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——=> Isolated rat aortas, after incubation in medium conditioned by endotoxin-stimulated per-
itcneal macrophages, exhibited diminished contraction to norcpmuphnng)(nmxmwl con-
traction: control medium = 713 + 37¢(SE) mg Tensivi/mg tissue; micdium conditioned
by rnacrophages = 437 % 38, P < .OOlS‘Modlum containing endotoxin alone or medium

. conditioned by nonstimulated macrophages had no cffect on aortic tissuc response to
" norepinephrinc. Stimulation of peritoneal macrophages in vivo by sterile silica particles
: also induced diminished contractile responses to norepinephrine by subsequently isolated
aortas. Incubation of rat aortas with human monocyte-derived interleukin 1 or recon.binant
human tumor necrosis factor resulted in diminished aortic contraction and sensitivity to
norepincphrine, and gel filtration of medium conditioned by endotoxin-stimulated mac-
rophages yielded suppressive activity at a molecular weight equivalent to interleukin )
and tumor necresis factor. The data suggest that monoriclear phagocytes may contribute
to altered vascular function in sepsis via the relcase and vascular modulatory effects of
‘i interleukin 1 and tumor necrosis fac(or. 3

9 Ke\ words rat, aorta, sepsis, (umor necrosis factor, vascular contraction, ¢ & -/

! INTRODUCTION

Septic paticnts often display hyperdynamic cardiovascular activity tha! is characie--
ized by an clevated cardizc output and a low systemic vascular resistance [1]. Kedueed
vascular resistance oceurs despite clevated circulating catecholamine levels and is not cot-
! rected by administration of exogenous catecholamines [2,3). Subnormal arterial blood
" pressure responses to the pressor actions of norepinephrine (NE) and angiotensin 11 bave

i also been described in rats with peritoneal sepsis {4]. The diminished response to pressor »
agents persists when aortas from endotoxin-treated or septic rats are removed and tested in ."ﬂ
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188 McKenna et al. .

vit}o; aortas from endotoxin-treated rats are hyporesponsive to both NE and the prostaglan-
din endoperoxide analog U-46619 {5], and aortas frons septic rats are also hyporesponsive i
to NE [6]. Effects on vascular contractility by treatment, in vivo, with endotoxin may be
via a mediator(s) rather than by a direct cffect on vascular tissue because exposure of
isolated vascular tissue to endotoxin at concentrations greater than those measured in exper- !
imental bacteremia or sepsis [7,8] causes no change in contractile responses to NE or !
epincphrine {9,10]. ¢
Macrophages release numerous inflammatory mediators upon exposure to bacteria
_or bacterial products. Two mediators, interleukin 1 (IL 1} and tumor ~ rosis factor (TNF,
or cachectin), have multiple influences on vascular endothelial and smooth muscle cell
function. IL ! induccs expression of endothelial cel! surface protcins which may contribute
to enhancement of tissue factor procoagulant activity [11], plasminogen activator inhibitor
(12}, and endothelial cell adhesiveness for lymphocytes [13]. IL 1 also enhances biosyn-
thesis of vasoactive prostanoids by endothelial and smooth muscle cells [14,15]. IL 1 itself
is synthesized and released by enclothelial and smooth muscle cells in response to endotoxin
or TNF [16,17]. TNF has effects on endothelial cells similar to those of IL 1 [see ref. 18 for
review]; TNF also causes distinct changes in the morphology of cultured endothelial cells X
and inhibits proliferation of culturcd endothelial and aortic smooth muscle cells [19]. The
preseat study was undertaken to investigate whether macrophage products, in vitro, induce
diminished aortic tissue function similar to that observed in sepsis.

MATERIALS ANDMETHODS
Cel! Culture

Male Sprague-Dawley rats were injected intraperitoneally with 25 ml of 3% thiogly-
collate broth, and peritoncal macrophages were harvested 4 days later. After attachment to
culture plates and washing, adherent cells (2.7 x 10° cells/ml) were culturcd for 24 hr in
Dulbecco’s Minimum Essential Medium (DMEM) with 1.8% heat-inactivated fetal calf
secum and 0.1 pg/ml endotoxin (Difco, serotype 026:B6). Other macrophages received
DMEM without endotoxin, and DMEM with and without endotoxin was placed in empty
wells for control media. The cell viability and proportion of adherent cells that were muc-
rophages were both tested (>95%) by trypan blue and nonspecific esterase staining.

- s+

Rat Aortic Ring Bioassay

Rats were killed by decapitation; the thoracic aortas were rapidly excised, the adven- j
titia was rcmoved, and cach aorta was sectioned into 4 rings (3.5 mm in length). Aortic
rings were incubated by placing a ring and 1.5 ml of medium in dialysis tubing (Spectrum, ¢
3.5-kd cutoff) and dialyzing against Kreb's Ringer bicarbonate (KRB) buffer at 37°C for :
6 hr. The millimolar composition of KRB (pil 7.4 while continually bubbled with 95% O,
~ 5% CO,) was 118 NaCl, 4.7 KCl, 1.3 CaCl,, 1.2 MgSQ, - 7H,0, 1.2 KH,PO,, 25
NaHCO,, 11.7 glucose. After incubation, rings were mounted between stainless-steel hooks,
with one fized in a jacketed organ bath (10 mi) and the other atached to an isometric force
transducer (Kulite Semiconductor BG-10). Contractile responses were recorded on a Gould
Brush 2400 chart recorder. Rings were kept at 37°C in KRB and continuaily gassed. A
resting tension of 2.5g was applicd, and the rings were allowed to equilibrate for 3-40 -
min. Rings were then trcated with (1) norcpinephrine (NE, 10~7 M) with application of
acetylcholine (10® M) during maximal contraction to confirm that the endothelium was
present {20}, (2) an additional conditioning dose of NE (10 7 M), and (3) a stepwise cu-
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lnterleukin 1 and Vascular Contraction 189

mulative addition of NE (10‘ 19-3 % 107% M). The rings were flushed between each
treatment until a stable baseline tension was attained. Rings were removed after completion
of the protocol, blotted on tissue paper, and weighed.

Stimulation of Macrophages In Vivo

Silica (0.05 g of 0.014-pm particles plus 0.22 g of 1-5-pm particles) was suspended
in 10 ml Hank's balanced salt solution (HBSS) and autoclaved. Rats were injected intraper-
itoneally with 10 ml of this suspension or HBSS (control) and killed 24—48 hr postinjection,

“racic aortas were removed and aoriic nng contraction-to NE was. ineasured . as detmled

above.

Chromatography of Macrophag&Conditioned Medium

Proteins in medium conditioned by endotoxin-stimulated macrophages were ab-
sorbed onto hydroxyapatite columns (1 X 4 cm preequilibrated with 0.001 M NaCl, un-
buffered) and cluted with a stepwise sequence of 0.005 M MgCl,, 1.0 M MgCl,, and 0.3
M sodium phosphate buffer [21). Fractions that suppressed aortic ring contraction (1.0 M
MgCl, and 0.3 M PO, data not shown) were combined, dialyzed against deionized H,O,
and dried. The residue was dissolved in KRB, placed on a calibrated Sephacryl S-200
column (1.5 %X 90 cm), and eluted with KRB. Fractions (1.2 ml) were collected and frozen
until bioassayed for aortic suppressive activity as detailed above.

Incubation of Aortic Rings With IL 1 and TNF

Aortic rings from normal rats were incubated with purified, human monocyte-
derived IL. 1 and with recombinant human TNFa for $ hr and contractile responses to NE
were determined as detailed above. The incubation media contained 5% heat-inactivated
fetal calf serum in KRB and 100 U/ml IL 1 or 10,000 U/ml TNF. One unit of L. 1 is defined
as the amount required to double the proliferative response of thymocytes stimulated with
1 pg/ml phytohemagglutinin alone. One unit of TNF is defined as the amount required to
reduce survival of L-929 ceils by 50% in the presence of 1 pg/ml actinomycin-D.

i1 Assay

IL 1 activity in medium conditioned by endotoxin-stimulated macrophages and in
fractions of conditioned medium was measured by T.L. Gerrard of the Food and Diug
Administration, Bethesdz, MD, using a phytohemagglutinin-siimulated murine thymocyte
assay. Units of activity are defined as detailed above.

Analysis of Data

Contractile performance by aortic rings was characterized by integrating the tension
developed by rings in response to sequential doses of NE (i.¢., mg tension/mg tissue vs. in
[NE) M). ECj, values (concentration of NE causing a half-maximal contraction) were
calculated by lincar regression after logit-log transformation of dose responses. Tests for
differences between ECs, valucs were based on mean log values [22). Effects of treatments
on aortic contraction were tested in a pairwise fashion, with 2 rings per rat incubated in
medium conditioned by macrophages or miedia with IL 1 or TNF added, and 2 rings incu-
bated in control media. Responses of duplicate rings were averaged prior to statistical
analysis. T-tests for paired comparisons were used to test for significant differences in aortic
contraction and sensitivity to NE. The influence of silica treatment on aortic contraction
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1.90 McKenna et al,

was tested by independent t-tests. Ponferroni corrections were applied to any multiple
comparisons [23]. A probability of .05 or less was accepted as significant. Data arc pre-
sented as mean = SE.

Materials

Human ultrapure monocyte-derived IL 1 was obtained from Genzyme, Boston, MA,
and is stated by t..c supplier to be pyrogen-free and to contain less than 1 U/l interferon
and less than 1% interfeukin 2. Recombinant human tumor necrosis factor (alpha) was also
obtained from:Genzyme. DMEM and HBSS were obtained from Jibco Laberatorics,
Grand Island, NY . The remaining matcrials were purchased from Sigma, St. Louis, MO.

RESULTS
Effect of Medium Conditioned by Macrophages on Aortic Ring Function

Incubation of isolated aortic rings in medium conditioned by nonstimulated macro-
phages or containisig only endotoxin had no effect on subsequently measured aortic ring
contractile responses, while medium with the 2 trcatments combined (macrophages stimu-
lated with 0.1 pg/ml endotoxin) caused marked decreases in aortic ring sensitivity (re-
flected by an increase in ECs, values) and contraction to NE (Fig. 1A, Table 1). Comparison
of mean ECs, values or mean integrated dose responses for rings incubated in medium
conditioned by endotoxin-stimulated macrophages vs. means for rings incubated in control
medium yielded significant differences in each case (P < .001, independent t-test). 1L 1
activity in threc random samples of medium conditioned by endotoxin-stimulated macro-
phages ranged from 63 10 441 U/ml.

Eftect of Intraperitoneal Silica on Aortic Ring Function

Aortas removed from rats treated with silica displayed diminished contractile perfor-
mance similar to that of rings incubated in medium conditioned by endotoxin-stimulated
macrophages. The reduced response by aortic rings from silica-treated rats alsc included
decreases in sensitivity and force of contraction to NE (Fig. 1B, Table ID. All peritoncal
exudate and blood cultures were negative for the presence of bacteria.

TABLE . Pawred Comparisons ¢f Mean Integrated Dose and ECq, Responses to Norepinephrine
by Incubated Rat Aortic Rings

Medium
Medium Medium Medium + macrophage N
(control) + cndotoxin + macrophage + endotoxin pitirs I
5,372 = 374 4,856 = 322 6 NS
-741 = 12° -7.23 2 % NS
4,716 = 410 4,406 = 628 6 NS§
-7.66 = .12 -7.22 + 2| NS
3.687 2 195 1.836 + 387 6 <0
=734 = 0% -6.52 + 17 <.0l
4,208 = 413 2,100 ~ 221 7 <.00t
=-7.05 x .14 -6.46 > .06 <.01

*Mean integrated dose response (mg tension/mg tissue vs, In [NE] M),
"Mecan log EC, (M).
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Fig. 1. A: Contractile respornses to NE by aortic rings after incubation in medium conditioned by mucro-
phages. Aortic rings from normal rats were incubated in control medivin or medium containing 0.1 pg/ml of
endotoxin (ETx), N = 12; aortic rings were also incubated in medivm conditioned by nonstimulated mie-
rophages (mé) and in medium conditioned by endotoxin (0. 1 wg/mb)-stimulated macrophages (md + ETx).
l N = 13, Each point plotted is pooled trom paired comparisons and represents the mean 2= SE. Somwe error
h bars are omitted for clarity but are similar to those shown. B: Effects of treatment with sterile silica particles
o in vivo and of incubution with IL 1 on contractile responses to NE by isolated aortic rings. Contractile
responses by aortic rings isolated from normal ra*s injected with silica intraperitoncally (silica) were com-
pared to contractile responses by rings isolated from control rats injected with vehicle (control-silica),
N = 7. Effects of IL. 1 teatment were examined by preparing 4 rings per normal rat; 2 rings were incubated
with 100 U/mil LL | (IL 1), and 2 rings were incubuted in control butler (control-1L 1), The duplicate

. responses were averaged. and the mear responses for 8§ rats were plotted.

. Etfect of IL. 1 and TNF on Aortic Ring Function

. Exposure of aortas to purified human monocyte-derived IL i at a concertration (100
; U/ml) approximating that measured in medium conditioned by endotoxin-stimulated mac-
h rophages resulted in significant decreases in aortic performance. The diminished responses

included significantly increased ECs, valucs and decreased contraction to NE (Fig. 1B,

Table I1). Attempts to induce aortic ring contractile defects by incubation with less IL 1 (1-

10 U/ml) produced small and generally nonsignificant decreases in ring contractile function
(data not shown).

Incubation of aortic rings with TNF (10,000 U/ml) resulted in significantly tncreascd

ECy, values and a small but significant decrease in integrated dose responses (Table 1D).

* ‘The significant decreasc in integrated dose responses was primarily attributable to dimin-

ished sensitivity to NE: contractions by aortic rings ircated with TNF and by control rings

at maximal stimulatory doses of NE were not significantly different in magnitude. (At 10°¢
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‘TABLE 1. Mean Integrated Dase and ECg Responses to Norepinephrine by Aortic Rings From

FRACTION

Coatrol Treated N P
Silica

4184 + 179 2346 * 222 1 <001
-7.49 = 4" -7.17 = 08 <.005
L1 (100 U/ml)

3654 = 327 1659 + 375 3 <.001

o =7.02 2,12 ~6.48 = .13 <.008
TNF (10.000 U/ml)

5756 2301 5070 = 225 8 <.08
-7.52 £ .07 ° -7.30 * 08 <.01
*Mean intcgrated dose response (mg tension/mg tissue vs. In [NE) M).
®Mcan log ECso (M).

“Per group.
oairs.
“Pairs.
Carbonic
Bovine albumin anh. Cytochrome C Aprotinin
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Fig. 2. Distribution. by molecular weight, of vascular suppressive activity in medivm conditioned by
endotoxin-stimulated macrophages. Medium was fractionated on a Scphacryl $-200 column and tested for
suppressive activity by incubiting 3 of 4 aortic rings per ratin successive fractions and expressing contractile
responses 1o NE (1077 Mand 107 * M) as a pereentage of the fourth, control ring. The figure is representative

of the pattern of suppressive activity in 3 replicates of the experiment.

M NE TNF-treated rings exhibited 715 % 36 mg tension/mg tissue vs. control ring perfor-
mance of 766 * 40; at 10~° M NE contractile performances were 797 + 34 vs, 823 *

42)

9 .
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Molecular Weight of Suppressive Macrophage Product(s)

Gel filtration of medium conditioned by endotoxin-stimulated macrophages yielded
fractions that suppressed aottic ring contraction at 10~7 M NE, while having little effect at
the maximal (10~* M) dose (Fig. 2). This suggests that changes in sensitivity to NE are
apparent before changes in maximai contractile performance. The suppressive fractions
cluted in molecular weight ranges of approximately 16 and 7 kd. Fraction 47 (16 kd)
contained 77 U/ml IL 1 activity, whereas fractions 63 and 67, serving s controls, showed
ho activity.

-

DISCUSSION

Aortic fings from nonmal rats manifest impaired contractile performance afier incu-
bation in medium conditioned by endotoxin-stimulated macrophages, after incubation in
medium containing IL 1, or after peritoneal macrophages are stinwlated in vivo by silica,
The sensitivity to NE (ECsp) and maximum tension generated after stimulation by NE are
both adversely affected. IL 1 could be a mediator for the suppressive effects of activated
macrophages on vascular function because (1) purified monocyte-derived IL 1, at a con-
centration equivalent to that measured in medium conditioned by endotoxin-stimulated
peritoneal macrophages, induces defects in contractile performance similar to those caused
by the conditioned medium (Fig. 1), and (2) gel filtration of medium conditioned by cndo-
toxin-stimulated macrophages yields fractions, at the molecular weight of 1L 1 (16 kd), that
suppress aortic ring contraction (Fig. 2). IL | has been demonstrated to fragment into an
active peptide of 4.2 kd [24); it is possible that the second peak of suppressive activity in
Figure 2 (at approximately 7 kd) is the same fragment within the error of resolution of
molecular weight on this gel.

Tumor necrosis factor is another monokine which shares molecular weight range and
many biological activities with IL 1; in addition, infusion of recombinant TNF (cachectin)
into rats causes shock and tissuc injury {25)]. These obscrvations suggest that TNF could be
another agent released by activated macrophages that mediates suppression of’ vascular
contraction. In the current experiments, aortic rings were incubated with a concentration of
recombinant TNF 10-100-fold greater than concentrations that caused significant altera-
tions in endothelial cell morphology and smooth muscle cell growth in culture §19). The
concentration of purified IL | in which rings were incubated was also approximately 10~
100-fold greater than concentrations that caused significant changes in endothelial and
smooth muscle cell function in culture {12,15]. Because aortic rings incubated with TNF
exhibited decrements in contractile performance much smaller than those measured in rings
incubated with IL. 1 (Table I1), TNF may not be as effective as IL 1 in suppressing vascular
contractile function.

W.icrovasculor responses, in vivo, 1o NE or epinephrine (EP) after endotoxin treat-
ment have been investigated by others and generally exhibit an initial, prolonged period of
intense vasoconstriction followed by hyposensitivity to catecholamines and vasodilation.
In rabbits, injection of a mixture of endotoxin and EPL intradermally resulted in intense
vasoconstriction followed 4-6 hr later by formation of hemorrhagic lesions with greatly
dilated superficial skin vessels at the site of injection [26]. Intravenous doscs of cndotoxin
greater than 250 wg, in rats, caused an initial enhancement of mesoappendix microvascular
response o EPL, followed by a hyporeactive state 60 or more min after injection of the
endotoxin {27]. These observations, in view of the current data, suggest that the hypores-

»”»
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ponsive, vasodilatory state which ocewrs i the microvasculature after stinulation by en-
dotoxin could be mediated by 1L 1 and perhaps TNF and that the monokines may have a
role in limiting excessive vasoconstriction,
Peritoneal inflanimation caused by treatment of riws, in vivo, with sterile silica patti-
cles results in diminished aortic contractile pertormance very similar to that seen in rats
. made septic by cecal ligation and puncture {6]. Because all peritoneal and blood cultures
; from silica-treated rats were negative, this implies that it least sone of the defective vascu-
; lar responses observed in sepsis miay be caused by mediators clicited from mononuclear
phagocytes by endoloxin or other bacterial components tather than by direct toxic effects

- of endotoxin on the vasculature. Macrophage products may contribute 10 a generalized
auto-destructive inflammation in a multiple organ failure syndrome in Which no nidus of
infection or positive blood culture is observed, as has been described by Goris ot al. [28).
Significant decreases in effective hepatic and renal tissue perfusion have been desenibed in
septic rats {29], and peripheral vascular failure, which may result in impaired eftective
organ perfusion, has been observed to be closely associated with mortality in human septic
shock [3]. We supgest that mononuclear phagocytes imay play an important role in altered
vascular function in sepsis.

FD PR
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o CONCLUSIONS

Rat peritoneal mactophages, when stimulated in vito by endotoxin, release an agent(s}
that suppresses the contractile performance of isolated rat aortic tissue incubated in the
macrophage-conditioned medium. The suppressive agent has a molecular weight approxi-
mating that of interlcukin | and wmor necrosis factor, and incubation of isolated rat nortas
in purificd interleukin 1 mimics the suppressive effects of macrophage-conditioned me-
divm on aortic contemetion. Recombinant tumor necrosis factor also caused a stmall, bt
significant, suppression of vascular contraction. Stimulation of rat peritoneal macrophages,
in vitro, with sterile silica particles results in defects in tortic contraction similar 1o those
observed in sepsis and similar to these observed after incubation of »ortas in macrophage-
conditioned medium. The data suggest that mononuclear phagocyies may contribute o
altered vasculur tunction in sepsis and that the effect could be medinted via releass of the
inflammatory monokine interleukin 1, and to a lesser extent, via the release of tumor nectro-
sis factor.

ACKNOWLEDGMENTS

Supporied by Work Unit Number MR000.01.01-1328. We wish to thank J, Lueders
for technical assistance and L. Homer and 8. Rotn fer review of the manuscript and helpful
discussions. ‘The opinions and assertions contained herein are the private ones of the suthors
aid should not be construcd as reflecting the views of the U.S. Navy, the naval servive at
large, or the Department of Defense.

REFERENCES

1. Parker MM, Parillo JE: Septic shock-tamodynmnics and pathogenesis. J Am Med Assoc 250:3324-
3327, 198},

b ade st

e




y Interleukin 1 and Vascular Contraction 195

s AC, Griftiths J, Leung F. Meek RN: Plusmicatecholaniimes in patients with serwous, postopera-
ection. Ann Surg 178:102-1G7, 1972.

eveld ABJ, Bronsveld W, Thijs LG: Hemodynamic determinants of mortality in human septic
- Surgery 99: 140152, 1986.
MP, Homer LD, Fletcher JR: Diminished pressor response to exogenous aorepinephrine und
ensin 11 in septic. unanesthetized rats: Evidence for a prostaglandin-mediated effect. J Surg Res
5-342, 1985.
rntz. K, Casey L, Fletcher JR, Ramwell PW: Vascular reactivity in endotoxin shock: Effect ot
inc or indomethacin pretreatment. Adv Shock Res 7:191- 198, 1982,

ana TM, Mantin FM. Chemow B, Briglia FA: Vascular endothelium contributes to decreased
contractility in experimental sepsis. Cire Shock 19:267-273, 1986.

pJL. Barton RP, Mogan KA: Role of antibiotic class in the rate of liberation of endotoxin dusing
y for experimental gram-ncgative bucterial sepsis. J Infect Dis 151:1012-1018. 1985.

1, Poore TE. Zauber NP, Oser RS: Detection of endotoxin in the blood of patients with sepsis due
n-negative bacteria. N EnglJ Med 283:1313--1316, 1970.

rR, Zweifach BW: Influence of E. coli endotoxin on serotonin contractions of the rabbit aortic
yroc Soc Exp Biol Med 123:937-939, 1966.

{RC. Winkelmann RK: The epincephrine response of isolated rabbit vascular strips after in vivo
vitro endotoxin exposure. Angiology 22:495-500, 1971.

th PP, Handley DA, Esmon CT. Stern DM: Interleukin 1 induces endothelial cell procoagulant
wppressing cell-surface anticoagulant activity. Proc Natl Acad Sci USA 83:3460-3464, 1986.

¢ M, Breviario F, Pintucci G, Millet I, Dejana E, van Damme J, Donaii MB, Mussoni L: En-
nent by interleukin-1 (IL-1) of plasminogen activator inhibitor (PA-1) activity in cultured human
elial cells. Biochem Biophys Res Commun 139:720-727, 1986,

der DE, Haskard DO. Joseph B, Ziff M: Interleukin 1 increases the binding of human B and T
seytes to endothelial cell monojayers. J Immunol 136:203-207, 1986.

htson CR. Baenziger NL., Needleman P: Exaggerated human vascular eell prostaglandin biosyn-
nediated by monocytes: Role of monokines and interleukin-1. J Immunol 135:1872-1877. 1985.
V. Breviario F, Ghezzi P, Dejana E, Mantovani A: Prostacyclin synthesis induced in vascular
Jinterleukin-1. Science 229:174--176, 1985, »

P. Ordovas JM, Auger KR, Robbins AH. Birinyi LK, Dinarello CA: Endotoxin and tumor
s factor induce intericukin-1 gene expression in adult human vascular endothelial cells. Am J
124:179-185, 1986.

P, Ordovas JM, Birinyi LK. Dinarcllo CA: Inducible interleukin-1 gene expression in human
rsmooth muscle cells. J Clin Invest 78:1432- 1438, 1986.

B, Cerami A: Cachectin: More than a tumor necrosis factor. N Engl ] Med 316:379-385, 1987.
.Goto T, Haranaka K, Satomi N, Nariuchi H, Mano-Hirano Y. Sawasaki Y: Actions of tumor
s factor on cultured vascular endothelial cells: Morphologic modulation. growth inhibition, and
icity. J Natl Cancer Inst 76:1 1131121, 1986.

stt RE: Role of endothelium in responses of vascular smooth muscle. Cire Res 53:557-573,

off MJ: Protein chromatography on hydroxyapatite columns. In Hirs CHW, Timashelf SN
Methods in Enzymology."” New York: Academic Press, 1985, pp 370~ 380.

TWW, Westfall DP, De Lalande IS, Jellett LB: Log-normal distribution of cquieffective doses
sinephrine and acetylcholine in several tissuc.. § Pharmacol Exp Ther 181:339-345. 1972,

tein S. Zucker CL. Fleiss JI: Some : *atistical methods useful in circulation research. Cire
503517, 1981,

io CA, Clowes HA, Gordon AH, Saravis CA, Wolff SM: Cleavage of human interleukin-1:
1 0f a peptide fragment from plasma of febrile humans and activated monocytes. J Immunol
21338, 1984,

KJ. Beutler B, Lowry SF, Merryweather J, Wolpe S, Milsark IW, Harin RJ., Fahey T8 111
' A. Albert JD, Shires GT. Cerami A: Shock and tissue injury induced by recombinant human
m, Science 234:470-474, 1956,

L: The role of epinephring in the reactions produced by the endotoxins of gram-icgaive bacte-
femorrhagic necrosis produced by epinephrine in the skin of endotoxin-treated rahbits, J Exp

hBW, Nagler AL, Thomas L: The role of epinephrine in the reactions produced by dhe endotor-




ins of cramenegtive bacteria. 1 The chinges produced by endotonin in the vaseulnr reactivity ©
epincplisine, in the rat mesoappendia and the volied, peefused rbbit cae 3 Exp Med TO4R81-800,
1956,

Y 3 . . - - . . . N
28. Gotis RIA, t¢ Bockhorst TPA, Nuytinck JKS. Gimbrere ISF: Multiple-organ tallure: Genetahzed \
antedestractive inflammation? Arch Sutp 120:1109=1115, 1935, .
29. Townsend MC. Hampton WV, Haybron DM, Schurmer W, Firy DE: Effective argan blood flow and '
bioehergy status il muring peritonitis. Surgery 100:205- 212, 1986, )
‘The experitents deseribed in this papee were performed w adhereiiee to the NEH padelines for the use of
— cxpenmental muinals. TN
F
3
1
]

-—
PRSEED . ./ DD

LT
I (0




