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SIRKFETLERESME H110% £1%5 7786 (2001) 77

fitt— 7727 % > N OBREICB ZI1ET
M3E & BRI FE R D 2

SRR ML RIRRE - BRAESZTME (EE 1A LBUR)
meoom T F

S LN 5938523 (acute respiratory distress syndrome, ARDS) T, HHERSICE ORBHRABIRMECRE L, W
P=T 77 ¥ Y P OEIRAE{LT 5. ARDS BEOBRHEIIE, #RIFREE (positive end-expiratory pressure, PEEP) % {411
LIRS BIAY b T w5, LiL, KERLRELAF—7 725~ POBEEICH L, PEEPHFEN L) 2R ES 2
DL P o TR, AEEEIE, T4, MITEKY— 772 % >+ (modified natural surfactant, MNS, 7% fifi» 5
LAY YRR EBAMY—7 7 2 v NEAEEERS ETHLO) oo FOMmEE o I3FERE S VI aLc b
Do &, WE LN R REEHOELE B A 720, SIMBhiEc & ) /K (minimum surface tension, y wa) % M%E
L RO, TRLDMIEEECOF—7 77 % ¥ FAERML TS 74 FREMEFOZEIEAL, FERTEHRNA TR
FTEOBREELNE L 72 M8 L 7 2meg/mlOMNS D y o b, BEEEY Y 7 VHICHE L2 b0 L D HHEIZ (P<0.05)
BIETH -7 40.4mN/m vs 2.7mN/m). F 7=, PEEP Z{4ML 2V TR &177% o LB T, MiFIc23#EL 72 24mg/ml D
MNS ik, Hif) Y/ AMICAH LD QIR THEICASVRAR LI RHL 2o/ (7.5 1.6ml/kg vs 149+
2.3ml/kg, ¥ £ SEM). T4 bb, MiFRkY—77 7% > F ORMIGEHEZETH & & b1, PEEPZIMLAVWEEITIZER
MThH—77% % hOMiesBETs LERSE Lo L, 2.5cmH0 O PEEP 24N L CHREAZ 74 > 2HEICE,
L 12 4% L 72 2mg/ml @ MNS A%, BEEE) ¥ 2V o L 72 b DR THBIC R E WA R £ RS €4 14.1E
19ml/kg vs 4.2 + 1.7ml/kg). §74abb, MY —7 7% ¥~ b ORMIHEMEEHEYT 545, PEEP 20 L 2H i iddEn
TOH—T P28 P OBERMIRTSE LW HARBEEELL, ZOHEBIRIE, MNS T VT IS 0mg/ml) 25
Lo b b b =A%, a7 ) YEE Qomg/ml) [ LABE BRSO Rdo 7 DEOFRLY, TLT73
VRHEEREALAOTEAYEN IO TH L EF L b, £, PEEPRMMNLZRAE TR - LB EDEFATOY —
TP sy OMEEE, RERIFICIZFREBELLEANHD LB SN, 4%, ARDSEZOHRBERREELLD
W, =77 sF N, TMWTIVBX U'PEEP D3 ZNMEEA % S HIZMHATALENH L EELLNS.

Key words albumin, globulin, positive end-expiratory pressure, pulmonary surfactant, serum

=774 &, WRORBREICREREBRLT
FEES & Wi & €5 EM GREGEER 28 L, RANF
FERIRoTVWANETSH H. BUEWRTEHEERRE (acute
respiratory distress syndrome, ARDS) Tid, HiEHIME OB
PASTCRE L, MR OB+ 2 RAKIER & L TRz L
T =772 %> b EFRTEY2. & 512, Withelmy Bl
LRI & Y ORERDE AV ECENTIET
W, MEEOTVTIY, FaTYy, 747N =72,
ANEFOE VR EOBERRE, Y7778 FOEETEE
THIENFHLNTHAI Y, LdtoT, KEBRIZE B HY
— 7725 v b OFERLEEEE, ARDSIZHIT AR
D—2NBEETHDEEX LTS DY,

LA L, WEENFRROAD S, EEATOMY—7 77
S OERARHETE S W) MEEEIE 2. £ <1, ARDS
OBREZZAV SN LRERERE (positive end-expiratory

TR 124811 A 27 B&A, FRI3E L AI6HRE

pressure, PEEP) # M LAz AR T T, ir—7729 >
k ORI R & TR RE DB T B Bl w T,
Fm DT R b TV v, SEEEE, MTERY—7
7 7 % » I (modified natural surfactant, MNS) % ILiF < L
7o REBREOW A A @IMERED) &, t0RBRKE
=77 7%y NRINEIY (79 FRBEF OIS L
TALME % AT o 2 ROMA N F L OMBRIZD E, PEEPOA
MIZESEBOTHRE LA, 8512, MNSE27LM73vB X
B7ra7) YERIZRE LDV ThH, FBOWE 17
ol

B L UFHE

L. EH0RE
1. MNS
MNSi, 7% O, ot Lz, 9, Jieiw

Abbreviations ;| ARDS, adult respiratory distrss syndrome; MNS, modified natural surfactant; PEEP, positive end-
eXpIratory pressure; y ma, maximum surface tension; y mi,, minimum surface tension
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OMBIRS % &L (150 X g, 1000) CThiE L, RWTLEx:
BU®L (000X g, 1RER, 4C) LCHE (BEE) &7,
BBz 7unALLERAY 7 — b (2 1) ODRETEEN
%, BBESEAHE LY, S5I1205%0REREMA VA
Folch sE# O CHE LI 4, 71 b ykBEIC L D PHEEY
PALATFU—LERELLZLDEMNSE L, #EHEHELT
RIEEL7. ZBMNSIZ, 98.0%DY Y I8H, 09%DIRIEEL
BT, BLUL1%OBAMEOY—7 775 FEEBBS
& U C (surfactant protein B8 £ UFC, SP-BH L UFSP-C) & N EL
NToTWBELDTHEY, (E1)

2. mwiE

By Y ¥ (AABeR) » o MEEEE BV IcRItL 2
BRI % BRGRE S 470, &0 L TSRS 2B, #bh
7iiElE, EREERE % ABL 600 (Radiometer, Copenhagen,

Table 1. Composition of modified natural surfactant (MNS)

Composition Weight (%)
Phosphatidylcholine 66.2
Phosphatidylglycerol 7.7
Sphyngomyelin 74
Phosphatidylethanolamine 6.2
Phosphatidylinositol 4.6
Phosphatidylserine 4.1
Other phospholipids 1.8
Fatty acids 0.4
Cholesterol 0.2
Cholesterol esters 0.2
Triglycerides 0.1
Hydrophobic proteins* 1.1

The lipids were assayed by thin-layer chromatography.
Molecular weights and protein amounts were determined by
sodium dodecylslphate-polyacrylamide gel electrophoresis and
amino acid analysis, *<16 kDa.
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Fig.1. System for the recording of tidal volumes in immature
newborn rabbits. The animals were tracheotomized and
treated with test liquids, and kept in plethysmographs
(capacity=10 animals). They were connected in parallel to the
respirator which was set at a pressure-controlled ventilation.
The tidal volume was calculated by integration of pressure
difference across the flow resistant tube attached to the
plethysmograph. O, 100% oxygen; ECG, electrocardiograph;
FRT, flow-resistant tube; DPT, differential pressure
transducer.

Denmark) T, EEHEEHE & % Clinanalyzer JCA-MS24 (A4
F, ®WE)T, Y ¥ I§E &% &% Phospholipid- TestWako (13
WiE, KR CTHIEL, —75CTREFLE.

3. FATIZELIUTOT VR

TIT I r@EBE LT, THFILED S RIS AR
FAKD T VT 2 v A0764 (Sigma Chemical, St. Louis, USA) #
Y Fvil (BEHES, ) B L 40mg/ml DRI L
RAOERELS. a7 B LT, AL vHEm
HH LIRS Nk ofE s o7) G (1gG) G2018
(Sigma Chemical) #BEfg') > " VI L 40mg/ml )i 5
KLAEbDERELL &8, Tho0y v RiSH+T0 )
YIREOEARY, IEOHELAMOFETHNE L.

4. FHERER

BT IE, 773 8, 727 VEus L Ok
YH VO FNEFNIZ MNS % 2mg/ml F 7213 24mg/m] & %
HBENIHEESELRBEEERLL. $4bb, M
2mg/ml D FE T MNS & G & & -3 % S/MNS-2 & L,
24mg/ml DWERE THEL S /R % S/MNS24 & L7z Bk
W2, VT IV, a7 VBis L OEER) CSvie
FNFNIZMNS 2 2mg/mlOWETHHEELLOE,
A/MNS-2, G/MNS2H L U'R/MNS2 & L7z, 72, 24mg/ml
DRETHESEbD%E, A/MNS-24, G/MNS-24 3 L U°
R/MNS-24 & L 7=,

. shryREsRD ORE

SRR O BBRE & RUEHB BRI ))& (PBS, Electronetics,
New York, USA) OlIER (B =231 12 AR T37TCIZiRL
7d 2, BEBHPICREEMHERLLE. k0T, KRt dE040
~ 0.55mm @ [ T 40cpm O B2 & 1) B S &7z, 55 WMD)
SER, FIHOKESHPRNERKOBOETED, T4b
b i/NRIERRT) (minimum surface tension, y ) & RAFKEIR
77 (maximum surface tension, y m %, ZJAMRIOERE (AP)
&R R) A 5 Laplace DR (AP=2y /R) 12 & W EH LAY,

M. 7Yy FkREEFERGEZRAIE

1. FEER1 (MNS+1iE > U — X)

1) %EBR1-a (PEEP % 440 L 7 Wi & SZER)

I 26 F (25 F 160/ & 23WEH) DIEIR Y % (AP
BFE, WUEER %=831H) 2~X>¥ PNV E ¥ — IV 20mg/kg P
HEICE DMEL, WO CREERE s bl
FnH) b, KEITIE~40gDbDEEROMRE L, BIEMIZ
Ry PSVEY =V 05mg IS L. KEIC187 Y 0&H
N a—LEiA LR, FEORT G~107) % R/MNS24
B (n=13), S/MNS-24% (n=14), R/MNS-2# (n=10) D 3#(z
EEAIZT, AEORBRE, 2L+ 10ml/kg» TRE
MLUTHIAICEALE., LEROBEFETLAER, KBTE
TCW R TV AFES T 7HE™ (1) ORBEMICIL
BL, AEOSRFORMIET T2 E T5ecmH,0 DHEFE
% (continuous positive airway pressure) T (27 & & 72,

ERFOEMBHFET Liznb, BN 702 240.02mg
ZIENERN RS U ClaF 2 dEsh b L, FEEsNO MRk TS
(intermittent positive pressure ventilation) % BA#5 L 72, AT
TR 32 1%, Servo 900B (Siemens-Elema, Solna, Sweden) % i\,
BRI SE (peak inspiratory pressure) 7%22.5¢cmH,0 & 7% %
LW, EBIEAEZAZ LI > THMI L. 2B, RER
T, BRFBEPEEP R FIML 2 o7z, $72, MREHKE
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155B40H, BREIFEOBMOLIE1  Liofe L, TR
FAATHERE R B, NTIggEo 7 AFHED LRIE, [
Bzl 5 SHERIEF O FHIRAE D 1065 E (10 1/7) &
ses L7, EEII ATMESROBBHRELFHERL, &
LSS PMRI- T WA Z L MR L 7.

BENSEERTIEEE LT, SBFORABOEBESDT
iz, KBS S 204 MlE L. MAREERAEEREICH
FEOFIIEINE B L, ZEF (TP-602T, BARE, ®
B TR SN EEE RO (AR601G, AALE) IS#NT
ke 72100,

BEBROWMESKRT LoER, ShFoLERZREL,
QRSIEDIEBEH 1S FIZ 1208 L0 b 0% 7B (7T F

KNG O T B0 240 ~ 320 /4)) £ L7z 0%, &
BORY FOVE Y — LEBERERICERS LTHRFERRL, &
BREG I CRROFELRR L. B, fREROLEHME
R RLER 2 S BRAL LS.

SIOHER, STCTHOEET T 1IFMRE L THzEEC
ERL S D &, BMiFEE BRBONER BRERGHEE " I8
L7 SEAE% 0cmH,0 % 5 30cmH,0 T C60H T LI
5emH,0 T 0B L& &4, K\ TRBIC0emH,0 & T
Ta¥, FOBROMAENEEREL L.

2) B 1b (PEEP %40 L 7= B FEER)

Ehl-a b AROFECHEBEN T FRUBFE
R/MNS-2¥ (n=14), S/MNS2# (n=17), M EIRFE (n=6) B

Table 2. Constituents of electrolytes and organic substances in acetate Ringer's solution and rabbit serum

Constituents Acetate Riger's solution Rabbit serum
Electrolytes (mM)

Na* 130 140

K* 4.0 4.1

Cca** 1.50 1.54

Ccl 109 101

CH,CO0"~ 28 0.05
Organic substances (mg/ml)

Albumin - 41

Globulin - 13

Phospholipid - 0.26

Table 3. Dynamic surface tension of test liquids

Test liquid (X;nfl) Vehicle AT s
R/MNS-24 24 R-solution 1.8+0.4 31.5%1.0
S/MNS-24 24 Serum 2.0%£04 31.1£0.8
A/MNS-24 2% A-solution 3.0£02% 28.240.3"
G/MNS-24 24 G-solution 2.5+03 28704
R/MNS-2 2 R-solution 271202 35.0£0.6
S/MNS-2 2 Serum 40411.9%* 56.20.8%**
A/MNS-2 2 A-solution 20.9£1.5%* 40630
G/MNS-2 2 G-solution 2.84+0.2 37.943.0

R-soliution, acetate Ringer's solution; Serum, rabbit serum; A-solution, 40 mg/m] albumin in R-solution; G-
solution, 20 mg/ml globulin in R~solution, ¥ min, minimum surface tenision; 7 max, maximum surface tension,

Values are X£SEM (n=5). *P<0.05 vs R/MNS-24. **P<0.05 vs R/MNS-2.

Table 4. Characteristics of immature newborn rabbits in Experiment 1

Number of Bod
Experiment Group rabbits Nug;t;gl; of prﬁzzgfhr (?rfax wei gﬁt
examined {XL£SEM, g)
1-a R/MNS-24 13 0 0 27.8%1.2
S/MNS-24 14 0 0 27.7x1.1
R/MNS-2 10 1 0 24.1%2.1
1-b R/MNS-2 14 0 0 27.1%1.2
S/MNS-2 17 0 2 24.7+1.1
Serum-only 6 2 0 26.0%=2.4
Control 5 1 0 254108
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LU HBRE (n=5) DABEIZH 7. BT2EICRAAOKEREE,
I35 B A |2 XML O & F RN 10ml/kg H TREE AL T
WRICEALE, &8, HEROMICMIRS Lidork.
Ok, REBRTRIESREGE LY 2.5cmH,0 ¢ PEEP % {411
LCATMER 2 477% o 7248, #OMOBAEFRIERLa LR
Lol $£7, BEE, £F%, SHOFES L UHERHE
WOTE b EB 1-a L O FETIT R o 12

2. EER? MNS+IEERY Y —X)

1) 3EEk2-a (PEEP % finL % W IRAEER)

EER] & RO FHETHER L2y ¥R AT 2 R/MNS-24
B (n=13), A/MNS24% (n=14), G/MNS24 % (n=14) O 3FIZ
FiFt. FRENICAZORBRE L 10m/kg H TREENLT
MPICEAL, ATIEE BB L. FERCOBRRAEMSES,
EE1a £ {FLTHY, PEEPIIMILar oz, EHEOW
ik, ERIERALFETITRo .

2) FEEX2b (PEEP % {0 L 72 MR EER)

LROBEREABOFETER LAY FRBBTFE
R/MNS-2# (n=10), A/MNS2% (n=12), G/MNS2%: (n=9) ®
3EICHT . FRENICAZOREEE 10ml/kg H TAEE
A LTHPICEAL, ATMRZBEL 2. RERTORIRSE
HIZERIDEECHALTH Y, WARE L R 2.5cmH,0
OPEEP %MLz, E7:, FHoNEE LENEERLRFL
HETIT o/
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Fig.2. Tidal volumes of animals ventilated without positive
end-expiratory pressure in Experiment 1-a. The peak
inspiratory pressure was set at 22.5 cmH,0 throughout the
experiment. [, animals given 24 mg/ml modified natural
surfactant (MNS) in acetate Ringer’s solution (R/MNS-24
group, n=13); M, animals given 24 mg/ml MNS in rabbit
serumn (5/MNS-24 group, n=14); O, animals given 2 mg/ml
MNS in acetate Ringer’s solution (R/MNS-2 group, n=10).
Values areX + SEM. * P <0.05 vs R/MNS-24 group.

il

V. #eEtas

RBEEOSRERLEFEOFEEOHEICIE, Fisher®)
HEEEEEE AL, 2omoNEERICOVTE, Y
fE+iEEEEE (XL SEM) TEL, SHOHEToLI R,
Scheffé DH BT A P CHEELHELZ. wihd, f&
B (P) 20.05 AT AE & L

B 1

[. EHOMER

EBRICHE Ly FEOBMEIRE L, R2ICTRTL
2, FRUBA, AVIABIUAINMYTLAOEL T VICHL
T, BERRY Y VL IS LW EF LT, E,
MmN 7VTIvEI0T7ra7) Y OEFRIE, FhEh
dlmg/ml B & U 13mg/mlTH o7z, kB, 747N/ —75>
i, ERTCRELTEY, R Shid o, FRDY M
BOREIF0.26mg/mlThorlz. —J, TVT I VERBLY
yu7 ) ERT0) YIREBER, RBRERT
0.01mg/ml L F) CTh o7z,

I. EpRIRERD

#312RT L5, MNSOREN 24mg/ml DB, &TO
SEATE (R/MNS-24, S/MNS-24, A/MNS-24 B & UFG/MNS-24)
Dy mptE3mMN/MELTFTHY, 7 b 30mN/m A% Tdh - 7z,
L L, R/MNS2412H, A/MNS24D y o & ETE <, ¥ o

N
o
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N
(]

20

0 10 20 30
Pressure (cmH,0)

Fig.3. Deflation limbs of static pressure-volume recordings of
the lung-thorax system in animals ventilated without positive
end-expiratory pressure in Experiment 1-a. [, animals given
24 mg/ml modified natural surfactant (MNS) in acetate
Ringer’s solution (R/MNS-24 group, n=13); M, animals given
24 mg/ml MNS in rabbit serum (S/MNS-24 group, n=14); O,
animals given 2 mg/ml MNS in acetate Ringer’s solution
(R/MNS-2 group, n=10). Values are X =SEM. *P < 0.05 vs
R/MNS-24 group.
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HETENMETH o 7.

MNS O FE A 2mg/ml D4, R/MNS-2IZt-, S/MNS-2
Dy i 38MN/M, ¥ i EH2IMN/mBENVETH o 72
(P<0.05). ¥72, A/MNS-2D y o b R/MNS-2 1 lb~#
18mN/m EWVETH o 7= P<0.05). Zhizx LT, G/MNS2
OEIYFETERS I, R/MNS2 DI TEHERREN o,

. 4 FRMIATF 2RV ARE

1. FEBkla

4 FBRICET L1, R/MNS24# 0 133948 X U'S/MNS-
UBO 4TI EFIAEFE L, L L, R/MNS2HETIZ10H
DIBIFPFFELA hb, EEEECERP AN RE
Lizb gz, REEMCETR, TRORBERBLUHKEIZ
ERERZDD D07

M2 lzER1-all BT AMARETRT. R/MNS24 BB X TF
S/MNS-24 BEDHeSfE, HMoZBe & bicfmLlze P<
0.05). LAL, MEMCHLI2ENBDONL. Thbb,
RE B 20 R OMA R IE, R/MNS24 8T 14.9 + 2.3ml/kg
2L 7225, S/MNS24BETIIMERFD 754 1.6ml/kg 2§ &
Lot (P<005). %3, R/MNS2EOMAREE, LKA
T b 2ml/kg A FCdh o 72,

31738k 1-a o 31T A IRTE RO M ER A % R 9. 30cmH,0
DOIED & 15emH0 IHET 5 3T, S/MNS-24 BED &Rk i,
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Fig.4. Tidal volumes of animals ventilated with positive end-
expiratory pressure of 2.5 cmH,0 in Experiment 1-b. The
peak inspiratory pressure was set at 22.5 cmH,0 throughout
the experiment. O, animals given 2 mg/ml modified natural
surfactant (MNS) in acetate Ringer’s solution (R/MNS-2
group, n=14); @, animals given 2 mg/ml MNS in rabbit serum
(S/MNS-2 group, n=15); A, animals given rabbit serum only
(Serum-only group, n=6); A, animals given no test liquid
(Control group, n=5). Values are X &= SEM. ®P<0.05vs
R/MNS-2 group.

R/MNS24 BOMERE L ) b ABICASWERFR L. BB,
R/MNS2EOI S X, 30cmH,0 OIIED & 5emH,0 (= IREY
BET, MO2BELEUNTHFRINSEZRLL.

2. E£B1b

FATFEBISRET £ 510, R/MNS2BD 1438 £ UFS/MNS-2
BO1TTEAFIER L. MBEEBEO6HN ) 2L,
HEBEOSIO S b 1HAIEE L. $7=, S/MNS-2# D 23]
PEBRTICEMERE L. LaL, SRECEESR, RGO
REEBIUGEIEEELRAD LYo .

M4 ERLDICH T2 REEERT. R/AMNS-27Ed L O
S/MNS-2 BDIR&AE I, BEOBAL LbEmLA (P<
0.05). L7 L, &@Ei@%@ LT, S/MNS2EATR/MNS-2 &
DbREVIGEERLE (P<0.05). Thbb, HWABIL20
S OR/MNS2 QRS RIZ4.2 £ 1.7ml/kg o § E - 72
A, S/MNS2BETIH3EM LD 141+ 1.9ml/kg 1L 2. &
B, MEEHEESIUGERORAEE, LORETY
2ml/kg LT Tdh -7z,

B5ic S 1-b B 2 REROIE Rl ERT. S/MNS-
2D EIE, 30cmH,0 ®INEMIC 60.4ml/kg T&H Y,
ScmH,0 (IRFET 5 £ T, R/MNS2BEOMEE L 0 b 4 M (=
KEWHEEF LA, —7F, LiFEHBMES L UMENE T,
30cmH;0 D HIERT b 12ml/kg B O RE L 1% 5 L% A

80
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Fig. 5. Deflation limbs of static pressure-volume recordings of
the lung-thorax system in animals ventilated with positive end-
expiratory pressure of 2.5 cmH;O in Experiment 1-b. (O,
animals given 2 mg/ml modified natural surfactant (MINS) in
acetate Ringer’s solution (R/MNS-2 group, n=14); @, animals
given 2 mg/ml MNS in rabbit serum (S/MNS-2 group, n=15);
A, animals given rabbit serum only (Serum-only group, n-=6):
A, animals given no test liquid (Control group, n<5) Values:
areX + SEM. *P<0.05 vs R/MNS-2 group. '
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o7z, B, R/AMNS2H L MEEMERLHBEL OBIZIEHE
EEAFBOONRP o7,

3. %EBk2a

FE5EBRIZRT X9, R/MNS24 80 13739, A/MNS-24 F
D147, BIUG/MNS24ED 4T OBV EF L. —FH,
R/MNS24 B0 139, A/MNS24E D 1718 L UI'G/MNS24 D
2THERPIIEERE L, LaL, SERTEES, K
HMOBRERBIPRBECEERZTZ ORI o7-.

H6tEBR2-allBIF2MAELTTRT. R/MNS-24 8,
A/MNS24 B35 L ' G/MNSUFED VTR OBEDREED, B
BBl LdicHmLl (P<0.05), BRMAK2205HIE

H

12ml/kg Bl E %R L7 A/MNS24BEOMRAEIE, Mo2B:
HRTKEVLDTH o720, BEEZEEO P72,

M7ER2-alcBToREROMEERMBE LR T,
30cmH,OMEKE O R/MNS-24 %, A/MNS-24#B L O
G/MNS-24 BEDO iR & X, €£N#N56.8ml/kg, 66.4ml/kg,
BLU63.8ml/kg THo7z. THHLIFEOMARIZIE, £To
ETEEEzRO R/,

4. FEE2Db

FTETERIZRT L1, R/MNS2HD 103], A/MNS2# D
12 B L UG/MNS2HEDITD &GV EF L7z, £,
A/MNS2HEDIPHFR L FE L. L L, SEEHTETE,

Table 5. Characteristics of immature newborn rabbits in Experiment 2

Number of Body
Experiment Group rabbits Nugr;:: of r{:r:}g;ﬁ (?rt;\x weight
examined P (X=£SEM, g)
2-a R/MNS-24 13 0 1 28.14£0.9
A/MNS-24 14 0 1 26.01.4
G/MNS-24 14 0 2 26.1+2.5
2-b R/MNS-2 10 0 0 274%+1.4
A/MNS-2 12 0 3 28.6+2.1
G/MNS-2 9 0 0 27.7£1.5
20T
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Fig.6. Tidal volumes of animals ventilated without positive Fig.7. Deflation limbs of static pressure-volume recordings of

end-expiratory pressure in Experiment 2-a. The peak
inspiratory pressure was set at 22.5 cmH,0 throughout the
experiment. [, animals given 24 mg/ml modified natural
surfactant (MNS) in acetate Ringer’s solution (R/MNS-24
group, n=12); [s], animals given 24 mg/ml MNS in 40 mg/ml
albumin solution (A/MNS-24 group, n=13); (M, animals given
24 mg/ml MNS in 20 mg/ml globulin solution (G/MNS-24
group, n=12). Values are X = SEM.

the lung-thorax system in animals ventilated without positive
end-expiratory pressure in Experiment 2-a. [, animals given
24 mg/ml modified natural surfactant (MNS) in acetate
Ringer’s solution (R/MNS-24 group, n=12); [s], animals given
24 mg/ml MNS in 40 mg/ml albumin solution (A/MNS-24
group, n=13); [N, animals given 24 mg/ml MNS in 20 mg/ml
globulin solution (G/MNS-24 group, n=12). Values are X +
SEM.
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Fig.8. Tidal volumes of animals ventilated with positive end-
expiratory pressure of 2.5 cmH,0 in Experiment 2-b. The
peak inspiratory pressure was set at 22.5 cmH,0 throughout
the experiment, O, animals given 2 mg/ml modified natural
surfactant (MNS) in acetate Ringer’s solution (R/MNS-2
group, n=10); (®, animals given 2 mg/ml MNS in 40 mg/ml
albumin solution (A/MNS-2 group, n=9); (@, animals given 2
mg/ml MNS in 20 mg/ml globulin solution (G/MNS-2 group,
n=9). Values are X & SEM. ¥ P<0.05 vs R/MNS-2 group.
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Fig.9. Deflation limbs of static pressure-volume recordings of
the lung-thorax system in animals ventilated with positive end-
expiratory pressure of 2.5 cmH,0 in Experiment 2-b, O,
animals given 2 mg/ml modified natural surfactant (MNS) in
acetate Ringer’s solution (R/MNS-2 group, n=10); ©, animals
given 2 mg/ml MNS in 40 mg/ml albumin solution (A/MNS-2
group, n=9); (@, animals given 2 mg/ml MNS in 20 mg/ml
globulin solution (G/MNS-2 group, n=9). Values are X *+
SEM.

EElE A 4 V1, MNSORMEHFHER 7 FRAKFOMARS
BIERICIZLA LB LV ERESNTVEY, LzdsT,
AR OEBAERORITIE, BREOMEZEARLTL LY
LEZLNS,

FAFGEMA Lo R B miR A ¢k, BB o
LM eic AT, MAEE R CEETHE ST
BERNENETSE, COZEDD, 7 mn EIPERRERN B
A OREBRISAHY L, FOMEA10mN/m %82 %3
BRiit, MO 2805 IENTERVWETEbLTY
HYB  AHOPET, MNSOBED 2mg/ml D&, ML
RTNTIVNTEY y w5 20mN/mBA EIC ER L7, TAb
b, MERLT VT3 ik, MNSORM G HET 576
HdHodEV) FERDIBEI Ve —FTAFAIBONL. —75,
MNS D& A% 24mg/ml DAL, MR TLVT I VHHEEL
TWTh, v mldBbL b0, LhL, ZOFRS, H—
Tr oy rOBENEITIVE, HEERIZITHE X m
EVIREROMEIZTELAVEELOLND,

TEIB26 Qo+ FhREFIZ, AColfit—772% > b
ARMLTBY, ELETHEHIml/kg D EOBEEL RE L
W, MESNLF—T7 72757 POFHICRE- R R %R
TLRESATWE 0 SHOERTH, M5 Ledy
o 72t EBECIE, PEEPZ ML Th 2ml/kg LT DA E Lo



84 mn

BB LN TEL P07 (EBLD). —F, R/MNS24 &5
LR ofsEl, PEEPZMNL % < T 14ml/kg A EIC
EL7: (EBLle). Lo, SEAOERICHALLEME
FHiEd, SRBREORABREINEAZRETSHMICELLD
DLYETINE.

PEEP {0 L% V454 (B 1), S/MNS24 % R/MNS-2 i,
7 maDR/MNS24 L FILETH B 12022 h 5F, RAREH
MERDHI NS ol ZOERE, ¥—T7725 2 b0
BLZHFE L AR TOMEILTLE—HLEWI L &R
LTws, Lal, FROF—FCIE, WHEHEOBRENE
FEBRLTWAETHAD. Ebic, HEEROBYOMMNIZE,
BENBSEIZHAYT AR (~ 30ml/ke) OARIFEELTE
P B XN MNSIEBRIICHERMENLE. LidoT,
MNS O EMEIZ3 T 5 ILiE O BEERIRIE CRA Tl b
EibNb, WTFRIZLTD, y m & PEEPZAML T AW
LB 1A TORKEOR—KIE, EROMELTELY, EF
M EEAERETAOOTREVWEZEILNE,

PEEP i, ARDSBEEQME AT AR L ERICHIRE €S Z
LHE, T, ARDSO Y HFOEED IR L 72K @R
OF =775 %y bOBED, Img/mMTFThoizbiE S

NTWA®, EBRILbTIE, ARDSOREBIEUEZEED, .

BatF o353 A BERT T O MNS DB % 2mg/ml iR & &,
AL IEPEEP 243N L 7z, R/MNS-2 BB &L,
PEEP % 41N L 72 W54 (38 1-a) 2ml/kg BT T - 727%,
PEEPOAFINIC & Y (EE1D), BT R68INLA (REMHE
204%T42ml/kg). ZhuE, ¥—772 5 > OERA?EIL
Th, PEEPIZ X Wil BRI Shiced EEX bR,

LA L, £B1-bTH, 40mN/mM LDy qn®#RL -
S/MNS-272%, 3mN/mBFDy mn&RL7ZR/MNS2& D, &
FiIoRE (MERERHMSE. Thbb, WELFMNEH
REECATOBNPFELFDHEFRERT L VI BERIELN
7=, AHIC, BEROHEEMMD y mOFTREBDREE
RL7. 2B, NFEEBBROBRREOERILAND L1,
MEBH R —T 727> DL RIERFRV., Lizdto
T, PEEP M L7 EBR1D ORI, 5y mu SEERRTOY
~7 778 NORRAPHRT AHE EERAR) 2RLTS
h, INFTORMLIEL ERobDLHESINS.

COMRBEROERE LT, ITERBEOMBANOEERE
PEBTHLENDA, SEOERTIE, WRRICEEL
MNSOERSFRELENTZ T LA EL o7 L1 L,
FHERICEASNLHEEORBIEEE L, HEOBVEIFR
WL EbhnTwa, BB vV, miE O
HoPICEY. LadoT, HEOEV S/MNS2 20 &
WR/MNS-2& b & (i ichET 2 LidEX#L, MNS
OBEZEENETCHRRAKZHATL2OIRETH L %
25,

—fRICF—T7 77y v FRTRETE, R~0REEEL N
MmMERHLD, y=772 8 Y P REALLERCSENTLEE
EOLEHBREEToTWwAE™, L, 4ROERTH, T
DEBIBRAEERLE. 202 Ehh, BREITHRERNICHEN
L7-BERIE, EASHZMNSAERM L & bICEMNL 272
THEEZLNE, Thbh, BAEORENLEME, HER
WORBREEENELEEMLZbDTHA . —F, BRE
DEFFHIEMIL, HRBEROBFEICHEELC, ERlaklbd

H

WHTHED N, LidoT, BRBEOHB2LRTYH, &
B OMREEEOEIMHEBAROERTH S £ i3E v,

HEBLOBFEORRICIE, MFEFOVWLEIWEFHE L
TWIOhERETALENH S, LI, MFFICEEIT
WBY VIED, Y—T 7y v LTOBEEERBELTH
FBESE b0 LTRELEETER Y, ZOZEEHHT
Bizih, SEIGER2 L LT, MELHEBLAREDOT VTS
VT (0mg/ml) BLUT U7 YER (20mg/mb) #AW:
FMORE 2470 7. FOKE, PEEPEfIML RIS (%
Bi2a) 7 NVT 3 OER BT Ry o 7225, PEEPZ
L72ige (ER2D) &, 773 rA0E & FcRERZ N
MEe7. Thbb, HKBEEEL75 LEREREN 1D,
TANTIVThHEEEHRENLFEREG:. B, TV7TIV
BRI VIRESEEAEEELTW R ol Eh b,
miEdcEEn o) Y IREFHRKBRORRWETHL &
V) TEEMEIIBE S .

—%, MNS® y mn 2 BIL SRR Do/ s 0T ik, JER
2b THMRBELEMS ST, HRHARE 63 B0k,
Thbb, SEAOREDFTT) W, =77 757 MIH
THEADNTNL DL ER LN, FEOMES L AMOMIRE
RLI. 72, MNSOMB LA MR KN T oM E 123
LT, TA73rkyo7r) v 3&d B tEHERT &4
WENBHRTH o,

SEOEBRTE, TVT Iy HEEESE® b 20T HEDR
D1oTH2 EHBELEY, AREOLOOWEIIMATE &
Iotz, B, TATIVRIOTY) rOREFELEEHR
e, EELEOSTHE, BROBEBIUpHZE LY —
TPy POERICHELEZRFLLETHASS . T,
PEEPOEEIZ L AHKRAROELIAETLLEFH S, T
D L3, SERETREAES V. LHL, SEOER, G,
PEEP % f4hn L =&, MR 7 V7 3 v iiaic i Lz
Bz, =777 5 POEBEREEMTIBENHD LK
smahi. Tbb, PEEPRMIMLAEERE, Riv—772
y v+ OWELENITR L EEBREORAIHERKT B8 b H
B EEmEn,

BENL A, KFETRVE &R & RHERKAEOHE
EIC RS R, v ERBRFORE X, BRI
ARDS R LT 2w, F7z, SEMA LMK 7 1 7
J—FrBEEERTWRY, L L, KEfFEE, PEEP %N
L 7= BRI & ) ARDS BE O FERASTIET 2 & v ) BRI
TREROE MY —T7 72 Y POELSEMT LD L
Vi85 . ARDS DIHEEE% & 6 (JEKE S50, MK
HENEBHELPEEPOMEIZL B —7 727 5 ¥ F DERIED
AT 2 e, L ICHERRROBFORPAIERTH S
EERD.

f& B

MEW X WY —77 2% v bIFRENIGE, Y—7 5
7% v b OYBILEN L REFEOE(LE ATIFHR %175 T
BEEKNTORIEN —HTA0E» 12D &, PEEPOFEIZTE
BERBVWTHRE L., $4bb, MNSZIME T 72 dFkER ) o>
FVIECHBLARBRRICOE, EHEELATCON -7 7 2
&V RHFERML T2 73 FRARFOMAIZEA L TAIR
Ex T -BOBREOERMEHELA. 51, MNS% 7




P Ty F Y MIB LTS & ERIFRBEO RS 85

LTIVERB LU0 VBRI LBEIIOWTE
RBORE 17, UTORREEL.

1. MRy —772 %> FORBIEEEBET 2.

2. PEEP 2L WA T, MFXREELEL EE,
EERTORY— 7729 FOBEETEET 5.

3. PEEP#fI1n L34 Tid, FEEHOFFRICKL, M
HIIMEREPHMSEE L VI HERRREDLHT.

4, TNT I BTG, IEEFRBRICHEKRRE 26T,
Fas) YEREIORREL L E v,
BlEXy, PEEPRMIMLAALRRFTIE, $—772% >
N OEEIENE & AENTOEBIELT L O —E L&y Il
niz. 7, TAMTIVHFHEREEL O TEEWRNLD
ThHoEHEENSD, FEROBFEIMAPTEL» o0, M
VAR L 72 B 0 Ak BE ARG 12 1B Y9 B ARDS 0 IR 3
ElzowTid, iv—772% v, TV73I¥BLUPEEP
O3FEOHMEMER % &5 ICHATAILENH L EER LI

it fi

BWERLAICHIY, HEHEEEMEMERY £ LRI BRI
MBI LET, £, SHERFCHLY, THAVLLENLZR
M- BRAEEMEOMKGE S, HRDFOR 4L, ELER LT
7.

X 2N

1) Jefferies AL, Coates G, 0’Brodovich H. Pulmonary
epithelial permeability in hyaline-membrane disease. N Engl]
Med 311: 1075-1080, 1984

2) Holm B, Matalon S. Role of pulmonary surfactant in the
development and treatment of adult respiratory distress
syndrome. Anesth Analg 69: 805-818, 1989

3) Kobayashi T, Ohta K, Tashiro K, Nishizuka K, Chen WM,
Ohmura S, Yamamoto K. Dextran restores albumin inhibited
surface activity of pulmonary surfactant extract. J Appl Physiol
86: 1778-1784, 1999

4) Wang Z, Notter RH. Additivity of protein and nonprotein
inhibitors of lung surfactant activity. Am J Respir Crit Care Med
158: 28-35, 1998

5) Cockshutt A, Possmayer F. Lysophosphatidylcholine
sensitizes lipid extracts of pulmonary surfactant to inhibition by
serum proteins. Biochim Biophys Acta 1086: 63-71, 1991

6) Amirkhanian JD, Taeusch HW. Reversible and irreversible
inactivation of preformed pulmonary surfactant surface films by
changes in subphase constituents. Biophys Acta 1165: 321-326,
1993

7) Fuchimukai T, Fujiwara T, T: akahashi A, Enhorning G.
Artificial pulmonary surfactant inhibited by proteins. J Appl
Physiol 62: 429-437, 1987

8) Ikegami M, Jobe A, Jocobs H, Lam R. A protein from
airways of premature lambs that inhibits surfactant function. J
Appl Physiol 57: 1134-1142, 1984

9) Kobayashi T, Nitta K, Ganzuka M, Inui S, Grossman G,
Robertson B. Inactivation of exogenous surfactant by pulmonary
edema fluid. Pediatr Res 29:353-356, 1991

10) Holm B, Notter RH. Effects of hemoglobin and membrane
lipids on pulmonary surfactant activity. J Appl Physiol 63: 1434-

1442, 1987

11) Seeger W, Stohr G, Wolf HR, Neuhof H. Alteration of
surfactant function due to protein leakage: special interaction
with fibrin monomer. J Appl Physiol 58: 326-338, 1985

12) Spragg RG, Gillard N, Richman P, Smith RM, Hite D,
Pappert D, Heldt GP, Merritt TA. The adult respiratory distress
syndrome: clinical aspect relevant to surfactant supplementation.
In B Robertson, LMG Van Golde, JJ] Batenburg (eds), Pulmonary
Surfactant from Molecular Biology to Clinical Practice, 1st ed,
p685-703, Elsevier, Amsterdam, 1992

13) Seeger W, Giinther HD, Walmrath HD, Gimminger F,
Lasch HG. Alveolar surfctant and adult respiratory distress
syndrome: pathogenic role and therapeutic prospects. Clin
Investig 71: 177-190, 1993

14) Lewis JF, Jobe AH. Surfactant and adult respiratory
distress syndrome. Am Rev Respir Dis 147 218-233, 1993

15) Folch J, Lees M, Stanley GH. A simple method for the
isolation and purification of total lipides from animal tissues. J
Biol Chem 226: 497-509, 1957

16) Folch J, Ascoli I, Lees M, Meath JA, Lebarson FN.
Preparation of lipide extracts from brain tissue. J Biol Chem
191: 833-841, 1951

17) Kobayashi T, Tashiro K, Yamamoto K, Nitta S, Ohmura S,
Suzuki Y. Effect of surfactant proteins SP-B and SP-C on dynamic
and static mechanics of immature lungs. J Appl Physiol 83: 1849-
1856,1997

18) Enhornig G. Pulsating bubble technique for evaluating
pulmonary surfactant. J Appl Physiol 43: 198-203, 1977

19) ILachmann B, Grossman G, Freyse J, Robertson B. Lung-
thorax compliance in the artificially ventilated premature rabbit
neonate in relation to variations in inspiration: expiration ratio.
Pediatr Res 15: 833-838, 1981

20) Lachmann B, Grossman G, Nilsson R, Robertson B. Lung
mechanics during spontaneous ventilation in premature and
fullterm rabbit neonates. Respir Physiol 38: 283-302, 1979

21) Efrati H, Hawgood S, Williams MC, Hong K, Benson BJ.
Divalent cation and hydrogen ion effects on the structure and
surface activity of pulmonary surfactant. Biochemistry 26: 7986-
7993, 1987

22) Holm BA, Notter RH, Finkelstein JN. Surface property
changes from interactions of albumin with natural lung surfactant
and extracted lung lipids. Chem Phys Lipids 38: 287-298, 1985
23) Kobayashi T, Robertson B. Surface adsorption of
pulmonary surfactant in relation to bulk-phase concentration and
presence of CaCl,. Respiration 44: 63-70, 1983

24) & ki, MBTE, KBER, W HR, B B,
s e, BACEEE, AR . ME ERCRIPRBEICE AN
TFREY—7 775 2 OREOE{L. AREEEE 31: 57-65,
2000

25) Notter RH, Finkelstein JN. Pulmonary surfactant: An
interdisciplinary approch. J Appl Physiol 57: 326-328, 1985

26) Holm BA, Enhoring, Notter RH. A biophysical mechanism
by which plasma proteins inhibit lung surfactant activity. Chem
Phys Lipids 49: 49-55, 1988



86 n

27) Lachmann B, Eijking EP, So KL, Gommers D. In vivo
evaluation of inhibition capacity of human plasma on exogenous
surfactant function. Intensive Care Med 20: 6-11, 1994

28) Robertson B, Lachmann B. Experimental evaluation of
surfactants for replacement therapy. Exp Lung Res 14: 279-310,
1988

29) Robertson B, Curstedt T, Grossman G, Kobayashi T,
Kokubo M, Suzuki Y. Prolonged ventilation of the premature
newborn rabbit after treatment with natural or apoprotein-based
artificial surfactant. Eur J Pediatr 147: 168-173, 1988

30) Kobayashi T, Grossman G, Robertson B, Ueda T. Effects of
artificial and natural surfactant supplementation in immature
newborn rabbits. H REERE 15: 53-59, 1984

31) Strang LB. Fetal lung liquid: serection and reabsorption.
Physiol Rev 71: 991-1016, 1991

edema fluid. Pediatr Res 29: 353-356, 1991

33) Espinosa FF, Kamm RD. Bolus dispersal through the
lungs in surfactant replacement therapy. J Appl Physiol 86: 391-
410, 1999

34) Halpern D, Jensen OE, Grotberg JB. A theoretical study of
surfactant and liquid delivery into the lung. J Appl Physiol 85:
333-352, 1998

35) Fujiwara T, Robertson B. Phermacology of exogenous
surfactant. In B Robertson, LMG Van Golde, JJ Batenburg (eds),
Pulmonary Surfactant from Molecular Biology to Clinical
Practice, 1st ed, p685-703, Elsevier, Amsterdam, 1992

36) HEEF. MAKERI Yy —772 % MEEEZMLTHR
KRB LT, T2EXEE 100: 1070-1084, 1991

37) Bernard GR, Artigas A, Bringham KL, Carlet J, Falk K,
Hadson L, Lamy M, Legall JR, Moris A, Spragg R. The

32) Kobayashi T, Nitta K, Ganzuka M, Inui S, Grossman G,
Robertson B. Inactivation of exogenous surfactant by pulmonary

American-European consensus conference on ARDS. Am J
Respir Crit Care Med 149: 818-824, 1994

Influence of Serum and Positive End-expiratory Pressure on Function of Pulmonary Surfactant Chiharu
Kabata, Department of Anesthesiology and Intensive Care Medicine, School of Medicine, Kanazawa University, Kanazawa
920-8640 — J. Juzen Med Soc., 110, 77 — 86 (2001)

Key Words albumin, globulin, positive end-expiratory pressure, pulmonary surfactant, serum
Abstract

In acute respiratory distress syndrome (ARDS), protein-rich edema fluid leaks into the alveolar space and changes
character of pulmonary surfactant. Although positive end-expiratory pressure (PEEP) has commonly been used for treatment
of ARDS, its influence on the in-vivo function of the surfactant has not been clearly known. To determine the in-vitro surface
activity of pulmonary surfactant mixed with the edema fluid, the minimum surface tension (y ;) of a modified natural
surfactant (MNS, porcine lung extract consisting of phospholipids and hydrophobic surfactant proteins) suspended in acetate
Ringer’s solution (R-solution) or in rabbit serum were measured with the pulsating bubble technique. To assess the in-vivg
function of the surfactant, MNS suspended in the serum or R-solution was administered into the lungs of surfactant-deficient
immature rabbits through the trachea, and their tidal volumes were measured under a pressure-controlled mechanical
ventilation. The y ., value of 2 mg/ml MNS suspended in the serum was significantly (P<0.05) higher than that suspended in
R-solution (40.4 mN/m vs 2.7 mN/m). In addition, 24 mg/ml MNS suspended in the serum exhibited significantly smaller
tidal volumes than that suspended in R-solution (7.5 &= 1.6 ml/kg vs 14.9 &= 2.3 ml/kg, X &= SEM) when the animals were
ventilated without PEEP. From these results, it was concluted that serum inhibited the in-vitro activity of pulmonary
surfactant, and also depressed the in-vivo function when PEEP was absent. On the other hand, in the animals ventilated with
2.5 cmH,0 PEEP, 2 mg/ml MNS suspended in the serum exhibited significantly larger tidal volumes than that suspended in
R-solution (14.1 1.9 ml/kg vs 4.2 & 1.7 ml/kg). These results indicate a paradoxical phenomenon; serum inhibits the f#rz-
vitro activity of pulmonary surfactant, but improves the in-vivo function when PEEP is present. The paradoxical phenomenon
was observed when MNS was suspended in 40 mg/ml albumin solution, but was not in 20 mg/ml globulin solution. These
findings suggest that albumin is one of the main substances bringing about the paradoxical phenomenon. It was concluded
that the in-vitro activity of surfactant does not always indicate the in-vivo function, especially under the ventilation with PEEP,
Further studies are needed to elucidate the reciprocal functions between surfactant, albumin and PEEP to improve the
therapeutic methods of ARDS patients.



