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YHF 2RI A — VRIS R
ZilL7, ZhE 2 mg @ Bondapack
C-8 VUV ERE BRI ER
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DEZRE (BMD) # —BI R IIL¥ —X EIK
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DT BB Lo T R M BE LA S C D s
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n—= 7 Ui, ZORE, N R 9 73/
BV D HA = h—427% L7z,
Zoru— 2k BN BEREETH
CAG 7aE—F—bxA <A MiiEE
BFEFORBEM S 7AINRIZ —
(pCXN2.1) iz 48 A L. " 3L Bh 4 1 i
(CHO-S Mifa)izhT o A7 2 M ir, %
D% G418 THAFBRR AT, G418 i
WA RER S -, GPCR 137 H & B @ A%
BT, 2D N KT HEEDIMANIAL
B35, #to T, HA = 7% 72l
BEREICZ<HRHINAMEEKIT =&
EEBIBEHLTNDLEEZOND, ZOH
W EOE, I G418 MHMEMIAREEIC
DOUWTH HA LR Car Y e s L TRt 58
EORWHIIEZRIRICT7a— P A A
—H—THRTHIEIZLIY, R ra—F
JVig TDAGS D% JE o 6 B B B 2 B
BLz, ZO#HEICEY, /00—
AT TR, HEEIZR D D72 e
ME2E5Z LN TET,
I T
AR VRIE (PSS) 1% 130 mM NaCl, 0.9
mM NaH,PO,, 5.4 mM KCl, 0.8 mM
MgSO,, 1.0 mM CaCl,, 25 mM glucose,
0.1% BSA THRE L7z, BFO D72 RY PSS
i, fE & O pH(6.0-8.0) IZFHE L=
HEPES/EPPS/MES (JR £ 4 333 mM) %
40 FIZHFRL TNy 77 —LL T2
(HEM-PSS) , i fa % I 7& Sl AR AB 1o L
7o EBRTIX, EREEE T pH 2% L
0.1% BSA & & DMEM B # Gl e % H) 1%
LT, WIRDEFRD pH 1%, & EBRSEHE
TCpH A—&—& AW THIEL,
cAMP I & D I 7E




#MiE% 2 mM EDTA 2 &t PBS TF (v
apbiEA L, HeE I 0.5 mM IBMX
%8 ¢e HEM-PSS(pH 7.2)IZBE L7z,
HIETI5 OMMBELTCELE, 74V A
aYVOEETERIREET THRES
FIRT 30 4o MREL ., KISE EIZiK
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10 TDAG8 = &k B pHIKTFHI % cANP EE &,
(A) cAMP EEA D pH {RTF1E, n = 4, (B)
CAMP EE~ADH AL VDEZE, n=4,
pH 7.2 2B 1T HHERETRT. HH pH 5.9

THRHRDERNFE LI,

Functional Assay Kit & Fusion THHIL
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ZAREMBNEBRT T A
MAE%E 2 mM EDTA 2&¢e PBS TF 4
T anbiIAL, HEM-PSS (pH 7.7) 125k
Bz, EBO®%.MiEEE4« D pH ©
HEM-PSS T 37°C, 30 &y RiMlEL, /37
HRIVAT VT ERTHEE L, MiaRm
D HA =& =TT DFRBE L~
Pt HA HilkE T rax YR & )L
ETCMBLI%, 7a—Y A PRA—F—T
H Uiz,

APV AT 7 A 78— 5%
MG HLERREE T 18 ML L /-7 F %
RELT 4o 22 W= Ma% , pH 6.4
F721% 8.1 D 0.1% BSA 47 DMEM 55 Ht
T 37°C. 15 MR LTz, /NTHRNVLT
T ERTHMBEEZEELEE, 0.1%
Triton X-100 DFEE T Tr—FI-T7
nA VY E{T o0z, PBS T4, 3t
BAV—YV—BEMECBE L, Bit=
vha— LT, 1M LPA #&d pH
8.1 ? 0.1% BSA & & DMEM £2 1 Tl 14
U7ofpasz vz,

Rho & # I &
My ALARR BB C 18 eI ALER U7~ /i fa &
pH 6.4 %£7-i% 8.1 ™ 0.1% BSA &4
DMEM $£5#C 37°C. 3 3 FE/2id 15 43 [
I U7z, VeI K LT AR (50
mM Tris=HCI (pH 7.5), 10 mM MgClL,
500 mM NaCl, 1% Triton X-100, 715
T—RHRERIAZTI) TR EEL
7o MERR O 23 L CHYER W B
B, TIWVAF AT ra— A — X k|
B EL LT GST-uT¥ e " IE
& 4°CT 60 wMRA LTz, B — X &
%, BT - B L2 R B R
TI7UNVTIREIIKEIL, Ve RF T 0
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TDAGS %% 7E 38 B9~ 2 M i C Il i
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FURT =7 ary Lzl o (4 10
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AR E D o7, F72, pH B ki f
AT DR IEAZ DO T TDAGS 3
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0 58%. 45%B LTz, — 5, U H
—HE T RT 2 MU MIERS PAF 2%
REFBFT A LT, pH DI
TCRDHESEFRE DL ITITE A E 2D
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~NOEBIBOON 22 (F —4
M) o

pH 8.1 {128V T TDAGS 2345
faid, RI¥—E T RAT7 2 7N TR
ERIENFEAE T IF AN AT 7 AR
— DRI O LT, L)L, pH
% 6.4 |28 {L 372 15 43 121% TDAGS
BN O IR TAN AT 7 A 83— 3T
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RT7 7 AN R E N DT B EEIT
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NEWS AND VIEWS

New therapeutic key for cystic fibrosis: a role for

lipoxins

Daiya Takai, Takahide Nagase & Takao Shimizu

One of the hallmarks of cystic fibrosis is the propensity of patients to develop lung infections with Pseudomonas
aeruginosa, which eventually compromises lung function. New data suggest loss of CFTR impairs lipoxin production,
thus preventing resolution of lung inflammation and creating an environment susceptible to further infection.

[AUTHORS: PLEASE NOTE THAT SOME
SECTIONS OF YOUR TEXT WERE
REARRANGED AND REWORDED TO
INCREASE CLARITY. AS A RESULT, THE
REFERENCES HAD TO BE RENUM-
BERED; PLEASE CHECK THE REFS AND
THE REF LIST CAREFULLY TO ENSURE
THIS IS CORRECT. ALSO CAN ONE REF
BE OMITTED? WE TRY TO LIMIT REFS
TO 12. ALSO THE SECOND PART OF THE
ORIGINAL TITLE WAS UNCLEAR; DO
YOU HAVE ALTERNATIVE SUGGES-
TIONS?]

ystic fibrosis (CF) is an autosomal reces-

sive disorder characterized by progressive
lung disease and multiple organ dysfunction
caused by abnormal electrolyte transport. CF
patients show pancreatic insufficiency,
increased sweat electrolyte concentrations
and lung pathologies with recurrent bacterial
infections. The CF transmembrane conduc-
tance regulator (CFTR) was identified as the
causal gene!l. Soon after the identification of
CFTR, the molecule encoded was found to be
a cyclic AMP-activated chloride ion trans-
porter? whose altered function after CFTR
mutation [AUTHOR: CORRECT?] can
account for the dysfunction of most organs
affected in CE However, this specific molecu-
lar defect [AUTHOR: OK? OR WHICH
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DEFECT?] cannot explain the lung pathol-
ogy, as CF patients maintain normal chloride
ion concentrations in their lungs®. No med-
ication can complement the functional loss of
CFTR molecule. Several trials of gene therapy
to transfer wild-type CFTR nucleotide
sequences into the airway epithelium have
faced many difficulties, resulting in insuffi-
cient CFTR expression to achieve clinical ben-
efit*, In this issue of Nature Immunology,
Karp et al” provide insight into another CF
therapeutic approach from the viewpoint of
the lipid mediators that regulate inflamma-
tory responses.

CFTR maps to the long arm of chromo-
some 7, where it spans 250 kilobases (kb), and
consists of 27 exons. The gene is transcribed
into a 6.5-kb mRNA that encodes a
1,480-amino acid membrane protein.
Although the dlinical course of the disease
varies with the type of mutation in CFTR
(800 independent mutations have been iden-
tified so far), the estimated median survival
age of patients of CF was still only 33.4 years
in the US in 2001 (ref. 2). More than 70% of
CF patients have alleles with deletion of the
three base pairs encoding phenylalanine at
position 508 (AF508)? [AUTHORS: PLEASE
CLARIFY THE FOLLOWING STATEMENT;
ARE YOU DISCUSSING THE MUTATION
ON THE OTHER ALLELE IN THESE
PATIENTS?] and ones but 22 mutations
include AF508 are rare, with a frequency of
less than 0.1 % of known alleles. In the AF508
mutation, mutant CFTR protein is misfolded,
leading to rapid ubiquitinylation and protein
degradation. Thus, affected cells completely
lack CFTR molecules. In some types of muta-
tions (for example, R347P), mutant mole-
cules can reach the cell membrane and show
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partial chloride conductance. Hence, the clin-
ical manifestations of CF are thought to be
related to the type of mutation in CFTR.

That CF patients maintain normal chloride
concentrations in their lungs indicates
another mechanism must exist to explain
how the functional loss of CFTR in affected
cells results in the pathophysiology leading to
progressive lung disease. CF patients are espe-
cially prone to chronic airway bacterial infec-
tion with pathogens such as Pseudomonas
aeruginosa and neutrophilic bronchitis and
brochiolitis.

To understand the new findings from Karp
etal., a discussion of how the onset and reso-
lution of inflammation is regulated by lipid
mediators is required. A group of eicosonoid
lipid mediators known as lipoxins are anti-
inflammatory  molecules  similar  to
prostaglandin E2 that are synthesized during
multicellular responses such as inflammation,
atherosclerosis and thrombosis (reviewed in
ref, 6). In the airway system, activated epithe-
Hal cells generate 15S-hydroxyeicosate-
traenoic acid (HETE) from arachidonic acid
with 15-lipoxygenase and release 155-HETE’.
Polymorphonuclear neutrophils (PMNs)
quickly take up 15S-HETE and convert it to
155-epoxytetraene with S-lipoxygenase. The
15S-epoxytetraene is then hydrated into
55,6R,15S-trihydroxy-7,9,13-trans-11-cis-
eicosatetraenoic acid (LXA,) and its posi-
tional isomer 5S,14R,155-trihydroxy-6,10,12-
trans-8-cis-eicosatetraenoic acid (LXB,). In
addition to these native lipoxins, aspirin
(acetylsalicylic acid) triggers the endogenous
generation of 15-epimeric lipoxins (15-epi-
LXA, and 15-epi-LXB;) by the enzyme
cyclooxygenase-2.

LXA, and LXB, have an inhibitory effect on
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Airway epithelium
of cystic fibrosis

Decreased concentration of LXs

LXA, analog o ©

i s
Damage of epithelium
and proliferation of bacteria

Replacement of LXA4 analog

'Controlled' inflammatory reaction

Successful removal of bacteria

Figure 1 The pathophysiology of CF-affected airway systems and bacterial infection. Top: {n the CF airway, because of decreased concentrations of lipoxins,
bacterial infection resuits in an ‘overshooting’ of inflammation, with excessive numbers of PMNs and interleukin 8 (IL-8), tissue damage and failure to
remove bacteria. Bottom: After supptementation with LXA, analog, bacterial infection causes ‘controlled’ inflammation with a moderate number of PMNs,

and successful removal of the bacteria results,

PNMs and eosinophils and also activate
monocytes and macrophages. Thus, these
lipoxins are proposed to be involved in resolv-
ing inflammation. LXA, and LXB, avoid
unwanted effects elicited by PMNs such as
PMN-dependent vascular injury and further
release of chemoattractants after the initial
steps of inflammation. The 15-epi-lipoxins
have also inhibitory effect on PNMs. The
lipoxin receptor was identified as a seven-
transmembrane receptor [AUTHOR: PLEASE
SPECIFY BY NAME.] that belongs to the G;-
coupled chemoattractant receptor family.

Recently, another class of anti-inflamma-
tory lipid mediators, resolvins, which are pro-
duced from -3 polyunsaturated fatty acids
such as eicosapentaenoic acid or docosa-
hexaenoic acid, was identified®. Although the
production of resolvins seem to be regulated
through the availability of ®-3 polyunsatu-
rated fatty acids, thus using a different mech-
anism than the tightly regulated production
of lipoxins, competition with ‘pro-anti-
inflammatory’ mediators among chemicals
sharing structural similarity indicates that
inflammatory reaction is highly regulated and
balanced by interactions among cells partici-
pating in the inflammation process at each
stage. A similar well-known example of such
balancing interaction occurs between prosta-
cyclin and thromboxane: both are produced
from the same precursor but have diametri-
cally opposite functions in platelet activation,
vasoconstriction and possibly in immunolog-
ical reactions™Y,

The enzyme phospholipase A, (PLA,) is
essential in the production of proinflamma-
tory mediators, which also include various
eicosanoids. Although many distinct types of

PLA, have been reported, cytosolic PLA, is
thought to be particularly important. Cyto-
solic PLA, preferentially hydrolyzes phospho-
lipids containing arachidonic acid and is
activated by submictomolar concentration of
calcium and by phosphorylation of serine
residues. Lung inflammatory diseases, includ-
ing acute lung injury and pulmonary fibrosis,
are attenuated in mice with disruptions in the
gene encoding cytosolic PLA, (refs. 11,12).
Given that lipoxins belong to the ‘down-
strearn’ mediators of cytosolicPLA,, these
observations may indicate the complexity of
the regulation of lipid mediators in the lung. Is
the chronic airway infection and inflamma-
tion of CF due to disruption of this regulation?

Karp et al.® found decreased concentrations
of LXA, in airway fluids of CF patients. In a
mouse airway infection model, supplementa-
tion with LXA, analogs attenuates PMN accu-
mulation in airway and improves resolution of
P aeruginosg infections’, although those
[AUTHOR: WHICH IS “those™?] authors
used C57BL/6 mice, not Cftr’'~ mice, which
are susceptible to P aeruginosa—induced
inflammation. These results together demon-
strate a previously unknown pathophysiology
in the airway system in CF: because of
decreased concentrations of lipoxins, bacterial
infection results in ‘overshooting’ of inflam-
mation, tissue damage and failure to remove
bacteria (Fig. 1, top). However, after supple-
mentation with LXA, analogs, bacterial infec-
tion causes inflammation but is well
controlled and bacteria are successfully
removed [AUTHOR: CORRECT?] (Fig. 1,
bottom). Karp et al also demonstrated
increased lymphocyte recruitment by LXA,
analogs®. This result is consistent with the

hypothesis that lipoxins and resolvins make
regional inflammation mature from the
‘acute’ phase to the ‘chronic’ phase®.
Ibuprofen, a nonsteroidal anti-inflammatory
drug like aspirin, has been used clinically for
the management of CF. There was a substan-
tial reduction in the rate of decrease in lung
function in children with CF who were treated
with high-dose ibuprofen!?, although this
drug does not produce 15-epi-LXA,.
Although lipoxins’ antagonistic effects on
cysteinyl leukotriene receptors have been
clearly demonstrated, a complete view of the
anti-inflammatory mechanisms of lipoxins
and resolvins has not been achieved. Do they
regulate small GTPase proteins, protein
kinase A or transcription factor NF-xB in
inflammatory cells? Karp et al’ did not
demonstrate such an ‘exorbitant’ connection
of an ion channel to a lipid mediator in this
study. However, electrolyte and/or pH imbal-
ance might affect the production, export and
uptake of lipid mediators. The catalytic activ-
ities of various enzymes (such as leukotriene
A4 hydrolase—aminopeptidase, a zinc-con-
taining chloride-sensitive enzyme) might be
affected by local electrolyte concentrations.
Alternatively, mutant CFTR molecules might
directly regulate the expression of 5-lipoxyge-
nase and/or 15-lipoxygenase, which are
essential for production of lipoxins.
Nevertheless, the present observations and
the authors’ interpretation of CF-associated
lung disease as a deficiency of maturation of
regional inflammation might produce new
possibilities for therapeutic intervention in
this intractable disease. Furthermore, in a
more fundamental and broader sense, this
study provides a hint for the elucidation of
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the molecular ‘switch’ governing how acute
inflammation matures and finally resolves.
Clearly, these findings bear clinical relevance
for the modulation of lipid mediators in CF-
affected airways and for our understanding of
the relationship between CFTR deficiency
and selective inhibition of anti-inflammatory
lipid mediators.
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December 27, 2002; 10.1152/ajplung.00396.2002.—Acute re-
spiratory distress syndrome (ARDS) is an acute lung injury of
high mortality rate, and sepsis syndrome is one of the most
frequent causes of ARDS. Metabolites of arachidonic acid, in-
cluding thromboxanes and leukotrienes, are proinflammatory
mediators and potentially involved in the development of
ARDS. A key enzyme for the production of these inflammatory
mediators is cytosolic phospholipase Ag (cPLAg). Recently, it
has been reported that arachidonyl trifluoromethyl ketone
(ATK) is a potent inhibitor of ¢cPLAy. In the present study, we
hypothesized that pharmacological intervention of cPLAg could
affect acute lung injury. To test this hypothesis, we examined
the effects of ATK in a murine model of acute lung injury
induced by septic syndrome. The treatment with ATK signifi-
cantly attenuated lung injury, polymorphonuclear neutrophil
sequestration, and deterioration of gas exchange caused by
lipopolysaccharide and zymosan administration. The current
observations suggest that pharmacological intervention of
c¢PLAg could be a novel therapeutic approach to acute lung
injury caused by sepsis syndrome.

acute respiratory distress syndrome; lipopolysaccharide; sep-
sis; eicosanoid; leukotriene

ACUTE RESPIRATORY DISTRESS SYNDROME (ARDS) is charac-
terized by acute lung injury, and severe sepsis is one of
the most important causes of ARDS (9, 10, 31). Al-
though patients with ARDS are intensively treated
with currently available drugs, the mortality rate for
ARDS remains high, and it ranges from 40 to 70%.
Potential mechanisms that cause ARDS include damage
to the alveolar-capillary membrane and polymorphonu-
clear neutrophil (PMN) adhesion, activation, and seques-
tration, leading to respiratory failure (9, 10, 31).
Platelet-activating factor (PAF) and metabolites of
arachidonic acid are potentially invoelved in the devel-

opment of ARDS (23, 30, 32). PAF is a proinflammatory
mediator produced from phospholipids (12-14).
Thromboxanes (TXs) and leukotrienes (LTs) are potent
mediators generated from arachidonic acid by cycloox-
yvgenase and 5-lipoxygenase (7), respectively. TXAq
may increase lung permeability, whereas LTB4 is a
potent neutrophil chemoattractant. Phospholipase Ag
(PLA.) is a key enzyme for the production of proinflam-
matory mediators, including eicosanoids and PAF. Al-
though a number of distinct types of PLAg have been
reported to be characterized, cytosolic PLAy (cPLAg) is
thought to be particularly important (29, 30, 34, 36,
37). The cPLA; preferentially hydrolyzes phospholipids
containing arachidonic acid and is activated by submi-
cromolar concentration of Ca®* and by phosphoryla-
tion of a serine residue (5, 16, 18, 33). Recently, it has
been reported that an analog of arachidonic acid in
which the —COOH functionality is replaced by
—COCF3, named arachidonyl trifluoromethyl ketone
(ATK), is a potent and selective slow-binding inhibitor
of cPLAg (33, 35).

In the present study, we hypothesized that pharma-
cological intervention of cPLAg could affect acute lung
injury. To test this hypothesis, we chose to use ATK as
an inhibitor of ¢cPLAs and examined the effects of ATK
in a murine model of acute lung injury induced by
lipopolysaccharide (LPS) and zymosan administration.

METHODS

Animal preparation. We used male C57BL/6 mice (7-8 wk
old). Animals were anesthetized with pentobarbital sodium
(25 mg/kg ip) and ketamine hydrochloride (25 mg/kg ip) in
combination and then paralyzed with pancuronium bromide
(0.3 mg/kg ip). Anesthesia and paralysis were maintained by
supplemental administration of 10% of the initial dose every
hour. After tracheostomy, a metal endotracheal tube (inside
diameter 1 mm, length 8 mm) was inserted in the trachea.
Animals were mechanically ventilated (model 683; Harvard
Apparatus, South Natick, MA) with tidal volumes of 10 ml/kg
and frequencies of 2.5 Hz. We opened the thorax widely by
meang of midline sternotomy and applied a positive end
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expiratory pressure of 2 emHz0 by placing the expired line
underwater. During the experiments, oxygen gas was contin-
uously supplied to the ventilatory system (Fio, = 1.0). Aheating
pad was used to maintain the body temperature of animals. To
assess the development of lung injury physiologically, we mea-
sured lung elastance (Er) and resistance (Rr) as previously
described (1, 21-27). Briefly, we measured the tracheal pres-
sure (Ptr), flow, and volume (V). We calculated Er. and Ry, by
adjusting the equation of motion: Ptr = -V + Ry (dV/df) + K,
where K is a constant. Changes in Er and Ri reflect lung
parenchymal alterations and stiffening of the lungs.

Experimental acute lung injury induced by LPS/zymosan
administration. One minute before intravenous administra-
tion, two deep inhalations (three times tidal volume) were
delivered to standardize volume history and measurements
were made as baseline. In the physiological study, mice were
divided into four experimental groups, i.e., saline-treated
(n = 6), ATK/saline-treated (n = 4), LPS/zymosan-treated
(n =7, and ATK/LPS/zymosan-treated groups (n = 5). In the
LPS/zymosan-treated group, mice received 3 mg/kg LPS from
Escherichia coli O111:B4 (Sigma Chemical, St. Louis, MO)
intravenously. Two hours later, 10 mg/kg of zymosan A from
Saccharomyces cerevisiae (Sigma) were intravenously admin-
istered (19, 30). In the saline-treated group, animals received
saline instead of LPS and zymosan in the same manner and
served as controls. In the ATK-treated group, 20 mg/kg ATK
(Cayman Chemical, Ann Arbor, MI) were administered in-
traperitoneally 30 min before saline or LPS administration.
The current dose of ATK and timing of ATK administration
were applied on the basis of previous reports (11, 20) and our
preliminary experiments. In all groups, measurements were
made at 30-min intervalg for 4 h.

Assessment of respiratory failure. At the end of experiment,
blood samples for gas analysis were obtained from the left
ventricle, We then measured Pao,, Paco,, and pH to assess
the extent of respiratory failure (blood gas analyzer; AVL
Medical Systems, Schaffhausen, Switzerland).

Bronchoalveolar lavage fluid. At the end of the experi-
ment, bronchoalveolar lavage (BAL) was performed (1 ml of
phosphate-buffered saline five times) in saline-treated (n =
6), LPS/zymosan-treated (n = 7), and ATK/LPS/zymosan-
treated groups (n = 5). In each animal, 90% (4.5 ml) of the
total injected volume was consistently recovered. After BAL
fluid (BALF) was centrifuged at 450 g for 10 min, total and
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differential cell counts of the BALF were determined from
the cell fraction (29, 30). The supernatant wag stored at
—70°C until measurement of protein was performed. The
concentration of protein was measured by Lowry’s method
with bovine serum albumin as a standard.

TX and LT assay. TXAy (measured as TXBsg), LTBy4, and
LTC4#/D4/E4 in the BALF were determined by enzyme immu-
noassay (EIA) kits (Amersham Pharmacia Biotech, Piscat-
away, NJ). The detection limits of the EIA assays for TXBg,
LTB4, and LTCy/Dy/E, were 3.6, 6, and 10 pg/ml, respec-
tively. ‘

Myeloperoxidase activity assay. At the end of experiments,
the left lungs were rémoved from mice of each group (n = 4,
respectively). Myeloperoxidase (MPO) activity was measured
as previously reported (3, 15). Briefly, the frozen lungs were
weighed and homogenized in hexadecyltrimethylammonium
bromide (HTAB) buffer (0.5% HTAB in 50 mM phosphate
buffer, pH 6.0). The homogenates were sonicated and centri-
fuged at 40,000 g for 15 min. The supernatant was mixed
with assay buffer containing potassium phosphate buffer,
Ho03, and o-dianisidine hydrochloride. Then, the superna-
tant was placed in a spectrophotometer for reading at 460 nm
as previously described (3, 15).

Histological study. At the end of experiments, the right
lungs of the mice were removed and fixed with 10% formalin.
After fixation, the tissue blocks obtained from midsagittal
slices of the lungs were embedded in paraffin. Blocks were
cut 4 pm thick with a microtome, and then hematoxylin-
eosin staining was performed.

Data analysis. Comparisons of data among each experi-
mental group were carried out with analysis of variance. If
statistical significances were detected, a Scheffé test was
then applied as a post hoc test. Data are expressed as
means * SE. P values <0.05 were taken as significant.

RESULTS

Physiological data following LPS/zymosan or saline
administration. There were no significant differences
in baseline E7, and Ry among each group. Fig. 1 and
Table 1 demonstrate the physiological data after LPS/
zymosan or saline administration. As shown, Ep, and
R, in LPS/zymosan-treated group were significantly
increased compared with saline-treated group, which

Fig. 1. The time course of response in lung elastance
in saline-treated (SAL, nn = 6), arachidonyl trifluorom-
ethyl ketone (ATK)/saline-treated (SAL+ATK, n = 4),
LPS/zymosan-treated (LPS/Z, n = 7), and ATR/LPS/
zymosan-treated groups (LPS/Z+ATK, n = 5). In
LPS/zymosan-treated groups, zymosan was admin-
istered 2 h after LPS treatment, whereas saline was
treated in the same fashion in the saline-treated
groups. *P < 0.001 vs, saline-treated group; #P <
0.001 vs. LPS/zymosan-treated group.
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