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TV RFPFY VI IUFRAEEELICS » MCHT 5
BREKBIEE ¥ —7 7 7 2 v M fFREOR R

SRAFELHELIRE: - FAELRE EE M 8D
m R B O

=V F MRV URREAT o b (FE 320-440g) S6IEOKEMICEA LTANTFRTE Y RIEZ RS 2, RKTEIEE
(positive end-expiratoroy pressure, PEEP) &4 —7 » 7 2 v M FBREOHREYBEH L. RV FAAE R - LOEBAES
TSy PEREELAEOL, MR L VRARKEY 25cmH0 KBRE LAKERA TR CERL, BBR1 L 2587,
EER 1T, KBE=YFhFv v 60mg/kg *KRERAREA LK. TOE, BRFKE%® 0cmH0 (zero end-expiratory
pressure, ZEEP) 0¥ 1z LTH < &, BIRIMERESE (arterial oxygen pressure, Pa0,) i1, 500mmHg #7875 HEA #3045
Bz 98+68mmHg (FISME L E#EREZE, n=12) N BBMIET L. —F, 7.5cmH,0 @ PEEP 2> TR E, =V F b+
YV EREALTHERK T (EA%1205) % T Pa0, i 430mmHg §i% (n=12) & &% b, ZEEP DI ~EEE
(P<0.05) 23D bz, PEEP OFffmc & v fiKEROHBETABCHED Lied’, KEITMBEEED OF bR HE
ERBDLRTIehofc. RE2TIE, =V F b+ 53+19mg/kg #EA L, PaO, DETIc42C PEEP M
75emHO FTHEME B, =v F b2y VEANLRKB0SHKIE, BUPFRIDEERNE RicL > sRREAHE L. T
fedrh, PaO: A% 52lmmHg ATgED2 5 106+23mmHg WETL, B LV v P v EECHECBEEAR LA D X 510t -
o, ZORSTEYYBERC 3BT, AANBE (h=8) L RLWEH (h=8) KX, hFh 20ml/kg DEHALE
KELIIEEEHZEL, ¥—7 722V M (n=16) K7 2 Dffins b L KAMTHEHY -7 5 2 2 v + (50mg/ml) %
20ml/kg HTHEE Lic. EAMER L 2L BROPa0, 0 FHEL, RBRKETHE (FOTH1805) E A % ¢, 130mmHg L
TEEESI. —F, =7 7 22 v FETIE, 15981 Pa0, 4 390£116mmHg 1w FH L (EARER L R EH B
WL P<0.05), REAKTH% C 400mmHg BiEOMETHE Lz, 2, BRN-WH8av o547 v 2, BIHEEE,
By S UEER, BIOHBZMFRFRb®E L. BEX Y, T PEEP Ooffilit, =V P+ vOFERTEAK
LBMOEND S, FRROEFLEILTELVD, RRALOETEMH T &5/ S hic. £72, PEEP TI3#ENRE
HIFHEAZCH LT, ¥—7 7 2 2 v VERBENED TH S LEH I,

Key words acute respiratory distress syndrome, endotoxin, lung edema, positive end-
expiratory pressure, surfactant

BN 5B AEERE (acute respiratory distress syndrome,
ARDS) OMEIR N4 D E#ICIL, K EPEZBIE (positive
end-expiratory pressure, PEEP) & { L 7= A TR O A %7
ERRIEED LN T VB, La L, PEEP # VT HEE
ROETTHEFSNEIEL, ARDS BED 16% i, PR
RENRETHETLTW5Y. ARDS DO#IMBIC 81T % fKkE
REHEOELIEHHTH Y, MM EERIOEMENED
TRMETTER X 0 TAKEZ A 5", ARDS ORRALEOFE
Bz, CoMKEBRC XY —7 72 2 v b OFRE{LH
Dl BTEE LTV AHEZELHRTULBEYY,

fir—7 > 22 v } ORZHPRRTRET 2 HEROFRES
BEERCIE, v—7 7 7 2V e BESENCICE ST 5
B (r—7 722V M BRRE) OBYRLHB IR T
37 LikpisT, ARDS KR LTHY—7 72 XV K

TR 848 1 5 HEAT, ik 84F 8 B26H 328

BENEDHTHA S EBEINDG. SEEER, =V F v
VESENICEALL T » PRV, T PEEP & £
LIz AR D, WRALEETEAhEN R B L. 2
Hic, PEEP %400 L A TR O K TIIdeEn R is - 72
RALIC LT, ¥—7 72 2V  BERELEHDTH A,
EhkBRE Lic.

HEE LV HE
[. =775 PORE
KR, SINKERE: - fRAEPHE THAI TR
4 —7 5 2 &% v} (surfactant CK, S-CK) #{#H L.
S-CK ik, 7% Dfifemnh, B, 7av7 2V a/x 4
J—av (2/1, v/v) WX DR, 0.5% Sk X TR,
BIOT & b viiBEe»ETERL, 8% 0V VIEELE 1% D

Abbreviations : ARDS, acute respiratory distress syndrome ; PaCO, arterial carbon dioxide pressure; PaO,
arterial oxygen pressure; PEEP, positive end-expiratory pressure; PIP, peak inspiratory pressure; S-CK,

surfactant CK; ZEEP, zero end-expiratory pressure
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BAMZ v BeIRoLT200THBY. SCK 5 »
ST BB, AEAEKCSB L, 50mg/ml OBEICH
BLI.

I. EHRE

T 320~440g DAY 4 AFx—F%F v F ZAE66ELH
W, BB EER2ETH .

1. PEEP 0#hRIcB+5 85 (ER 1)

Ty P2UWHESRY P AL L~ (KAK, KK) 30me/ke
DEENE S CHRE Lo, SEPHAALL Y AE 1.5mm ©
Fa-TRBALL. KBBRCHYT—FA2BAL, mEH
E LMW A ADHOfDDORMBEWC H Tz, KBRS »
F—FARBEAL, BNV v 7Sy 10ml/kg/h DEET
RS Ui, EBRAIL, <V Sz - 15mg/kg DI
BARKES L, Bletvom=va (BRAAF . v, BR)
0.4mg/kg/h DEFHBIEIC I b, —EOREEE L IEBLE
&,

KT, RlwiRT L5, ALK Servo 900B
(Siemens-Elema, Solna, Sweden) ## A AAEEIKE 2 ED
5o PEREFEL, RAX®KE (peak inspiratory pressure, PIP)
% 25cmH0 IWEDREERDOHRIBEFR R X BA Lz, i
B, Oz v IS4 7 vARE{L LTS PEEP OENE
Blicvwksww, ATRRERICIIAR 101 OKEO L v
(airtight jar) %% L. RBROLEERE L, BRECIIHMS
Fre Ay, REEEEE/ 5, REEFKORMLE 1 11
HEE L.

B 1 T2 PEEP OFEIZX D, 5o FREFA 2
STk, Thbb, BREREEED 0cmHO (zero end-
expiratory pressure, ZEEP) @ ¥ ¥ @ ZEEP ft &, 7.5cmH,0
@ PEEP B& a8l 7c. T OB, ATLRRIR[E M R 868 L
20EDF » Mk, 1VETD PEEP %42 A2 ERTEIL R
HELECEANR R, ATRRGELSS B, Ko
BIROA 253857 -2, FAHHE L THBI0sHIT,
TOF y MR LT, KB#H=v F &> v 0111: B4 (Difco

PEEP Ventilator

f

Laboratories, Detroit, U.S.A.) DB AHF RS HBE 20mg/ml)
% 3ml/kg BT, KENF 2 — 72N LTHPRCEALRE, =
v FhEYUEAR, 305, 6043 LUN200 BBk M 4 =
FHEAT-%. Fh, =V F b3y vEARLIS B 5En
Tl 2Ty, JECHE LeHRKERETEMCEBREL, 20
ExflIE L. &bk, ZEEP BTk, 12078 DO H 2 4%
1T - 12812 PEEP % 7.5cmH0 g2, 150 BICHUH =
S ET 7. ey, BIRMOEE DK (arterial oxygen
pressure, PaQ;) & R # & 45 FE (arterial carbon dioxide
pressure, PaCQO,) 13, £ HBME ¥ A D% E ABLD
(Radiometer, Copenhagen, Denmark) THIE L.

EERETH, BHERITHE VS P AL ER2 L E2HIEL, &
BHF 2 — 7 AR L CTRREERE2ERTA L LT,
FEBE L. BRE, S b2 HERMRESEB S
L, SEWEY 1 £E#H < 5emH0 2B 30cmH0 3
TLER T, KOTHEEC 0emH0 ¥ CETEET, Fhth
DEEAE BT A oBRL K LY. MERME LTS
L7c#, SROAEMAEK 25ml/kg R IEHB THIZEAL, %
DHEPEZHIWRKF|IL, BOEA - RE|T5E05 2EKE LN
fatta 7ot BIRENKELMBEEKE, 300xg T
10 FEO L, MECEHERXER L. £, ZoBME
DYWEEF 20 7 1 (REMIE, KR 2mi, b — -~k
B (EERERTE, #5) ¥BACTEEEMEEERE Iml &
o h OMifafx BH Lc. BRERCOVLTR, FAF§ao
%, SRS T C200EMEoMsEYHE L, [E LR
R DI RERE A TR L.

2. =75 22 WEREOHRET DR (KR
2)

5o M2LE, B EAKIESV F AL E — L THREBEL
o, KEVBRALVEEL, Ribvre=v ATHEREL
oL KGT, 2IED Ty bR —#IC LCRER L & RBDA LY
W R B W Bk L, PIP % 25cmH,O &, PEEP %
7.5emHO W L 22 tE FER O FIRKEIBS LRI & BAA L 7o 72

CP

I

vy |

0, =

W AT =

Fig.1. Diagram of experimental setup. Open arrows indicate direction of oxygen flow. A], airtight jar; BP, blood pressure;
CP, circuit pressure ; IV, intravenous infusion ; O, oxygen; PEEP, positive end-expiratory pressure.
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3, EROEEBEE LT, REF ACIM@BELAG, PR
ERE 06/ 5, BE EFEOMELE 1 0 LEE L.

ANTFRRBAAE 155 Bic, KEROBIIRM Y A 54T, 1 E#E
SEHER TUMEL v Py VBB YT o, EEROMEEZ R
#2155 81z, PIP % 20cmH0 iz, PEEP % OcmH0 &%
AERETXREE, TTOF» PH LT, KBEH=F
b v OEBAEKSBIE (20mg/ml) % 2ml/kg AT, JE
B 2—7 %N LTHCEALR, =¥ F ey v HEAR, 30
S PaO, RRIE LIz, 7ok, =V F P+ v EAKISH
© Pa0, #* 400mmHg LA E& R LS » MICH LT, RED
v v vEBEEALL.

—BI LA DT » b D Pa0, 5y, 200mmHg LI FIZ{ET
Lzl T, %7 PIP % 25cmH,0 Ww@&dic. L%, Pa0, 4%
200mmHg L FizET LAkA T, PEEP % 25cmH,0 08
X e, PIP % 25cmH,0 12, PEEP % 7.5cmHLO i
FTLHHFHDT » D Pa0, 28 200mmHg LA L E& Lie<
feokoBE AT, SERWINC X o MR UK ER A 7 Ric
BEL, 15981 PaO# i L. LISy I, KERKSI
L PaO, DWEEXEIEL, KENBSIT L - Th Pal, A
200mmHg LA E®RE 7 - e E R BT ERRE LT,
IEBRSENERS LIRS L v A v BB T, —ICL
22WEDT » FDEB, EbLhAIORSE TIEL LTS
&, FOMOLTOHRER T LI SEBRF L.
BRI OBIRM Z A 2 RIE L2155 #c, —f@ Lz 2L
D5y b, =7 5 27 2V R I ONBRECEFRC ST
fo. =752 2w FRIEHLTIZ, S-CK 05 8#E% 2ml/ke
(100mg/kg) HTEENF 2 — 7N LTHSES L. 5T,
HBHED S » P A EIEAC, FANERE L ORI RIFCS
i, ARRBECE LT, SEAHKY 2ml/ke HTRE
HFo—TERNLTHEE L, 7, BRENBIFCH LT,
B x 2ml/kg HTEBITEAT L LV BIUUREEfT -1
ks, BT8R, BEEHRLIUT v P OBNEEEET,
[ENWE | b fTdleh 7.

s, 15, 30, 60, 1203 X 081804 BICEHIRIM # A 447
BiTotc. iz, 1804 A ORFA Tk, | EESEOUE &
VYRR EMLE. 5y PO BRI, [EN
F 2= PWKRWEIE TV-241T (HANE, s kL,
EFERH A TP-602T (HANXHE), WR M7 v 7 AR-801G (HA
KXE) BILOH& ==y} AQ-601G (HANE) N L TK
Wiz, 7ok, Zo 1 EEZE (m) % #&E (PIP-PEEP,
emH0) EAE (kg) THRL T, BNl —MEa2 v 7547 A
wRDI. Ef, MikERD 2 vt BREYEY Ly ME
(ZV+F 5149 —]JCA-MS24, HABT, B KL OWEL
o
FERRTH, R EAKOKFETS » PRFECIE, [T
RMEL R L. 0%, KWWK % 30emH0 & T
e Vo AHBE X5 %, 10emH0 WHF LTHEEL, I
Bk L v 10% sk = U vk | RRIEEFERIE L C i
BIZE Lrc. Wiz Lictk, Wh% HE Jf LT, MAS20NE
?;%’Eﬁoﬁ:.

. #atnmE

WIEE R, Tl EEEE (X £SD) tFb L. £1F
BRIV 2EBD=Y F I+ v OBRERBETH T v b
DEEZ, Fisher O E BRI Eiw AV CHE L. Lo

DEEOENR L OB OEOKREIL, ZLEBS#S N
(ANOVA) #17- 75 % Bonferroni ® k% A, BHREK
(P) 20.05LL Th b » THEELHIE LK.

B -

I. PEEP O#RIZEY 2t (BB 1)

ZEEP #¥ 1 U PEEP D 5 » F OHhEWR, ThEth
376+43g B 118 398+37g THH, MEMCEERIRD bA
fehsote. ZEEP D F5 o M3, =V F &y vEAKNMSE
3512040 H % Tl 120Ee 5 BEAFET- L. — 5, PEEP o
Ty b, RIETNTHERE TR TERF L, AFRCmE
MehHEEENED bR, =V F b+ vOEARIIOFAR
FoleG®FNWa|K L v, ZEEP B Tt 2.3+0.8ml/kg,
PEEP BT 0.1+0.2ml/kg ORiAER PR S h, FKER
ORCHEMCTHERENRD bR,

Pa0, DE(L % 2 1073 . ZEEP B% L 08 PEEP B k#
e Pa0, D HEIL, *h FH 507TmmHg % X OF 512
mmHg T b, MEMCEEEIRDbNith 7. ZEEP #f
D Pa0, DFEHER, =V F b F v v EAHISEK
98mmHg IT{E T L (FLEERFOEIZH L P<0.05), 1205 Bt
57mmHg W{EF L7z, 7%, Z® ZEEP i LT=v F 1
* o VIEAH120% BiC 7.5emH,0 @ PEEP %154 in L4
7%, PaQ, D VHfE TimmHg & &% b, HEA LR L3Y
EENFehoto. —F, PEEP B Pa0, DEHfEy, =v ¥
FEYVEACIOIETFET LSOO, BERK TR (EAR
12045) % T 430mmHg AT HiR: &, ZEEP B le~E B
B EER R L.

PaCO, DZE{k# ¥ 3127k 3 . ZEEP B ¥ L 0 PEEP BE o kits
Bz 815 PaCO, D EHfEIL, A FH 12mmHg B X O
26mmHg T& », ZEEP Bt PEEP FC A EICEMEY

600 Endotoxin
500 l * # #
% * *
g
€ 400
E
A 300
[0
o
200
100 ? #
# #
0 T T T T T T T
-10 0 30 60 90 120 150
Time (min)

Fig.2. Changes of arterial oxygen pressure (PaQ,) in
experiment 1. Values are X +SD. *P<0.05 vs. zero
end-expiratory pressure (ZEEP) group. #*P<0.05 vs. the
baseline value. [], ZEEP group under zero end-expiratory
pressure; @, ZEEP group under 7.5 cmHO positive
end-expiratory pressure; X, positive end-expiratory
pressure (PEEP) group. The baseline value was obtained
10 min before the endotoxin injection. Zero time indicates
the time when endotoxin was injected. Note interruption
of time scale.
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R U7z, ZEEP D PaCOE, = v F b & o v AM304 B
B EREROMEIZ L~ EICH ML, 1209 HIZi2 80mmHg §i#
WWEL. ¥io, ZORETPEEP 2L <L, HERLL
RS 572, —J5, PEEP BD PaCO, L, BB TH: ¥
T 28mmHg B CHELELERET, =v Fr+v viEA
5605 H AR, RS L1200 ZEEP B e FIcE
fE&R L.

RO M &L R 4127 3. PEEP BoMgad, &
KONFERE (30cmH.0 IIFER) 25 5emH,0 WiET 5 % T3

100
80
=)
£ |
£
E 60 - Endotoxin
o
?
o 40 l
20 F
4 0
0 A 1 T T T T
<10 0 30 60 90 120 150

Time (min)

Fig.3. Changes of arterial carbon dioxide pressure (PaCQ,)
in experiment 1. Values are X £SD. * P<0.05 vs.
zero-end-expiratory pressure (ZEEP) group. *P<0.05 vs.
the baseline value. [, ZEEP group under zero end-expir-
atory pressure ; B, ZEEP group under 7.5 cmH,O positive
end-expiratory pressure; X, positive end-expiratory
pressure (PEEP) group. The baseline value was obtained
10 min before the endotoxin injection. Zero time indicates
the time when endotoxin was injected. Note interruption
of time scale.

40

(o]
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I 1 I I
0 10 20 30
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Fig. 4. Deflation limbs of static pressure-volume recordings
of the lungs in experiment 1. Values are X +SD.

*P<0.05 vs. zero end-expiratory pressure (ZEEP) group. )

[, ZEEP group; X, positive end-expiratory pressure
(PEEP) group.

1

NTOIET, ZEEP B I 0 BERICAEVERR Lz, BEltsh
RS IRV R D PR BRI, ZEEP BT 2.8+2.0x 10
ml, PEEP 8T 22+416x10/ml TH h, WkMcE s e
Bhhleh -7,

600+ Endotoxin
%— : 1 Assign-
500 LYV mentr |, Iy #
gl P * 4
Ia 400 B
€
£
o 300 -
[0
a
200
- T < z
IR 4 S v 2 4
100 4 @
ég_:_ ! ................... . .......................... !
0 T * A T T T T
-493~-158 -15 0 60 120 180
Time (min)

Fig.5. Changes of arterial oxygen pressure (PaQ,) in
experiment 2. Values are X +SD. *P<0.05 vs. both the
saline and air control groups. *P<0.05 vs. the pre-assign-
ment value. (), surfactant group; @, saline control
group; V¥, air control group. The baseline value was
obtained 15 min before the first injection of endotoxin.
The first injection of endotoxin was performed 143~478
(range) min before the assignment. The pre-assignment
value was obtained 15 min before the assignment. Zero
time indicates the time when the rats were assigned.
Note interruptions of time scale.

Assign- -
ment_. — T T

70

) )]
o o
| |

PaCO, (mmHg)
N
o
1

0 T 4 T

T
-493~-158 -15 0 60
Time (min)

T T

120 180

Fig. 6. Changes of arterial carbon dioxide pressure (PaCO:)
in experiment 2. Values are X £SD. *P<0.05 vs. both
the saline and air control groups. *P<0.05 vs. the
pre-assignment value. (O, surfactant group; @, saline
control group; W, air control group. The baseline value
was obtained 15 min before the first injection of endotox-
in.  The first injection of endotoxin was performed
143~478 (range) min before the assignment.  The
pre-assignment valie was obtained 15 min before the
assignment. Zero time indicates the time when the rats
were assigned. Note interruptions of time scale.
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1. ¥y—7 774> FVAXEEEODRICET 2R (R
2)

Y F Y VOYPEREANLRESTREETIC, SED
5, PO LR, 205y FAEERTL S EAYERA
Liz. =Dz, FER2CHWR2IE D5 B, 1682\ T
HMBEA T, 16 T7bbRED Ty b, =777 %
VR EEANIGUE, ERRBENSE, BIUORTHRESSIET
Botc.

-7 572V B, AANEE, BLIURKHBEOT v
OB, ThER 353+47g, 334£53g, 3 X OF 348+42g
Thh, IBHECEEZIFED ORI sTz, =V FhF>y
DIEEHDEANDBETH 7T v POEEE, -T2 X
v T 31% (5/16), AEARRRET 25% (2/8), kB XUEIN

—

EN [o2] o} o

o o o S
I ! | ]

Compliance (% of baseline value)
n
7

Pre- 180 min after
assignment assignment

Fig.7. Changes of dynamic lung-thorax compliances
expressed as percentage of the baseline value in experi-
ment 2. Values are X £SD. *P<0.05 vs. both the saline
and air control groups. *P<0.05 vs. the pre-assignment
value. [, surfactant group; B, saline control group; 2,
air control group. Pre-assignment, time just before the
assignment.
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W
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Volume (ml/kg)
N
=}
!

—_
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I

T
0 10 20 30
Pressure (cmH,0)
Fig.8. Deflation limbs of static pressure-volume recordings
of the lungs in experiment 2. Values are X £SD.
*P<0.05 vs. both the saline and air control groups. O,

surfactant group; @, saline control group; ¥, air control
group.

BT 38% (3/8) TH Y, IWHEHREIwh-1. Ei,
= F by v0@EE» ST ¥ TORE, v—7
72V FET28611199, £ARNBE T20911095, R I Uz
SRHBRT03L1260TH H, ZORM b IEMICAEER
bRl ote, ¥—T7 2 72V P BB ICEANBRED
Sy M, BSOS, AN RBRRTRECERELL. —
7, BEHBETIE IEARSTHI6SECET L. Lx
L, AFRCI, 3HFCERE EDbhioh 7.

BEOTINCHT - KB RRS| T, 47+40ml/kg (25 »
b, n=32) ORKERIESRL. MKERTFOROERED
EiMEIL 3.6g/dl THotz. 97% (31/32) DF v + Tik, KEW
BB % 4T - Th PaO, 2 200mmHg AR & E& ofzhy, 1L
DHO Pa0, 7 274mmHg it LR LA, LaL, £D Pal,
b, 154121 200mmHg LTFRET L, KEOKS| T LR
Ligh o7z,

FLH#ERED PaOyi2 521 £5TmmHg (£ 5 v b, n=32) TH -1z
2, =V FrF vy vEAR Y b BESEBIRIZL 10623
mmHg WET L7z, 7ok, ZhboEcix, 3HETHEREZY
Bhleh o, RSWKRT LI, SANERNS L ORI R
D PaO, DEHEL, BE4TH18040/], 130mmHg LI F (&
HTHEB L. —F, v—7 7 2 &V D Paluld, BEOVT#
154 Bz 390+116mmHg o =7 LU CERBEE L U2 EH
BEIc L P<0.05, BoTERFEEA L P<0.05), REBKT
B CHRBIEWELHF L.

H#eRED PaCO. 4% 28+ TmmHg (7 v b, n=32) Th o1
B, U F b F Y vEAKRI D BESTEMKICIL 54124
mmHg i L8 L7z, 7e¥s, 2hbofEiit, SHRTHEEY
bk ot MEICRT LI, HANBIED PaCO,DFY
B, BEOSEE & bmT aEmERL, BH5IT1804
Bzt 62mmHg W3 L (B ERTEIC s L P<0.05). 225
KBEED PaCO, ik, BENTHEOI800M, B AL RE

Fig.9. Chest roentgenograms taken in a pair of rats in the
surfactant group (A) and air control group (C). The upper
panel was taken in the pre-assignment period ; the lower,
180 min after assignment.
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Fig. 10. Stained sections of the lungs of rat injected endotoxin into the trachea. Hematoxylin and eosin stain, x200. (A)

Surfactant group. (B) Saline control group. (C) Air control group.

Molz., —F, =7 7 7 2 v D PaCO, 01T, #4
#1654 B 4lmmHg (RO EREC T L P<0.05) K{ETF

Lic. £0#%3, BEOREE & L& T LT, 1200 BLU#HK
I, FEMBREILLAADI L, BENBHCENTLES
WARWMEER RS & 51278 -7z,

HEROBN -z v 7517 v 2 OFH@EIL, 0.78
ml/kg/cmH0 (£5 » b, n=32) Thot. ITRFET L
T, KavF 547 vAE, =V S vEARLLD, BY
TERTCEEERFDOED 62% MHICETF Lic. 7o, ZhbOH
ik, SHMTHEEEYRDIh s, BT #1804 Hic il
LR RIS X O B O, #50ENRC L
NREBRELLC e otz, —F, =752 2 v M ED{E
i, FEHEEED 86% RIS E THE Lir (EARBER L OREg
RRBIR L P<0.05, BoTERBEOMECH L P<0.05). K
SWHERITERMBLRT. vy—7 7272 v } BOHEE
V&, 30emILO JfERF (FAIERF) 225 5emH0 WMFET 5 ¥
TOTANTDET, AANBRES L OEEHBREIC LN
KEWEER L.

Bowy—75 22y B (A) L R5HBE (C) DL v
FEYBEAD—FlERT. =V F PRV VEAE, TRCO
Z v F O, EEHH BB DTS RS B
HORME R W (LB, BOTH, BEBE (C) Tk
ENBDBNED o RDER LT, =77 272V FPEE(A) T
i, REFOEENBD LI (TH). vk, £ANRREOL
v FVERR, RERNBREARORRYT L.

RO i@ e i, EANEE B) LR EE
(C) Tz, MifgkEA N E <, MR hRY SHRb k. —
B, =727 2w (A T, Mk kX <, FhlakR
NOFRROBEZEANBRERS L URETRELY 40K
RS el

% £
ARDS ##RT HEMEF O~ L LTI B ™9,

FC =Y B E v VRIS IEET 54, ARDS O34 %
BUEHEINRTWDY, v Frsvit, 75 ABR%ED
MRRANEED ) RESEETH 0, WER, BERE X OHMELE
(L3 2™, ARDS Tk, BMmERANGD MEBaC #5125,
HIE B X olaknciEEs 5", [k bH X h 55k
KLy v R ESMER, T 5 P VEROHEY L o L
BERMERAEMROBEREY TEIRIEEL R TL
BT FORR, =V F bV ERER TR E 5 ARDS
T, MiAKBEAHETSZ 2ces.

ARDS DZiifkdEir, 1) BWRIE, 2) BE(LopE
(PaO,/ TR % BE 5% % [ (fraction of inspired oxygen, FiQ;)< 200
mmHg), 3) W& L v b ¥V EETEIM O MBEE O FE,
BLO4) TEIIREEAFES 18mmHg AT & HEZRTLAD,
SENEBIIRBRAE R WET 2 2 LN TEch » 700, KB
D ZEEP 2, LLOBWIEED > b7 L b 1 HE 25y
WL Twb, Fi, B2 TIRAES o P21, 2R I35
AWML TWS. Lich-T, ZhboFiz, ARDS Lar:
LTELIZ L CADEELS . fidi Uiz X 510, MK
ARDS DBIZ R R4 D a#1zit, PEEP % £fin L 7o A LK
DERCZ EXRMERT B, 208 & LT, BHL
EMRABOSEEHE LS hs L L, BENESEON
MoEELTWBEELBRTWO®, LhL, PEEP 11, L
MEXE T ILHEAXHAL?, SR ED Shew.
7z, PEEP 2#8N&¥ T L, MRARLOHEFTT 5 EF AT
BILELBRETHS.

—75, IfiAKES ARDS DFizi LC PEEP SAERIHEH
i, —EORBNEL T2 g3 PEEP 2, fi
HRMOE(LE & CfEN K B BB 52 0 EHIIEL
Th, WEMRIZ—EBL TRV Lnl, SEOER]
T, =V F v v SERICEALES » o L PEEP
PR mMT sz Lk b, PaO, DE(L A HIH Z WA
WHRYE L. B, MKERSED L, EBHHSSE
THECOEERIE SN, Sohma H® %, EREKEHICE
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E LRy FICFHMC PEEP 24+ 5 &, PaO, v HEIC
BLBRTRERELTVA. ¥, Malo 5 & Pare 5™,
MAKEEE LT PEEP %4075 &, kO REIHEK
BATHEHELTWS. SEOKE | OFERE LEROBEN
5, BENBSAMCL bhicBE, FHRic PEEP O
2, RRAEOREXHFEITL LBERTEBTHAS.

L L, FERORA A L ZEEP B LT PEEP %4
MLTh, PaQ, BH:E Lisr 7. Fio, FHMw PEEP »
ML TWTh, KEZ MR EIRP OfFhEEL ZEEP B &
OEWCERTL L, FERIEZD SOk PEEP O & &I BIf#R 7k
EFTHIDEELLRE. ZOZERL, =V P vy
MR RBA LSS, O RORRARENETE E, £
O#i PEEP i L CHEEEESELOET 5 2 & 2R
®wEhs. FHE, PEEP KRS LIigWEE LRI - 7
ARDS BECHEBT A - LM T, TOHRBEOBRNE
FhTnb.

FZTEEL, PEEP THE Lic\WHRAEDOEFEY B
HTEMT, ER2%2EMLA. ik, ZOEBRTIL, PRAR
LSO EFAOERICEL, =V F I+ v vOEAR, B
T—REThbATwb L5, EBRRMEIHE LA T
PEEP % B HMEE5 &5 FErAuvi. TORKE,
=V F b & P AK2805 BT 4.7ml/ke B O KR
WH L, 7.5cmH,0 @ PEEP % fthn L fc A TR T b sk B W EE
REBRME, 2v 7547 vADOET, AliFOREELE
RADB IOtz ¥, ZThHOBHTIL, KERRS]
1 & CRER 2 B 0 B\ T b PaO, 28 200mmHg LL iz bk
RBlishotz. Licdi-T, WRALOBEFEE LT, MkER
Wk AKEDRESCIEOHEA L5 2 L ERRORTFEE
RBLERDD. BFE, MKERZIY—7 > 22V P E2RE
ETHFARBEZEARVHIRTWS., Z0Z Enh, B
BARLOENIZ, =7 » 7 &V F ORF LIS LT 5]
BEM, METERWEELLRD.

=Ty ravriX, VVRBY ERSEL, MREEEO
FEED WD €5 2 210k - Tl & i KER O
HEBET2HETH B, MABERCE -CH~7 724
P23 3mg/ml LA T AREND &, FOBEENET S L B®E
ThTwa% b, MKERED2 V78, v—7 »
78 DFEWAIEET A Lizdi- T, IiKER HE
L, =75 72 v OBENEE ST, ML,
WAL NF T 5 L, TR T, Mm% &N
REOHRKIEZE WS L™, HKESESEHETTHEGHE
BRCMBLDEELLNS.

MBIl D —7 5 7 2 v PERSE-IYFFL AR
EEBAT, PEEP &4 —7 7 7 % v M @HBE DG T A S5
PHBEHETALHEEIATLEY, SHOER 2T,
V=T 7 AV NHRERITEMON AR, 2547
VA, RE Vb VTR R & O ORLERSEPT R e S,
FERIENED LRI, B2 Pa0 ik, v—7 727 &2V M
FH 155 LAPIC 300mmHg 3 < 0 U7e. Il b 520 i 4 P B2
Mo BN T & 0 B L iKERYS, ok 5
BEENC T2 L2 . THRERFO & v 7 BIZ LB
V=77 272v 1 OERL, RED V-7 722V EMZD
CEREDERTEBEELRTLA®, LicdisT, +—
72 8V ORI L b MREERE OREEESHE Lk

B, BRLHBORENAMEIRS & 51t h, WRREe
RETHELL-LDEELDRD.

Kobayashi 5% 1%, EBOKENEA X b HAKEE -
YHFICHL, MEHTYr—7 7 2 2 v MEEYELRELE
5%, S0mg/kg DY ~7 7 7 2 v P EMHFETEH L, RHRREHR
HELCEHEL TV, Lvl, Wb Ligeiig
FTHBHEFTVHL, L RKREREDBETIXERELES .
4RIDEER T, Kobayashi & D EERICH < 2 (55 (100mg/
kg) D —7 5 2 2 v b 2EFEES L, M2 T LK TLR
FleRERedic. Tichyh, SEOERERE, MRKERSE
LELTWTCh, KEDH—7 7272 v el ET52 810k
D, MAKBROAERERLITLETI X HEL LV BR
FE/FETHELOTLHEAS.

=V PR VERBIRFCERST2E, BEFRAEEED
WEBLEMEAFET S (AR, RRER). KTz, BR
ZOMEE DI L, FRBROEMEPVLTHET A &%
FREL, =V FrFryvaRERICESE L. LML, e
T, =V F by vRARSEMNCHICEZE L T ARDS 2%
JETAZERBTHAD . SEDERRE R BIKIEFCISET
BiedIIL, BRELD=Y F ey v e BE LiEcs L
THEARDOERVBELON DD EI X BEATILEN DS, ¥
o, =T 2 2 2V FBRIENIBICED L 3 e BBy 52 B
KOWTLRETHLHENDS. BEYETAEELL VM,
SEOERERI D, MIENENTEHES ARDS O FEiic
WL, PEEP "B Chr &S hie, Enic, KL LT
V=7 7 2V AERERIEHTESAREOD D Z L HH
SREEE Rt

#® #

Fy hOKBRICKBEH= ¥t *v v &EAL, PEEP %
L0 =7 5 7 2V FERREOHREBFA L, ROBKHEE
7o

1. 60mg/kg D=V F & v SHEWNICTEA LB E,
ZEEP FTREMICPUARE ST S, OB R4,
12043812 PEEP ML ChaE LE. —F, Y
PEEP &ML Ck< &, tFhBRDOM~DEF X ILT&E
23, WK OB L COFRAEOEST SRS, B4
EHPKGET B .

2. 53+ 19mg/kg D=V F ¥y v EKERIEA LERE
MIEM I UK i © PEEP BRI 2284, il
KEBW AL PR AN TS. ZOIREEL, PEEP %41
LAz ALRFROS TIRHESRETH 5.

3. =V F YV OSRENIEABRICR AT 2 RROR 4 D B
Bk, ABECL B —7 727 2 v+ OFHREANEELH
BLELTWAEELDBRS.

4. =/ FIrF v VvORBEREARC L ARRAZCNL
T, ¥—7 7 72V M ERREEETS L, M AR, M=
v7IAT VA, BRIV Y Y VTR B X ONEMET R ok
+T5. LrL, ZOFEPERCERET S DIk, Bk,
oy P b drvips LB LT ED»EL 2R
THLERDD.

Ei| &
WL swhich, BEMFELEARME IR vib B30
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Effects of Positive End-Expiratory Pressure and Surfactant Replacement on Respiratory Failure Caused by
Intratracheal Endotoxin in Rats Katsumi Tashiro, Department of Anesthesiology and Intensive Care Medicine,
School of Medicine, Kanazawa University, Kanazawa 920—1J. Juzen Med Soc., 105, 587 —595 (1996)

Key words acute respiratory distress syndrome, endotoxin, lung edema, positive end-expiratory pressure, surfactant
Abstract

The effects of positive end-expiratory pressure (PEEP) and surfactant replacement were investigated in 56 adult rats
which were suffering from respiratory failure caused by intratracheal endotoxin. Experiments one and two were performed
on the rats anesthetized with intraperitoneal pentobarbital and mechanically ventilated with pure oxygen at 25 cmH,0 peak
inspiratory pressure. In experiment 1, the animal were injected 60 mg/kg of Escherichia coli endotoxin into the trachea. In
the rats ventilated with zero end-expiratory pressure (ZEEP), the arterial oxygen pressure (PaO,) rapidly decreased from
around 500 mmHg to 9868 mmHg (£ SD, n=12) 30 min after the endotoxin injection. In the rats ventilated with 7.5
cmH,0 PEEP throughout the experiment, the PaO, remained around 430 mmHg (n=12) until the end of the experiment (120
min after injection), showing a significant difference (P<0.05) from the animals with ZEEP. Although volume of lung
edema fluid was significantly decreased, PEEP did not affect the number of neutrophils in the bronchoalveolar lavage fluid.
In experiment 2, the animals were injected 53+ 19 mg/kg of endotoxin, and then PEEP was increased stepwise to 7.5
cmH,O with fall of the PaO,. Around 280 min after injection, the animals developed respiratory failure similar to acute
respiratory distress syndrome: the PaO, decreased from around 521 mmHg to 106 +23 mmHg, and a diffuse infiltrate
appeared in the chest roentgenogram. Then the animals were randomly assigned to three groups. The saline control (n=8)
and air control groups (n=8) were administered 2.0 ml/kg of normal saline and air, respectively. The surfactant group (n=16)
was administered 2.0 ml’kg of a modified natural porcine surfactant (50 mg/ml). The PaO, of the saline and air control
groups remained below 130 mmHg throughout the experiment (180 min after assignment). The PaO, of the surfactant group
increased to 390116 mmHg 15 min after the assignment (P<0.05 vs. control groups), and remained at around 400 mmHg
throughout the experiment. Surfactant replacement also significantly improved the dynamic lung-thorax compliance,
pressure-volume recordings of the lung, the chest roentgenograms, and histologic findings. It is concluded that prophylactic
application of PEEP does not prevent accumulation of neutrophils in the lungs, but attenuates progress of respiratory failure
caused by intratracheal endotoxin injection. It is also concluded that surfactant replacement shows therapeutic effects on the
respiratory failure which resists PEEP.



