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7 I O UEESSENOMY—7 7 2% M) VIRE ST HEDO RS-
oW w7
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THMY—7 725 NEBAROT I A0 VEEENOBGEHL NI 5, MR EFHZE] HEVEFisher 344
FT7v MEHWT IF S0y OROFERGICLHMEEET TV EERL, [KEIMBE, HEk TR
R MR & B A BRI L 7o RAE MRS E T oM o5 LR, Y—T 725 Y NEHD
Western blot#:|2 & 2 %8 &, Hif I RO E T M L 2 EHNE 7 AV P =T 2R AT 757
V) YEAHBEDRE, RO BRERE -7 725 0 MEAL ) VIRE SRR OBIE B
Fr&) VIREOSH - EEET o HER] 7 I A YO UG HTIE, JERGEEE L, KSR
o~ ra7 7 —VEOEMEERFROYER, y—77 2% Y FNEAA DOWEINIINA, HEkE TR o ik

ReF—=77 275> MrE/MAOIER, ) VIRES

CRED TTHE R BR D 72, MR TIE, kA 77 F YTy v

BNEEREOREBIUE, &) VIRE, FICKRAT7 77UV an) VG oEnE ROz, Kl 7 I Ay a Ul
HEZ BT B AN O ) VIREEEFER I, MERRE SN TW AR~ 07 7 — VBT A0SR OH
ficmz, TEMICBT LMY —7 727 % 2 s OGRITEDEG 7R S iz,

F—TJ—R: 7IFyasiiEE I b,

&

7450 NHTIAEIREICE L, #EEMEOHIRER
FIRICH LB CHRAZEFCTH S, L, $5%DHET
BITERADE LS (1-3) FAEIERE LT, FUIRRERER Y (&
B O 185%), AR (15.1%), ML #ETE (12.2%), FikEE
(10.7%), FZFEAEK 9.8%), KFHERERES (9.2%), LAE (1~5%),
MRIILE (1~ 5%) CARAEIR (1 ~5%) 2SR ST b, flifEE L
B LREUEA D i s CB Y, ERE, HICEKLEIEN
THbH @)

T I yu iEEOHKRGIEZE T, ) ARA FIiLEE Y
TERTSE, UFERERIERT 2%, 2B IR B AL 28, 122 B LA 45,
AN - RIS, SFUBEVE IV RITEIG 28,  JER R A BRI 2%,
PSSR AR AEE R R MR 8, SRR - SR 55 08 JE 5
BRI L2 E ARG SN TS B)e SNEHDEH G
WZHE—OFECIRFEALEES, 73450 212 & 2 He
W, EHRLE E R RIER OB LEBOWT S I NET
R ENTWD (57

il

BIRER AR B B A2 B e R IR R e TR 27
AR P T 2 1-1
R 274F2 7 23 HAZ B

V) >R R A,

V=777 MaEk, TR LA

T4y urida— FaxETesrTm681.77 O benzofuran 55
kchy, ) VIREBRRGEZ 4 L A3EMIcE L TALONLH
IRME - BB A A LT @2, 4. 7 450 Uitk
FIIBT 2 WEL IR, SE SO Bk i R AL s ds
Ak ileo B THh 5, {EEME, v a7 7 — VAN
Wi s 78 BB E L7 IRBE T, 7 3 4 40 VKR E DO A
BRI TRV, TIF5 0 UiEECIRERICALNR
LHFEMFT R TH 5 (8) (@kMEmHOMFE L LT, 734
yua |2k b~ a7 7 — Y dlysosomal phospholipase A, i1
DT E, 2 X5 ) YIRE SRR S HE S 7z 9).

Y RO EER S TH Y, Mit—T 72 5 v
FOERSTTEH D, Wiy —77 25 N ELBIZEW - 5
W MRS CH D, Mir—7 725 v ML, TEE R
AN (T AUAINE) CERL - B S e BRI S
e KR T SR A < 10). Mir—772 4 »
ME, Gk, Wile~ro7y =I5 8E&D S VI TR
JANOFELY AAAFTHONE 1)o 7 3450 U iFEEIZ B
T, Wile~z 77—y Toy VIRESBINEIAZHE ST
W5 (9,12, L2L, 7345 oIR8 —7 7
75 Y NERARNOEIIAHTH D, AT, Ty M E
AT Iy o liEEEFVEAERL, 73450 hliEE
BB TS —7 7 7 %~ PERIZOWTHE L7z,
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x B A &
1. WREMETIF LD MEEETILOMESR

8~ 9D MEME, 1K 140 ~ 160 g @ Fischer 344 %7 v + (H
KRIZATN Y —, JAR) 2L, FFEmEAEATEEREE T C
B L7 BIIFEOZATICHEL, SIRERKFEERZ RO
R AL L& DI, B ERIRS 2 L7,

Amiodarone hydrochloride (Sigma, St. Louis, MO, USA) %,
0.5% |Z7H%% | 7= carboxymethyl cellulose sodium salt (Wako #f
#,OKB) 2mlZB&E L, By TR HCHFMIZTHIC AR
CI4% 5 L 72 (13)s Reason 5 D J7ik: (14) I29€v>, 100 mg/kg/day
4B (n = 12) & 200 mg/kg/day 2 A% 5-H n=6) ®
2ODFEEMEAFR L7, HRIEL LT, 0.5% carboxymethyl
cellulose sodium salt 2 ml HH$25-% 238 (n=6) & 4T -
72 (n=12),

2. [UEZMHRSSAE D EIR & fRT
1) [EZMEEFEDEIX

100 mg#H 58 (n=6) , 200 mgIx 55 (n=6) L K4 T 5
XPHRHE (F5n=6) 1T L, <_¥ Ve — VERENRESIC X
LB TICHHIE L, KBRS Otz cBilg L, i & Gk %
B L7z SKEMEM A /ANIR LIS — Y OH — 7 u—g i fHE
(7VE, HR) #3/E LEE L. AEREXLEMHE LR,
FEMi~0.9% NaCl/10 mM Hepes (pH 7.4) % 2.5 ml 2 H\\C,
S PR & S BEAT L 720 I O KL 2 % Burker-
Turk MERFET S (5 HHFT3E, R 2 HWEHIL 72, 200
GT154 .G L, Mg & BB L7z MR o1&
phosphate-buffered saline (PBS) C 0.3 x 10°/# /ml |Z % L 72,

2) SE X ImEE R OMAg S E & FREETA

200 mg 58 (n = 6) LA OXHEREZ 0 R L7z FlS
W E VI IREEERIRA T A FE2ER L, XA - FAFGM
L7z & v T NdH 70 500 ML A BIZE L, RS
FHRM L, REfRE LTESICEES NS Hila~ 7 0
77 —=JICHE L, BFBEMEE40065 & F W CIREBIZ 2 T\,
S5 ZTHMEFHI Y 7 b (Area Manager Professional Lite, ¥ =
) =%k, #F) 2 WV, 50 OMIBE O R & flE L7z,

3) BFEMEICLIER

100 mg#%5-# (n = 6) & [FELORFREE L 0 $RIL L 7o M & &
WaE 7 A= A7 VI L, 25% 7 V8 — VT T e FE
ERR, 19MEILA X I A CTHEE L, TRFEIRICLD
WG, EYL, YIS - ST ERE L, EEAIE T
W H7650 (HNA 72 /0y — A Fh) THEEL 72,

4y —T 7% FEAD Western bloti&IC & 3 & EfEH

200 mg#EG-HE (n = 6) & [AELO R RO S SZhfa ks o
LiH&EA % Bradfordii CER L7cth, &Y 710 ugtih%
Pre-cast Gel 4-12% (Novex Biotech, Salt Lake, UT, USA) % Fi\ &
HUKEHL, & v 2Rl KT bublu— ABICES L7,
—WPURE LT, ¥ APLT v b surfactant protein (SP)-APifk
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(clone 1D6, National Jewish Health, Denver, Co, USA @ Voelker
Bz L) G- %2219 72)(15), v e Y Y SP-BHUEKKL Y
HF FPi~ 7 A SP-DHifE (Chemicon, Temecula, CA, USA) %, —
TRPURINT VA F 28— BIEGRY FPhi~ 7 2 1gGHifkd 5 v
Y Py - FIgG ik (Bio Rad, Hercules, CA, USA) % Fiwv
72o Chemiluminescent#:% (SuperSignal West Pico substrate,
FIVE) & HWEFEEEHE K L 721, Image Quant LAS 4000
mini (GEANVAZ T - Y vs8y ) HE) CllE L7z,

SP-B & SP-D Tl Hi— N2 F722%, SP-AZAEEAMG = RIS
528, 32 & 38 kilodalton D%/3 > FO#FRI 2 FHE L 720 3
HTORMOFEHHEL1LE L, TI4AF 0 5 TCOREMNE
D% KD LR L 72,

3. [TIYHRRT D BAE & fRAR
1) IO, EECMECETE

100 mg#%5-# (n = 6) & RBOMEE 2 G2 L7 Bl -
REN =2 — VISR 2L L, ALK C&0E &l
JPem i Lz, Mt~ ru 7y —JICEAESEMBILEL B
% Z & % HYIZ fluorocarbon-albumin $L#] (Wako) % /7 = 2. —
LB~ AL, 37C, 154rMiiE L7z, FESE S
JPE 2 AT WA RICHile~ 7 0 7 7 — Y x vz, KED S
A % —+ 172 Unit (Worthingtonft, Lakewood, NJ, USA) % #
Za—LobiEAL, 37C, 204 M L7-fk, i 2 /)
L7zo FIEICE ) =5 257 — Bt E PRI L2, ' —YIE
W &) MR A 1720 A /83 F—)b (T AENA FHL
WH) Z#HWEILE1.088~95, KHLE1.038~450D 7 F7 1 =
VN Fa—TERERL, BEROBREARELEITo . K
B ShESESREI S 0 TR 25 L, PBSIKCUE
L, 10% fetal bovine serum (FBS) % % 5l L 7z Dulbecco’s
modified Eagle’s medium 354 & L, 5% CO, F, 37C TK:
L7z, 24FFHEEG O HEIN 2 QA s = o vk Tge
L, BEIRE AR Y 5 5 55 ORI & Fe 452 T B0 AL %
FoE L, HEEMIEoMEE 2 5HE L7z,

2) EFEMEIC L8R

HEE TR 2 x 106 %2 7 Ha— 27 V2L, 2. 3)
E B BT L, B UAREE T L 7. 550015 T
e L, Mlg/hdE ol LAY 7 & (Area Manager
Professional Lite) % fii/f] L C Il BUMIAL O M & FEkdsr AfkZe
et oA & FHI L 72,

3)FRRT7FIIIY) ERRBEDETAE
I RS AR T O DM & 13584 D, MR 721) Tl

Wi —77 25 beamRT b0, KEED) O LIE
BHEARZ 7 7700 a) YNOEREREIAT). £2T, H

B TUTUAAAT 2 x 10° 1 /35 mm B a2 Lo FE 012 PHIME L= 1)
YA 05uCl/ml D% 2 X )R LEE2E L -, Ml s
Bligh-Dyer g 24 72 (16) 12 CRRE R & fid L, PH] feg
FHEEEAY v F L= a VICTHEL, 50ugfigs&ry7:
DOKRAT7FINa) yOEREZEB L 1),



734y EEICBT LMY —7 7 7 % v MERITHE

4. BhAEREDEREN & B4R
1) FERDIEER
100 mgFx 54 & X IREE, &4 n =618 L, K& Hilamks
it % &z T S8 BU@ AT H 12 RNAlater (Life Technologies,
Carlsbad, CA, USA) |2 & % RNADZEL & AT - 7272 128U - &
L7z
200 mg 58, o HEEE, £ 4 n=6120 LT, £l - TH
) UNREEE M - R L7z £ RTEE, LA EEmMEENY
TERERIE I 10% B R L~ 1) Y12 X 5 25 ecmH0 £ TD
WA E %2175 72,
2) RFIEWMEERITREERR
200 mg G- (n = 6) L OO RV~ 1) > EHEMH
fkz, 787 74 CUMBRICEDOR 2L, A b EF D) o
IAY gmE L, UM CRILE L7,
3) ¥—=7 77422 NEARVY D IBREEKRBREDERET
IR
RNAlater WLEEF2 1 25 31 - RAF L T 72 fili#lik 100 ug # K€Y
F-4 A L, RNeasy mini spin column (QIAGEN, Hilden, Germany)
% Fiv>total RNAZ fili L 720 & > 7LD total RNA 1 ug 5
cDNA %# /£ L (Applied Biosystems, Foster City, CA, USA),
Tagman %12 £ 1) Applied Biosystems 7900HT % [\ > real time
reverse transcription polymerase chain reaction (2 X % =15
AT % 17 - 72 Phosphate cytidylyltransferaselA (PCYT1A) (de
novo & I & W EE 3, [XI1) #{zF, lysophosphatidylcholine
acyltransferase 1 (LPCAT1) (V) €7 ¥ 7 #i%, K1) #fsT,
SP-A, B, C, Dz V&4~ D70 —7%& 75 1 ~<—Id Applied
Biosystemft 7» & W A L 7z (TagMan Gene Expression on

1. wAT7F N AR
RAT7F VN an) »idaHEEE S phosphate cytidylyltransferase 1
alpha (PCYT1A) |2 X4 de novo &8¢ & lysophosphatidylcholine
acyltransferase 1 (LPCAT1) (2& 21 EF1) U 7 EIRIC L) G E
na,

Demand). Z#£1b12 12 glyceraldehyde 3-phosphate dehydrogenase
BT E W (F7u—7 & 75 4 <—1<TagMan Gene
Expression on Demand, Applied Biosystem £l:)o #Hxf 52 & f#AT
FO I CHEIZ X D AR B mRNAZEH & 2 5 L 72,
4) VUBEDEE

200 mg P58 (n = 6) & AEORHEEEOMIH#E0.3 g% HEY
F4 XL, Bligh-Dyerg&Hliii: (16) (2 TIRERG 2l L,
Bartlett{® (17) 2T YIREEZMWE L7z, £OH%, KU
WMD) A TFNVGICL 2 RICHEE 7 a~Y NI 7 4 — %47
W, &) CIREOT R IR E & D, AR Bartlett I TER L7,
5. HEEthEM

AEETENT 1214 Student’s ttest 2/ L, PE0.0SLL T % A&
kL7

& S

1. 73440 MEEEFIL

T4 51100 mgtr 5 (0= 12) TiIE, AEIREE
LR CHER L 2AS, EBE T R0l ea o BB R %
Mo 720 200 mgP G HEIE S n = 10 THEERZ MG L 7278, %3
FZA3 H HIZ1PE, 7HHIZ 208, 13HHIZ1EAET L7z, A
HFL7z6EIE, REA2HEMICHZ YT LE, 3PEIE13H
FAZER AL A AT I L BMIREE & 7 o 720 RMIREE Tl A EHR
Do 720
2. fEXMMIERETOMIHRE, SHEOMIZE, ML

Y—T7 0822 NEADKER
1) [E XA SR

S TR PEE R O BRI 11 ml T, FHRTERIE S
N7z,

2 ) [EX ISR DM E E FREEIL

RPEREECUE, IEH 7 v b LR, 95% UL AN~ a7 7 —
TThol (K2, Mlaft~ru 7y —I8IE, a3y bu—
WEEVS T I F 0 VG TE 4, 1.9 = 030549 * 1.3 x 10°/
ml, 1.8 * 0.3vs4.0 + 1.4 x 10°/ml (\»F 11 ) p < 0.01) & Kl
338y, ~r a7 7 —VBIZ29MIWNL 72 iR ERII
BETIHIZEALRD VD, 73450 H5HTIL08 =
0.4 x 10°/mIHEE L7z (K2)o U ¥ /SERCHFERER O BahE B 24
o7z,

TIFFO GBI EES R L, i~ s o
77—V OMBEATEHIRE R L, ML AT766 = 290 vs 374
* 99 x 107*/mm?® (p < 0.05) & 2115128 L7 (M3A~C)o T
IFFa G CRY s a7 - VOMBEICBI A EEZE
N D ZEF A 7 K & BEMASE TS EE T S 7z (IX3D, E).
)V H—T7 74  NEADRRE

IR D Western bloti#EIC X 29— 7 7 7 % » MRS
HEDOFIHMEH 132 & SP-BId100 mg 5.5 & 213 A 7w
A%, SP-A 1323 = 0.6, SPDIX 2.3 = 0.5 (%% p<0.05) & HiE
HESMAR Sz (X14).
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2. &SI b O MR E & &5yl o 5 K4, SEZWMREG ROy —7 7 7 % 2 FEARS OB
TIAF U S HTIHEMEE v ey =Y LiFhEkE 7 3IA 50 G TIESP-A & SP-DEAVE T 5o
OB ZREINZED S, SP, surfactant protein; kDa, kilodalton; C, control; A, amiodarone.
OxE#:, @7 344 1 200mg %57, %p<0.05 /3—(Imean + SD

mean = SD

*%p < 0.01, /N—1F

3. file~ 27 o7 7 — Y oMiumE & BHERE

ABElila~2s 07 7 — T ONeAEMEER, D, EIXE BB HE S,
A DI IERE, B,EIX7 I 450 e 5Hf, CUIIRFL 7 I 4 70 UG-8 5 2 Ofiifs~ 7 1 7 7 — 2 ORI 2 7R 5 o

TIAyurEGHoMEc s 07 7y -2k, MREOEEZERITNIC & S L MBSO E R AR RO b,
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Ty u L RiEFEICBT LN —7 7 2y v NI

5. HEET BRI RS, e E A & R ARz i

A, KEEE, B, 7 344 riGEE,

T 3470 G T B TR ORIN & IR A2 O ERIRIL 2 o 2 (A, B)o
C, D3 T EHIE DILRERTN & 7R d

C, ©HEE, A 734y u IR GEE,

T3 A S0 G CIIAN TR & REIRE AR 72 /N RE RO A B A IIRE /B0 %,
*%p<0.01, /¥N—(Imean = SD

6. HEETIRE LR ToORAT 7F2van) VAR
C, *fHEE, A 7IA4 50 &5h,
73450 ESHEICBWCHEMMES 22 ) o PHI S LT )
B AR DA E RN E RO 5,
*%p<0.01, /N—IImean *+ SD

7. 73450 ik E ORI
A, ofHEEE, B, 7 3441 200mg £
T4y a LR TIIERILE Y 2 a7 7 — 2 o8& i
Ha i~ O B O 2 5 5 o
A > Ly MITBRAFROEILK 2773 TEAME oML E 022
otz & IER % 780 % o
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8. flifikrrDFRAT 7 FVNa) v e—T 725 v VEAGHKEROBEETRE

C, AHEEE, A 73IF 5o K,

de novo EIAEIE N OV €T Y SO KA T 7 F N Y ERHRBETFOAERERITTELZRO L, -7 725 Y VEAS

R TSI FE I LD 2\,

GAPDH, glyceraldehyde 3-phosphate dehydrogenase; PCYT1A, phosphate cytidylyltransferase 1 alpha; LPCAT1, lysophosphatidylcholine

acyltransferase; SP, surfactant protein
*p<0.05 /V—I|Imean + SD

3. BEIEMEOME, BMEEEAXT77FIoLa)LE

B BE

1) #iE & BMTRE

IR O 24 B B B a8 th oW 4 /o8 = aa v etn |2 X B E
Wik, HEEMIED96% 2 TR CH - 720 HIBAMETIC
L ABIET, 7 I 50 U TIEMIEE S N IRE AR
125 2 BB O R E 072 (K5A, B). EimrEER
WXy, eBELR LT I+ 50 &G HETE, Mg
IifE, ZefiofdiaifE, % 4, 53.0 £ 10.60s76.3 + 20.3 um®, 0.62
* 051 0s 1.14 * 0.87 um?® & A 552 HRATEZR S 72 (p < 0.01)
(B15C, D)o

2)KRRTPFIIILA CEREE

RAT 7 FINAY YEREDT AT AV M—=T% w7
AT CIE, AMEEBEE L7 3450 v HSHETIELL £ 0.6 x
10° s 1.9 = 0.5 x 10° dpm/ 50 ug protein &, HfZHHIE & 1H 72
Vo PHIHE L) > PH]l AZA 7 7 F 203 ) Y ~ORY A

32

ATAERICHML (p <0.01) ,
(X6).
4. MHEBOREFRR, vY—77074%2> NEARUVY VIEES
BREBRFEOEEFREL ) VEEE
1) WA ORIEFRR
7 34502200 mgFGEETIE, BAMIE IR & R E TS m
W2 X DR ORE 2 5872, flifa~ 2 a7 v — Y OMMiuE
DOUHEAL & KMz z, DAL &35 2 5415 corner cell 28
KPHERE & i Life E ozl b2 g R & 2 L7z (IXI7A, B)o
2)H—T7 742  NEARV Y VIEEARBREDEEFRR
T IF 50y 100 mgi 5T, ) Y IRE de novo B K
BFEPCYTIABET & V) E 7)) ¥ VM A M3 LPCATL #{z
Ty, otIREEE EIL, %4 1665 225128l Cwi (X
8 LB —7, =77 % MEE SP-A~DEIETFHHIC
VI BRI B AR RO R o 72 (K8 T E).

) VIREE RO TUHEAVR S



Ty u L RiEFEICBT LN —7 7 2y v NI

9. Mkt v iEEE
C, XHaEE, A 7 3450 UG,

HAT R E R H 720 O VIRHE, "AT77FINA) Y ERAT 7 FINT ) kO — VOEEREINERED S,

PC, phosphatidylcholine; PG, phosphatidylglycerol
*p<0.05 **p<0.01, /N—|Imean = SD

3)UIEEDER

73T T 200 mgk GETIE, %4 O IREE L kL
W) U HRE 27.3 = 256 vs 50.2 = 12.8 mg/g tissue, KA T 7 F
TIVvay) 174 £ 263 vs33.9 + 3.18 mg/g tissue, ') VIHEAT 7
FNa1) »0.89 + 0.08 vs 1.88 £ 0.57 mg/g tissue, KA 7 7
FINVT ) ka—) 145 £ 0.79 vs 4.43 = 8.39 mg/g tissue & \»
TG FEELBINE RO (p<0.05) (X19).

Z £

T Ay a UEEOSREIC BT BN D) O IR SR
R —7 725 v NERKROMEE, Ty N2 H
W7 345 u VB EE TV EER LR L7oe 2E CHl
LNTWLT IA5u G 2L~ a7 7 — 2 OiaiE
L Miffk o) YIRHOEMAMGE S 5 & & b 12, HEETR
MICBIT2 ) VIREAER E G - IR ZEN IR, Tk
Bl bde novo kA7 7 F VN3 YERKLT) ET v

REEOTLHEN KA KB LB T OB % 5 CICEIRE RS D%
HIZKDREN, 73450 REEICBT S TREIC &
LY =777 % ¥ MEERTOEEITHED & 00k 7o 720

74y shiikEES v M ETIVE LT 100 mg/kg/day 418
M & 200 mg/kg/day 2 D205 DEERZ 7. Z g,
INFTOMRTHYONTWS T I 450 S5m0
BT % (1, 2). 100 mg# 58 Tld, K& Shfadkdh o fiifa
<ru7 77— VORI ERD T, 200mg i GETIE, Hifav
a7y —YOWFEIINZ, BRI e RS HARE1C
Blgs iz, 2512, P GB/6IE) DT v T, KEERIMIELS
L5 EZZONBIPNAEA L AFEFBOMRTAMHE L7z, 73
F5uyORERO—2Th L LAZOWREN D Bl sz
B, ARSI AZ I RIE 2 &9 o P OAN G % 7RI § 2 T R
BOLNLholze LEORELY, SEVER L 7-8WE 7V
7 Ay o UiEEOBMAOmE (12) L —F L, RikEE
OWFE AW LIS L72ETIVEEZ SN D,
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T34y B EBE 7OV A SO B i R LR
T, Mile~ 2z a7y =T bicm, ) YRR
INFTRENTVD (12)0 7 3450 OFKME - Bl
BEEMEE ) it~ 2~ 2 7 7 — Y D lysosomal phospholipase
A2TEWOIRTIC X 2 ) VRRE G A2 )~ BRE OB E R 2
L B{HALORF & LTl SN Tw b (12). S HOMKET T,
Biflfk B 2 ) YIREEOBIMINZ, Mt—772%
V) UBREDERGTHERAT 7F N3~ de novo &1 Y
VET) VTR ORI OTHEITIRE N, E 61,
H DR B1 2 ) VIR A BRED TTHESS, LT v
LA BB RERE LRl Ch R S s, IHRRIC BT S
) UIRBESEOERT, AA T FYNVaY iz, )ET
V7RO KRATFFINa) YPBEINLTHwAEI LD,
RAT 7 FINTY) VEREDOTLHEL LT 5. 72, it —
Ty MR AKRA T 7 F NI k0 — VA E
WMimzLTHYy, THERAT7F IV aY v AT
P=T7 775 ORBSE LTRETWS ZE2HETS (10),

TLAYA Y VRDPABRFICBOTRERELRERNO—2TH
D, FELZEWEHTH 2 MEEEH OB E TR
HRENTEZ, 7L~ AL U EEET L EEMEs e+ 2
A, MR B A2 —77 2% v ) VIREOERIZILT
T5 (18)0 SHDOMFTHL N ERo7T I 450 VliEEC
BULNEMTOY—7 724 ¥ M) VIREOARITHE,
EUGER ST 2O — % KB Tld%R <, 734450
RSN IR EEZ O,

TIFZOUHEECBTLY—T 775 v VRADZELD
SRS & 7 o 72 SUAE S EE S TlE SP-BIZI3 &AL
ZE2O %2V A, SP-A, SP-DA 215 L LI #4m L T\ 72, SP-B
BRI T REFTH B D23 LT, SP-A, SP-DIdBKMET
REHTHD (10)o SPBIT) VIFHE & OFESHMENS L, &
WfRIZ ) VHRE & L S IEIRE AR S T, g e
ZUTIF VYA b= 28N, WRERE~DY Y IRE OWAS
WCEELRHEZHE L 5, —F, SP-A SP-DIZAR S 7z,
JE R AR S 9, EE SN E N D, &
HERJVE TERICIZIZ & A LRS-, BiCB0 % BARRIEIC
FELBEEEHELLEEZONTWD (10). MHEIZBIT S
SP-A, SP-DOFEET BT T I F 51 > 5.8 & of W i
WCEBRERIE SN Lo 208, T I 450 ViEEICBT
% SP-A, SP-DINOEEITESED PR NIIZEIRETH 5,

LEOZE Tk, 7 I+ a v iEEORTEIL, K&
Ve oM & SR O TE RIS O AT, BRIR TIrbi
BRI A A DZEAL, 3% KL6, SP-D 05 <2 i S 75 i 5 e
7 SN o7z SHROEFRDE - FHREORSSIZ T - ERR
Wgen 701213, THH O, L0 ERHESICAIL 72
ol 22 ZZAL DML & T REIC T A DD B o

AeAl, 7 I Ay a CRIEEICB RO ) iR R
B2k, chIcgEshcwifi~rzaez 7 —yTn)

AN
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MBI, THMICBT 2 —T77 25 b~
PR D ERTCHED G- L TV B W R DR SN fze &
I, =T 72 % 2 M) VIREAEROWEIDT I 4
7 R E T OO — DI 7% B AT REMEA VR E N7z,

FEBRDOFETR
AP B EHH ORI A v

AREHR Do), BRE - HEAE ) T L2aRERRE
WPz MR A AR, ERICHIE T A - EBRENE - &
VER OIS 2 ) £ L2 RNMBABIZ I CR# P L EFE 5. £
7z, BAER - EEWBIS IOV R G EAIET
Wi & RWFFEDFEATICH 72 0 TG THE T L 72 SRER R A,
FNBHERIE ORI E IO L VR L BIFE T,

X ik

1. Kodavanti UP, Mehendale HM: Amiodarone- and desethylamiodarone-
induced pulmonary phospholipidosis, inhibition of phospholipases in vivo,
and alteration of ['*C] amiodarone uptake by perfused lung. Am J Respir
Cell Mol Biol 1991; 4: 369-78.

2. Pitcher WD: Amiodarone pulmonary toxicity. Am J Med Sci 1992; 303:
206-12.

3. Papiris SA, Triantafillidou C, Kolilekas L et al: Amiodarone: review of
pulmonary effects and toxicity. Drug Saf 2010; 33: 539-58.

4. Ernawati DK, Stafford L, Hughes JD: Amiodarone-induced pulmonary
toxicity. Br J Clin Pharmacol 2008; 66: 82-7.

5. Martin W] 2nd: Mechanisms of amiodarone pulmonary toxicity. Clin Chest
Med 1990; 11: 131-8.

6. Kuruma T, Maruyama T, Hiramatsu S et al: Relationship between
amiodarone-induced subclinical lung toxicity and Th1/Th2 balance. Int J
Cardiol 2009; 134: 224-30.

7. Nikaido A, Tada T, Nakamura K et al: Clinical features and effects of
angiotensin system antagonists on amiodarone-induced pulmonary
toxicity. Int J Cardiol 2010; 140: 328-35.

8. Bedrossian CW, Warren CJ, Ohar J et al: Amiodarone pulmonary toxicity:
cytopathology, ultrastructure, and immunocytochemistry. Ann Diagn
Pathol 1997; 1: 47-56.

9. Hostetler KY, Reasor MJ, Walker ER et al: Role of phospholipase A
inhibition in amiodarone pulmonary toxicity in rats. Biochim Biophys Acta
1986; 875: 400-5.

10. Osanai K, Tsuchihara C, Hatta R et al: Pulmonary surfactant transport in
alveolar type II cells. Respirology 2006; 11: S70-3.

11. Hawgood S, Clements JA: Pulmonary surfactant and its apoproteins. J Clin
Invest 1990; 86: 1-6.

12. Heath MF, Costa-Jussa FR, Jacobs JM et al: The induction of pulmonary
phospholipidosis and the inhibition of lysosomal phospholipases by
amiodarone. Br J Exp Pathol 1985; 66: 391-7.

13. Diehl KH, Hull R, Morton D et al: A good practice guide to the
administration of substances and removal of blood, including routes and
volumes. J Appl Toxicol 2001; 21: 15-23.

14. Reasor MJ, Ogle CL, Walker ER et al: Amiodarone-induced
phospholipidosis in rat alveolar macrophages. Am Rev Respir Dis 1988;
137: 510-8.

15. Kuroki Y, McCormack FX, Ogasawara Y et al: Epitope mapping for
monoclonal antibodies identifies functional domains of pulmonary surfactant
protein A that interact with lipids. J Biol Chem 1994; 269: 29793-800.

16. Bligh EG, Dyer WJ: A rapid method of total lipid extraction and
purification. Can J Biochem Physiol 1959; 37: 911-7.

17. Bartlett GR: Phosphorus assay in column chromatography. J Biol Chem
1959; 234: 466-8.

18. Osanai K, Takahashi K, Sato S et al: Changes of lung surfactant and
pressure-volume curve in bleomycin-induced pulmonary fibrosis. J Appl
Physiol 1991; 70: 1300-8.



7 IFyu s iiEECBITANY—T 7 2 ¥ v P AT

Role of Increased Synthesis of Lung Surfactant Phospholipids in Amiodarone-induced Pulmonary Toxicity
in Rats
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Department of Respirology, Kanazawa Medical University Graduate School of Medical Science,
Uchinada, Ishikawa 920-0293, Japan

[Purpose] Amiodarone-induced pulmonary toxicity is
characterized by phospholipidosis in lung tissue. The present
study aimed to investigate the effects of amiodarone on the
synthesis of surfactant, of which phospholipids are the major
component. [Materials and Methods] Using male Fisher 344
rats, an amiodarone-induced lung disorder model was prepared
by daily oral administration of amiodarone. Bronchoalveolar
lavage fluids, isolated alveolar type II cells, and lung tissue
were collected from these rats. The following steps were
performed: cell profiling and morphometry of bronchoalveolar
lavage cells, quantitative evaluation of surfactant proteins by
Western blot, electron-microscopic analysis with quantitative
morphometry and phoshatidylcholine-synthesis analysis with
radioisotope in type II cells, histological analysis of lung
tissues, gene-expression analysis of surfactant proteins and
phospholipid-synthesis enzymes, and quantitative evaluation
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of phospholipids and their subspecies. [Results] Compared
with the control groups, amiodarone-administered groups
showed an increased number and size of alveolar
macrophages, and increased amount of surfactant protein-A
and -D in bronchoalveolar lavage fluids. They also showed a
gain in cell size and intercellular surfactant-storage organelles,
and an enhanced synthesis of phospholipids in isolated
alveolar type II cells. Elevated gene expression of
phosphatidylcholine-synthesis enzymes, and amounts of
phospholipids, especially phosphatidylcholine, were observed
in the lung tissues. [Conclusion] In addition to previously
reported inhibition of phospholipid catabolism in alveolar
macrophages, increased synthesis of lung surfactant in
alveolar type II cells appears to be implicated in the mechanism
of lung phospholipidosis in amiodarone-induced pulmonary
toxicity.

amiodarone-induced pulmonary toxicity, rat, phospholipidosis, surfactant protein, type II alveolar epithelial cell
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