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ABSTRACT

To further determine the impoftance of endotoxin in grain dust-
induced inflammation of the lower respiratory tract, we evaluated the
efficacy of pentaacylated diphosphoryl lipid A derived from the
lipopolysaccharide of Rhodobacter spheroides (RsDPLA} as a competitive
inhibitor of grain dust-induced ajrway inflammaticn. RsDPLA is a
:elatiﬁely inactive compound in comparisen to lipid A derived from E.
coli (LES) and has been demonstrated to act as a competitive inhibitor
of LPS-induced inflammation. To assess the potential stimulatory effect
of RsSDPLA in relation to LPS, we incubated THP-1 cells with RsDPLA
{0.001-100 pg/ml}, LPS (0.02 ug endotoxin activity/ml}, or CDE (0.02 ug
endotoxin activity/ml). Incubation with RsDPLA revealed TNF-a
stimulatory effect at 1, 10, and 100 pg/ml. In contrast, incubation
with LES or CDE resulted in TNF-¢ release at 0.02 pg/ml. Pretreatment
of THP-1 cells with varying concentrations of RsDPLA prior to incubation

with LPS or CDE (0.02 pg endotoxin activity/ml) resulted in a dose-

dependent reducticn in the LPS or CDE induced release of TNF-a with
concantrations of RsDPLA of up to 1 pg/ml, but not at 10 or 100 pg/ml.
To further understand the role of endotoxin in grain dust-induced airway
inflammation, we utilized the unique LPS inhibitory property of RsDPLA
to determine the inflammatory response to inhaled CDE in mice in the
presence of RsDPLA. 10 pg of RsDPLA intratracheally did not cause a
significant inflammatory response in comparison to intratracheal saline.
However, pretreatment of mice with 10 pg of RsDPLA intratracheally priox
to exposure to CDE (5.4 and 0.2 ug/m’) or LPS (7.2 and 0.28 pg/m’)
resulted in significant reductions in the lung lavage concentrations of

total cells, neutrophils, TNF-a, and IL-6 in comparison to mice



pretreated with sterile saline., These results confirm the LPS-
inhibitory effect of RsDPLA and support the role of endotoxin as the

principal agent in grain dust causing airway inflammation.
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INTRODUCTION

Occupational and environmental exposure to grain dust may cause a
variety of acute respiratory symptoms, including chest tightness,
wheezing, dyspnea, and transient declines in airflow (1). Epidemiologic
studies in grain workers have demonstrated that chronic exposure to
grain dust may lead to chronic respiratory symptoms, including chronic
-bronchitis, &nd progressive, irreversible airflow obstruction {2).

Prior studies suggest an association between endotoxin and the
physiologic and inflammatory response to grain dust. In grain handlers,
work-related respiratory symptoms were found to be strcongly associated
with the concentration of endotoxin in the bicaercsol (3). Inhalation
of endotoxin and corn dust extract (CDE) produce similar symptoms,
equivalent changes in airflow, and similar increases in b:;nchoalveolar
lavage (BAL} inflarmatory cells and inflammatory cytokines (4).

To further investigate the relative importance of endotoxin in
grain-dust induced airway inflammation, we employed methods which
attempted remo&al of endotoxin from CDE, and demonstrated a relationship
between the concentration of endotoxin in CDE and the magnitude of
inflammation in the lung (5). However, these methods were ligited by
the inability to completely remove endotoxin from CDE and by the
possibility of remeving other components in CDE which may promote lung
inflammation. In this investigation, we propose to examine the
relationship between endotoxin and grain dust-induced lung inflammation
by specifically inhibiting endotoxin-mediated inflammatory events.
Previous investigations have shown'that the pentaacylated diphosphoryl

lipid A derived from the lipopolysaccharide of Rhodobacter sphercides



(RsDPLA) is a relatively inactive’compound in comparison to lipid A
derived from E. coli (LPS) (&). Moreover, it appears that RsDPLA acts
as a competitive inhibiter of LPS-induced inflammation (7, 8). 1In this
investigaticn, we utilized the unique LPS inhibitory property of RsDPLA
to determine the relative stimulatory effect of CDE in vitre and the
inflammatory response in the lungs of mice following exposure to CDE in
the presence of an endotoxin inhibiter. A priori, we hypothesize that

that the inflammatory response to CDE will be diminished in the presence

cf RsDPLA.



METHODS

Chemicals: Lyophilized E. coli 0111:84 lipopolysaccharide (LPS) was
purchased from Sigma Chemical Co., 5t. Louis, MO. Corn dust used in
this study was obtained from the ajir filtration system at an eastern
Iowa grain handling facility. Sterile, pyrogen free water (pfw) and
sterile, pyrogen free normal saline (pfs) was purchased from Baxter
Medical Laboratories, Deerfield, IL. Hank's balanced salt solution
(HBSS) was purchased from the University of Iowa tissue culture
facilicy.

LPS and CDE preparation: LPS sclution was prepared by mixing

lyophilized E. coli LPS in pfw. CDE was prepared by mixing 3.0 grams of
dust in 30 ml of pfw (0.1% sclution) by methods p?eviously described
{S). Both LPS and CDE solutions were filter sterilized through a 0.22um
filter {Acrocap Low Protein Binding Filter, Gelman Sciences, Ann Arbor,
MI} and then used immediately or stored at -70° C.

RsDPLA preparation: R. sphaeroides ATCC 17023 was grown

photoheterotrophically for 12-14 days and harvested by centrifugaticn.
LPS was extracted from R. sphaercides by the phencl-chlorcform-petroleum
ether method of Galanos (9). RsDPLA was prepared by treating R.
sphaeroides LPS with 0.02 M sodium acetate (pH 2.5) for 70 min at 100°
(10). Crude RsDPLA was dissolved in chloroform-methanol and purified by
DEAE-cellulose cclumn chromatography. Pentaacyl RsDPLA was eluted with
a linear ammonium acetate gradient and characterized by analytical thin-
layer chrematography, gas-liquid chromatography, mass spectrometry, and

nuclear magnetic resonance spectroscopy (il). The RsDPLA was in the



free acid form, was solubilized in 0.5% triethylamine salt, and was

further diluted in saline prior to use in the experiments.

Endotoxin assay: Endotoxin concentrations were measured in the LPS and

CDE solutions using the Limulus Amebocyte Lysate (LAL) assay (QCL-1000,
Whittaker Bioproducts, Inc., Walkersville, MD). Measurement of airborne
endotoxin concentrations generated from the various LPS and CDE
solutions during animal exposure studies were carried out, using methods
previously described (12}.

Mice: Male, 6 week old, inbred mice (C3H/HeBFEJ) purchased from Jackson

Laboratory (Bar Harbor, ME) were used in all exposure studies. They
were housed in our institution's rodent vivarium, fed a normal diet
{Formulab Chow #5008, PFMI, Inc., Richmond, IN) provided water ad
libitum, maintained on wood chip bedding (Northeastern Product Corp.,
Warrensberg, NY), and used within 2 weeks. Experimental protocols were
reviewed and approved by the Institutional Animal Care and Use Cormittee
at the University of Iocwa.

Exposure apparatus and exposure protocol: A series of four mouse

inhalation exposure experiments were performed to aerosols of LPS and
CDE, the methcds of which we have previocusly described (12). Exposures
were performed in a 20 L exposure chamber, using a PITT#1 nebulizer with
solutions for inhalation exposure supplied by a syringe pump. In each
experiment, groups cf 20 mice underwent inhalation exposure to LPS or
CDE solutions over 4 hours. Prior to inhalation challenge, each mouse
underwent general anesthesia (Metofane, Pitman-Moore, Mundelein, IL}
followed by instillation of equivalent volumes (40 pul} of RsDPLA {1l0ug)
cr PFS into the hypopharynx through a 24 gauge Jelco intravencus

catheter (Johnson and Johnson, Arlington TX}. This dose of RsDPLA was



chosen after performing dose-response experiments with mice which
demonstrated that 10 pug of RsDPLA does not cause changes in lung lavage
cellularity in comparison to PFS. Fellowing exposure, animals were
euthanized by cervical dislocation, the diaphragm was punctured to
deflate the lungs, and whole lung lavage was performed.

Lung lavage: Mi;e trachea were isolated and cannulated with PE-90
tubing, and whole lung lavage was performed in situ. One ml aliquots of
pfs were infused intoc the trachea at 25 cm H;0 pressure head, collected,
and the process was repeated six times. Lung lavage fluid was processed
by our standard methed (13).

In vitro endotoxin biclecgic activity: To measure the ia vitro cellular

response to the RsSDPLA, QPS, and CDE, THP-1 cells (ATCC, Rockville, MD],
a human monocytic leukemia cell line, were used (14). Cells {passage
20-24) were grcown in pyrogen free 10% RPMI media in a 24 well cell
culture plate {(Costar, Inc., Cambridge, MA} at a density of 1 x 106
cells/well at 37°C, 5% CO0p. For dose-response curve experiments, the
cells were incubated with RsDPLA at varying concentrations (0, 0.001,
0.01, 0.1, 1.0, 10, 100 pg/ml) in HBSS. For coincubation studies with
LPS or CDE, RsDPLA (0-100 ug/ml) was introduced 30 minutes prior to
treatment with LPS or CDE (endotoxin concentration 0.02 ug/ml). After
24 hours, the cultures then underwent freeze-thaw cycling twice at -
209C, fellowed by centrifugation (2500 x g) for five minutes. The
supernatants were collected and assayed for TNF-a.

TNF-a Analysis: TNF-o bicactivity was measured using the TNF-a

sensitive L3929 mouse fibroblast cell assay (15). L929 cells were grown
to confluence in a 96 well microtiter plate at a density of 4 x 104

cells/well. Fresh 5% DMEM containing actinomycin-D (5 pg/ml)} was added



to each well, and each well was pulsed witb 100 pl of sample or
reference recombinant human TNF-a (Cetus Corporation, Emeryville, CA).
Plates were incubated for 20 hours ({37°C, 5% CQ3), the media was
removed, and L3829 cells were stained with 0.5% crystal violet in 20%
methanol for 5 minutes. The optical density (OD) of the L3259 cells was
determined on a microplate reader (Bio-Tek EL31l). Sample TNF-a values
{units of activity/ml) were determined by comparing the sample OD to a
standard curve generated with serial dilutions ¢f reference TNF-a.

Statistical Analysis: Two primary comparisons were made in this study:

1) comparison of the in vitro TNF-a production of THP-1 cells exposed

to LPS and CDE sclutions after pretreatment with RSDBLA; and 2)
comparison of the in vivo inflammatory response as assessed by both
whole lung lavage fluid in mice exposed te LPS or CDE after pretreatment
with RsDPLA or sterile saline intratracheally. Statistical comparisons

for continuous data were made using the Mann-Whitney U test (16},



RESULTS

The in vitro stimulatory effect of RsDPLA on THP-1 cells was
determined by performing dose-response experiments in which THP-1 cells
were incubated with increasing concentrations of RsDPLA (0.001 to 100
ug/ml) for 24 hours. The supernatant fluid was assayed for TNF-a
bicactivity (fig. 1). At relatively low concentrations of RsDPLA (<1
pg/ml), very little TNF-a stimulatory effect was observed, in comparison
to higher concentrations of RsDPLA (>1 ug/ml}), which caused
substantially greater stimulatory release of TNF-a in a dose-dependent
fashion. Although higher concentrations of RsDPLA caused a stimulatory
effect on THP~1 cells, this effect was achieved at considerably higher
concentration compared to LPS, which stimulates TNF-a release at
concentrations as low as 0.02 pg/ml (fig. 2a}.

Because of its relative non-stimulatory effect at low
concentrations, further studies were carried out to determine whether
RsDPLA could display inhibitory properties when incubated with cells
pricr to LPS or CDE stimulation. Incubation ¢f THP-1 cells with LPS
{fig. 2a) or CDE (fig. 2b} alone {(endotoxin activity ¢.02 ug/mi)
resulted in the stimulation of TNF-a production and release from these
cells., When THP-1 cells were pretreated with 10 fold increasing
concentrations of RsDPLA (0.001-100 pug/ml} prior to stimulation with LPS
or CDE, there was a similar pattern in thea magnitude of TNF-a reslease
from THP-1 cells for each concentration of RsDPLA. At lower
concentéations of RsDPLA (0.001-1 pg/ml), there was a dose-dependent
reduction in LPS and CDE stimulatory release of TNF-a, which was

maximal in both instances at 1 pg/ml, Hoewever, this inhibitory effect



was not apparent at higher concentrations (10 and 1900 pg)ml), where
RsDPLA stimulates THP-1 cells to produce and release TNF-u (figure 1}.

RsDPLA was tested for its in vivo ability to stimulate lung
inflammation., Mice underwent intratracheal instillation of RsDPLA at
doses of 0.1, 1, 10, and 100 ug or PFS and these doses of RsDPLA (except
100 pug) were not found to stimulate neutrophil recruitment in the lung
{data not shown). Because of the lack of neutrophil recruitment in the
lung lavage fluid after intratracheal instillation of RsSDPLA at 10 ug,
this dose was chosen for subsequent experiments to determine whether
RsDPLA had inhibitor properties when given intratracheally prior to
inhalation exposure to LPS or CDE.

Fellowing intratracheal instillation of RsDPLA or pyrogen-free
saline {PFS}), groups of 10 mice underwent inhalation cﬁallenge to LPS or
CDE at wvarious airborne endotoxin levels., At high airborne levels of
endotoxin (LPS: 7.2 pg/m’, CDE: 5.4 pg/m’), mice pretreated with PFS
developed increasing concentrations of total cells, predominantly
neutrophils, as well as eleQated concentrations of TNF-Q and IL-6 in
lung lavage fluid following exposure to both LPS (fig 3a) and CDE (fig
3b}). In mice p:etzeat;d with RsDPLA, statistically significant
reductions in both total cell, neutrophil, and IL-6 concentrations were
observed after expo;ure to LPS or CDE in comparison to PFS pretreated
mice exposed to the same biocaerosols (p< 0.05 for all comparisons made).
At high airborne levels of endotoxin, no differences in lung lavage TNF-
o, were detected between RsDPLA and PFS treated mice following exposure
to either LPS or CDE.

Mice pretreated with PFS followed by exposure to low airborne

levels of endotoxin (LPS: 0.28 pg/m’, CDE 0.2 upg/m’}, developed

10



H

increased lung lavage concentrations of total cells, neutrophils, TNF-
@, and IL-6 (figs. 4a and 4b}, but these increases in cellularity and
cytokines were not as great in comparison to the high endotoxin
exposures (figs. 3a and 3b). Following exposure to LPS, mice pretreated
with RsDPLA demonstrated significant reductions in lavage concentrations
of total cells, neutrophils, TNF-a, and IL-6 in comparison to control
mice pretreated with PFS. Following exposure to CDE, mice pretreated
with RsDPLA also demonstrated significant reductions in lavage
concentrations of total cells, neutrophils, and TNF-a, but no
differences in lavage concentrations of IL-6 were detected between

treatment groups.
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DISCUSSION

Qur study results confirm previous observations that RsDPLA is
less potent than LPS at stimulating TNF-o release, but is capable of
inhibiting LPS-mediated TNF-a release(7). Likewise, RsDPLA is capable
of inhibiting CDE-mediated production and release of TNF-a, suggesting
a similar mechanism by which LPS and CDE stimulate THP-1 cells to
produce and release TNF-a. Furthermore, when administered to mice
intratracheally at a dose of 10 ug, RsDPLA alcne does not cause
significant lung inflammation. However, when 10 pug of RsDPLA was
administered prior to inhalation of either LPS or CDE, this dose was
capable of inhibiting LPS and CDE-mediated lung inflammation, again
5ugqest1nq a common mechanism by which LPS and CDE cause lung
inflammation. Our results suggest that CDE causes lung inflammation
through endotoxin-mediated inflammatory events, which are inhibited by
RsDPLA.

The results of this study add further support to the growing
evidence that endotoxin is the principal component in grain dust causing
airway inflammation. In epidemiologic studies, we have found that the
concentration of endotoxin in the bicaerosol is strongly associated with
respiratory symptoms, airflow obstruction, and longitudinal declines in
airflow among grain handlers (3). We have also found that higher
concentrations of endotoxin in the bicaernsol are associated with
accelerated longitudinal declines in airflow (17). In addition, we have
investigated the relationship between endotoxin and grain dust induced
airway disease through distiﬁct lines of investigation, using a murine
model of acute grain dust inhalation challenge. We have demonstrated a

clear dose-response relationship between the concentration of endotoxin

12



in thé CDE biocaercsol and the magnitude of lung inflammation and
cytokine release in lung lavage fluid (12). A second approach involved
determining whether host susceptibility to endotoxin affected the
inflammatory response to CDE (12). Utilizing strains of mice which are
genetically endotoxin-resistant (C3H/HeJ) or endotoxin-sensitive
(C3H/HeBFEJ), we demonstrated that when exposed to an identical CDE
exposure, mice which are endotoxin-resistant develop significantly less
lung lavage inflammatory cells and cytokines in comparison to endotoxin-
sensitive mice, Furthermore, when endotoxin-sensitive mice were made
endotoxin tolerant (acquired endotoxin hyporesponsiveness) through
sertal injections with LPS, these mice developed significantly less
airway inflammation in comparison to control mice following the same CDE
exposure. A third approach examining the relationship between endotoxin
and grain dust induced lung inflammation involved determining Qhether
endotoxin removal from CDE altered the magnitude of CDE-induced lung
inflammation. In these experiments, we demonstrated that using three
different methods of endotoxin removal from biclogical solutions, the
magnitude of the inflammatory response to CDE was related to the
endotoxin concentration in the CDE (5). Finally, in the present
investigation, by utilizing the unique properties of RsDPLA ybich act as
a specific inhibitor of endotoxin, we have demcnstrated that the
inflammatory response to CDE is substantially reduced when this agent is
given intratracheally prior tc exposure to CDE. Thus, we have
demonstrated convincing evidence linking endotexin with the acute
inflammatory response to CDE; by demonstrating a dose-response
relationship between endotoxin concentration in the CDE biocaerosel and

the magnitude of lung inflammation, by altering the host’s ability to

13



respond to endotoxin, by altering the concentration of endotoxin in CDE,
and by selectively inhibiting endotoxin-mediated inflammatory events.

The results of our study are the first to demonstrate the ability
of RsDPLA to inhibit endotoxin mediated lung inflammation using an
inhalational model of ‘acute lung inflammation. Previous investigations
have demonstrated that RsDPLA is capable of blocking the induction of
TNF-a from a macrophage cell line treated with LPS in a concentration
dependent manner (7). Fretreatment of mice with RsDPLA intravenously
blocked the rise in serum TNF-a normally observed in mice following
intravenous injection with LPS (l8). Furthermore, RsDPLA was protective
in preventing endotoxin-mediated death in mice, possibly due to
inductiecn ¢f early endotoxin tolerance (13). Our present investigation
supports the role of RsDPLA as an inhibitor of CDE-induced lung
inflammation through inhikition of endotoxin mediated TNF-o induction
in vitro. The mechanism by which RsDPLA acts to reduce lung
inflammation due to grain dust in our study is not entirely clear, but
may be due to direect inhibition of endotoxin binding te cell receptors
in the lung or possibly secondary to the induction of early endotoxin
tolerance.

Interestingly, mice pretreated with RsDPLA followed by inhalation
challenge with either LPS or CDE at high endetoxin concentrations did
not develop significant reductions in lung lavage concentraéions of TNF-
o despite reductions in lavage cellularity and IL-6 levels (fig 3a and
3b). In contrast, TNF-a concentrations in lung lavage fluid were
significantly reduced in mice pretreated with RsDPLA exposed to lower
concentrations of endotoxin in LPS or CDE (fiqgq 4a and 4b}. This

observation may be attributed to the possibility that the airborne

14



levels of endotoxin in the high endotoxin LPS or CDE exposures exceeded
the inhibitory capacity of RsDPLA used in the study. In addition,
because RsDPLA was administered intratracheally and not by
aerosolization, the distribution of RsDPLA in the lung may have differed
between these routes of administration, affecting the efficacy of RsDPLA
in inhibiting LPS or CDE induced TNF-a release at the higher endotoxin
concentrations.

In cenclusion, ocur result confirm prior observations demonstrating
the relative non-toxic properties of RsDPLA, including intratracheal
lung administration. In addition, we have demonstrated that RsDPLA
inhibits grain dust induced lung inflammation, supporting the hypothesis
that endotoxin is the primary component in grain dust responsible for

the development of airway inflammation.
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LEGEND

figure 1: The mean concentration of TNF-a in the cell lysate of THP-1
cells is presented following incubation with varying concentrations of

RsDPLA. Error bars represent the SE,

Figqure 2: The mean concentration of TNF-a in the cell lysate of THP-1
cells is shown for cells incubated with LPS (2a) and CDE {(2b)} alone or
pretreated with varying concentrations of RsDPLA. Error bars represent

the SE.

Figure 3: The lung lavage mean concentrations of total cells,
neutrophils, TNF-a, and IL-6 are presented following inhalation
exposure to LPS (3a) and CDE (3b) for mice pretreated iﬂtratzacheally
with RsDPLA {(white bars) <or sterile saline (black bars). (Alrborne
endotoxin concentrations measured during each exposure: LES:7.2 pug/m’;
CDE:5.4 ng/mﬁ Error bars represent the SE. Asterisk represents a p

value < 0.01.

Figure 4. The lung lavage mean concentrations of total cells,
neutrophils, TNF-a, and IL-6 are presented following inhalation
exposure to LPS (4a) and CDE (4b) for mice pretreated intratracheally
with RsDPLA (white bars) or sterile saline (black bars). {(Airborne
endotoxin concentrations measured during each exposure: LPS:0.28 ng/m’;

CDE:0.2 ug/m’) Error bars represent the SE. Asterisk represents a p

value < 0.03,

16



REFERENCES
Manfreda, J., V. Holford-sStrevens, M. Cheang, and C.P. W. Warren.
1966. Acute symptoms following exposure to grain dust in farming.
Environ. Health Perspect. 66: 73-80,
Chan-Yeung, M., D. A, Enarson, and $. M. Kennedy. 1992. The impact
of grain dust on respiratory health. Am. Rev. Respir. Dis. 145:
476-487,
Schwartz, D. A., P. S. Thorne, 3. J. Yagla, L. F. Burmeister, S. A.
Qlenchock, J. L. Watt, and T. J. Quinn. 1995. The rcle of endotoxin
in grain dust-induced lung disease. Am. J. Respir. Crit. Care Med.
152:603-608.
Jagielo, P. J., P. 5. Thorne, J. L. Watt, K. L. Frees, T. J. Quinn,
and D. A. Schwartz, 1996. Grain dust and endotoxin inhalation
produce similar inflammatory responses in normal subjects. Chest
110:263-27C.
Jagielo, P. J., P. S. Thorne, J. A. Kern, T. J. Quinn, and D. A.
Schwartz. 1996. The role of endotoxin in grain dust induced lung
inflammation in mice. Am. J. Physiol. 207:L1052-L1059.
Strittmatter, R., J. Weckesser, P. V. Salimath, and C. Galanos.
1983. Nontoxic lipopolysaccharide from Rhodopseudomonas sphaeroides

ATCC 17023, J. Bacteriol. 155:153-158.

Takayama, K., N. Qureshi, B. Beutler, and T. N. Kirkland. 1989.
Diphesphoryl Lipid A from Rhcdopseudomonas sphaercides ATCC 17023
blocks inductien of cachectin in macrophages by lipopolysaccharide,

Infect. Inmun. 57:1336-1339.

17



10.

11.

12.

13.

14.

Qureshi, N., J. Hofman, X Takayama, S.N. vogel, and D.C. Morrison.
1996. Diphospheryl lipid A from rhodobacter sphaeroides: A novel
lipopolysaccharide antagonist. In Novel Therapeutic Strategies in
the Treatment of Sepsis. D.C. Morrison, and J.L. Ryan, editors.
Marcel Dekkér, Inc., New York. 111-131.

Galanos, C., Q. Luderitz, and O. Westphal. 1369. A new method for
the extraction of.R lipopolysaccharides. Eur. J. Bicchem. 9:245-
249,

Qureshi, N., K. Takayama, and E. Ribi. 1982. Purification and
structural determination of non-toxic lipid A obtained from the
lipopolysaccharide of Salmonella typhimurium. J. Biol. Chem.
257:11808-118185.

Qureshi, N., K. Takayama, K. C. Meyer, et al. 1991. Chemical
reduction of 3-oxo and unsaturated groups in fatty acids of
diphospheryl lipid A from the lipopolysaccharide cof
Rhodopseudomenas sphaercides. Comparison of biolcgical properties
before and after reduction. J. Biocl. Chem. 266: €532-6538.
Schwartz, D. A., P. 8, Thorne, P. J. Jagielo, G. E. White, S. A.
Bleuer, and K. L. Frees, 1994. Endotoxin responsiveness and grain
dust-induced inflammation in the lower respiratory tract. Am., J.
Physiol. 267:L609-L617.

Schwartz, D. A., S. K. Landas, D. L. Lassise, L. F. Burmeister, G.
W. Hunninghake, and J. A. Merchant. 1992. Airway injury in swine
confinement workers. Ann. Intern. Med. 116:630-635.

Tsuchiya S, Yamabe M, Yamaguchi Y, Kobayashi Y, Konno T, and Tada
K. 1980. Establishment and Characterizaticn of a Human Acute

Monocytic Leukemia Cell Line (THP-1). Int. J. Cancer. 26: 171-176.



15.

16.

17,

18.

19.

Leeper-Woodford SK, Caréy BD, Byrne‘K, Jenkins JK, Fisher BJ,
Blocher C, Sugerman HJ, and Fowler AA. 19%1. Tumor Necrosis Factor:
Alpha and Beta Subunits Appear in the Circulation During Onset of
Sepsis-induced Lung Injury. Am. Rev., Respir. Dis. 143:1076-1082.
Rosner B. 1990. Fundamentals of Biostatistics. 3rd Edition. PWS-
Kent Publishing Company , Boston, MA.

Schwartz, D. A., K. J. Donham, S. A. Olenchock, W. Popendorf, D. S.
van Fossen, L. F. Burmeister, and J. A. Merchant. 1995.
Determinants of longitudinal changes in spirometric functions among
swine confinement perators and farmers. Am. J. Respir. Crit. Care
Med., 151:47-53.

Qureshi, N., K. Takayama, and R. Kurtz. 1891, Diphosphoryl lipid A
obtained from the nontoxic lipopolysaccharide of Rhodopseudomonas
sphaercides is an endotoxin antagonist in mice. Infect. Immun.
59:441-444.

Zuckerman, S. H,, and N. Qureshi, 1992. In vivo inhibition of
lipopolysaccharide-induced lethality and tumor nec:ggis factor
synthesis by Rhodobacter sphaercides diphosphoryl liﬁid Ais

dependent on corticosterone induction. Infect. Immun. 60:2581-2587.

19






001 0l | 1 10" 1000 0 |wbBn vidasy
.

-1 001

- 00

(Jw/ANADoE. JO sjun) V4N

L @Jnbuy



F

1 0 100

RsDPLA pgimi 0 .001 .01 -1

(Iw/AyAnoe Jo sun) V4N L



%
2




00S

|w/bd

00]0]

0051

-

DINL

U0 NNJ

U092 |29

e¢ ainby

002

ooy

009

W/ Q) X |80



|wi/Bd

00S

000!

00G1

9-"1l

V4NL Juod NId

2U02 J8D

-

qg ainby

00¢

00} 4

009

W/ .0l XS|I8D



jw,/bd

0oL

00¢

00€

00p-t

-1 D4NL JU0d NNd

2009 [|2D

»

e ainbiy

*

0¢
oty
09
08
o0t

0clL

W/ e 0l X Sj|ad



|w/6d

0¢

oy

09

08

001

9

D4ANL Juod NWd

2U09 (18D

»

qy @by

ov

08

(1742

091

00¢

{

W/ ¢ 0L X Sjj8o



