Toxicology and Applied Pharmacology67,182—190 (2000)
doi:10.1006/taap.2000.9000, available online at http://www.idealibrary.c

olmay:l@@

A Characterization of Amiodarone-Induced Pulmonary Toxicity in F344
Rats and Identification of Surfactant Protein-D as a Potential
Biomarker for the Development of the Toxicity®

Michael D. Taylor,* Knox Van Dyke,* Linda L. Bowman,t Philip R. Miles,t Ann F. Hubbs, Robert J. Mason,*
Kathy Shannon,f and Mark J. Reasbr*
*Department of Pharmacology and Toxicology, Robert C. Byrd Health Sciences Center, West Virginia University, Morgantown, West Virginia 265(

tHealth Effects Laboratory Division, National Institute for Occupational Safety and Health, Morgantown, West Virginia 26506;
and tDepartment of Medicine, National Jewish Medical and Research Center, Denver, Colorado 80206

Received March 9, 2000; accepted June 19, 2000

A Characterization of Amiodarone-Induced Pulmonary Toxic-
ity in F344 Rats and ldentification of Surfactant Protein-D as a
Potential Biomarker for the Development of the Toxicity. Taylor,
M. D., Van Dyke, K., Bowman, L. L., Miles, P. R., Hubbs, A. F.,
Mason, R. J., Shannon, K, and Reasor, M. J. (2000). Toxicol. Appl.
Pharmacol. 167, 182-190.

Amiodarone (AD) is gaining support as a first-line antiarrhyth-
mic drug despite its potentially fatal pulmonary toxicity involving
inflammation and fibrosis. The goals of this study were to char-
acterize a rat model of AD-induced pulmonary toxicity (AIPT)
and identify a serum biomarker to aid in the diagnosis of the onset
of pulmonary toxicity. Male F344 rats were instilled intratrache-
ally with AD (6.25 mg/kg with a 3.125 mg/ml solution) in sterile
water or the sterile water vehicle on days 0 and 2, a protocol that
led to the development of pulmonary fibrosis on day 28 in the
AD-treated animals. Animals were killed on days 3, 5, 6, 7, or 10
and bronchoalveolar lavage (BAL) was performed. Recovery of
alveolar macrophages and eosinophils was increased on days 3
and 5, while neutrophil recovery and albumin levels in the first
BAL fraction were significantly elevated only on day 3. BAL cells
recovered from AD-treated rats at day 3 produced more phorbol
myristate acetate-stimulated luminol-dependent chemilumines-
cence (LDCL) over 20 min than BAL cells from control rats.
Experiments using specific inhibitors implicated superoxide and
nitric oxide in at least part of the LDCL response. Serum levels of
surfactant protein-D (SP-D), a surfactant-associated protein, were
increased concurrently with the inflammatory response in the
lungs. These findings indicate that this model exhibits transient
pulmonary inflammation and damage, with the potential for ele-
vated oxidant production in the lungs and subsequent pulmonary
fibrosis. Also, SP-D is proposed as a specific biomarker to monitor

the onset of AIPT in this model. © 2000 Academic Press
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Amiodarone (AD), an iodinated benzofuran derivative, is ¢
very effective antiarrhythmic drug and was the most-prescribe
antiarrhythmic drug in the United States in 1998 (Connolly
1999). Although AD had classically been used as a drug of la
resort due to its significant toxicities (Mason, 1987; Wilson an
Podrid, 1991), its effectiveness against various types of serio
arrhythmias has caused a dramatic increase in its use ac
first-line therapy (Bauman, 1997). One of the most life-threat
ening side effects of AD therapy is AD-induced pulmonary
toxicity (AIPT) (Martin and Rosenow, 1988a; Reasor anc
Kacew, 1996). AIPT is characterized by inflammatory cell
infiltration into the interstitial and alveolar spaces, potentially
progressing to pulmonary fibrosis (Martin and Rosenow
1988a). As the use of AD increases, the occurrence of its si
effects will likely increase accordingly.

Current treatment for AIPT involves a reduction or elimina-
tion of the drug dosage, which may leave the patient susce
tible to the original arrhythmia. In some cases, corticosterio
therapy is very effective, but this can be accompanied by it
own set of undesirable effects (Martin and Rosenow, 19883
Furthermore, toxicity may recur when the steroid treatment i
halted (Joelsomt al., 1984).

The etiology of AIPT is unknown (Massegt al., 1995;
Reasor and Kacew, 1996). However, several causes have b
proposed, including direct toxicity (Martin and Howard, 1985),
the involvement of hypersensitivity (Akouet al., 1984), ele-
vated oxidant involvement (Kenneddt al., 1988), and drug-
induced alterations in membrane properties (Honeggex.,
1993). It has also been postulated that the cause is complex &
multifactorial, possibly involving several of these mechanism:
(Reasor and Kacew, 1996).
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of AD have been developed in hamsters (Blake and Reast
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1995a; Cantoet al., 1984; Danielet al., 1989; Leedeet al., METHODS

1994; Rafeiroet al., 1994; Wanget al., 1992) and rats (Rein-

hartet al., 1996; Reinhart and Gairola, 1997) to elucidate tHéaterials

mechanisms by which this disorder develops. Intratracheahmiodarone HCI was a gift from Wyeth-Ayerst Laboratories (Princeton,

instillation of AD leads to an inflammatory reaction in hamNJ). All other materials were laboratory-grade purchased commercially.

sters (Blake and Reasor, 1995a) and a fibrotic reaction Ligl)oratory Animals

hamsters (Blake and Reasor, 1995b; Caetoal., 1984) and

rats (Reinharet al., 1996) similar to that observed in humans, All studies were performed_on specific pathogen-free _adult male F344 ra

Little information exists concerning the inflammatory reactio hoo-300 g: Hilltop Laboratories, Scottsdale PA). The animals were housed

. i i | e university’s animal quarters and were allowed at least 1 week to acclima

in rats to i.t. AD. While the hamster has been the animal @fier arrival from the supplier. Free access to food and water was allowed at.

choice for many studies of AIPT, the rat model offers a greatenes.

potential for studies of the mechanisms that underlie AIPT due

to the greater availability of certain molecular reagents afimal Treatment

tools. Specifically, antibodies and ELISA kits to specific rat Animals were anesthetized with Brevital (sodium methohexital; 40 mg/kg)

cytokines and signaling molecules are much more Widewice_d on a slanted boar_d, and suspended from their maxillary incisors as w

available than for hamsters. These tools would then permifaPeing held by an elastic strap across the abdomen. The tongue was held
o . . . gauze and a syringe with a ball-tipped 20-gauge feeding needle was inser

more complete characterization of the disorder, including th&nsorally into the trachea. Amiodarone (6.25 mglkg in a 3.125 mg/m

underlying molecular signaling involved. solution) or the vehicle, sterile water, was then administered to the lungs, a

Diagnosis of AIPT in patients taking amiodarone is difficulthe rat was removed from the board and observed until consciousness v

due to the lack of specific symptoms and often to the preseﬁe%ained. T_he animals received two instillations of ADuor vehicle, the first or
. . what is designated day 0 and the second on day 2. Naive animals were use
of confou_ndlng factors (Martin and Rosenow, 1988a). AIPT i§..in the day 0 values presented.
usually diagnosed based on the symptoms of dyspnea as well
as radiological findings of diffuse pulmonary infiltrates (Ni-Analysis of Fibrosis
cholson and Hayward' 1989; Butler and Smathers, 1985i:>ulmonary fibrosis was evaluated biochemically and histopathologically 2
Delanyet al., 1993). Patients with concurrent cardiac or reSpiays after the first i.t. administration of AD.
ratory disorders are more likely to go undiagnosed, and AlPTBiochemical quantification of hydroxyproline. Hydroxyproline was
can be fatal in such cases (Pitcher, 1992). A specific marker fogasured based on the method of Witsehial. (1985). The right-lung
the pulmonary response to AD could aid in the early diagnoé?@ef of AD-treated and control anima!s were hydrolyzed ip 6 N HCI at
of AIPT, possibly before overt toxicity develops. While severa%loo C for 72 h to release hydroxyproline. The hydroxyproline was ther
serum biomarkers have been proposed for the monitoring of
lung diseases, at present none have been identified to detect the
onset and progression of AIPT. Serum levels of mucin-1 were
elevated in 8 of 10 AD patients with AIPT, but mucin-1 levels
were also increased in AD patients that exhibited nonpulmo-
nary toxicities (Devineet al., 1998). Also, elevated serum
lactate dehydrogenase (LDH) was found in a patient with
AD-induced pneumonitis (Drerdt al., 1998). However, LDH
is not lung-specific and can be released into the blood in
nonpulmonary toxicities.

Recently the serum levels of surfactant protein-D (SP-D)
were found to be increased in patients with idiopathic pulmo-
nary fibrosis, interstitial pneumonia with collagen disease, and
pulmonary alveolar proteinosis (Honds al., 1995). Since
SP-D is produced in the lungs by alveolar type Il cells and is 1
found in the fluid lining the alveoli (Crouch, 1998), it may
serve as a more specific marker for lung injury.

Because of the prominent use of AD to treat arrhythmias,
there are a large number of patients at risk for developing
AIPT. This study was undertaken to characterize a rat modeFIG. 1. Effect of AD on right-lung hydroxyproline content. Rats were
for AIPT with regard to the possible mechanisms involved iiﬁstilled intratracheally with amiodarone (6.25 mg/kg in a 3.125 mg/ml solu-

tion) or an equivalent volume of sterile water (Control) on days 0 and 2. Rigt

its deveIOpmem as well as to examine the potentlal for Ser%ﬂgs were obtained at day 28 and hydroxyproline content was measured

SP-D to serve as a biomarker for AIPT development in thigscribed under Methods. Values are mearBEM. N = 8-9. *Significantly
model. different from control (p< 0.05).
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FIG. 2. Effect of AD on left lung histopathology. Rats were treated with amiodarone or sterile water (Control) as described in Fig. 1 on days 0 and :
lungs were obtained at day 28, inflated, and fixed, and slides were prepared as described under Methods. All lungs from control animals exhibited nor
architecture (N= 5; data not shown). Lungs from all AD-treated rats displayed minimal to mild, multifocal, interstitial pulmonary fibrosis in all AD-treated
(N = 5). Fibrosis was most frequently observed near alveolar duct regions. A representative field is shown from an AD-treated animal. Arrows indicat
of septal thickening and collagen deposition evidenced by trichrome staining. Bar indicatgs100

oxidized and converted to a colored product that was measured withwas placed into the lungs for 30 s with light massaging, withdrawn, an
spectrophotometer at 560 nifirans-hydroxyproline was used as the stanagain instilled into the lungs for 30 additional seconds. Once withdrawn
dard for quantification. this aliquot (designated the first BAL fraction) was kept separate from th
Histopathological evaluation of fibrosis. Fibrosis was characterized his- rest of the BAL fluid that was recovered. BAL was continued with the
topathologically by fully inflating and fixing the left lung with 10% individual aliquots pooled until 50 ml of BAL fluid was recovered. The
formalin solution, embedding the tissue in paraffin, and sectioning thhecovered fluid was then centrifuged at §0f@r 10 min, the supernatant
tissue for the preparation of microscope slides. Sectionswwhivere made was decanted, and the cells were resuspended. The first BAL fraction w
and stained with either hematoxylin and eosin or trichrome, a stain specifientrifuged separately and the supernatant fluid was frozen2arC for
for collagen fibers. Slides were then evaluated using light microscopy. subsequent albumin analysis. The cells from this initial fraction were
pooled with the rest of the cells recovered from that animal, and the cell
Bronchoalveolar Lavage were washed two times with PBS. Total BAL cells were counted using al
To harvest pulmonary cells for morphologic and functional analysiglectronic cell counter (Model Z Coulter Electronics, Hialeah, FL). Ali
bronchoalveolar lavage (BAL) was performed using aliquots of ice-col@uots of cells were then attached to microscope slides via a cytosp!
calcium-free and magnesium-free phosphate-buffered saline (PBS). TB&andon Cytospin Il; Shandon Inc, Pittsburgh, PA), dried, and staine
first BAL volume was administered as 2 ml/100 g body wt, and this volumwith an automated slide stainer (Hema-Tek 2000; Bayer Corp., Elkhart, IN
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3000 superoxide dismutase (SOD; 0.2 mg/ml final concentration), a superoxid
] —— Amiodarone scavenging enzyme, were added alone and combined to designated replica
] * —e— Control Samples containing inhibitors were preincubated 5 min prior to PMA additior
2500 and subsequent LDCL measurement. The final reaction volume for all sampl

was 500ul and the reactions were measured at 37°C for 20 min. Integral Cl

i counts were determined by KINB software for the Berthold 9505C Luminom
2000 eter.

E Surfactant Protein-D (SP-D) Levels
1500 B

Levels of SP-D were assayed in the sera of naive, AD-, and vehicle-treat:
i rats at various time points following treatment. Serum SP-D levels wer
1000 assayed with a sandwich ELISA technique. Rat SP-D, which was purified fror
lavage fluid from rats 28 days after silica instillation according to the methoc
_ of Shimizu et al. (1992), was used as a standard for the assay. Polyclon:
500 anti-rat SP-D rabbit IgG (1f.g/mlin 0.1 M sodium bicarbonate) was prepared

g by the method of Shimizet al. (1992) and bound to wells in microtiter plates

(Immulon | plates; Dynatech Laboratories, Alexandria, VA) at room temper:

Albumin (ug/mL)

0 L e B L ature overnight. The wells were then incubated with a 5% (w/v) solution o
0 1t 2 3 4 5 6 7 8 9 10 nonfat dry milk in PBS (blocking buffer) to block nonspecific binding. After
Ir 4\ Day washing, 100ul containing purified rat SP-D (0—20 ng) for standards or

appropriately diluted serum samples were added to each well. Plates were tt
FIG. 3. Effect of AD on albumin levels in the first BAL fraction. Rats incubated for 90 min at 37°C and then washed with 20% blocking buffer, 19
were treated with amiodarone or sterile water (Control) as described in FigTiton X-100 (v/v) in PBS (antibody buffer). After washing, 200 of
on days 0 and 2. Rats were subjected to BAL at various time points addti-SP-D antibody-conjugated horseradish peroxidasgugml in antibody
albumin in the first BAL fraction (2 ml/100 g) was assayed as described undaiffer) was added to the wells and the plates were incubated for 90 min .
Methods. Naive values are represented at day 0 and arrows indicate intrad?C. After further washing with 1% Triton X-100 in PBS, 2Q0 of the
cheal treatments. Values are meanSEM. N = 5-9. *Significantly different color-developing agent (0.1%-phenylenediamine, 0.015% hydrogen perox-
from control (p<< 0.05). ide in 0.1 M citrate buffer, pH 4.6) was added. The reaction was carried out fc
5 min at room temperature in a darkened room and was stopped by the additi
of 100 ul of 1 M sulfuric acid. The absorbance at @Pwas recorded with a
using Wright-Giemsa stain. Finally, the cells were typed and counted usilticroplate Autoreader EL-311s (BIO-TEC Instruments Inc., Winooski, VT).
a light microscope. At least 400 cells were counted per slide. The percentStatistics. All data are presented as meansSEM. Hydroxyproline values
age of each cell type as well as the total number of each cell type recovereste analyzed using Student’sest between mean values; all other data were
from the BAL was calculated. analyzed using a two-way ANOVA followed by Tukey’s protectgabst-hoc
test. Statistical significance was established wpen 0.05.
Serum Preparation

At the time of lavage, blood was drawn from each animal directly from the RESULTS
heart using a 21-gauge needle and syringe. The blood was allowed to clot for

at least 1 h and the serum was prepared by centrifugation and froze204C Fibrosis was assessed in two ways in order to ascertain bc
for subsequent surfactant protein analysis. the extent and pattern of fibrosis. Rats treated on days 0 anc
with i.t. AD had significantly increased levels of right-lung
hydroxyproline compared with control rats on day 28 (Fig. 1)
The integrity of the alveolar—capillary barrier was evaluated by measuriWQiStopathological evaluation of left-lung sections at day 2¢

the amount of albumin, a protein from the blood, in the first BAL fraction that led .  t ild ltif | interstitial |
was recovered from the lungs. Albumin in the BAL fluid was determine vealed a minimal 1o mild, muitirocal, interstiial pulmonary

according to a Sigma Diagnostics method utilizing the reaction of albumfHorosis in all AD-treated rats (N= 5). Fibrosis was most
with bromcresol green. The reaction product was then measured withfrequently observed near alveolar duct regions (Fig. 2). Fibrc
spectrophotometer at 628 nm and quantified against known concentrationggf was not found in any control animald & 5).

bovine serum albumin. To analyze the integrity of the alveolar—capillary barrier,
albumin was assayed in the first BAL fraction from AD- or
vehicle-treated rats as a function of time after treatment (Fic
To measure the release of oxidants from BAL cells, LDCL was performegi)_ Albumin was significantly elevated at day 3 in AD-treated

as described by Antonirgt al. (1994) on a Berthold LB9505C Luminometer. t istent with initial d d leak f tr
Rats treated with AD or sterile water vehicle underwent BAL, and the BAI[a S, consistent with an iniial damage and [éakage from

cells were counted as described above. Luminol, used as a bystandePg0d to the airways soon after AD administration. _

produce CL when oxidized, was dissolved in DMSO and then diluted in PBS Total cell recovery by BAL of AD-treated rats was sig-
(pH 7.4). The final luminol concentration in the assay cuvette was M nificantly elevated above controls on both days 3 and 5 (Fi
Phorbol myristate acetate (PMA) at a final concentration of 20 ° M was 4A) Most of the cells recovered were alveolar macro-

used to activate the oxidative burst. An unstimulated baseline LDCL Wa%a es hich were also sianificantly increased on davs
obtained by omitting PMA. To selectively inhibit oxidant species and tg ges, whi w ignimi Yl y

determine the nature of the LDCL produced, the nitric oxide synthase inhibi@Nd 5 following AD treatment (Fig. 4B). A significant
N“-nitro-L-arginine methyl ester.{NAME; 1 mM final concentration) and increase in the number of polymorphonuclear leukocyte

Analysis of Albumin

Luminol-Dependent Chemiluminescence (LDCL)
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FIG. 4. Effect of AD on the number and type of cells recovered by BAL. Rats were treated with amiodarone or sterile water (Control) as described
1 on days 0 and 2 and subjected to BAL at various time points following treatment. Total cell number and number of each type of cell recovered in th
fluid was determined as described under Methods. (A) Total cell number recovered by BAL; (B) number of alveolar macrophages recovered by BAL; (C) |
of PMNs recovered by BAL; and (D) number of eosinophils recovered by BAL. In all panels naive values are represented at day 0 and arrows i
intratracheal treatments. Values are meanSEM. N = 5-9. *Significantly different from control (p< 0.05).

(PMNs) recovered by BAL occurred on day 3 (Fig. 4C)oxidant burden was significantly greater in the AD-treated rat
Figure 4D shows the recovery of eosinophils was signifcompared to controls.
cantly elevated at days 3 and 5. To assess the oxidant species involved in the LDCL re
To assess the level of activation of cells recovered froeponse at day 3, specific inhibitors to various oxidants wer
BAL, PMA-stimulated LDCL was performed. On day 3, cellaitilized. .-NAME is an inhibitor of nitric oxide synthase,
from AD-treated rats were capable of producing more oxidartading to reduced NO levels, while SOD is an enzymatit
when stimulated (Fig. 5). Since the cells are activated on a geavenger of superoxide anion. Both inhibitors individually
cell basis, and significantly more cells are present on daysnBibit LDCL of BAL cells from AD-rats (Fig. 7). The com-
and 5, a potential oxidant burden was calculated by multiplyifgnation of L-NAME and SOD inhibited PMA-stimulated
the LDCL by the total number of BAL cells recovered for eachDCL to the level of non-PMA-stimulated cells.
animal. Figure 6 shows that, on days 3 and 5, the potential lungn an attempt to identify a specific serum biomarker fot



AMIODARONE-INDUCED PULMONARY TOXICITY IN F344 RATS 187

10 add consistency to the previously reported results. One pos
] —C— Amiodarone bility is the time at which the fibrosis was analyzed, althoug}
] * —— Control we found no differences between hydroxyproline levels at 4
8 7 6 weeks following a single i.t. AD dose (6 week data nof

shown). Another difference in the model systems is the gend
] of the rats; we used male F344 rats while the previous finding
6] (Reinhartet al., 1996) were reported using female F344 rats

After the development of fibrosis was confirmed following
AD treatment, the initial responses of the lung to the drut

Total LDCL Counts (107/10° cells)

41 treatment were assessed and compared to control animals
ceiving sterile water, the drug vehicle. Elevated albumin level
in the first BAL fraction of AD-treated rats on day 3 was

2] evidence of damage to the alveolar—capillary barrier, whic
allowed albumin, a protein from the blood, to accumulate in th

P E R alveoli. Therefore, the development of fibrosis in this mode

was associated with an early and transient damage to tl
Da alveolar—capillary barrier.

'1‘ 4‘ y The total number of cells recovered by BAL from AD-

FIG.5. Effect of AD on total PMA-stimulated LDCL counts over 20 min (F€@ted rats was significantly elevated on days 3 and 5. Mo

from BAL cells. Rats were treated with amiodarone or sterile water (Contrdlyere alveolar macrophages, which were also significantly e

as described in Fig. 1 on days 0 and 2 and subjected to BAL at various tiggated in number on days 3 and 5. The number of alveol:

points following treatment. The recovered cells were subjected to LDCL lehacrophages can be increased by recruitment from the st

PMA stimulation as described under Methods. Naive values are representelpbeﬁ . . .

o nding tissue as well as from monocytes recruited from th
day 0 and arrows indicate intratracheal treatments. Values are meSgdVl. . :

N = 5-9. *Significantly different from control (< 0.05). blood (Sibille _and Reynolds, 19_90)._ Stlmulated _macrophage
can play an instrumental role in directing an inflammatory
reaction by releasing chemical mediators to direct the recrui

AIPT, the levels of SP-D were assayed in the serum of naivaent of inflammatory cells as well as releasing oxidants as pe

vehicle-, and AD-treated rats. SP-D levels were elevated in rat

most animal models of AIPT involved the use of hamsters as
the test system (Blake and Reasor, 1995a,b; Canttlr, 1984,
Danielset al., 1989; Leedeet al., 1994; Rafeiret al., 1994;
Wanget al., 1992). Models of AIPT in rats mainly involved
oral dosages that did not consistently produce inflammation T T T T T T T T
and fibrosis (Reasor and Kacew, 1996) or took an inordinate 6 1 2 3 4 5 6 7 8 9 10
amount of time to develop (Carvaltet al., 1996). Only one '1‘ ’t‘ Day

study (Reinharet al., 1996) has _re_ported that a single i.t. doseFIG. 6. Effect of AD on potential oxidant production of total BAL cells.
of AD ( 200 ul of water containing 1.25 mg AD) leads tORats were treated with amiodarone or sterile water (Control) as described
increased levels of hydroxyproline and abnormal histologicail. 1 on days 0 and 2 and subjected to BAL at various time points following
findings at 6 weeks in F344 rats. However, when we attempteghtment. The recovered cells were subjected to LDCL with PMA stimulatiol
to replicate the findings of that study, we found that a secofg described under Methods. To quantitate the potential oxidant producti

AD dose was needed at dav 2 to broduce a consistent from the BAL cells, the number of BAL cells recovered from each animal wa:s
y p E?‘r'i'.ﬁTiplied by the per cell LDCL value. Naive values are represented at day

reproducible elevation of right-lung hydroxyproline levels at 4ng arrows indicate intratracheal treatments. Values are mes&EM. N =
weeks. It is unclear why a second AD dose was necessarysto. *Significantly different from control (g< 0.05).

serum following AD treatment from day 3 through day 7, 600
during the time that the initial damage and inflammatory reac- ] * —O— Amiodarone
tion were occurring (Fig. 8). s00 ] —@— Control
5 1
DISCUSSION B ]
B o~ 400 -
A goal of the current study was to develop and characterize ,5_9:\&’ ]
a rat model for AIPT that could be used to examine possible *g = 300
mechanisms associated with the development of this disorder. 2
Also, the potential of serum SP-D levels to serve as a biomar- G 8
ker for AD-induced lung damage was examined. Previously, g = 200 7]

100 -
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97 rats produced significantly more LDCL counts over 20 mir
] %’;xémne than PMA-stimulated cells from control animals at day 3
- demonstrating that more oxidants were being produced. Th
indicates that the BAL cells from AD-treated rats can be
activated to produce more oxidant species on a per cell basis
day 3 than BAL cells from control animals. Since the total cel
number was also elevated at day 3, the potential total oxida
production was calculated by multiplying the PMA-stimulated
LDCL counts, which were on a cell number basis, by the tote
number of BAL cells recovered. Thus, on day 3, there is
much greater potential for oxidant burden in the lungs o
AD-treated animals than in the lungs of control animals. If tha
potential is realized, elevated cellular oxidant production coul
# therefore account for some of the early damage done to tl
#% # #o## alveolar—capillary barrier.

+PMA +PMA  +PMA +PMA -PMA In an attempt to identify the oxidant species involved in the
+LNAME +SOD -+ 50D o LDCL response at day 3, specific inhibitors were utilized

L-NAME was used as an inhibitor of NO production while

SOD was used as a scavenger of superoxide anioNAME
FIG. 7. PMA-stimulated LDCL counts over 20 min from BAL cells on alone slightly, but significantly, inhibited LDCL production

day 3 with specific inhibitors. Rats were treated with amiodarone or ster _ P
water (Control) as described in Fig. 1 on days 0 and 2 and subjected to B ﬁ?m BAL cells from AD-treated rats. SOD strongly inhibited

on day 3. Recovered BAL cells were subjected to LDCL with and withodtght Production, presumably by scavenging SUp?rOXide anior
PMA stimulation and the nitric oxide synthase inhibitsNAME and super- produced by BAL cells. Therefore, much of the light respons:

oxide scavenger SOD as described under Methods. Values are me2Es. was dependent on superoxide anion production or reactar

N' = 5-9. *Significantly Qifferent from control (p< 0.05). #Significantly produced from it. Even though SOD inhibited more Iight thar

different from corresponding PMA only value ¢p 0.05). L-NAME, L-NAME is a charged molecule that may not pene-
trate the cell membrane well enough to reach maximally ef

of the host-defense system (Laskin and Pendino, 1995). Théetive inhibitory concentrations in the cytosol. Furthermore

is evidence that inflammatory cells are recruited to the lungs

after AD administration, as the number of PMNs were in-

LDCL (integral counts x 107/10° cells)

Treatment

creased at day 3. PMNs can release a variety of inflammatory 280 3 :
mediators as well as oxidant species when recruited and acti- 260 3 * C— Amiodarone
. . . ] —&— Control
vated. PMNs are recruited by cytokines and chemokines re- 240 3
leased by maqrophages and oth(_ar pulmpr_nary cells in various 220 - *
types of lung inflammatory reactions (Sibille and Reynolds, ]
£ 200 7 *

1990). S ] *

Eosinophils are another type of inflammatory cells recruited & 8%
to the lung after AD administration. Eosinophils are more often § 160 3
recruited during inflammatory reactions involving immunolog- 2 140
ical processes, possibly implicating an immunological compo- & 120
nent to AIPT in this model. Elevated eosinophils have also 3'5 100_;
been reported in a hamster model for AIPT (Blake and Reasor, 80
1995a) and in the lungs of some human patients with AIPT E
(Akoun et al., 1991). Eosinophils are generally recruited into 80 7
the lungs by the cytokine IL-5 released by various lung cells, 40 3
including activated T lymphocytes. Once recruited, eosinophils 20l +—r——T—r— T
can be directed to certain sites within the tissue by the chemo- 6 1 2 3 4 5 6 7 8 9 10
kine eotaxin (Hogaret al., 1998). The basis for eosinophil 4\ 4 Day

recruitment in this model is not yet clear, but eosinophils can
participate in inflammatory reactions by releasing damagingfF!G. 8. Effect of AD on SP-D levels in serum. Rats were treated with
enzymes and oxidant species (Giembycz and Lindsay, 199 llodarone or sterile Water' (Con_trol) a§ described in Fig. 1 on days 0 and'
T th ity f tivati f th I S&gum was collected as various time points and assayed for SP-D as descri
0 assess the capacity C_)I‘ activation o e cells re_coverg er Methods. Naive values are represented at day 0O and arrows indic.
by BAL, BAL cells were subjected to LDCL with and withoUtintratracheal treatments. Values are meanSEM. N = 5-9. *Significantly

PMA stimulation. PMA-stimulated BAL cells from AD-treateddifferent from control (p< 0.05).
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when SOD and.-NAME were combined, light production diseases in humans (Kurokt al., 1998). Therefore, there is

from PMA-stimulated BAL cells was inhibited to the level ofpotential for elevated serum SP-D levels in patients developir
non-PMA-stimulated cells. Since superoxide anion and NAIPT.

readily combine to form the powerful oxidant peroxynitrite, it
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