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ABSTRACT. Adherence and aggregation of leukocytes within the vessels of a prepared skin site
has been shown to be essential fahe pathogenesis of théocal Shwartzman reaction
(LSR)(Argenbright and Barton: J Clin Invest 89: 259, 1992). We have now perfored experiments
in rabbits to evaluate whether coagulation within thevessels of a prepared site is a second
requirement for the reaction. Skin sites were prepared by an intradermal injection of endotoxin
24 hours before a provoking intravenous injection of endotoxin. Thirteen control rabbits all
developed the LSR. Seven of 12 rabbits given warfarin to achieve anticoagulation approximating
that used therapeutically in humans before the provoking injection werprotected against the LSR
(p=0.003).Five of nine rabbits given anti-rabbit factor X IgG before the provoking injection to
yield mean values in individual rabbits of between 7% and 18% plasma factor X activity were
protected against the LSR (p=0.08). Six of 11 rabbits given anti-rabbit factor VII IgG before the
provoking injection to yield mean values in individual rabbits of between <0.5% and 2.2% were
protected against the LSR (p=0.007). Four rabbits failed to develop the LSR at an endotoxin-
prepared skin site when an infusion of tissue factor (TF) causing substantial intravascular
coagulation was substituted for a provoking injection of endotoxin. It would@pear that two events
are required for the pathogenesis of the LSR provoked by endotoxin: formation of aggregated
masses of WBC in the prepared skinvesselsand deposition of fibrin due to TF-initiated
coagulation.

INTRODUCTION site of the intradermal injection. An understanding
of the pathogenesis of the LSR haical

In the classical local Shwartzmareaction relevancesince the acutanfectious purpuras,
(LSR), a rabbit is injectethtradermally with a  @.,the dermal lesions of overwhelming
gram-negative endotoxin and 18-24 hrs later is  meniegenua, are thought to represent clinical
given an intravenous dose of the endotoxin. Within  equivalents of the LSR (1).
hours after the provoking intravenomgection,
an area of hemorrhagic necrosis develops at the  Ag#imés than endotoxin (2)ncluding the
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cytokines interleukin-1 and tumor necrosis factor  could(©®}, and a thirdgroup reported that a
(3,4), can be injected intradermally in place of vitamin K antagonist partialycpedtagainst the
endotoxin to prepare skin sitefor the LSR. LSR (10Although details othe tesimethods
Recently Argenbright and Barton have presented used to monitor anticoagulatideclking in
evidencethat agentpreparing a skin sitr the  thesesarlyreports, it appears that in each study
LSR do so by promoting the expression of theabbits received much more intense
intracellular adhesion moleculdCAM-1) on anticoagulation than currently recommended for
vascular endothelium in dermal vessels (5). therapy with warfarin in humans.

Materials other than endotoxin (6), e.g., In 1965 it was postulated ehdbtoxin-
starch, kaolin powder, glycogen and zymosan, can  induced intravascular coagulation is essential not
also be used forthe intravenoumjection only for the glomerular capillary thrombosis of the
provoking the reaction. Shortly after a provoking  generalized Shwartzman ré&Sieh but also
injection the capillaries andsmall veins of a for the hemorrhagic skin necrosis of the LSR (6).
prepared skin site become occluded with masses of  Although strong evidence has since been obtaine:
platelets and leukocytes (7). In the experiments of  for an essential role of TF-initiated intravascular
Argenbright andBarton, zymosan wasnjected coagulation irnthe pathogenesis of the GSR
intravenously tgrovoke the LSR. Theymosan (14,15), the importance of triggering coagulation
activated complement with resultant increased the pathogenesis of the LSR hesiained
expression of CD11/18 on leukocytes. It was unsettled. In 1967 it was reported that an infusion
found that antibodies against CD18, all as of thrombin causing substantial disseminated
antibodies againdCAM-1, prevented the LSR intravascular coagulation (DIC) could not replace
(5). This led Argenbright anBarton to propose endotoxin as a provoking agent for the LSR (16).
that a reaction between ICAM-1 expressed on A recent search of the litéadéareo reveal
vascular endothelium at a prepaskih site and  additional relevant data other than a single abstract
CD11/CD18 expressed on circulating leukocytes  in which giving rabbits human activated protein C
after a provoking injection results in an intra-was reported to attenuate the LSR (17).

vascular adhesion/aggregation reaction of We report here further experiments to evaluate
leukocytesthat damages vessel walls with thethe role of coagulation in the pathogenesis of the
resultant hemorrhagic necrosis of the LSR. LSR. Ourexperiments were designed answer

_ The occluding thrombi ‘?f the LSR also containpe following questions:(1) can an infusion of
‘;']b”” (1,5,7). d'” the ;.9.50f 'tt was repogfd (tjhaburified reconstituted rabbit TFwhich unlike
eparin, in dosesutlicient 1o prolong bioot  y, o mhin can trigger the full sequence of the tissue

clotting beyond 1 hr ahetime of a provoking factor-d dent lati " bstitut
intravenous injection, protected rabbits against thgctor-aependent coagulation reactions, substitute

LSR (8-10). However, heparin has biologic effectd®” @ Provoking dose of endotoxir{2) can
beyond anticoagulatiorincluding the ability to ~ @dministration ~ of ~ warfarin  to  achieve
inhibit serum complement. Therefore, it isanticoagulation comparable to theinically
noteworthy that several investigative groups in theecommendedtherapeutic range fomwarfarin
1950'salso carriedout experiments in which a protect against the LSR(3) can selective
vitamin K antagonist was used for anticoagu|ati0||]'nmun0dep|etion of factor Xwhich is required to
(10-13).0One investigativgroup reported that a activate prothrombin in both tissue factor-depen-
vitamin K antagonist coulgprotectagainst the - yon ang non-tissue factor-dependent pathways of
LSR (11,13), a second group reported that I&oagulation--protect against the LSR; and (4) can
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selective immuadepletion of factor VIl--which is Monoclonal Anti-rabbit Factor X IgG
required only for the function of the tissue factor-

dependent pathway of coagulation--protect against Monoclonal antibodies were prepared against
the LSR? rabbit factor X as described earlier (19). mAB 409

was used to prepare rabbit factérdeficient
substrate plasma. mAB 541, whighs of subclass
IgG3 and had a titer of 75 U/mg IgG, was injected

_ ) _ into rabbits to immunodeplete plasiactor X
Sodium warfarin for intravenous activity.

administration was a gift from DuPont

Pharmaceuticals (Wilmington, H). E. coli Rabbit-specific Deficiency Substrate Plasmas for
endotoxin (0111:4B) was frofBigma Chemical Clotting Assays

Co. (St.Louis, MO). Commercial rabbitbrain

thromboplastin was from Sigma and aPTT reagent Rabbit substrate plasmas deficient in factor VII
was from Helena Laboratories (Beaumont, TX)Or factor X were prepared by immunoadsorbtion
Human substratplasma deficient ifiactor ViiI  With specific anti-rabbifactor Vil or factor X
was from a patient with severe hemophilia A, anant'bOd'eS' A rabbit substrateleficient in

. th [ iXi Ipart
humansubstrate plasma deficient in factor V wa ][Ob;ﬁyrglgdvgifb%epgsgitmg:sgme;u:rgggif
prepared from normal plasma

_ : by serum. Details of preparation of these substrates
immunoadsorption. have been provided earlier (19).

MATERIALS AND METHODS

Rabbit TF for Infusion Clotting Factor Assays

One microgram of purified rabbit brain TE ~ Rabbit plasma reference standaRlood from

apoprotein (18) was reconstituted into 1 mg/mL ofhe central artery obix toeight rabbits was

mixed phOSphthId vesicles Containing 40%C0"ected in pIaStiC tubes Containing 1/10th volume

. . o - - of a balanceditrate anticoagulant consisting of
E)lhf)sz:(?tlsotlzlrs;n;f;go/ophosphatldylchollne 0.06 mol/L sodiuntitrate and 0.04nol/L citric

acid. Plasmawas separated afC4 by two
) ) successive centrifugations #9,000 g and was
Goat Anti-rabbit Factor VII IgG pooled and stored in capped plastic vials at€75

Monospecific polyclonal antibodies to purified  General clotting assay condition8utomated
rabbit factor VIl wereraised in ayoat.Different  instrumentsyielding a photo-optical endpoint
bleeds yielded 1gG with a specific activity of 10-50were used. Test plasmas were diluted for assay in
|nh|b|t0ry units per mg protein_ THgG bound TBS/BSA (50mm0|/|_ TriS, 0.15mol/L NaC|, 1
strongly to factolIl on animmunoblot and had M@/mL bovine serum albumin, pH 7.5) and tested

no inhibitory activity against rablctors 1X, X n c_lupli_cate. Rabb It plasma referersandard,
. : e . arbitrarily assigned a value d00% (1 U/mL
or prothrombin. Details of purification of the

. . ctivity), was used for dilution curves for all assays
factor VIl for use as antigen and of separation oz

_ _ xcept the measurement of fibrinogen.
the IgG fraction from the antiserum can be found
elsewhere (19).
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37°C. Clotting was triggered by the addition of

@ >0 100 pL of 25mmol/L CaCl . This assay, in which

5 40 both a rabbit factor VlI-deficient substrate and

§ 10 rabbit TF are used, is very sensitive to rabbit factor

: i VIl activity. As shown in Figure 1, a reference

E ook curve for converting clottingimes to percent

o factor VII activity is made with dilutions of rabbit

£ 10- plasma reference standard from 1&06) to

g 1:3200(0.034%). The latter gave a clotting time
901 05 '1 1 10 approximately 5 seconds shorter than a blank time

Rabbit Reference Plasma (%) with buffer. When a test sample was diluted 1:10,

this sensitive assay could lbsed to measure
Figure 1: An example of areference curve used to measureabbit

plasma factor VII activity to illustrate the sensitivity of the assay in the accurately plasméactor VIl levels aslow as

range of 2-0.34% ofthe rabbit plasmareference standard. A test 0.5%
sample diluted1/10that gave a clotting time longerthan the clotting ) ’
time delineated on the reference curve by the verticarrow was

reported as containing <0.5% plasma factor VII activity. Duplicate test . .
samples yielded either identical clotting times or times that differed by Rabbit factor X assay Rabbitfactor X was

5 Seconds Ionger than the cloting time of the last data port shown.  Measured essentially s factor VIl except that
rabbit factorX-deficient plasmavas used as the
substrate and the standard curve for the assay was

Prothrombin and proconvertin (P&P) test (20) made with from 1:20 to 1:64dilutions of rabbit

In the test asnodifiedfor this study100 pL of reference plasma. When rabtest plasma was

adsorbed rabbjlasmawere incubated for 3 min 1.5% could be measured accurately.

at 37C with 100 pL rabbibrain TF (Sigma).
ggg'?r?mv(\;?i gggle rv(\?:rr?(leéht?) %%jllg\opeg régg e“L Other specific_clottinq factorassqu Fibrin-
curve to convert clotting times to percent normaf9€n concentration was determined from the
rabbit plasma activitywas prepared from the clotting time of rabbit plasmafter addition of a
clotting times of increasing dilutions of rabbithigh concentration of bovine thrombin essentially
plasma reference standard made in a barium sulfs&e described by Claug®1). Factor V was
adsorbed rabbit plasma. The clottinge of the measured in a one-stage assay with a human factor
1:5 dilution was designated as 100% activity. Thg-deficient substrate and rabbit tissue factor as the
lower level of sensitivity of the test was 5%.  activator. Factor VIl was measured inre-stage
assay with a human factor VIlI-deficient substrate
and an aPTT reagent as the activator. Prothrombin
was measured in a one-stagsay with an equal
‘partmixture of rabbit serum reagent apatium-
adsorbed rabbit plasma ake prothrombin-

Rabbitfactor VIl assay Factor Vllactivity
was measured in a one-stagssay in which
100 pL of an equal part mixture of rabbit immuno
depleted factoWII-deficient plasma and barium

adsorbed rabbit plasma00 pL of adilution of deficientsubstrate and rabbit tissue factor as the

_test plasma, anﬁOQ uL of ra_lbblbraln TFwere. activator. Details of these assayse described
incubated together in a plastic cuvette for 3 min at
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elsewhere (19). purified rabbit tissue factor in 100 mL of saline at
a rate of 25 mL per hour. Intravascular
Hematologic Tests coagulation was monitored at 2 and 4 hrs by

measurement of fibrinogefactor V and factor
WBC and platelet counts weretermined VIII.
with a Coulter ST counter (Coulter Electronics,
Inc., Hialeah, FL) in the hematology laboratory ofProduction of the LSR
the UCSD Medical Center.
Skin sites were prepared by the intradermal
Animal Experimental Procedures injection of 200 ug oE. coliendotoxin dissolved
in 0.5 mL of isotonic saline into the shaved skin of
Animal protocols Female New Zealand the lateral abdominal wall. Twefdur hours later
rabbits, 2.0-2.4 kg, were used in protocols a provoking dose of 100 pg/kg of endotoxin was
approved by thénimal Subjects Committee of injected intravenously inttmaginal ear vein.
the University of California, San Diego. WBC and platelet counts and rectal temperatures
were measured after both the preparatory and pro-
Blood sampling Blood samples].5-2.0 mL,  voking injections. The rabbitere examined 4 hrs
were obtained by inserting a 23-gauge needle into  after the proviol@aton. When an area of
a marginal ear vein and collecting 9 parts of blood hemorrhagic necrosis, regardless of size, was seer
into 1 part ofbalanced citrate anticoagulantin an  at a prepared skin site, the site was considered as
Eppendorf tube. Platelet-pooplasma was positivdor the LSR (Figur®). When no
obtained by double centrifugation aCtat 10,000 abnormality oonly erythemawas seen at a
g and stored in cappeglastic vials at -75C.  prepared skisite, the site was considered to be
Blood for WBC and platelet counts was collected  negative for the LSR.

into EDTA-coated Becton-Dickinson In early experiments involving 17 rabbits, only
microcontainers (Fisher Scientific, Pittsburgh, a single skin site of a vedubiprepared for the
PA). LSR. In later experimeniavolving 32 rabbits,

two opposite sites of the shaved skin of the lateral
Administration of warfarin Rabbits were abdominal wall were prepared for the reaction. In
injected intravenously daily with 0.5 mg/kg of a 1- 27 of @hemalsresults were consistent in that
mg/mL stock solution of sodium warfarin in  both skin sites were either positive or negative for
isotonic sterile saline. Since warfarin prolonged the  the LSR. In one control animal, two animals given
normal rabbit prothrombin time of 8-9 seconds to  warfarin, tarmdanimals giveranti-factor VII
only 10-11 seconds, thenodified P&P test 1gG, onekin sitewas positive and thether
described above was used as a more sensitive test  negative. These five animals have been counted
to monitor warfarin treatment. With one positive even if only a minimal area of hemorrhagic
exception, the rabbits usederperiments had a  necrosis was sedhaifpositive site iorder to
P&P test result on day 4 of warfarin between 5%limieate any tilt of the data favoring the
and 30% of theactivity of normal rabbiplasma. hypthesisthat coagulation is eequirement for
Infusion of TE Rabbits were infused through  the LSR.
a marginakarveinwith 1 pg/kg of reconstituted
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after the intravenous injection of endotoxin (Table
1). All 13 animals developed a LSR.

The Failure of an Infusion of Tissue Factor to
Provoke the LSR

Twenty-four hours after the skin was prepared
with an intradermal injection afndotoxin, four
rabbits of 2 kg body weight were infused over a 4-
hr period with 100 mL of sale containing 2 g of
purified rabbit TFapoprotein reconstituted into
mixed  phosphatidylcholine/phosphatidylserine
vesicles. The TF infusion had no effect upon body
temperature or upon the WBC count (mean WBC

Figure 2: The appearance of a positive LSR in the shavesttin of the count before the infusion. 8.6 X310 per “l—' mean
lateral abdominal wall of a control rabbit given a provoking injection T '

of endotoxin 4 hrs earlier. WBC count at the end of the TF infusion 7.9 X 10
per uL). In contrast, the mean platelet count fell to
Statistical Methods 63% + 24% of thenitial value bythe end of the

TF infusion. Fibrinogerfactor V and factor VIII
When the frequency of the LSR in two groupdevels fellsubstantiallyover the course of the TF
of rabbits was compareHisher'sexact test was infusion (Table 1). Despite initiating intravascular

used to evaluate statistical significance. coagulation extensive enough to reduce the mean
fibrinogen level ta35% of itsinitial plasmalevel,
RESULTS the infusion of TF failed t@rovoke the LSR in

these four rabbits.
Control Animals

The Effect of Anticoaguian with Warfarin upon

Thirteen control rabbits received a preparatoryhe LSR

intradermaldose of endotoxin, an intravenous
dose of endotoxin 24 hrs later, and no Twelve rabbitswere injected intravenously
experimental agent. All animals had a rise of bodwith 0.5 mg/kg sodium warfarin daily to achieve a
temperature of 2-3 and a substantidall in  meanP&P testresult after 4 days of warfarin of
WBC count of about 70% after both thel5% * 9% (range <5%-31%). In 8 of the 12
preparatory and provoking injection of endotoxinrabbits, the degree of anticoagulatfeth within
The platelet countwhich was measured in five the 10%-30% P&P range recommended for oral
animals, fell to a mean value of 41% *+ 17% of thanticoagulation therapy in patient®2). A
initial value 4 hrs after the intravenous injection opreparatory dose of endotoxin was injected into
endotoxin. Fibrinogerfactor V and factor VIl one or bothsides ofthe lower abdomen of
levels, also measured thesefive animals, fell experimental rabbits otine morning ofthe third
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day of warfarin, and the intravenous provoking
dose of endotoxin wagiven 24 hrslater. As

we fotlnad selective immunodepletion to 10-
20% of normal plasma activity of factor X

described above for the control rabbits, all animals
had a rise in temperature afadl in WBC count Table 2. Atabulation of the intensity of anticoagulation wjth
after both the preparatory and provoking injection warfarin obtained in 12 rabbits ¢he day of a provoking
f dotoxin. S f the i Is failed t injection of endotoxin, as measured by the P&P test and the
OT endotoxin. seven o e |mas ajl e Y activity of factors Il, VIl and X, and the presence or absepce
develop a LSR after the provokimgjection of of a resultant LSR.
endotoxm.Thl.s dlﬁerenge f.r(.)mhe incidence in peP | FIl@)| BVl 6| FX (6)
the controlanimalswassignificant(p=0.003). It (%) LSR
was not possible to relate the presence or absence; <5 45 1 2 +
of a LSR to anndividual rabbitsP&P testresult | c 1 5 . )
nor to its plasma level of prothrombin, factor VIl
L. . 3 7 2.5 3 4.5
or factor Xactivity as measured in assays that ks
used only rabbit reagents (Table 2). 4 7 7 2 3.5 -
5 11 4.5 16 11 +
Table 1. Megn falls in p.Iasma.IeveI_s of factor V, factor 6 13 4 25 10 )
VIII, and fibrinogen during an infusion of TF in
experimental animals and after a provoking intravenoys 7 15 12 10 14 +
injection of endotoxin in control animals
8 17 7 30 17 -
Clotting Factor Percent of Initial Mean Value 9 20 ND ND ND i
TF-Infused | Endotoxin
(n=4) Controls (n=5) 10 25 15 20 25 -
11 26 54 18 19 -
Factor V 2 hr 51+21 69 24
12 31 22 35 25 +
4 hr 25+ 16 44 + 25
Factor VIl | 2hr | 45+30 78 +31 protected otherwise normal rabbits against the TF-
abr | 24+11 56 + 26 induced intravascular coagulation. Therefore, it
— was decided to determine whethersimilar
Fibrinogen 2 hr 56 + 30 96 +11 . ) . ..
selective immunodepletion &dctor X activity to
Ahr | 35+25 925 10-20% wouldprotect against the LSR. Nine

*For both groups, the mean initial fibrinogen level was approximately Zodabbits were prepared with arinjeCtion of
mg/dL before the preparatory dose of endotoxin and was approximately 4?9ndotoxin into theskin of both sides of the

mg/dL 24 hours latebefore the intravenous administration of TF or

endotoxin

abdomen. Twenty-four hours later they were given
a bolus injection of 300 units of monoclonal anti-

The Effect of Selective Immunodepletion ofabbit factor X IgG followed by an infusion over 4
Plasma Factor X Activity upon the LSR

hrs of 100 ml ofsaline containing an additional
200 wnits of the antibody. Mean cell counts were:

In an earlier study othe contribution of before thanjection ofthe IgG,WBC 7.0 £ 2.4 X

depression ohdividual procoagulanvitamin K-

10° perplL, platelets 453 + 140 x 10 pgt; 30

dependent clotting factors tearfarin's ability to min after the injection of the IgG, WBC 6.6 + 3.0
prevent TF-induced intravascular coagulation (19% 1C* per pL, platelets 444 + 118 x 1per pL. At
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30 min after the injection of the IgG, at which timeThe Effect of Selective Immunodepletion of
the plasma factor X activity was between 8% anBlasma Factor VIl Activity upon the LSR

23% of normal, the provoking dose of endotoxin

was injected into the infusion tubing. Body temp- ecBuse endotoxin-indad coagulation is TF-
erature rose and/BC fell in all animalsafter the  dependent (14-15), and TF canmotiate
injection of endotoxin. Mean cell cour8s/z hrs  coaglation inthe absence of factMl, it was
after theinjection of endotoxinvere: WBC, 2.2  thought important to determine the effect of
+ 0.9 x 1G peqpL; platelets, 249 + 81 x 10 per immunodepletionptefsmafactor VIl activity

pML. Mean values for five measurements of plasma  uporaliligy of an intravenous injection of
factor X activity in eactanimalover the 4 hrs of  endotoxin to provoke the L3Feven rabbits
IgG administration varied from%-18%. At the were prepared for the L8Rh an injection of
end of the IgGnfusion, pr@aredskin sitesvere  endotoxin into theskin of both sides of the
negativefor the LSR infive animalsand positive  abdomen. Twenty-fduours later they were
for the LSR in four rabbits (Tabl@). This injectedhtravenously with 500 units of goat anti-
difference fromthe incidence inthe control rabbit factor VIl Ig@ollowed by an infusion over
animals was significant (p=0.009) the next 4 hra@ ml ofsaline containing an
additional250-500 units of antibody. Mean cell
counts were: before thejection of the IgG,

Table 3. A tabulation dhe degree of immunodepletion of WBC 7.6 £ 2.8 x 1® per pL, platelets 430 + 76 x
e e be feseesler 10" per L 30 min after the initial injection of the
00 lgG, WBC 8.8 + 2.0 X ﬁ) uL, platglg_ts 362 * 87
LSR x 102 per + pL. At 30 min after the initial injection
Eﬁffjf’g;ﬁ Meah of the 1gG, plasma factor VII activity in all rabbits
1 8 7 6.8) was <1%,and the provoking dose of endotoxin
) o 8 (6-10) was injected into thelnfL.JS-IOFI. tubing. Body_ _
temperature rose after the injection of endotoxin in
2 = Aot all animalsand WBCcountsfell in all animals
2 11 9 (6-11) - except one. Mearell counts measured 3-1/2
5 15 11 (6-15) * hours after thenjection ofthe endotoxin were:
6 21 16 (9-21) + WBC 2.2 +1.2 x 19 per pL; platelets 252 + 71 x
7 17 17 (15-20) - 10® per pL. Mean values for five measurements of
8 21 18 (14-21) + plasmafactor VII activity over the 4 hrs of IgG
9 23 18 (11.23) N administration varied between <0.5% and 2.2%.

- o _ Four hours after the endotoxin injection, six of

*‘?C’)?E:n \lgljzzrttl:]s rlr:](l.izhlgSncélr?tnbgl;;g“;ij(ggﬁi.n and 4 measurements oveug-e rabbits were negative for the LSR at both skin

1/2 hrs after the injection of endotoxin. Values within parentheses are rangegites. Five rabbits were counted as positive for the
LSR, although intwo animalsone skin site was
negative ananly minimal hemorrhagic necrosis
was visible at the opposite skin site. The difference
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in incidence of the LSR from that observed in the eaation between ICAM-1xpressed on vascular
control animals was significant =0.007). endothelium andCD11/CD18 expressed on
Although only one dive animalswith a mean circulating leukocytes--now appears established as
plasma factor Vllactivity of 0.5% or lesyad a  essentidbr the pathogenesis of the LSR (5). In
positive LSR (Tablet), themean plasméactor contrast)imited and somewhat conflicting early
VIl activity of theanimalsnegative for the LSR data (8-13,16,17) hafdiled to establiskvhether
did not differ fromthe mean plasmdactor VII  the triggering of blood coagulation is a second
activity of the animals positive for the LSR  essential event in the pathogenesis of the LSR.
(p=0.065). The experiments here provide substantial
evidence that impeding TF-initiatédbod coag-
ulation after a provokingnjection of endotoxin

Table 4. Atabulation of the degree of immunodepletig

=]

of plasma factoVIl activity in 11 rabbiteand the can protect against the LSR. Whereas all 13 con-
presence or absence of the LSR trol rabbits developed the LSR after a provoking
FVII (%) injection of endotoxin:
Before LSR (1) Seven of 12 rabbits treated with warfarin to
Endotoxir Meah yield a mearP&P testvalue 0f15% + 9% at the
1 <05 <05 ] time of the provoking endotoximjection were
) <05 <05 protected against the LSR (p=0.003).
(2) Five of nine rabbits given anti-rabbit factor
3 <0.5 <05 u X 1gG before the provoking injection of endotoxin
4 <0.5 0.5 - to yield mean valueof five measurements of
5 <0.5 0.5 - factor X over the course of the experiment) in
6 0.6 0.6 ) individual animals of between 7-18% were
. 07 0.6 .\ protected against the LSR (p=0.009).
(3) Six of 11 rabbits given anti-rablséctor
8 0.9 0.7 VIl 1gG before the provokinginjection of
9 0.9 0.9 * endotoxin to yield mean values (of five
10 <0.5 1.2 + measurements of factor VII over the course of the
11 05 29 + experiment) in individualanimals of between
“30 min after the initial injection of anti-FVII IgG. <0.5% and 2.2% were protected against the LSR
*Of 5 values: the measurement before endotoxin and 4 (p=0.007).
measurements over 3-1/2 hrs after endotoxin. Overall, 18 ofthe 32 rabbit$56%) inwhich
blood coagulation was impeded ame way or
DISCUSSION another were protecteabainst the LSR. In the

warfarin experiment we could not relate protection
The occluding thrombi of theapillaries and i an individual rabbit efter to theevel of the
small veins of a prepared skin site that give rise t9gp test or to theesidual activity ofactor VII,
the hemorrhagic necrosis of the LSR contaifycior X or prothrombin (Table 2). (For technical
masses of platelets and leukocytes and also fibrigasons it was not possible to measure accurately
(1,5,7). Formation of occlusive masses Of iy rapbits the effect of warfarin upon the activity of
leukocytes in the vessels of a prepared skin site-{Re  two vitamin K-dependent anticoagulant
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factors, protein C and protein S.) However, in the  coagulation. Clinical experience suggests that only
immunodepletion experiments, there appeared to  patients with hereditary \fctdeficiency
be a relation between the degree of depletion and  whpdaema factor VII activity is <1%
protection against the LSR. All four rabbits with a  experience severe hemorrhagic manifestations
mean factor X activity below 10% were protected (23). In rabbits,infusion of TF causing
against the LSR, whereas four of fhe rabbits  substantiaintravascular coagulatiorfailed to
with a mean factor X activity above 10% were not nsgneenough circulatingactor VII to reduce
protectedagainst the LSR (Tabl®). Four of the itplasma leve{14). Asmentioned above, in our
five rabbits with a meafactor VIl activity of ealier study immunodepletinglasmafactor VI
0.5% or lesswvere protectedagainst the LSR, aeity to <1%  protectedabbits against
whereas four of the six rabbits with a mean factor intravascular coagulation induced by infusing TF,
VIl activity between0.6% and 2.2% were not whereagnmunodepleting plasmdactor VII
protected against the LSR (Table 4). activity to 10-1d&i#onot protect thenimals

The reason for choosing different target levels  (19). Finally, although the present data are limited,
of immunodepletion of factor X and factor VIl it appears that selective depletion of plasma factor
deserves mention. lrour prior study (19), Vllactivity to0.5% or less is required to assure
selective immunodepletion of plasnfector X  that rabbits are protected against a LSR provoked
activity to 10-20% had been found forotect by endotoxin. Wheoonsidered together, these
otherwise normal rabbits against intravascular  observationsieaddelievethatonly atrace
coagulation induced by an infusion ®F. In  plasma concentration of factor VIl may suffice to
contrast, selective immunodepletion gflasma  spport the participation of TF-dependent
factor VIl activity to 10%-15% hadfailed to  coagulation ithe pathogenesis of at least some
protect otherwise normal rabbits against intra- pathologic states.

vascular coagulation induced the TFinfusion, Although the present data provide substantial
whereas depletion of plasma factor VIl activity to  evideticat TF-induced coagulation after a
<1% had protected the rabbits. provokingection of endotoxin is required for

Factor Vilhas no known function in coagulation the pathogenesis of the LSRfusion of

other than to serve as tlemzyme of afactor puified reconstituted TFwhich caused dall in

VIla/TF complex that triggers TF-initiated the platelet count and plasma levels of fibrinogen,

coagulation. The protection against the LSR ctdaV and factoVIll (Table 1) buhot in the

afforded by selective immunodepression of factor ~ WBC count, was incapable of provoking the LSR.

VIl reported here adds tearlier evidence from  We infer from tmegative experiment that none

this laboratory (14,15) that the coagulation of the products oftidseie factor-dependent

triggered in the rabbit after an intravenous blood coagulaaotoms are capable of causing

injection of gram-negative endotoxin is TF- leukocytes to aggregate within the small vessels of

dependent. a prepared site. Itis evident that an agent, which,
However, it is important to emphasidgat like endotoxin, can trigger tissue factor-induced

only a very low level of plasma factor VII activity  intravascular coagulatibat which, unlike

may suffice for effective TF-dependent endotoxirgannot also cause leukocytes to
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accumuate in thevessels of a pmared site, will 5
fail to provoke thehemorrhagic necrosis of the
LSR. 6.
Argenbright andBarton have proposed a
mechanismfor the development of the LSR in7.
which areaction between ICAM-1 owascular
endothelium andCD18 on leukocytes results in 8
leukocyte-endothelial adhesion and leukocyte-
leukocyte aggregatiowithin the vessels of the o
prepared site, damage to their walls, and resultant
hemorrhagic necrosis (5). The evidence presented
here leads us tpropose that thenechanism for
the LSR postulated by Argenbright and Bartort*
should be expanded to includesecond event: "
deposition of fibrin due to TF-initiated coagulation™
within the vessels of the prepared skin site. It is of;
interest that whereas both events--formation of
adherent, aggregatedasses of leukocytes andi4.
coagulation with resultarftorin deposition--are
required for the LSRinhibition by antibodies of
either event appears capable of preventing the.
reaction.
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