl asma C3 l evel s det er mi ned by r adi al i mmunodi f -

f usi on measur ement s. Each panel shows r esul t s obt ai ned wi t h i ndi vi dual ani mal s i nj ect ed

wi t h 0111 : B4, Re595, or S. mar cescens LPS.

FI G. 11 .

	

The ef f ect of LPS i nj ect i on on i n vi vo CH5 0 val ues det er mi ned af t er i nj ect i on of

LPS. The dat a i s expr essed as a per cent age change f r omt he pr ei nj ect i on val ue . Resul t s f or

i ndi vi dual ani mal s ar e gi ven i n each panel .

To act i vat e t he compl ement syst em, i nt r avenous or i nt r aper i t oneal i nj ect i ons of

300 U of CoF wer e admi ni st er ed t o nor mal r abbi t s, and t he ef f ect of t he

i nj ect i ons on bl ood pr essur e f ol l owed . The exper i ment al pr ocedur e ut i l i zed i n

t hi s exper i ment was i dent i cal t o t hat descr i bed f or t he LPS exper i ment except

t hat onl y CoF was admi ni st er ed. Bl ood sampl es wer e r emoved at var i ous t i mes

bef or e and af t er CoF i nj ect i on . Changes i n pl asma C3 l evel s wer e measur ed by

r adi al i mmunodi f f usi on and used t o assess compl ement act i vat i on . The ef f ect s of

CoF i nj ect i on on mean ar t er i al bl ood pr essur e and C3 concent r at i ons ar e shown

i n Fi g . 12 . As not ed a f al l i n bl ood pr essur e occur r ed i mmedi at el y af t er t he
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Acompar i son of bl ood pr essur e changes and changes i n pl asma C3 l evel s af t er t he

i nt r avenous and i nt r aper i t oneal i nj ect i on of 300 U of CoF . The number s of ani mal s i n each

gr oup i s gi ven i n par ent heses.

i nj ect i on of CoF i nt r avenousl y, but not af t er i t s i nj ect i on i nt r aper i t oneal l y . The

dr op was shor t l i ved, wi t h nor mal bl ood pr essur e l evel s r esumed wi t hi n 30 mi n.

The f al l was accompani ed by a r api d f al l of C3 l evel s, wi t h a decr ease of 30- 40%

occur r i ng i n t he f i r st f ew mi nut es af t er i nj ect i on. The amount of C3 act i vat ed

coul d have been even gr eat er , si nce cl ear ance of t he act i vat ed C3 f r om t he

ci r cul at i on was r equi r ed t o det ect decr eases by t he i mmunol ogi c t echni que

empl oyed . I n r abbi t s i nj ect ed wi t h 300 U of CoF i nt r aper i t oneal l y t he l evel s of

C3 f al l t o appr oxi mat el y t he same ext ent , but t he r at e of f al l was much sl ower .

I n t hese r abbi t s hypot ensi on was not obser ved .

Di scussi on

Hypot ensi on I nduced by Bact er i al LPS. I t s Rel at i onshi p t o Compl ement

Act i vat i on . The r esul t s suggest t hat C3 and t er mi nal compl ement component s

ar e of mi ni mal i mpor t ance i n t he i ni t i at i on of LPS- i nduced hypot ensi on and

DI C. Thi s concl usi on i s based upon exper i ment s t hat compar ed t he ef f ect of

i nj ect i on of t hr ee di f f er ent LPS pr epar at i ons i nt o nor mal , CoF- t r eat ed, and C6-

def i ci ent r abbi t s and upon exper i ment s desi gned t o exami ne t he hypot ensi on

associ at ed wi t h act i vat i on of compl ement . Depl et i on of C3 wi t h CoF bef or e

i nj ect i on of LPSf ai l ed t o pr event t he hypot ensi on and DI C. I n addi t i on, hypot en-

Si on and DI C wer e obser ved i n C6- def i ci ent r abbi t s i nj ect ed wi t h LPS.

The st udi es wer e conduct ed wi t h t hr ee di f f er ent pr epar at i ons of LPS t o

maxi mi ze obser vat i on of pot ent i al l y di f f er ent ef f ect s on hypot ensi on, DI C, and

changes i n bl ood cel l s and pl asma pr ot ei n syst ems pr oduced by LPS. The t hr ee

di f f er ent LPS pr epar at i ons wer e chosen f or t he f ol l owi ng r easons : ( a) LPS

0111 : 134 , as pr epar ed, i s sol ubl e i n aqueous sol ut i on, and i n vi t r o was not an

ef f i ci ent act i vat or of hemol yt i c compl ement , ( b) LPS Re595, al t hough i nsol ubl e

as pur i f i ed, was chemi cal l y sol ubi l i zed . Thi s mol ecul e, i n cont r ast t o 0111 : 134

LPSwas a pot ent act i vat or of ser umhemol yt i c compl ement , and ( c) LPS f r omS.

mar cescens used i n t hese st udi es was onl y par t i al l y sol ubl e i n aqueous sol ut i on

and was not a hi ghl y pur i f i ed pr epar at i on . LPS f r om S. mar cescens has been
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ut i l i zed by ot her i nvest i gat or s and t her ef or e al l ows our st udi es t o be compar ed

wi t h pr evi ous r epor t s .

Dose- r esponse st udi es wer e per f or med t o det er mi ne a mi ni mal concent r at i on

of LPS r equi r ed t o pr oduce a 30% decr ease i n mean ar t er i al bl ood pr essur e

dur i ng t he 5- h per i od of measur ement . Whi l e t he 30%dr op was chosen ar bi t r ar -

i l y, t he use of a t hr eshol d dose per mi t t ed t he st udy of hypot ensi on at a dose of

LPS t hat was not l et hal and t hat woul d be most sensi t i ve f or exper i ment al

mani pul at i on of compl ement . No si gni f i cant di f f er ences wer e obser ved i n t he

t hr ee LPS pr epar at i ons i n t hei r abi l i t y t o i nduce a hypot ensi ve change i n

nor mal r abbi t s . Fur t her mor e, we est abl i shed t hat t he r emoval of bl ood sampl es

dur i ng t he exper i ment had l i t t l e ef f ect on t he hypot ensi ve changes obser ved .

Changes i n bl ood pr essur e obser ved af t er i nj ect i on of any one of t he t hr ee

pr epar at i ons used coul d be di vi ded i nt o t wo phases . The f i r st dr op occur r ed

wi t hi n 30- 80 mi n of i nj ect i on, and t hen t he bl ood pr essur e was ei t her mai n-

t ai ned at t hi s l evel or par t i al l y r et ur ned t o nor mal dur i ng t he subsequent hour .

Asecondar y smal l decr ease occur r ed bet ween 120 mi n post i nj ect i on and t he f i nal

measur ement at 300 mi n.

The mi ni mal i mpor t ance of C3 i n t he est abl i shment of t he f i r st phase of t he

pr essur e f al l i s r eadi l y appar ent when CoF- t r eat ed r abbi t s i nj ect ed wi t h 0111 : 134

or S. mar cescens LPS ar e compar ed wi t h nor mal ani mal s ( Fi g . 3 and 4) . No

di f f er ences ar e obser ved i n t hese gr oups . Fur t her mor e, t he second phase of t he

pr essur e dr op was si mi l ar when nor mal and CoF- t r eat ed r abbi t s i nj ect ed wi t h

ei t her 0111 : 134 or S. mar cescens ar e compar ed . Onl y i n t he gr oup i nj ect ed wi t h

Re595 does CoF t r eat ment pr oduce any di f f er ence i n bl ood pr essur e changes . I n

t hi s gr oup t he secondar y f al l i n bl ood pr essur e does not occur , but t he mean

ar t er i al bl ood pr essur e i s mai nt ai ned at l evel s bet ween 75- 85%of t he pr ei nj ec-

t i on bl ood pr essur e . Thus wi t h t hi s t ype of LPS i t appear s t hat C3 and t er mi nal

compl ement component s may pl ay a r ol e i n t he pot ent i at i on of t he LPS- i nduced

bl ood pr essur e f al l . Exper i ment s i n whi ch 12 . 5 mg o£ S. mar cescens wer e

i nj ect ed i nt o nor mal and CoF- t r eat ed r abbi t s al so demonst r at ed no di f f er ence i n

t he LPS- i nduced hypot ensi on when t hese t wo gr oups wer e compar ed .

Exper i ment s wi t h C6- def i ci ent r abbi t s al so pr ovi de evi dence t hat t he compl et e

sequence of t er mi nal component s C5- C9 i s not r equi r ed f or LPS- i nduced hypo-

t ensi on . These dat a i ndi cat e a mi ni mal r ol e f or ei t her " i nnocent byst ander " l ysi s

( 37) of var i ous ef f ect or cel l s or di r ect l ysi s of t ar get cel l s whi ch mi ght have LPS

bound t o t hei r sur f ace . When 100 Wg of 0111 : 134 wer e i nj ect ed i nt o C6- def i ci ent

r abbi t s t he mean ar t er i al bl ood pr essur e decr eased about 15%i n cont r ast t o t he

30%decr ease obser ved i n nor mal r abbi t s . When t he same concent r at i on of LPS

was i nj ect ed i nt o r abbi t s t hat wer e het er ozygous f or C6- def i ci ency ( 35- 45%of

nor mal C6 l evel s) a 15% decr ease i n pr essur e was al so obser ved . These dat a

suggest t hat t her e i s a st r ai n di f f er ence bet ween our nor mal NewZeal and whi t e

r abbi t s and t he C6- def i ci ent ani mal s . I nasmuch as we used a t hr eshol d dose of

LPS det er mi ned f r om a dose r esponse i n nor mal ani mal s t hi s di f f er ence mi ght

be accent uat ed. Thi s ar gument i s suppor t ed by t he r esul t obt ai ned when 250, ug

of 0111 : 134 wer e i nj ect ed i nt o C6- def i ci ent r abbi t s . At t hi s concent r at i on t he

change i n bl ood pr essur e af t er LPS i nj ect i on par al l el s t hat seen i n nor mal

ani mal s i nj ect ed wi t h 100 f cg of 0111 : 134 .
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These dat a t her ef or e pr ovi de evi dence f or a mi ni mal r ol e of C3 and t er mi nal

compl ement component s i n LPS- i nduced hypot ensi on . At t he pr esent t i me t her e

ar e st i l l sever al ot her possi bl e r ol es of compl ement component s i n LPS- i nduced

hypot ensi on whi ch cannot be excl uded . Fi r st t he i nvol vement of pr ot eol yt i c

enzymes f r om neut r ophi l s or ot her cel l s ( 34) whi ch coul d cl eave C5 t o pr oduce

t he bi ol ogi cal l y act i ve f r agment C5a cannnot be compl et el y excl uded f r om

exper i ment s . However , pr el i mi nar y exper i ment s have i ndi cat ed t hat neut r ophi l

depl et i on does not bl ock LPS- i nduced hypot ensi ve changes . 3 I t i s al so possi bl e

t hat a component or component s r eact i ng wi t h t he LPS bef or e C3PA or i n t he

ear l y component s of t he cl assi cal pat hway coul d be i nvol ved i n LPS- i nduced

hypot ensi on . However , i t i s cl ear f r omour measur ement s of compl ement act i va-

t i on i n vi vo t hat l i t t l e i f any compl ement i s act i vat ed by t he LPS pr epar at i ons

t est ed even when concent r at i ons of LPS ar e used whi ch ar e f ar i n excess of t hat

r equi r ed t o pr oduce hypot ensi on .

Hypot ensi on Associ at ed wi t h Act i vat i on of Compl ement .

	

The st udi es on

hypot ensi on associ at ed wi t h t he act i vat i on of compl ement r eveal ed si gni f i cant

di f f er ences bet ween compl ement and LPS- i nduced hypot ensi on . Consi der abl e

act i vat i on of C3 ( gr eat er t han 30% of t hat i n t he ci r cul at i on) was r equi r ed t o

pr oduce hypot ensi on af t er i nj ect i on of CoF. I n addi t i on, t he consumpt i on of C3

had t o t ake pl ace r api dl y, i . e . , wi t hi n a 5- mi n per i od . Sl ower consumpt i on of C3,

as occur r ed af t er an i nt r aper i t oneal i nj ect i on of CoF, f ai l ed t o i nduce hypot en-

si on . Fur t her mor e, t he f al l i n bl ood pr essur e was ephemer al , wi t h l evel s r et ur n-

i ng t o nor mal wi t hi n 30 mi n i n mar ked cont r ast t o LPS- i nduced hypot ensi ve

changes . St udi es exami ni ng t he causal r el at i onshi p bet ween act i vat i on of C3

and t he devel opment of hypot ensi on wi l l be t he subj ect of a l at er publ i cat i on .

Ot her i nvest i gat or s have al so st udi ed t he r ol e of compl ement i n LPS- i nduced

hypot ensi on . One of t he f i r st st udi es of t he r ol e of t he compl ement syst em i n

LPS- i nduced hypot ensi ve changes was per f or med by Fr om et al . i n 1970 ( 4) .

Usi ng CoF, t hese i nvest i gat or s depl et ed C3 i n dogs and compar ed t he hypot en-

si ve changes obser ved af t er LPS i nj ect i on i nt o nor mal and CoF- t r eat ed dogs .

LPS i nj ect i on i nt o nor mal dogs pr oduced an i mmedi at e f al l i n bl ood pr essur e

( wi t hi n 2 mi n post i nj ect i on) , a gr adual r et ur n t o about 60- 80%of nor mal wi t hi n

30- 60 mi n, f ol l owed by a decr ease i n pr essur e measur ed over 3 h . CoF t r eat ment

abr ogat ed t he i ni t i al r api d dr op but had no ef f ect on t he secondar y dr op i n bl ood

pr essur e . Thi s ear l y dr op i n bl ood pr essur e seen i n nor mal , but not CoF- t r eat ed

dogs, may be anal ogous t o t he decr ease i n mean ar t er i al bl ood pr essur e we

obser ved af t er i nt r avenous CoF i nj ect i on . That i s, t he dr op i s associ at ed wi t h

act i vat i on of compl ement and i s easi l y r ever si bl e, possi bl y due t o t he gener at i on

of shor t l i ved medi at or s such as t he anaphyl ot oxi ns . The r ol e of compl ement i n

LPS- i nduced hypot ensi on i n f el i nes has al so been st udi ed by Ki t zmi l l er et al . ( 3) .

CoF t r eat ment of f el i nes had l i t t l e ef f ect on t he hypot ensi ve change obser ved

af t er t he i nj ect i on of LPS.

Recent l y, however , anot her st udy i n dogs by Gar ner et al . ( 2) i ndi cat ed t hat

CoF- t r eat ed dogs di d not demonst r at e any f al l i n mean ar t er i al bl ood pr essur e

af t er LPS i nj ect i on . Al t hough si mi l ar l y t o t he r epor t of Fr om et al . ( 4) , t hese

a
Ul evi t ch, R. J . , C. G. Cochr ane, P. M. Henson, and D. C. Mor r i son . Unpubl i shed r esul t s .
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aut hor s abr ogat ed t he i ni t i al f al l i n bl ood pr essur e obser ved af t er LPS i nj ect i on

i nt o dogs depl et ed of C3 by CoF, t hey al so i ndi cat ed t hat CoF t r eat ment

abr ogat ed any secondar y f al l i n mean ar t er i al pr essur e up t o 3 h af t er LPS

i nj ect i on . An expl anat i on of t he di f f er ences bet ween t hi s st udy and t he r esul t s of

Fr om et al . ( 4) i s not cl ear at t hi s t i me.

I t i s of i nt er est t hat Johnson and War d ( 35) obser ved a pr ot ect i on i n nor mal

r abbi t s t o t he l et hal ef f ect s of 200 f cg of LPS t hat was not shar ed by C6- def i ci ent

r abbi t s . Let hal i t y was measur ed af t er 48 h. He post ul at ed t hat t he t er mi nal

component s of compl ement coul d pl ay a r ol e i n det oxi f yi ng LPS. The pr esent

dat a i ndi cat e t hat t he acut e ef f ect s of LPS ( 24 h) ar e si mi l ar i n C6- def i ci ent and

nor mal r abbi t s, al t hough of sl i ght l y l ess i nt ensi t y i n t he f or mer , and do not bear

on t he l onger t er m ( 48 h) ef f ect s . No di f f er ence i n t he l et hal ef f ect s of t he t hr ee

LPS pr epar at i ons was obser ved at 24 h i n t he pr esent st udi es, as subl et hal doses

wer e empl oyed .

Coagul at i on Associ at ed wi t h LPS i n Nor mal , CoF- Tr eat ed, and C6- Def i ci ent

Rabbi t s . The pr esent st udi es i ndi cat e t hat t he coagul at i ve ef f ect s of LPS can

occur despi t e pr i or depl et i on of C3 and i n t he absence of C6 . Thi s suggest s t hat

t he act i ve f r agment s C3a and C5a or t he compl ement - medi at ed l ysi s of cel l s ar e

not essent i al f or i ni t i at i on of cl ot t i ng by LPS.

I t was of i nt er est t hat pr i or t r eat ment of t he r abbi t s wi t h CoF t o depl et e C3 i f

anyt hi ng enhanced t he coagul at i ve ef f ect s of LPS. Thi s obser vat i on i s bei ng

pur sued i n cur r ent st udi es . Mul l er - Ber ghaus and Lohmann ( 9) have r ecent l y

demonst r at ed hemat ol ogi cal changes and r enal gl omer ul ar mi cr ot hr ombi t o

occur i n C6- def i ci ent r abbi t s i nf used wi t h LPS whi ch wer e i ndi st i ngui shabl e

f r om t hose changes obser ved i n nor mal r abbi t s t r eat ed wi t h LPS. These r esul t s

al so suggest t hat t he t er mi nal compl ement component s ar e not r equi r ed f or t he

consumpt i ve coagul opat hy i nduced by LPS.

The Ef f ect of LPS on Bl ood Cel l s .

	

I nj ect i on of al l t hr ee pr epar at i ons of LPS

i nt o nor mal , CoF- t r eat ed, and C6- def i ci ent r abbi t s pr oduces changes i n ci r cul at -

i ng neut r ophi l s, mononucl ear cel l s, and pl at el et s .

The behavi or of neut r ophi l s i n nor mal r abbi t s i nj ect ed wi t h t he mi ni mal

hypot ensi ve dose of any of t he t hr ee LPS mol ecul es used i n t hi s st udy i s

char act er i zed by a r api d, wi t hi n 5- mi n post i nj ect i on, and al most compl et e

di sappear ance of cel l s f r om t he ci r cul at i on . The neut r ophi l l evel s r emai n be-

t ween 0- 10% of t he st ar t i ng val ue f or appr oxi mat el y 2 h and t hen gr adual l y

r et ur n t o t he ci r cul at i on r eachi ng val ues of 25- 50% of t he i ni t i al pr ei nj ect i on

l evel by 5 h post i nj ect i on . Thi s pat t er n of neut r ophi l di sappear ance and r et ur n i s

i dent i cal i n CoF- t r eat ed and C6- def i ci ent r abbi t s. The pat t er n of t he di sappear -

ance and r et ur n of t he mononucl ear cel l s i n nor mal r abbi t s i s essent i al l y t he

same as t hat of t he neut r ophi l s . The pr i nci pal di f f er ence i s t hat t he mononucl ear

cel l s onl y f al l t o 10- 20%of t he pr ei nj ect i on l evel . Thi s same pat t er n of mononu-

cl ear cel l di sappear ance was obser ved i n r abbi t s t r eat ed wi t h CoF and i n C6-

def i ci ent r abbi t s . Ther ef or e t he changes i n ci r cul at i ng neut r ophi l s and mononu-

cl ear cel l s appear s not t o r equi r e t he pr esence of C3 or t er mi nal compl ement

component s . At t he pr esent t i me t he medi at i on syst em r esponsi bl e f or t he

di sappear ance of t he neut r ophi l s and mononucl ear cel l s has not been def i ned .

Thi s phenomenon appear s t o be di f f er ent f r om t he neut r openi a f ol l owed by

neut r ophi l i a occur r i ng af t er CoF i nj ect i on as descr i bed r ecent l y by McCal l et al .
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( 36) . These i nvest i gat or s post ul at ed t hat t he neut r ophi l changes obser ved af t er

CoF i nj ect i on wer e medi at ed by some pr oduct of compl ement act i vat i on .

Two di st i nct pat t er ns of 51 Cr - pl at el et behavi or have been obser ved af t er LPS

i nj ect i on . I nj ect i on of 100 gg 0111 : 114 LPS i nt o nor mal and CoF- t r eat ed r abbi t s

pr oduced par al l el changes i n ci r cul at i ng pl at el et s, char act er i zed by a gr adual

decr ease i n pl at el et s over a 5- h per i od whi ch appear ed t o be sl i ght l y i ncr eased

f r omt hat obser ved i n cont r ol ani mal s . The behavi or of pl at el et s i n C6- def i ci ent

r abbi t s i nj ect ed wi t h 100 Wg of 0111 : 114 was i ndi st i ngui shabl e f r om nor mal

ani mal s . Thus i t appear s t hat nei t her C3 nor t he t er mi nal compl ement compo-
nent s i nf l uence t he behavi or of " Cr - pl at el et s i n r abbi t s i nj ect ed wi t h 0111 : 114
LPS.

I n cont r ast , however , ar e t he changes i n ci r cul at i ng pl at el et s obser ved af t er

t he i nj ect i on of 50 I A.g of Re595 and 100 N,g or 12 . 5 mg of S. mar cescens LPS.
I nj ect i on of ei t her 50 N. g of Re595 or 100 Wg of S. mar cescens i nduced a bi phasi c

change i n ci r cul at i ng pl at el et s . Thi s change i s char act er i zed by a 30- 60%

decr ease wi t hi n 5 mi n, a r et ur n t o 70- 90%of t he pr ei nj ect i on val ue by 30 mi n,

and a secondar y di sappear ance of pl at el et s occur r i ng at a r at e gr eat er t han t hat

obser ved i n cont r ol ani mal s . I nj ect i on of 12 . 5 mg of S. mar cescens di f f er ed

pr i mar i l y i n t he magni t ude of t he di sappear ance and t he ext ent of t he r et ur n t o

t he ci r cul at i on . That i s, pl at el et l evel s f al l r api dl y t o l ess t han 25%of i ni t i al

val ues and onl y r et ur ned t o 40- 65% of st ar t i ng l evel s . When Re595 or S.

mar cescens was i nj ect ed i nt o CoF- t r eat ed r abbi t s t he ext ent of t he i ni t i al r api d

di sappear ance of pl at el et s was gr eat l y r educed, whi l e l i t t l e i f any ef f ect was

obser ved i n t he subsequent di sappear ance of pl at el et s . Pr el i mi nar y exper i -

ment s, i n whi ch C6- def i ci ent r abbi t s wer e i nj ect ed wi t h S. mar cescens demon-

st r at e t he same bi phasi c pl at el et change obser ved i n nor mal r abbi t s i nj ect ed
wi t h S. mar cescens LPS. The demonst r at i on of a C3- dependent pl at el et di sap-

pear ance af t er t he i nj ect i on of ei t her Re595 or S. mar cescens i s i n agr eement
wi t h publ i shed obser vat i on of Br own and Lachmann ( 11) . These i nvest i gat or s
al so obser ved a bi phasi c change i n 51 Cr - pl at el et s af t er i nj ect i on wi t h 1- 5 mg of

S. mar cescens i nt o nor mal and C6- def i ci ent r abbi t s, but mar kedl y r educed t he

i ni t i al di sappear ance phase by depl et i on of C3 wi t h CoF.

Dur i ng t he i ni t i al decr ease and r et ur n phase of t he pl at el et s a por t i on of t he

pl at el et s ar e ei t her i r r ever si bl y sequest er ed or ar e l ysed, si nce t he l evel of

pl at el et s never r et ur ns t o t he 100%val ue . Whet her one or bot h of t hese phenom-

ena ar e oper at i ve i s unknown at t hi s t i me . However what can be concl uded i s

t hat t he pr esence of C3 i s r equi r ed f or t hi s change t o occur . The exact mecha-

ni sm of t hese pl at el et changes i s al so unknown but at l east sever al possi bi l i t i es
exi st . They ar e : ( a) an " i mmune adher ence" r eact i on i nvol vi ng t he i nt er act i on of
pl at el et s wi t h C3b bound t o t hei r sur f ace ( 37) , ( b) a l yt i c r eact i on i n whi ch C567,
C8, C91yse t he pl at el et membr ane ( 38) , ( c) C3a medi at ed r el ease of ot her f act or s
t hat coul d af f ect pl at el et behavi or , i . e . , PAF f r om basophi l s ( 39) , and ( d) LPS-
medi at ed r el ease of ADPf r om cel l s by di r ect or i ndi r ect mechani sms ( 39) .

Summar y

We have st udi ed t he r ol e of compl ement i n l i popol ysacchar i de ( LPS) - i nduced

hypot ensi on and di ssemi nat ed i nt r avascul ar coagul at i on ( DI C) by compar i ng
t he ef f ect s of i nj ect i on of t hr ee pr epar at i ons of LPS f r om E. col i 0111 : 114, S.
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mi nnesot a Re595, and S. mar cescens . I nj ect i ons of nonl et hal doses of t hese LPS

pr epar at i ons i nt o nor mal r abbi t s pr oduced decr eases i n mean ar t er i al bl ood

pr essur e dur i ng a 5- h per i od . When r abbi t s t r eat ed wi t h cobr a venom f act or

( CoF) t o depl et e C3 wer e i nj ect ed wi t h t he var i ous LPS pr epar at i ons, mean

ar t er i al pr essur es f el l at a r at e and ext ent essent i al l y i dent i cal t o t hat obser ved

i n nor mal r abbi t s . Rabbi t s genet i cal l y def i ci ent i n C6 al so demonst r at ed LPS-

i nduced hypot ensi ve changes . Onl y mi ni mal , or no changes i n pl asma C3 l evel s

or ser umCHso val ues wer e det ect ed i n nor mal r abbi t s af t er LPS i nj ect i on .

Hypot ensi ve changes wer e al so i nduced i n r abbi t s when compl ement was

r api dl y act i vat ed by i nt r avenous i nj ect i on of CoF. I n cont r ast t o t he hypot ensi on

i nduced by LPS, t he f al l i n ar t er i al pr essur e associ at ed wi t h t he consumpt i on of

compl ement was shor t l i ved and r equi r ed t he r api d consumpt i on of consi der abl e

amount s of C3 .

The occur r ence of DI C not ed i n nor mal r abbi t s i nj ect ed wi t h each pr epar at i on

of LPS was not i nhi bi t ed i n ei t her r abbi t s t r eat ed wi t h cobr a f act or or i n C6-

def i ci ent r abbi t s . The DI Cwas most pr onounced af t er i nj ect i on of Re595 and S.

mar cescens LPS.

I nj ect i on of t he var i ous LPS pr epar at i ons pr oduced a r api d di sappear ance of

ci r cul at i ng neut r ophi l s and mononucl ear cel l s, whi ch occur r ed wi t h t he same

ki net i cs and t o t he same ext ent i n nor mal , CoF- t r eat ed, and C6- def i ci ent r ab-

bi t s . I nj ect i on of ei t her Re595 LPS or S. mar cescens LPS pr oduced a bi phasi c

di sappear ance of ci r cul at i ng " Cr - pl at el et s . I n cont r ast , i nj ect i on of 0111 : 134 LPS

af f ect ed onl y sl i ght l y t he r at e of di sappear ance of 5 ' Cr - pl at el et s. Depl et i on of C3

by cobr a f act or t r eat ment had no ef f ect on t he di sappear ance of pl at el et s i n

ani mal s i nj ect ed wi t h 0111 : 134 . I n mar ked cont r ast cobr a f act or t r eat ment

gr eat l y r educed t he i ni t i al r api d di sappear ance of pl at el et s i n r abbi t s i nj ect ed

wi t h ei t her Re595 or S. mar cescens LPS, but had no ef f ect i n t he secondar y

di sappear ance phase .

The aut hor s woul d l i ke t o gr at ef ul l y acknowl edge Kat hl een Ryan, Bar bar a Ai ken, Jan Roser ,
Jani ce Neshyba, and Ri ck Landes, al l of whompr ovi ded exper t t echni cal assi st ance i n var i ous

phases of t hi s pr oj ect . We woul d al so l i ke t o t hank Gar y Sandf or d, Kar en Pr escot t , and Gay Lee f or

t hei r t echni cal i l l ust r at i ons .
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