Surfactant Replacement for Respiratory Failure
Induced by Chlorine Gas Exposure in Rats
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HEEHFABZRBAIRIZT v b DOEERTARELIC
STAHY—7 5 7 &V FERTREE

GRKFELHHRE - BEFME CEE M B3
Z X E

EEHN ADORARL L DEAUTFRREYE LBAS v b (BE 250~350g) 30E% Ay, =7 7 7 2 v MATRIREDD
BrRELE. VAL AORBARETS v PEEELAE, SEURLL VBT L. MBILAG, RAERK
E# 20cmH.0, REFSEY SemH0 WRE LARERATER % -5 %, 380—500ppm DER K A% 210 HEA S
i, WAL, BAFEREAFEER (adult respiratory distress syndrome, ARDS) & Z7c LB 5B A LENRE L
72, Tihbb, BIRMOEFESDE (arterial oxygen pressure, Pa0y) 13 525+41mmHg (FHfE L ERERE) 25 99+ 36mmHg 2
{ETFL (p<0.01), 2.5£2.0ml/kg DORABENGEERNRINC L D ERINB LI -T2, ZORKET, By EEACHR
PEL BT . NBEE (n=15) R LT, BHERLThEr - R, BRETR G0 THRI1409) CEHF
<, Pa0, DFHEIL 90mmHg LTIC s X oz, REE (n=15) KK LT, ¥—7» 7 2 v P AIRRERT -7, Ticb
t, TE O bME LERAMIE Y -7 7 7 7 v P2 EREREAKCSELT 100mg/ml DEWEWHE L, Thw 0.5ml H
TEEEMCEA LY. TOKE, PaO B E LD LA L, 804 HUBDEIIWBE L OMICEREE (p<0.05) &R
F I3t b, 1409 B oML 253+ 14immHg 1 L. BEHids LERRTEE CEELABYORKL, WRETISEH 4
B E i h o 1oy, BB TIZIBEFI2IETH D, MEEOETERITAEE (p<0.002) A@RD LR, SlFniFics
WTh, HBRECHS, BERCHRBESSESS <, HEECHIT 5 anROBHE P (p<0.001) LW HFFRERE:.
LEDfRENE, EEAAOBRAIL Y, ARDS WL L8R AEAETH LGRS, 20X WPFRRECHL
T, ¥—7 77 & v BEEET, OB AFRLEFRYFES L, ME#I BB hIEAYRI S LD LRI AL,

Key words chlorine gas, respiratory failure, adult respiratory distress syndrome, positive

end-expiratory pressure, surfactant replacement

EENARESTRATSE, BEM 30ppm FIRDER T
bIKIER P - F AR R e A R4 LY, 60ppm L EDHAE
WHEINZ LERBTECESRY, ok d B, {L¥
THCLB KBRS TRELTRELTE DY, —BREETL
EEREAF - BEEFYE > TRA LB RETS.

WEY AL BRREALOBREICE, BRBRACALTER
B, A7 eA FBIVKEIREROR S L EVRVLRTE
o~ L QI HSRESBRE (positive end-expiratory pressure,
PEEP) #Afin L7z ATHFRITEBROECHAKBOSEICH
HTHHLEHREZTATWAHY. BE, EELL, BREREDS
e iz B 300ppm DEHREF AXBAERZS o + OEEBERM
ERRAED, PEEP ML AR TCEEICXETED
TEEMRLTLASY, L, 380ppm LAEDEBEDOEEY
ABRBAXEIT o FOBE, EROEEETIE, FRAELY
BEILDZEAESETH -

BEFAYFRA L, BidoMRkED G, B
i, BmEROMEERENRBNBED. ThHDOFRRIZ, BA
RN BREAE B B (adult respiratory distress syndrome, ARDS)

FE 54 8 7 3 BEAM, FRSHEIAI6AZHE

LEBIELLTERD, ARDS FD4DTHHEELBLEL
£\, T4, ARDS 31T 5ERAL DR LY —
778V P ORENEELTGHEEZLNTENY, K
Wz —7 » 7 2 v P EBRETAERE (WEEER 2FD
THDHECIPTERBREIBEINRIZLD TR, Lizsi»
T, WEFABA I HRETREICEL, KENEDHTHHS &
HEINS. 4H, BEEX, v 2 380—500ppm OHEHK A A
WA X4, PEEP & fIhn L7 A LR T & S AR TTRE 70 IR
TewRIEIRIDR, ¥—7 778V F HAEREOSELE
FR, M@y A, MEREC S DE» HRE L.

MRELVFE
. =77 045 PORE
EETIL, SUUKERE - RAESHE THA IR
BH+—7 5 2 % v } (surfactant CK, S-CK) ¥ {Ff L1z
S-CK 12, 72 D" D, BOLE, 7erRila/2x
o= (2/1, v/v) T X BEhEE, 0.5% AKX B UEHEE,
BIUT7 & b VTR THRRL, B%DOV VIEEE 1 %D

Abbreviations : ARDS, adult respiratory distress syndrome; FiO, fraction of inspiratory oxygen; PaCO,

arterial carbon dioxide pressure; PaQ,, arterial oxygen pressure; PEEP, positive end-expiratory pressure;
PIP, peak inspiratory pressure ; P/L, edema fluid protein-to-surfactant lipids; S-CK, surfactant CK
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BARME v 2B ERHELELDTHBE®. SCK #5 o
MEHET HBL, ABRBEKREYINL, 100mg/ml DEEDSH
BRI LCER L.

I. BRHADEREFODH

7w PCBASRIER S AL, 49% 5 100ml K A BiEE
B b)Y ADEE (T vFho v, FIME, KR 2T
LTER LY. ZORGIE, T&LLTTFREDO LS HETT 5.

2H,S0,+44NaClO—2Na,SO, +2H,0+ 0, +2Cl,
H,0+Cl,—2HCI+0 1

Thebb, 2EMOMBEE 4 B OREEERF U v ah
5, B—BRBORIKE LT, 2EMZOFHBF Vv L, K, &
RHA, BIV I BEOBBENANRETS. KT, H2
ELLT, RELLEBS AD—MERNREL, Ele s St
WORESET S, ok, ERFVALEROERBEOHIZ, ®
BERBRS P ) v AOR THECEBEIhE Z L8 H5h T L
5. SEOFRTIE, KR LA AETAIa~v 257 4 —
GC-TA (BB, 7&) xHVWCOM L, B L EBROR AR
B85 1 15RO S DR A L.

. #&thEen

BT A A2 -%F o b ({6E 250—350g) 30VE % LB 3t |
7o, Ry PV E & — 1 (30mg/kg) DRERERE SIS X D ERE: L
o, REVEAIVEEL, 205, b x—HIC LTE ]
WRT &5 e RO BYE RA— 4 THRATE 32 ALFRE
BRIZEER Lo, AL e+ — & 900B (Siemens-Elema,
Solna, Sweden) * E{ERKEZEL, BRABKFE (peak
inspiratory pressure, PIP) % 20cmH,0, PEEP % 5cmH,0 =%
DI, 8B, BHDOMi= v 75147 v ARE{LL TS PEERP ©
EFEB Lisv L5, FREBCIBEIL OKEOL v
(airtight jar) #%E& Lz, FROLFEYR L, BECI2MER
Frfv, BREHZOE/ 5, BELPIOBMER 1 1
WCEE L.

Fo P OERBRCII S = 2~ VEEBAL, MERHHEIC
BERTHLLICOBH AGHOLDDEMBI H T, KB
BIRICb A = —LEBAL, AEMNY v ¥ A% (10ml/kg/
hr) 2FHERORES Lz, 7, BBRIZNV FALE 2 — L
(15mg/kg) DMEMEARERES L, B{btv 7 v =v 4 (0.4mg/
kg/hr) DRBEIEC L D, —EORBEE L FBLE R -7
B)IREASR 5 [E (arterial oxygen pressure, Pa0,) 3 X S RES
A S (arterial carbon dioxide pressure, PaCQ,) 7z & O 135 #
A G ¥k, BEEE ABL 2 (Radiometer, Copenhagen,
Denmark) Tf7 - #z.

ATHR 2B L THR205%, RENEBE kST
BrDMBH AP EIT -7z, TOH, 20ml OEHBICERE L
WHR S A& 210820 T 5.7ml/min O EE TR K OR &
WIDEALL., OB, ATRRERAOESES X BEHR
380—500ppm 12755 L 5 W ESRBAOEE Y ABE S AT
HLEBIC, ARHOBEITEDTEAC DS Z L2 H AR
HEHAT o 7 BH(FAT v 7, BiE) THBELE (K1).

BRY ARARK T B0 2B LS T, SENRE 2T
W, HEB U KER Y TRAREE L. %k, Bifmy
AR, TOFRLESTEIEE Liz. 20%, By
ZEERCHBE LBERCHEST Lz, Thbb, HBRED
7w (0=15) WIHEKENC AL HEE Lisd o ot QBN
D7y b (n=15)1Zik S:CK (100mg/ml) % 0.5ml HCEEN

Kﬁk?b&bﬁﬁf%&%ﬁot.SCK@EAE%K@,
AIFRBORHEYFDTHHED T » + D PIP % 30cm
HO EAS LA, 25HCIZTD 20emH0 WE L. 4
ﬁ,i%W%NT%Bht%mEﬁmovfa,E%M%L
%@&@ﬁﬁtﬁif&%%ﬁLt.%T@ﬁ%uovf,ﬁ
513420, 50, 80, 110, 1404 ECEBINRM & £RER L # 2 4345
ﬁot.it,—%@@%?@,%ﬁ%%;ﬁﬁiﬁZ%kﬁ
05 BORETHEL v YV EELBY LT,

KRR T8 UERY ARAKTH#1I80%, BHTE140%), 8
HONY PAALER - EBELTHYYBEL, BlLE>
Z, 73 30cmH0 DKERELX ML TR HES 1. %
T, KENE% 10emH0 K CTEDERXREF LM,
BIR & D 4 %L~ ) v R 60 R LR BRI L
EOL, B, FTECOE, ~v b2V v =240y chs
L7c#t, ThERDORRWED 5 Su EIEAICRY, HLmEy
FHTEEL, H2WWRTIS5ANSDD 4 7 1L — ¥ (grade)
WAL, Tibb, 7V — ¥V AEEE M e R+
b0, 7L - FBRIEMOBRENAETFET LTx 0 g
PEORMBROBELRDZ LD, 7L — FCIIMEIECKE
BRBROEMBKDOBEMERDA LD, 2L — FDIRES
L OO E KBRS E MR CHEBER T A0 L L
7z

V. EikE&RDSIH

AT L RKERL, ME%, 200 VIEEREY G~
A VRIRILE () VBT A v = —, FEMER) THIEL,
FUSIERERYEYL , ME (295549 ~]JCAMS 24,
AAEF, ") CllEle.

V. Kt

BHIR MR 4 A DRE B FHE - EERE (mean+SD) T
EL, BFRNRIVCEMOEDRECR AR ES &L
(ANOVA) #4772 % %, Tukey-Kramer ®Fikd Hu 7. 4
FRDZEDOBEIICIL, Kaplan-Meier #:2 & » T EERK T &
TOHEFHMGELH &, generalized Wilcoxon test 2 i 7. %
7z, WS O ZE OB EITIE, Wilcoxon IEAr % (Mann-
Whitney U test) 72, WFROBETL, EHREK (p) #
0.05LATTHEZSDH LHE L.

Circuit pressure Gastec

Ventilator
peeps, Lontar ¢
> &
Tt
oDl A\
= = ‘ ,
Chlorine
gas /jr
i ﬁ )
I.V.
infusion

Open arrows
indicate direction of oxygen flow. PEEP, positive
end-expiratory pressure ; Gastec, apparatus for measureme-
nt of chlorine gas concentration.

Fig.1. Diagram of experimental setup.
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Flw, HEREERY ABRALOSE @ELTEHRD ©
Pa0, PaCO,, BIUEBBRIhLMKERELYTT. HEV A
DRARL L > CHFED PaO, DFHMEIL 525mmHg Btk 5
102mmHg UF~NE BB WET L, PaCO, 0 T E 12
30mmHg #7825 T4mmHg U E~NEBFEC LR L. o8,

ZhHOERRARMICEEELBDEh oo, ¥, ERY
ARABEIZIL, 2.5ml/kg BIEDOHAKEBER A SE» HEREh
Lot MAKERFOY VIEBEBEIZTFHET
0.8mg/ml CRHBEE 0.9+0.1mg/ml, {4EH 0.7+0.2mg/ml, B
MEEZLL) ThH, 2 v s BEETTHMET 33.0mg/ml
(W FAFE 33.5+4.0mg/ml, A8EE 32.543.5mg/ml, HEEEE
7eL) Thote. WL Y M Vv BER T -2 TOBYTIT,

Fig. 2. Histological classification of the lung in the rats following chlorine gas exposure (hematoxylin-eosin staining, Xx40). A
(grade A), findings of the alveoli are almost normal; B (grade B), alveolar size is somewhat small and a few leukocytes are
present in the intertistial tissues; C (grade C), alveolar size is small and moderate migration of leukocytes are seen in the
intertistial tissues and alveolar spaces; D (grade D), the alveoli are almost destructed and severe invasion of leukocytes is

existing.

efore Cl,

After Cl,

Fig.3. Chest roentgenograms of a rat taken before (left) and after (right) chlorine gas exposure.

Table 1. Arterial blood gas values and amount of lung edema fluid before and 40 min after chlorine

gas exposure

Pa0, (mmHg)

PaCO; (mmHg)

Lung edema fluid (ml/kg)

Time
Control Treated

Control Treated Control Treated

Before chlorine gas 521436 53045
After chlorine gas 96+£34%  102+37

30+4 29+4 none none
79+424° T4£25" 2.4%1.7 2.5+2.4

Values are means+S.D. » P<0.01 vs. the values before chlorine gas exposure.

Each group consists of 15 rats.
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HESTARAR, MBLSCREBEREAHE LE (K 3).

MEOAEFMBE YR 4 RT. EESABAEIOS B BH
CERD 2T, £TOBHPEFE L. Lo, BT 558%
PHETTHEHHIEILLD, HRBCRT2ERRTRO4E
FERIZ2THT (4/15) TH o712, —F, BEBCBT 2 RRKT
RrOEFFRIIB0Y (12/15) THh, BHIHLRBKRTEE T
DEFRCIEHRBCEERE RDbA. 5K, BEED
FTCRT LN T, A—FKRT—BIZL, A—BEDER
HARBAZ R HBEOEY L 0 BEICIET L b DiZu e
malz.

BOUTHEI S L OCESTEO Pa0, DREEME{LE K 5 1ITR
T, 1409 0BG, ERED Pa0, D FHEI: 90mmHg LT
CEEESTEY, FERE(LERI e ot —F, REE
D Pa0, DFHEIL, v—T7 > 27XV I BECI D ERATAE
AERL, 8040 BLBINBREL VEABKEL, BOTERD
B LThERELRT IS -7e.

BOVERR LUBESTED PaCO, DEEMIT (LK 61
AT HEBEETE, oS, PaCO, 0EERELIAZD L
hichole, =5, ¥y—7 7272V 2B 5 LERERD

100

757

50 p<0.002

Survival rate (%)

0 T T 1 T |
0 20 50 80 110 140
Time after assignment (min)

Fig.4. Survival curves of the rats in the control and
treated groups. Surfactant replacement was performed at

I 1 1 L I
20 50 80 110 140

zero time. ——-, control group ; - , treated group.
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Fig.5. Sequential PaQ, values just before and after
assignment.  Values are means£SD. # p<0.05 vs.
control group, * p<0.05 vs. the values just before the
assignment (40 min after chlorine gas exposure). Figures
on each standard deviation bar indicate number of the
animals. @, control group; O, treated group.

PaCO, DFi{ER, BHMOKBE L LTETTAEALRL,
BI04 B0 bR CHERICEEY R L, FERK
THHZIE 54£29mmHg W ¥ THELR. LA L, BHBOEE
ZRBH LR T,

MRBEO S ERERELR TICRT. SBETR I L—Fon
—&H< (45.0%), K\ TB (35.0%), D (17.5%), A (2.5%) OJF
Thotc., —0, HEBETIEZ V- FBE—%E% < (45.0%), %
WEC (27.5%), A (25.0%), D (2.5%) DIETH 0, 7L — P48
I AMBEOETEE (p<0.001) THo70.

150 =3 Assignment
9 13 11 6
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L 100
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I
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Fig.6. Sequential PaCO, values just before and after
assignment. Values are mens:S.D. #*p<0.05 vs. the
values just before the assignment (40 min after chlorine
gas exposure). Figures on each standard deviation bar
indicate number of the animals. @, control group; O,
treated group.
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Fig.7. Percents of lung histological findings ¢lassified into
the grades A, B, C and D. M, control group; /4, treated
group.
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SEIDEBRT, THK (380—500ppm) LM (67—88ppm) D
By A%2100M 7 v MCRAZERER, PEEP ZfHmL
e ATIER T b I ERA] g 70 (BER SR MLE < 1 R 0 A I fE 3 58
£1, 4098123 2.5ml/kg FIE O MAKERKENH SR
IRB LAt Ei, Ly ¥ VEETIIETCREE
BEAHBE LA, LrL, =727 2V P EBREEL LD E
ZOFRAZEBRCHEL, MEMSLEFELFRER R
B CHARERBRFRFALZ R T L5z,

WMEFAYBA LSS, TOEEERLLT, &% KF
T OURHE & B O B AN ETEY. —F, BEFAD—2,
SEOKERIE L TEBYEEBREY SUB 4« D REEeYE
wEb D, Zhbi SECHERrBEET LI L1M5RT
WEY Lo T, HEFRAETDOLOC L HE(LE, Z)4E
B L AL A EBCXTAZ LREETHD. SEOE
BTy MNERAIRLFADRITERAEEATED, M
PR TN ARBRALCHEOREL L IZEFTRIL > TW DA
BEEETEL. UL, “REFRDE LTERPETHZ
&, BIUVHERAANPEBRCE L 2EEIERI ALY
WEBRATHALVIBREYRELEPED L, AEFRTRDS
hizs v P OOE(E, EESRADAEPBALLBAITE
FObDEHEEIRSD.

B Lick 2, EEFAEZBRALCBRRZ HHOZE(L
12, ARDS OFFRIC—E$% & HhisEh Ty 5. ARDS O
HEL LCHAFREIRTWASEE R, DBME, Y2 v 7,
BRI, W, BESADORA, LHHEMEL SRR TD
EETHRZ L, QREADOEBFEERE (fraction of inspirato-
1y oxygen, FiQy)) # B CTHEBRRMENRETELVZ &
(Pa0,/Fi0,<150mmHg), B)afiL v + ¥ v B THIGKHEEH
FobhBHZ L, WRKENREDLNAZ L, BLUOM=2 v
FS5ATUAMEF LT WAL ERETHABDD, SEDEER
T, fizv 7y s4 7 VvARRUELTLILWY, TOMORTR
11, EROBWEERE LTS, i, AREOMEMKRT
BT, BRLEEFDI.5%CH5 L DOREFRECHEST
WA PNE W7 L —FB, CRIVDESEIR. ZOZ
Lk, W% 30emHO THEL TG ABEI RO,
10emH,0 WZIE LT DERFEE LAEABERE Lic s v 5 8
EhbELT, Mav 7547 VvAMEF LTV Z L& RE
LT3, LT, SEACERTREbALT » FOFFR
13, ARDS w—# T B L& LTHEE eV bDEELS.

—fRic, ARDS Tix, AERIBIC & » TEEEEhiz[m3k
BICEREL, 2hnbRH IR AERBESC=F A2 —E%
RUDETH 2V EERY, Ml LOEHLE OES
UEAEIRDLEELATVA®, TORKE, ARDS TIZ, #
VA BTEARENKBERSRETDH LS. SEORER
Th, MEBFAT/ Vv —FB, CRIVDECHEIhALD
ik, BmEROEENED LR, ML T, EFEF A%, fik
LicX s, oK ERIS L TESECEEBREYETL0T
BAEED SHAKERAHBET 5. KEROERT X 2
RAR—2DRpRGHBE L, PRALO—-FCLETHS
5. La L, ARDS i3 2B &0 RARE & LT, MK
Bz oy—7 272 v OfErEEIRD LV 5 HE
B, BELRCEE I LDTNS.

Mivr—7>22v M2, VVEBER2ERSE LT, M
B (hlaREx® - TV H5KEORB) OXEERNIEZETI LT
IR DRI 885, EBXMAETHORBELTCW2HET
BB, R, Mir—77 2727 b2 RMLTWBEREL
A, 35emH0 Ll E D Jiifa W4 2% (transpulmonary
pressure) e, MRERLCLE S L ESATYL
B LENRsT, y—=7 522 FOEA W LESETI,
TR EFRBEARLIT DN LIS,

MARBREAEB LB Y—7 7 7 2 v P EEIN LB
FELT, ¥=77 272V OFRLVIFBERXETEF L
EAHELS. =T 22V IDERSTHEY VIRBERHE
BELBE, TOREN 3meg/ml LTRien e, 777
FVFELTOEBMERAEE LSRR EEDLR T
B8, SEORBTIZ, WEFALRA LEL05EHORET,
2.5ml/kg RIBEOMABRAKEARS T X VBTN,
7o, FORBOY VERBRETFHMEL 08mg/ml THotz. T
Tebhb, SEOMKER D) vEERETHY—7 7248 v
MCEHRTELDTHRERELTD, =7 722 &
LTOXRENER MG CEABRE T, SEDERIE R
155y M OFREE, KESLBRIhERKER S 2E
FALLOTHEBEINTWAEELZORA., LIt sT, KED
MABEAER LLEBE, y—7 2272V FPOFREG S EX
FhbBELTH, EERFRTENECTREBE T,

B, MPFOTAT w7 4 70 7 =53, iv—
7778V POEREEIAETD Z LML R TV 590,
HAEY 1L, MKERIEETHHE, TOFPDOx vy X7 E
(protein, P) &% —7 » 7 2 v } J§HE (surfactant lipids, L) D
JE I (protein-to-surfactant lipids t, P/L k) #35.8L0F Ticws
L, F=T 2 22V N ITOABENBERRETE LW ERE
LTWwa. SEDOKRRT, 5y F OKENSLERINIHKE
DR N BEET 3Bmeg/ml BiETH-T. Thbb, K
MiREED P/L Mk, Dis &4 41 33/0.8) LiLELEEE R
B, LEdhaT, %=7 5 28V F BRELER TV ARET
BrBrLEZLN, BEELCFRAZNARE LTURTHLLED
ha.

FRKEEAHBLTY—7 727 2 v P FERI AL D AEL
L4, PIP #&Etch PEEP % Lic ATIRE % 4T »
T, MROBREH LV IRANESNEL RS, FE,
ARDS 0B ESHIZE L, PEEP #{m Lt AR LD,
B L cHRABECEEEHE 2 L Wi, Ay + v AR
LT, PAO, R ER Lz VA HERLSLDY, L, 46
DEETIL, PIP % 20emH,0, PEEP % 5cmH,0 wwHE L
AR - Th, HERETIE PaO,/Fi0, #1 90mmHg AT
THH, 13% (11/15) OB ERH AR AB1805 LAIZIET
L#:. PIP % PEEP # E LI Eb B4 DRI OV TS5
DBEYET AR, HWEFAYBALLEE, OV CRKE
WA SBICHE L7 ARDS 0BEBCH L, ATRREDOLT
AT HIZIRBRADS Z LA SEOERBRIITEL TS
LEWEIS.

R AREN{r—T 7 7 2V P DORBIRESSLDOTHH
i, TORFEYRETNERWZERRSD. ZOX5ERC
HSREENARBAZIRLT v VM, =7 7 7 FV M ER
BEY TR, Bk Lk 5 B REATED bR, L
2L, PaO, A ER L THBHREOMICEREEZSBD LI D X
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SIis 5 TIIBOSHIXZE L, MAEFELRT -8 T
20% (3/15) B FET L. gk =v F b o v OKERIEA
Lo TEBRMEY R LABHCH L, SEOERTERL
fekRUY—7 5722w b (SCK) @IS 5L, BEF (1550
M) I LT PaO, MEET A Z & 2 ZHE L IIHER LT L 590,
e, FERFREGECRRETH, MFEIHR I T
WEHITIZ, S-CK 2#HT D L3085 LA Pa0, 28 LA
B IhHbDI L EIAETE, BRI ABABRDORRE RS
i, ¥=T7 2 X v P UAORFLIRESBEELTERD, &
hEDOHESBHELZ EPREINS.

ARDS k&1t 5 EBEMEIL, MKESY—7> 22V}
DREWES bOLIMZ, # g e N MR OIRR i
Fiz kL AMEBEESAEELTHWA", ¥, fioRE -
DA Z v AR RO (hypoxic pulmonary vasoconstriction) A%
BEINLZLHHMOATVDY., X5, MMEERCHFE
BEEERIE, FATHAEEINRDTHA Y. HEH R
BABIC L RAROBEENET B LEHEZIATWEHY, Zhb
DEBKRMEL KA TERFENLT, =77 22V I HER
EVRRBRSDR Y R T LB L. T, BEFXATXRAL
BRI, AR L X S KT - KEIVH BT B 0,
ZhiCH L THRFABERICS KOG RELPHETH Z LIXEET
BAHH, SEOERIL, VY- T 77XV ICESEER T HD
THB. LrL, ~Y) vrHE LTI EHIE LY,
SETHRELHES LichThul, RERELILEED D
ENTELTERRD-EELD NS,

SEIORBRERIZ, HEF RABRAK X hRRRL T B
FELT, ivr—7 7272V 1 OEEABEELTWAZLET
HTHLOTHH 5. Bl r—7- 272V FOXRMRET
b, WETHIZMEROLE L HBIC e85 2 £385hT
WAHY, SEOERERIL, BRI ABRALORE KL, DL
Tit ARDS DBZBERHLTH -7 775 v  BHEBELTL
X, EBOBWEIRT 2 L2 RETHL0THAHS. 4
B, -7 772 DBREERSTOEOATHRE, 51T
BHERDOINAT Y —7 727 27 DR L, BFBEED
L BE LRI EDORD Z R gL,

4 El

Z v M2 380—500ppm DIEFE N A% 210 R A X € TR
TEPRIEIRID %, V=777 8V PORBHERELTF- T
TORHRYBEF L, UToRHREEL.

1. FRFIAEBRATSHE, EREROECHAEL - A
HERRENET S, Z ORFEALI: ARDS WELULTH D
PEEP % ff i L7c AR 7s & ORER DG IRE Tl iERk b it
SRD I EDRBLBERDHS.

2. HWEHFABRARCIERRE NIRRT S BFC, FKE
BELAH—7 7227 OFERERELABEELTWBEE
zhbhb.

3. BERFABRARL L APEARLIEHLTH—T» 272V
WIEEELTTS &, PaO,® PaCO, e ¥ OMEH AR, Bk
CHEFRMIETS. o, HERIEEIhIBE LKL T
5.

4 BRI ARATLERC L D RE LI ARDSIZH LT, % —
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Abstract

The effects of surfactant replacement on respiratory failure induced by chlorine gas exposure were studied in 30 adult
rats weighing 250-350 g. Each animal was anesthetized with an intraperitoneal injection of pentobarbital and intubated
through a tracheotomy. They were mechanically ventilated with pure oxygen. The peak inspiratory pressure was set at 20
cmH,0, and the positive end-expiratory pressure at 5 cmH,0. Then they were exposed to 380-500 ppm chlorine gas for 210
sec. Forty min after the exposure, the animals developed severe respiratory failure similar to adult respiratory distress syn-
drome (ARDS); the arterial blood oxygen pressure (Pa0,) values decreased from 525+41 mmHg (mean+S.D.) to 99+36
mmHg (p<0.05), and 2.5+2.0 ml/kg of lung edema fluid appeared in the airway. At this time, the animals were randomly
assigned to a control or treated group. In the control group (n=15), no treatment was performed, and the mean Pa0, values
remained below 90 mmHg until the end of the experiment (140 mins after assignment). In the treated group (n=15), surfac-
tant replacement was performed; 0.5 ml of a modified natural surfactant (surfactant CK) that was extracted from pig lungs
and suspended in physiological saline at a concentration of 100 mg/ml was instilled into the trachea. The Pa0, values of the
treated group increased with time, showing significant differences (p<0.05) from those of the control group 80 min after the
assignment, and the value 140 min after the assignment reached 253+141 mmHg. Only 4 of 15 animals survived in the con-
trol group, but 12 of 15 animals survived in the treated group; survival rates between the two groups were significantly dif-
ferent (p<0.002). Histological examination of the lung revealed that aeration of the alveoli was better and migration of
leukocytes was less in the treated group than in the control group (p<0.001). From these results, it was concluded that chlo-
rine gas exposure in rats induces respiratory failure similar to ARDS, and that surfactant replacement improves the blood gas
ﬁndirigs and survival rate with reducing deteriorations of the lung structure.




