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V=772V OEBPERICAELISE OB O K

SRAFELMELFRE - FEEME CEL M S5
B f® BT

V=77 72V OERCLERECEEYRAET AEMNT, W OrDOAREELEASH e LDK, =7 5
72 v BEEEREBDEBE C (surfactant-associated protein B/C, SP-B/C) # % /- 4 B D BHEEYy—7 525V}
(synthetic reconstituted surfactant, SRS) #ER L7z. R LASHIEE L, GRS AL I VA ARAT s F 002 v
(synthetic dipalmytoilphosphatidylcholine, S-DPPC), SI#HK DK AT » F A7) £ 1 — 1 (egg phosphatidylglycerol,
e-PG), BLUEHWEA LA VR AT 792 a Vv (synthetic dioleylphosphatidylcholine, S-DOPC) T - 7. k-7
ZEVPLELT, 72 OMREHEEND 7R ERb Ak 25 —ATHHL, 74 b VIBEC L D BSR N —7 5 2
£ v b (modified surfactant, MS) ¥ i\ 7z, %7z, SP-B/C 1%, MS b dSAaru=t 2357 THBEL7. MS & LOE
B L7 SRS &, HEDMiY —7 7 7 & Vv P BSRIIL TV A v H ¥ RBIAFOMACEE LT, BROFE AT - 7-. fild # 5
LigWHRBETIL, 26cmHO OB AWSKE (peak inspiratory pressure, PIP) T3 3ml/kg LT OBREE LI B LRk
fo. TRENLT, MS 2#5 LB (MS #) T3, PIP 2% 25cmH,0, 20cmH,0, £ X1t 16cmH.0 D& EDBEER, *
hEh 304+56ml/kg (X£SD), 17.9+54ml/kg, ¥ X O 9.0£32ml/kg TH -7 (RBE K L p<0.05). BE»
S-DPPC D&% D SRS-1 #HE LcBOBKEIR, XBELENEh 7. EEEKE LT S-DPPC L ePGC OEEEM
90: 10 © SRS-2 &5 LIt HOBRKER, TXTO PIP T, HBHI Y AEh o, MS BE VAR E Mok, BE
RLE LT S-DPPC & ePG DEEI 80: 20 @ SRS-3 45 LB Tix, PIP 4 25cmH,0 ® & & OMSE L MS B &
FRETH - 7223, PIP 2% 20emH,0 3 X0 15cmH,0 D& o E T MS B L b BRI, BEERELT
S-DPPC & e-PG & S-DOPC D 3EDOEE A 60: 20: 20 © SRS4 %5 LBOBRSER, TXToO PIP T MS &
AR CTHo/. UEXD, v—7 227521 DEBICEETHHEEELTR, VI I ALART s 5SS 0a ) v
(dipalmytoilphosphatidylcholine, DPPC) Dz, + A7 » %A # ) & = — s (phosphatidylglycerol, PG) (S EIDRERTIL,
e-PG ZfH) L REFMA A7 » F3 Y v (unsaturated phosphatidylcholine, u-PC) (SEDRERTIZ, S-DOPC ®HH)
DETHDHEERINI.

71

Key words phosphatidylcholine, phosphatidylglycerol,
surfactant, immature newborn rabbit

pulmonary surfactant, reconstituted

Fivv—7 > 22 v i3, REENEETEeLEH (REE DOAEZTRTVAM™, Lal, BEcETsRFT -5

Th

BB Ly, Mavy/ 47 v AvfmEe, BENER
BORSEXERCHR -T2 WETHS. St ik
DEC L) HHINIAEYE Wy -7 22V 25 H
UHBE) I, BBLLZORKMEE LT, V VISEMNTY, dikis
HA120, IR 1 %, BEBEN 8 Y%, TOMA 2% A
FhTwd, o, RLENE WY VIEEORRIL, v
FAERT > 5202 ) v (dipalmytoilphosphatidylcholine,
DPPC) 280% BI#8, AEFIA R T » 5202 ) v (unsaturated
phosphatidylcholine, u-PC) 2325% R, "A 7 > F ) &
= — I (phosphatidylglycerol, PG) 73 7 %8ii#%, % DAt 5 %7
B> T B, ZhbDOZEYED S, BEEECOVTIE
PIRVEATED, LBEEOLD, Thbby -7 27201
BIEE XY (surfactant-associated protein, SP)-A, B, C ¥ X (¥

FRTEHEIZA T HZEZM, FR84E1AS HEE

Abbreviations :

DOPC, dioleylphosphatidylcholine; DPPC, dipalmytoilphosphatidylcholine ;

HEF 2T, DPPC UADEDIZDWTIL, fiv—7 527 &V
FOBBERS THBON, FEBREPICEALREYTHS
MONBEREIZ e 5 T Uiy,

W, ERO SP o3, HEEUFEROREINLT, 8
KEED SP-A & SP-DITiz LA FEE L Tuviounay, BkMD
SP-B & SP-CIIRARTHAZ ENEWHLTL3Y, —or &
o, AEMNEBELTWAIEEI SP-B & SP-C #inx foFEig
EY—7 22 EERL, ThbORMBSFERYREST
M, 4—7 525V 2ERTHEEYAETE 20 TR
LnEEZBRD. SEEEL, FESEECBHEREEOEE
RRETHENT, 7 2G> bl LBESE, Bk
UCEEOSH Y VIEEOEAHBICF 2D SP-B & SP-C #5%
MUICBEEY—7 7272 v P RERL, TROOEGHERAEF

e-PG, egg

phosphatidylglycerol ; ¥ma, maximum 7 7mn, minimum 7 IPPV, intermittent positive pressure ventilation :
L-MS, lipid-rich fraction of MS; MRS, modified reconstituted surfactant; MS, modified surfactant; PG,
phosphatidylglycerol ; PI, phosphatidylinositol ; PIP, peak inspiratory pressure; P-MS, protein-rich fraction of



T2 ]

BEAIELL. vk, ZoWECR, ACDORY—7 722 v
FARIL T3 v FRBBFOMPAICEE R EA L TRK
EXHRIEEMMOB Ly 25 EMFHHkL, [BAERE
RIFHC L A BEFNFEOF LAV,

HHEE LU HE
[. &MY — 774> b (modified surfactant, MS) O{E
R, BESELERSFEONE, SLTHERDHIT

1. MS OfEgk

BREKD 7 2 Offix ABAEATHES L, BEIRLMiadk
B R OB 2O (150X g, 10 /) LTHRELRE. &\
T, EERED (2000 g, | 8/, 4C) L, BohiciE (AB
B) mbrmehkiab iz~ (KK, 2: 1) OBRSEC
L DHIET, BIO0.5%DRENREM Iz Folch gE" iz Xk b
BAKESD (F&L LT SP-A L SPD) ¥*KRELL. £0#%, 7
2 b BB L DREEER 2 VAT R A RRELRES
%, BREBHRLELOY MS &L,

2. BESEELEESEDTH

¥ 1000mg D MS K, =& /) =t d=Frz—-FLDES
W AR, 3:2) ¥ 100ml finx, 0~4 CKB/HELIS 2, &
> (1000x g, 1 Bef) LCitEL o L. ZonEesLE
HORBYBET- %, P=Fro—F N (0~4C) 2Nz
T—BREEBEL, THEYEY MShoBbhEAEDE WY
iH (protein-rich fraction of MS, P-MS) & L7z. ¥z, B
BOALLD DR, £T2—RBILT, BEXAXZHKOHE
(lipid-rich fraction of MS, L-MS) & L. vk, Bbh:
L-MS & P-MS ODEEHIIFN 93: 7 THoT.

®AT, PMS 26, BREE® L AHBEOFEET SPB &
SP-C #fitH L. Tiecbb, EBRART P-MS 2L nAK
Bl7cd %, 0.10EOEBY S HEAL I meki a2 &
s (R, 10 ]) ORBRICEERLI:. ZOBKY, X
£ X 25%80cm D7 55 » 7 A LH-60 # 5 4 (Phamacia
LKB Biotechnology Inc., Uppsala, Sweden) iZ L, &564K
DOHEBREWCHE M L. FRBRECOVWC, BEHEEER (#
) &Y VIEEEE (B 2T 7. BABC2VWTRSFE
HE (k) 4T\, SP-B & SP-C 24 LRBEASY—HL
T SP-B/C &L, LMEDOERH LI,

3. BB

£FB OB DOEEICIL Bartlett DFEV EHAZ BT} S
74— GCOA (B, RF) #HHAL, BEOBEE B
HR7r< 57, (BREKELTCZerfkla, 28—
W, BB, TV, BIUKOERELN 40:25:7:4:20
BAWREER) o, ¥, BAEDOEE K2 micro-
Kjeldahl ¥ # F\~, ZTO5F &% Swank LDHEDIZ L 3
SDS-PAGE ¥z L.

I. BEEY—T7082 FOER

L-MS & P-MS % 93: 7T DEELTHEAL, LD MS &
R CHEBIC Licd DSy —7 » 7 2 v} (modified
reconstituted surfactant, MRS) & L7z, 7z, SREEEY —
7 7 2 2 b (synthetic reconstituted surfactant, SRS) @ 1>

MS ; PS, phosphatidylserine ; S-DOPC, synthetic

LT, YN FAAMKRAT »F P2 Y v (synthetic
dipalmytoilphosphatidylcholine, S-DPPC) & P-MS % 93: 7
ERITEAL, SRS-1 & LTEBRIHE LA, 7ok, S-DPPC
WY 8 b A -L-a- R A7 » F 202 Y v (dipalmitoyl-
L-a-phosphatidylcholine) (Sigma Chemical, St. Louis, USA) %
Fute.

Zhb &rBie, SDPPC, PG & LTHEHKRDKAT 7+
2N -DL-a-7 UV & m — )b (egg phosphatidyl-DL-a-glycerol,
e-PG) (Sigma Chemical), 3 L0 u-PC D—f & LTHE A
VA IR ATZ »F 22 Y v (synthetic dioleylphosphatidyl-
choline, S-DOPC) (Sigma Chemical) * AZ L, ZASDEED
Bx0EAbRCEELT2%D SP-B/C 2L SRS %
EBL L7z, T7sbb, IBEMEMRE LT, SDPPC & ePG 0E
B2 90: 10 @ SRS-2, S-DPPC & ePG DEE LA 80:
20 MSRS-3, B LV S-DPPC & e-PG & S-DOPC 0 3ZDE
B2 60:20: 20 © SRS4 HFRBLUERWHE L. £5H6
W, Zeegkhh - 22 -LOREASHK (KB, 2: 1) wE®
LTEALK.

0. FEHEOEMFEFERE

BV -7 25 P ERBE 2OKEIL, Thb04H
EHEEPER I BIUER2 CTHELL. T7chb, 81
Tix, L-MS, MRS, 8X U SRS-1 #HEBDMfiv—7 727 2 v
FBRRIML T B Y S FRBBFOMAKEREL, BREE, £
FR, BIVHEBMBL T 5REDREY MS LB L
fo. Fio, LE& 2 TIX, SRS-2, SRS-3, SRS-4 Iz D\T, £E
1 EAEOFETMS LT D L L b, MEMRTRD tE
Liz. eB, ZOB, &8y —7 272V LRI, €KY
ATHEEYRELELS 2, EEEEREINLTERL, vV Vi
HREE% 50mg/ml CFA%E Lo LCHER LK.

1. By¥ysRER 1

1) ;R EORE

ZELH25 A 1650 H 23R DIEIR v+ F (A AR BRE) (F
MERAK, 31A) 10 i, s # v 30mg/kg OFIESR
TRy b oA E & =L 20meg/kg DEEIC X DEEEEL, FE
PBC X b AFHACHORF R L. Ehic, Zhb D
DHEEXREL, BRIV FSLEX -1 05mg B 5 L
iZ, KECBY-CO0eBr=—~LVEFEALL. 20D
%, RBEORKRF ~10 3) oL, BEACEHBOIBED
Wk 100ud BTRERKEAL, Thith MS B
(n=10), L-MS #¥ (n=10), MRS % (n=10), SRS-1 £ (n=6) &
Lz, ¥z, KERCALES LB i HBHE (n=10) &
Lic. ERROBIEFKRT Lictk, STCRBF s A VFAES S
TEEBY OKBEHARBFENAELL (R1). ERREE R
MafFiz, RIEOEBFOERBIKET T5 % T 5emH0 ORFEHY
SERBERRD b LICF X,

ERFORMIRT Lk, B{bkvsr=v 4 002mg %
RS L CRFLEBLL, REROBMRNBERSK
(intermittent positive pressure ventilation, IPPV) % Bafa L7-.
AT MR 2212, Servo 900B (Siemens-Elema, Solna,
Sweden)Z A\, FBIE*E 252 L0k TRAREE

dioleylphosphatidylcholine ; S-DPPC, synthetic

dipalmytoilphosphatidylcholine ; SP, surfactant-associated protein; SRS, synthetic reconstituted surfactant;

u-PC, unsaturated phosphatidylcholine
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(peak inspiratory pressure, PIP) % 3#fi L 7. MR ES % | 57
40, RIEFKOMMEL 1: 1 & L, FEFAERE LS

IOBEEELXREL. REHF AIMBEEY A, AT
PREOFARLED EREY, ARKCRETLEREYOT
HEKEDCIOEL L (T4 /min) WWEE Uiz, EBIX, AT
BEHROEBNELERERL, BF LB &EIMETR T
BT EEHRELIC. ¥, ERFOREER, REES TR
LICSMENE RO EE L ZFRHE TP-602T (HAXS,
R TR L, ZOHI2H#% AR-60IR (AAXE) 1wl
TRDA®,

IPPV BAfa#:, BAD 1 M2, KSERCEE L-2E
MECEETH XI5, PIP % 35cmH,0 BT L. ki
T, PIP % 25ecmH.0 W L TISHMME L, TOHIT 20,
16cmH0 & 5 3T L RE(L &%, & PIP TORFOBREEY
HlE L.

Ventilator (Servo 900B)

l Pressure
‘LVL}/L" Flow
W Volume

Diff. Press.
transducer

Resistant ff

ECG tube

Fig.1. System for the recording of tidal volumes in
immature newborn rabbits. The animals were tracheoto-
mized and treated with various samples or not treated
(controls), and kept in the air tight chambers (multiple
plethysmographs). They were connected in parallel to the
respirator which is set at pressure mode ventilation. The
tidal volume was calculated by integration of pressure
difference across the resistant tube attached to the
plethysmograph. Diff. Press., different pressure; O, 100%
oxygen ; ECG, electrocardiograph.
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Fig.2. Equipment for the recording of pressure-volume
characteristics in immature newborn rabbits. The
tracheotomized animals were connected to a system of
horizontal polyethylene tubes, an opposite ends of which
were connected to a bottle that contains stained water.
Air volumes that go in the animal lungs by the stepwise
increase of the insufflation pressure were measured from
the movement of the stained water.

2) EHEEOHE
BEREOWRET - B, SFEELHGT, &9 FREH
MFOLERERESE L. LERE, QRS HOEEN 1 5
120LL ED S DEREERMEHE L (7 FRBBFOL
HHI3240~320/43).
3) MESHBEORE
EHREOHER, BEOSY } SN & — N RIS
LTHFEERL, MrEliS54037CTORUE, *5
ETCHELLE. T0%, KFOKSENY = » —LIKE X
50cm, A 162mm DRV =F Vv F, —FREHL, &
—TERTFIBHEL, TOMBEYIETENA - AR

ﬂcb I HETRRORER 1 HFERT Som FOBBE I LI L

D 0cmH0 55 30cmHO ¥ TEREINCIi%INE Ui, @i
I 0emHO FTRWELZ (K 2). 201, MicHA b T22E
DEERF 2 —7TADIRTROBEIEE, SAIFE LY. 7ok,
BB RT3 BE0 M RESICEE L.

2. BER2

1) BRE, £FK, BIUVMERSGOHE

R DREY FF 2 LI LcA0T D v+ FR BT EIE A
S ic. Tiebh s, MS, SRS-2, SRS-3, ¥ I ot
SRS-4 D4y#HEH 10000 HTKERCEALLLDY, 4
£h MS # (n=10), SRS-2 ¥ (n=7), SRS-3 # (n=7), B &
O SRS-4 ¥ (n=6) L L, o BELAEVHBFrdBE
(=10) L LC, t0BMKE, 4K, 3 LUNEEHE L EE
1 EAROAETHAE L.

2) e R

IiFE R #R A IS, Nilsson 570 FEHE -, MEGE E
EL. Tihebb, BEakE L, K 30emH0 OF4+inx
THil% TE 2 RETB 8, BUE LT 10emH0 R L, f
BREBBE LAY T —FA LD LY FAL AT AT F
(PH=T7.4) % 65cmH,0 DE T304 MG L, ks @
L7, HE RBK, MORREDELERL, 26V 04 2
V- PR Lz. Tirbb, S8R So slilakog s
2, BRITTSSLAED S D27 L= F 1, Td~50% D Dk 7
V= NI, 49~255% D3 D% 7 L — R, 4% UFTDL0x 2
L—FNV& L.

V. REENOHE

BREY—T7 722V ERBORRES ) %, SWBEE
#3131 PBS (Electronetics, NY, USA)®\c k h & L1z, =D
WETE, v FRAMBFACEES LSO BRIC S b AR
BAREMNL, )V EEREY 10mg/mICHELE. 23, 2h
LOSHEHITCIIR L BIERIC AR, SHEERL:.
AT, KRIEE 0,404 0.55mm DT, 40cpm DFEETH
B, 5HoMBEBIRE, SBOREH L LR, 5
Laplace DX (P=27/R, P= SIWASADOEZ, R=KHEEER)
CEbTRRDI. SEOERIBEADE EDETE DY 5
KREED (maximum 7, Tma), BND & EXEIREES
(minimum 7, ¥Ymin) & L7z,

V. HEHas

BEE, HEEBHEG, BIOEEEHIOUERLREZ,
X+SD. THEL, BHOAREHECI—TRESBON %
fTo72% %, Scheffé DLBEHET A R\ o, EHEROAH
BIE¥IEW, Fisher DEEMRERE A, Tz, I
BRIROFEZEHE R, Wiloxon JEA F# T (Mann-
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Whitney U test) B\ iz, WThvd, LR (p) 30.0500F %
BELLE.
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1. REOMEMR

Elw, MS DR R LK. U vEEEM8.0%6% 5D, &
OiLDIEBEIZ0. 0% T E e o7z, MS FOEAE & LTIk
SP-B & SP-C oan@bdbh, thbikfitLicdODElE
121.1%CHo7e. ¥4, SP-B & SP-C oMz, BBL % 1:
2 THoio.

E2WFT I 5, L-MS i3, 0.06%D SP-CE2EELTW
Foht, 99.9% LA EAFEE TH o7, P-MS X, LD MS itk
BEUBEOREMNISEI TR » T, ¥1283.6%DEDME
BREHbhi. #5478 < 757 4 —CPMSE4HL
TR, M3 THRT IO, 15~24% HOREREW SP-B 2%,
25~35% B DREL 1T SP-C A I T, 7ok, Thb
A—iE L7 SP-B/C ik, BB R EAEFELIRVH D LY
EINTo.

Table 1. Composition of modified surfactant (MS)

Composition Weight (%)
Phospholipids
Phosphatidylcholine 66.2
Phosphatidylglycerol* 7.7
Sphingomyeline 7.4
Phosphatidylethanoclamine 6.2
Phosphatidylinosito!* 4.8
Phosphatidylserine* 4.1
Other phospholipids 1.8
Other lipids
Fatty acid 0.4
Cholesterol 0.2
Cholesterol ester 0.2
Triglyceride 0.1
Proteins
SP-B 0.4
SP-C 0.7

The lipid composition was assayed by thin-layer and gas
chromatography. SP-B, surfactant-associated protein B;
SP-C, surfactant-associated protein C.

* acidic phospholipid.

Table 2. Composition of lipid-rich fraction (L-MS) and
protein-rich fraction (P-MS) separated from modified
surfactant (MS)

Weight (%)

Fracti
raction Lipid SPB SP-C
L-MS >09.9 0 0.06
P-MS 83.6 5.7 10.7

The composition of L-MS and P-MS were assayed by
Bartlett’'s method and micro-Kjeldahl method. SP-B,
surfactant-associated protein B; SP-C, surfactant-associ-
ated protein C.

&

I. BhRE1

1. £F%R

I3, BFEOAEFEY R L. MS BB IU MRS BT
12, EFNREFEL, HBRE (10%) KR TERRIFIERFE
R LA, —F, L-MS #3 X0 SRS-1 HOAERFE (60% B &
U 33%) 12, MS BX 0 EBIREVWLEDTH-T. s, 5
MORFOHEDFLEL, 268~308s THY, HEKERE
BED bR,

2. BEE

X 412, MS, L-MS, MRS, SRS-1 D&%, 8 L OaBEO#
SEBXTRE L. KBETIR, WTho PIP Th 3ml/kg LITO
BEELNMELRSh k. ThIEHL, MS BOBRIER,
PIP # 15cmH:0 T 9.0+3.2ml/kg, 20cmH,0 ¢ 17.9+5.4ml/
kg, 25cmH0 T 30.4456mi/kg &, HBECLNEFRICKE
WEZR R L. ¥, MRS B#EoB&gEL, +XTD PIP T,
MS HL ORI ERZEL R Do, —F, L-MS BRI U
SRS-1 oK EL, T-XTD PIP TMS B X hEECIE
, WBRHEBERLTH-T.

Protein (mg)

Phospholipid (mg)

5 10 15 20 25 30 35 40 45

Tube number
Fig.3. Elution pattern of surfactant-associated proteins B
and C (SP-B/C) and phospholipids from modified surfac-
tant on a column of Sephadex LH-60. Column size,
25%80 c¢m ; chloroform/methanol 1: 1 (v/v), containing 5%
0.1 N HCl; flow rate, 4 mi/hr.

Table 3. Characteristics of immature newborn rabbits in
animal experiment 1

Number of Survival rat Body wei
Growp  rabbits | SUUEETE TR
MS 10 100 29.34+4.0
L-MS 10 60* 27.9+4.6
MRS 10 100 26.8+6.9
SRS-1 6 33* 30.8+5.1
Control 10 10* 28.9+4.2

MS, modified surfactant; L-MS, lipid-rich fraction
separated from MS; MRS, modified reconstituted
surfactant composed of L-MS plus protein-rich fraction
separated from MS (P-MS); SRS-1, synthetic reconsti-
tuted surfactant composed of dipalmitoylphosphatidyl-
choline plus P-MS. *P<0.05 vs MS group.
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30

20

Tidal volume (mV/kg)

10

T

N
h

Peak inspiratory pressure (cmH20)

Fig.4. Tidal volume at various peak inspiratory pressures in
animal experiment 1. The animals were treated with
modified surfactant (MS) (B, n=10), lipid-rich fraction
separated from MS (L-MS) ([, n=10), modified reconsti-
tuted surfactant composed of L-MS plus protein-rich
fraction separated from MS (P-MS) (F4, n=10), synthetic
reconstituted surfactant composed of synthetic dipalmitoyl-
phosphatidylcholine plus P-MS (], n=6), or no materials
as the control (], n=10). Values are X =SD. *p<0.05
vs MS group.

Lung volume (ml/kg)

0 5 10 15 20 25 30

Pressure (cmH20)

Fig.5. Static pressure-volume curves of the lung-thorax
system during deflation in animal experiment 1. The
animals were treated with modified surfactant (MS) (@,
n=10), lipid-rich fraction separated from MS (L-MS) (O,
n=10), modified reconstituted surfactant composed of
L-MS plus protein-rich fraction separated from MS (P-MS)
(O, n=10), synthetic reconstituted surfactant composed of
synthetic dipalmitoylphosphatidylcholine plus P-MS (A,
n=6), or no materials as the control (B, n=10). Values
are X £SD. #p<C0.05 vs MS group.

3. BRER R

B 512, MS, L-MS, MRS, SRS-1 D&, %k OStBEDORK
ERCBT 5 MEEMELY R L, BEELRARE, TTOH
EECENT MS HOMABIRNBRL VEZTCKE VW EY
LT, MRS BOMARIL, MS & OBIcEBEE R Lh -
fo. —77, L-MS B3 L0 SRS 1 HOMASIL, MSELILE
Bloh&l, BV DTH 7.

0. EpkER 2

1. £8F%R

FLw, FEOEFERYR LA, SRS-2, SRS-3, %k
SRS-4 HDOEFRIZEE~100%THH, MS oL HER
(100%) LEMighwtc. —F, RBRHTIZ, £FMFET L.
ek, SEEMOBFOEEDTFIEL, 25.0~298g THhH, B
FlcEBZRIED b Ak 7.

2. BRE

Hew, EFVYFRABFOBREELYF LI, IREL
MS BoBRKEIX, BWER 1 TROLNLFHREABETH-
7o. SRS-2 BOBKEIZ, T_TDO PIP T, BB L H AR
Motedt, MS B DEBIC/NEA o7, SRS3 Bolg s
1%, PIP #% 25cmH,0 ThIE MS BL ORI EE 4RI
o fzpl, PIP 23 20emH,0 ATF1Zie s & MS B & h BEIZ/
&g ~dz. SRS BOBKEIL, +XCO PIP T, MS &
EREEVEDbhIeh k.

3. BMISE MR

7w, SEOWERCRIT 2HMMEERFEL R L.

40 r

Tidal volume (ml/kg)

Peak inspiratory pressure (cmH20)

Fig.6. Tidal volume at various peak inspiratory pressures in
animal experiment 2. The animals were treated with
modified surfactant (MS) (B, n=10), synthetic reconsti-
tuted surfactant (SRS) whose lipids composed of synthetic
dipalmitoylphosphatidylcholine (S-DPPC) and egg phospha-
tidylglycerol (e-PG) at a ratio of 90: 10 (w: w) plus
surfactant-associated proteins B and C (SP-B/C) (i
n=T), SRS whose lipids composed of S-DPPC and e-PG
at a ratio of 80: 20 (w: w) plus SP-B/C (N, n=7), SRS
whose lipids composed of S-DPPC, e-PG and synthetic
dioleylphosphatidylcholine at a ratio of 60: 20: 20 (w: w:
w) plus SP-B/C (2, n=6), or no materials as the control
(] n=10). Values are X £SD. *p<<0.05 vs MS group.



SRS-2 B3, MS BLUB L THERBI/DEWELRLAS, X
BEINIKENLOTH-7. SRS-3 B Lt SRSH4 o
g, MS BLORMEEEARDbhich 7.

4. BBITROZKR

FEGD S ERERYR 8 1IR Lz, MS BT, T0% LA LA
Fv—=TF1Thote. —F, HBEFHTIL, 80XULEL7LV—F
VTH-7-. SRS-2 #, SRS-3 #, ¥ LV SRS4 HOFER

80

Lung volume (ml/kg)

0 5 10 15 20 25 30

Pressure (cmHz20)

Fig.7. Static pressure-volume curves of the lung-thorax
system during deflation in animal experiment 2. The
animals were treated with modified surfactant (MS) (@,
n=10), synthetic reconstituted surfactant (SRS) whose
lipids composed of synthetic dipalmitoylphosphatidylcholine
(S-DPPC) and egg phosphatidylglycerol (e-PG) at a ratio of
90: 10 (w: w) plus surfactant-associated proteins B and C
(SP-B/C) (&, n=T), SRS whose lipids composed of
S-DPPC and e-PG at a ratio of 80: 20 (w: w) plus SP-B/C
([d, n=T7), SRS whose lipids composed of S-DPPC, e-PG
and synthetic dioleylphosphatidylcholine at a ratio of 60:
20: 20 (w: w: w) plus SP-B/C ((J, n=6), or no materials
as the control (ll, n=10). Values are X £SD. *p<0.05
vs MS group.

i, MS BELORMIZABENZED bhich -1,

V. ®HEED

EFLHI, BEY—~T7 7 272V P B IV L-MS OKRERER
HETREE L 7 2R LA, MS @ Tmnit 1.1mN/m 8%,
Tmax b2 28.7TmN/m BIB TH o7z, L-MS @ Tmin & Tmax DFH
&2, FhFh 20.8mN/m & 58.7TmN/m THH, MS L hE
Bl KEWELZR L. MRS, SRS-2, SRS-3, 8 X U'SRS4

100 -

Percentage of each histological grade (%)

T I
MS SRS-2 SRS-3  SRS-4  Control

Fig. 8. Histological findings of the lung classified into the
grades I, I, Il and N in immature newborn rabbits
treated with surfactants or no material. Grades [ (&), 1
(M, m (), and V () indicate the ratios of the alveolar
air space to total visual field are more than 75%, T4~
50%, 49~25%, and less than 24%, respectively. MS, the
group treated with modified surfactant; SRS-2, the group
treated with synthetic reconstituted surfactant (SRS)
whose lipids composed of synthetic dipalmitoylphosphatidyl-
choline (S-DPPC) and egg phosphatidylglycerol (e-PG) at a
ratio of 90: 10 (w: w) plus surfactant-associated proteins B
and C (SP-B/C); SRS-3, the group treated with SRS
whose lipids composed of S-DPPC and e-PG at a ratio of
80: 20 (w: w) plus SP-B/C; SRS-4, the group treated
with SRS whose lipids composed of S-DPPC, e-PG and
synthetic dioleylphosphatidylcholine at a ratio of 60: 20: 20
(w: w: w) plus SP-B/C; Control, the group treated with
no materials. Grade N was not found in MS, SRS-Z,
SRS-3 and SRS-4 groups. On the other hand, grade [ and
I were not found in control group.

Table 4. Administered material and characteristics of immature newborn rabbits in animal experiment 2

Lipid cognposition Number of Survival Body
Group (%) rabbits rate weight
S-DPPC e-PG S-DOPC examined (%) (g x+SD)

MS nt? nt! nt? 10 100 29.8%4.0
SRS-2 90 10 0 7 100 23.8+1.7
SRS-3 80 20 0 7 86 25.0£1.7
SRS-4 60 20 20 6 100 27.2+3.2
Control 0 0 0 10 0* 28.6+4.6

a) not added; see Table 1 for lipid composition of MS. S-DPPC, synthetic dipalmitoylphosphatidyl-
choline ; e-PG, egg phosphatidylglycerol; S-DOPC, synthetic dioleylphosphatidylcholine; MS, modified
surfactant; SRS-2, synthetic reconstituted surfactant-2; SRS-3, synthetic reconstituted surfactant-3 ;
SRS-4, synthetic reconstituted surfactant-4. *P <0.05 vs MS group.
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Table 5. Surface tensions of modified surfactant and reconstituted surfactants

Group e e NS 5 +5D) (mN/A™% 5D)
MS 6 1.1£0.7 29.740.8
L-MS 4 20.8+3.7* 58.7+2. 4%
MRS 6 0.740.8 30.1£0.7
SRS-2 5 2.841.1 28.6=0.5
SRS-3 5 1.5+0.7 29.240.6
SRS-4 5 2.240.5 29.50.8

MS, modified surfactant; L-MS, lpid-rich fraction separated from MS; MRS,
modified reconstituted surfactant composed of L-MS plus protein-rich fraction
separated from MS (P-MS); SRS-2, synthetic reconstituted surfactant whose lipids
composed of synthetic dipalmitoylphosphatidylcholine (S-DPPC) and egg phospha-
tidylglycerol (e-PG) at a ratio of 90: 10 (w: w) plus surfactant-associated proteins B
and C (SP-B/C); SRS-3, synthetic reconstituted surfactant whose lipids composed of
S-DPPC and e-PG at a ratio of 80: 20 (w: w) plus SP-B/C; SRS-4, synthetic
reconstituted surfactant whose lipids composed of S-DPPC, e-PG and synthetic
dioleylphosphatidylcholine at a ratio of 60: 20: 20 (w: w: w) plus SP-B/C.

7min, minimum surface tension. ¥max, maximun surface tension. The concentration of
MS and reconstituted surfactants in physiological saline was adjusted to 10mg/ml.

*p<0.05 vs MS.

7 min & 7 max bi, 2:4)0\: MS kﬁ%%b§f£ﬁ1')7‘l. 7‘13}”5,
SRS-1 1%, £BRAERICHETEIer o etowd, REENZH
FELih-7.

E £

SERIFBEFENBT Y FFRBMFC X B RERT, FERE
REEFERHICAT5BERER Y -7 > 2 2 v F O,
BRZLOEVCRETHET 2 HEL LTHILIALLOTS
Y. Fichb, HRHRBAKRBGO ¥ RBMETF GELIEER
B, 311k, BEOMY—7 s 2 2 v ARIOLTEH, AT
FREHTLTLED THIWBEELIMESRT, HlaeR
ERREALERDLREVEEPAT VS, —F, ZORMHK
FEEROY—7 > 7 2V vV BHRT DL, FOERICES S
TLEDOHREVFET 2™, SEORBRITI T, b #
G Lich ol v FRBIRT (HRE) T, BEE, THEEH
B, BIUVHEBTEOVLThIM, fiv—7-272v 0k
WLTCWBZERRLT VR, —F, MS »# & L-RBEFT
X, TROOMEAEEICHE L. MS 13, KA —7 »
7RV EELELHBENS SP-A BLUSP-D Lh¥EE
FRELIZSDOTHEN, KRV —7 » 2 2+ + LABED
EMERTERTERIATL DY, LisoT, MS vkl b
LT, SEDOEZRBOE . BT LCLHBERT 525
5.

H—=T7 77 2V P OBERTIZIT, SP-B ® SPC YO
mﬁﬁaﬁﬁxﬂmfﬁéaﬁﬁsnrmammm.%@@%
BT, BEHBEYRBEAYS T L-MS 2 RBBHFERESE LT
b, ARBCHERMBE KT Lth -k E, BID
L-MS @ 7min & Tmex 28 MRS L D EBEEELRLEZ &
B, LROBMELERRETALOTHS.

BIFIE IR %D DPPC 13, SRAE CRILKEH» S48
KAFTERIIL, RERDE TTFAEHOIRTHSB = Loy
WLTWB. SWARETDO DPPC DB T, FMEh5 &
KEFEAELR CRETHRAE LRSI L, EEEI%
ImN/m UTFrETFX€5%. Lal, #iki DPPC X, i
BREEMITTH DY, ZhI hEVWEETIERRETC S5

e, KICHEML T ERATCESNTHZ ENTEALD,
SEORRT, SDPPC KBEBSECTHD P-MS #inx =
SRS-1 1 FEMERE A o7z, MS & MRS OFEMAIE L -
o2l &b, P-MS 04X X OEAROBRIECIEIEIT /&
ExbhB. Lchi-T, SRS-1 OFEMNBEALESL R
otz &k, DPPC UADIEEANETH D ZEXRTHD
ERbhs. Tihbt, DPPC OHERBEEYET L, &%
RENDBRELRESRIMOBEENLETHLLEEDRS.

DR 212, BADAREELYEAEbRLOCEARE
EML, ¥=75 272V OFEkEEEOEK OB HEY AT
LbOTHD. FRBEECERE FOEGTSLTI1E, 4
MS %#&Z1 L, DPPC KR CHE2IRE L LT PG RBA.
ek, SEIDRRTIZ, 4D PG D5%, HEMHATELST
WEWSEHEMNDS PG RER LY. X510, AEED PC
sk, DPPC LUMC REROBEI 82 8> u-PC 2% < &%
NTEH, TOFRTEF VA AEEEDOSH LA LFRRAT 75
¥/ =) v (dioleylphosphatidylcholine, DOPC) 234 » & E i1
TWa®, ZoZllh, SEDOERTIE, SDOPC ¥ 3D
EEE LT#ALE. ik, SP-B/C 0BIz>WTi2, M
P|E LIOER/NE (0.6%)° 08 3% (2.0%) &L, P-MS o
BENDLTOLEREONELEL, »S6rn< IS5y
THBE L7 i3iER e SP-B/C %5 Lz,

DPPC B2t ) vIEBY Mz 5 &, L o&EEL
REEABR TS EELRTVWAY, 1, HELRSHTFOE
L, KT DPPC DL LEE R D™, PG 12, ADHE
REOBEY VIEETHS. DPPC I PG ¥ B iL, &
EHRDDPPECTD Z L%, EEPRREEE L ROMD - Lt
BEXhTC2. SEDOLBTYL, S-DPPC iz e-PG % izt
SRS-2 & SRS-3 iZ, SRS-1 ITERT, vHFRBILZFOHBE,
EXFRCRELRHIE, MEEMBLYIFEICAEALA
BIZEM i, 7ok, PG 12, 440 pH TRIECHEL T
% SP-B® SP-C LBEWITREA LY, v —T - 28V &L
TOFEEYEDLEALE T BLEL RS,

PG Dg|&wBILTIZ, PG ®#10%4%r SRS-2 It~ T,
20% &1 SRS-3 DA, THERBBRFCTE LT L hA



78 =3

BEEYREXE. MS hoBKEY vEEIIE, PG Offz,
RAT »F oA ) v b~/ (phosphatidylinositol, PI) %4k 2
7 53+ Y v (phosphatidylserine, PS) 23 E&ET 5. Bt Y
VIEBLELTO PG Pl BIUPSHREWIRETELLED
N, PCHREA Ly —7 272V PILPIDEIEAERA LT
WHBEWIBEN LB bhE. MSIK&EhA PGIT.THT
HoHH, PLAE%) ® PS (41%) »&a»cEBitiEE L DPPC &
DFELDE, 0%D PG TRARTHLD ERBHRIND. &
FEOLBERRS IO MS & EhsBMY) VIEEHOE® D,
PG DEIZI5~20%NEUTHA L LELLID.

HEES T, wPC BliY—7 > 72V AR TBEE L
LT, BELEEIA T, HFRLIL, MEEMHES L
Yo~ —BIEEENHICLD, BADAERY—7 727 %
v T OEFEREASLKER, vPC OB HREFER
LW EMELTWA®, —F, $EDEKRT, S-DPPC
L ePG iz uPC 0—FETH %5 S-DOPC & inx7c SRS i3,
MS s RBEDEM AR L. DPPCiz DOPC % inx % & #is
BEEMNTAS®, F4, DOPC i2, DPPC DB % 11 C
EHBRELRECEEHEE Y REL ™™, oz &h
b, BRLORRESEOERER OBV, BHNEEYH
Wiehy, BINEIEEEY AW hOBER LB HDEELbRA.

SEEENT - BRIEOWUER, 1 AR OBRI LT
5L WAEMLDTHS. —F, MERMKL, 15MRC
SERAERZRFELCLEOMABZAET 2R LIOTH
% . SR HRRANEE L CRRAE Y s EE R
FLiy—7 572V T2, RERKCBEOSKERAECRE
Uiz bisy. B ERMRL, y—7 > 272V}
SFOEBMRELEY TR LITWD., Tihebb, REBRELE
DB -7 772V NI, BRRHEERREBBETET
b, BEARCREERICIOWTWTT, THRRIENE
BRitwhDEEL bhB. BE, DOPC 24 %7\ SRS-3 T
12, BERERBGIIMS LRETH- N, BRERIFRT
BirbOThH-Te. i, MEMLERLERTIZ, SRS-Z,
SRS-3, SRS-4 D 3# & MS B L OENRL DI ST
SOOI A, BNAET CEE LEAEATYRELTD,
$—T 27 XV P OERYTFRCHECE VLD EELLR
. IDLBKE, =777 2V FOABREEYNDICIZE
Wi FECOFEALETHS.

SRNEEENE, v-7 772V OFERNEACER
Ehizb0THY, BREACEHIh KRR EMEE AL LT
WB. Tenil, FREEOMBMORERICHLL, 10mN/m L
Lo, BERABRIARTVWEELRTL Y9,
SRS-2, SRS-3, 3 X0 SRS4 D Trn & Tea 1%, MS DT HE
BEENRZ LI - T, KIREKRERIC L5 HE TR,
1 SR 40mE, $B% 0.40~055mm ORCELI R, L
L, AUBWE&ETHRT b 5T, BREENE TOR
BLRE -0, BENBIELASEDLNFEEERTS
CrlEGETA LRI, Thbh, SEAVEKRERE
BARECIANER, RREPBENRIKECHL. 6fF
[(0.55°—0.40%/0.40°] T 5 REBHET S EEOFRTIO.
ALFIEE). T DX 5 IR EEEIOFEEN RIS
TIx, B L BB O LR S =T 2 BV b T
OEERTEELRIT-THD, FHLEREEBAZLNTER
WHokLEPbh Y,

&

AE, EEEEEFOV -7 7 2 2 v OFRICLERE
BYBHTHD, FEEEOEERICY—7 7275V OB
KEBARHENLUTEELE~N., ZO/RKE, DPPC kink
T, PG 8IV uPC NUETHDHZ LR L. DPPC,
PG, BIU u-PChblie s AHEEOHEAHRIC LT, KA
fir—7 522 v ERIEELWESEERT LOMERTE
2. ZRET, BRY—7 722V rE{ERTARHIz- T,
DPPC LSt DIEEI W TOBREIZDE hiThbh TEHT, &
Z u-PC DEFRMELEATER LA DIRE e, BHE, ¥
B EE R A AT A D DARY —7 7 2 2 v P RERT
BRENEDHN TS, SEDKERIL, ZOHRC—2>DN
AETRETHLDEELD.

* E

H—7 7 72V OFERCLEEEOEE L H e iEs
B, BrxOAERY VERECHAELE LENEN LI AHERE
HH—7 52 2V VREBRLT, £M%ENE X CYERENE
BRI TORR, LTomrE.

1. BAMEABECHS SPB &L SPCIE, y—7 7242 Y
P OEREARTRIERFTHS.

2. =7 7272V IOREELT, MAEHHEYED
DPPC #i3 TRA+STH%.

3. MY VIBEETHEL PG, -7 722V P OERR
B LEREETHL. -7 272V I DOE2BECHTA
PG D& E LTIE, 15~220%RHBUTHDLELLID.

4. TRESFBEEFE RS u-PC I, v—7 > 7 2V F DB
SHETIETARELED, BEEXBINZ B D DICHER
WEcH5. DPPC, PG, 8 XU u-PC (E&, 60:20:20) %
BELTER LY —7 » 7 &V Mit, RRMv—7-22v
P ERIFRABOER YR L.

5. H—T 57 EVFOERYRENLDICL ONDFE
BBEBN, FRLOBRILTLL—F L. =757 %
VN OEMER AT AL, X0 AEERREECT RS R
EEYRVWALERDD.

At i

BEKL B Hich, HEMEELEAREE WM
BB LET. EATRRTChi v HBI VA& E LIoK
B - REAEEREOHEE T DO RBAER ARSI L, BL
MABLBTFET. ek, KR, XABEREHRE —# C
05671254 B3 & O'—f% B 07457353 B) OB+ FF ez ¥ LT
BWEERLET.

X L3

1) Fisher, A. B. & Chander, A.: Lung surfactant-
phospholipids and apoproteins. Exp. Lung Res., 6, 171-174
(1984).

2) Mason, R. J. & Williams, M. C.: Phospholipid
composition and ultrastructure of A 549 cells and other
cultured pulmonary epithelial cells of presumed type 1 cell
origin. Biochim. Biophys. Acta, 617, 36-50 (1980).

3) Possmayer, F.: A proposed nomenclature for pulmo-
nary surfactant-associated proteins. Am. Rev. Respir. Dis.,
138, 990-998 (1988).

4) Person, A., Ruskm, K., Chang, D., Moxley, M.,



Y—7 722V OEENERCLELLIEEOBEOKRS 79

Longmore, W. & Crouch, E.: A pneumocyte-derived
collagenous surfactant-associated protein. Biochemistry, 27,
8576-8584 (1988).

5) Yu, S. H. & Possmayer, F.: Reconstitution of
surfactant activity by using the 6 kDa apoprotein associated
with pulmonary surfactant. Biochem. J., 236, 85-89 (1986).
6) Folch, J., Lees, M. & Stanley, G. H. S.: A simple
method for the isolation and purification of total lipides from
animal tissues. ]. Biol. Chem., 226, 497-509 (1957).

7) Folch, J., Ascoli, 1., Lees, M., Meath, J. A. &
Lebaron, F. N.: Preparation of lipide extracts from brain
tissue. J. Biol. Chem., 191, 833-841 (1951).

8) Suzuki, Y., Kogishi, K., Fujita, Y., Kina, T. &
Nishikawa, S.: A monoclonal antibody to the 15,000 dalton
protein associated with porcine pulmonary surfactant. Exp.
Lung Res., 11, 61-73 (1986).

9) EBEWMEWHT: AKEEMNCHERY -7 > 272 v VEE
EADOBER LUE. T2ESE, 311-321, (1995).

10) Curstedt, T., Jornvall, H., Robertson, B., Bergman,
T. & Berggren, P.: The hydrophobic low-molecular-mass
proteins of pulmonary surfactant. Eur. J. Biochem., 168,
255-262 (1987).

11) Bartlett, G. R.: Phosphorus assay in column chroma-
tography. J. Biol. Chem., 234, 466-471 (1959).

12) Thompson, J. F. & Morrison, G. R.: Determination
of organic nitrogen. Anal. Chem., 23, 1153-1157 (1951).

13) Swank, R. T. & Munkres, K. D.: Molecular weight
analysis of oligopeptides by electrophoresis in polyacrylamide
gel with sodium dodecy! sulfate. Anal. Biochem., 39, 462-477
(1971).

14) Lachmann, B., Grossmann, G., Freyse, J. &
Robertson, B.: Lung-thorax compliance in the artificially
ventilated premature rabbit neonate in relation to variations
in inspiration: experiration rate. Pediatr. Res., 15, 833-838
(1981).

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

16) Enhorning, G. & Robertson, B.: Lung expansion in
the premature rabbit fetus after tracheal deposition of
surfactant. Pediatrics, 50, 58-66 (1972).

17) Nilsson, R., Grossmann, G. & Robertson, B.: Lung
surfactant and the pathogenesis of neonatal bronchiolar
lesions induced by artificial ventilation. Pediatr. Res., 12,
249-255 (1978).

18) Enhorning, G.:
evaluating pulmonary surfactant. J. Appl. Physiol, 43,
198-203 (1977).

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

20) Robertson, B., Curstedt, T., Grossmann, G.,
Kobayashi, T., Kokubo, M. & Suzuki, Y.: Prolonged

Pulsating bubble technique for

Experimental

ventilation of the premature newborn rabbit after treatment
with natural or apoprotein-based artificial surfactant. Eur. J.
Pediatr., 147, 168-173 (1988).

21) Kobayashi, T., Grossmann, G., Robertson, B. &
Ueda, T.: Effects of artificial and natural surfactant
supplementation in immature newborn rabbits. B REE 2
§%, 15,53-59 (1984).

22) B, R OET, TENHS, HLd-~, SARHE
Z: ANLiiv—7 7> 7 2 v} DRESN L EBRHEEL OMH
B. BREESEE, 16, 51-57 (1985).

23) Takahashi, A. & Fujiwara, T.: Proteolipid in bovine
lung surfactant: its role in surfactant function. Biochem.
Biophys. Res. Commun., 135, 527-532 (1986).

24) Hall, 8. B., Venkitaraman, A. R., Whitsett, J. A.,
Holm, B. A. & Notter, R. H.: Importance of hydrophobic
apoproteins as constituents of clinical exogenous surfactants.
Am. Rev. Respir. Dis., 145, 24-30 (1992).

25) Kobayashi, T., Nitta, K., Takahashi, R., Kurashima,
K., Robertson, B. & Suzuki, Y.: Activity of pulmonary
surfactant after blocking the associated proteins SP-A and
SP-B. ]J. Appl. Physiol., 71, 530-536 (1991).

26) Notter, R. H.; Tabak, S. A. & Mavis, R. D.:
Surface properties of binary mixtures of some pulmonary
surfactant components. J. Lipid Res., 21, 10-22 (1980).

27) Albon, N. & Sturtevant, J. M.: Nature of the gel to
liquid crystal transition of synthetic phophatidylcholines.
Proc. Natl. Acad. Sci. USA, 75, 2258-2260 (1978).

28) Bangham, A. D., Morly, C. J. & Philips, M. C.: The
physical properties of an effective lung surfactant. Biocuim.
Biophys. Acta, 573, 552-556 (1979).

29) BfREX, RFEM, £FREE, FEE—, #EEMNK, K
A 2, BEEHEERL: I Surfactant DFREL7C S TS F O{LAMR
LREEYE. AREERE, 13, 27-34 (1982).

30) Tanaka, Y., Takei, T. & Masuda, K.: Lung surfac-
tant II. Correlations among activities in vitro, in situ and in
vivo and chemical composition. Chem. Pharm. Bull, 31,
4110-4115 (1983).

31) Grossmann, G., Larsson, 1., Nilsson, R., Rydhag, L.
& Stenius, P.: Lung expansion in premature newborn
rabbits treated with emulsified synthetic surfactant ;
principles for experimental evaluation of synthetic substitutes
for pulmonary surfactant. Respiration, 45, 327-338 (1984).

32) lkegami, M., Silverman, J. & Adams, F. H.:
Restoration of lung pressure-volume characteristics with
various phospholipids. Pediat. Res., 13, 777-780 (1979).

33) Morley, C. J., Bangham, A. D., Miller, N. & Davis,
J. A.: Dry artificial lung surfactant and its effect on very
premature babies. Lancet, January 10, 64-68 (1981).

34) Johansson, J., Curstedt, T. & Robertson, B.: The
proteins of the surfactant system. Eur. J. Respir., 7, 372-391
(1994).

35) Pérez-Gil, J., Casals, C. & Marsh, D.: Interactions of
hydrophobic lung surfactant proteins SP-B and SP-C with
dipalmitoylphosphatidylcholine and dipalmitoylphdsphatidyl—



80 [

glycerol bilayers studied by electron spin resonance spectro-
scopy. Biochemistry, 34, 3964-3971 (1995).

36) Beppu, 0. S., Clements, J. A. & Goerke, J.:

Phosphatidylglycerol-deficient lung surfactant has normal
properties. J. Appl. Physiol., 55, 496-502 (1983).

37) Hallman, M. & Gluck, L.: Development of the fetal
lung. J. Perinat. Med., 5, 3-31 (1977).

38) MHEEXR, RIFEM, £RFE, KN 2B, BEREM: L
R 4% L B ffiSurfactant DFEHER. BRAEEE, 13,
43-50 (1982).

39) Phillips, M. C., Ladbrooke, B. D. & Chapman, D.:

Molecular interactions in mixed lecithin systems. Biochim.
Biophys. Acta., 196, 35-44 (1970).

40) Hawco, M W., Davis, P. J. & Keough, K. M.
W.: Lipid f{fluidity in lung surfactant: Monolayers of
saturated and unsaturated lecithins. J. Appl. Physiol, 51,

509-515 (1981).

&

42) Vodyanoy, V., Bluestone, G. L. & Longmuir, K.
J.: Surface properties of two rabbit lung lamellar body
preparations with markedly different fatty acid profiles.
Biochim. Biophys. Acta, 1047, 284-289 (1990).

43) BEET, /M M, F XE, 0%, KEHE, &
L MAEEERY -7 > 2 2 v L OFERNEECET 5%
Bk ESNTEOE . JEREREEE, 25, 4148
(1991).

44) King, R. J. & Clements, J. A.: Surface active
materials from dog lung. . Composition and physiological
correlations. Am. J. Physiol., 223, 715-726 (1972).

45) Notter, R. H. & Finkelstein, J. N.: Pulmonary
surfactant : An interdisciplinary approach. J. Appl. Physiol,,
57, 1613-1624 (1984).

46) Kobayashi, T., Li, W. -Z., Tashiro, K., Takahashi,
R., Waseda, Y., Yamamoto, K. & Suzuki, Y.: Disparity

between tidal and static volume of immature lungs trated

41) Bangham, A. D.: Lung surfactant: how it does and
does not work. Lung, 165, 17-25 (1987).

with reconstituted surfactants. J. Appl. Physiol., (in press).

Lipid Components Neccessary to Increase the Activity of Pulmonary Surfactant Reiko Takahashi, Department
of Anesthesiology and Intensive Care Medicine, School of Medicine, Kanazawa University, Kanazawa 920—J. Juzen Med
Soc., 105, 71—80 (1996)

Key words  phosphatidylcholine, phosphatidylglycerol, pulmonary surfactant, reconstituted surfactant, immature
newborn rabbit

Abstract

To investigate the indispensable lipids for pulmonary surfactant activity, 4 synthetic reconstituted surfactants (SRS-1,
SRS-2, SRS-3 and SRS-4) were made by adding surfactant-associated proteins B and C (SP-B/C) to phospholipid mixtures
which consisted of synthetic dipalmitoylphosphatidylcholine (S-DPPC), egg phosphatidylglycerol (e-PG) and synthetic
dioleylphosphatidylcholine (S-DOPC) in various ratios. In addition, a reference surfactant, i.e., a modified surfactant (MS),
was prepared from porcine lung lavage fluid using chloroform-methanol extraction and acetone precipitation techniques.
The SP-B/C was extracted from MS by column chromatography. The activity of these surfactants was then evaluated in
immature newborn rabbits that were deficient in their own pulmonary surfactant. The animals receiving no material (control
group) showed less than 3 ml/kg of tidal volume under mechanical ventilation with a peak inspiratory pressure (PIP) of 25
cmH,O. In contrast, the animals receiving MS (MS group) exhibited 30.4 + 5.6 mi/kg (X £ SD), 17.9 + 5.4 ml/kg and 9.0 +
3.2 ml/kg of tidal volumes at the PIP of 25, 20 and 15 ¢cmH,0, respectively (p<0.05 vs the control group). The tidal volumes
of the animals receiving SRS-1, whose lipids were composed of mostly S-DPPC, were almost the same as the control group.
The tidal volumes of the animals receiving SRS-2, whose lipids were composed of S-DPPC and e-PG at a ratio of 90:10
(w:w), were significantly bigger than those of the control group, but significantly smaller than those of the MS group at any
PIP. In animals receiving SRS-3 whose lipids were composed of S-DPPC and e-PG at a ratio of 80:20 (w:w), the tidal
volume at PIP of 25 cmH,O was the same as that of the MS group, but those at the PIP of 20 and 15 cmH,O were smaller
than the MS group. The tidal volumes in the animals receiving SRS-4 whose lipids were composed of S-DPPC, e-PG and
S-DOPC at a ratio of 60:20:20 (w:w:w) were the same as the MS group at any PIP. It is concluded from these results that not
only dipalmitoylphosphatidylcholine (a kind of saturated phosphatidylcholine) but also phosphatidylglycerol (represented by
e-PG in the present study) and unsaturated phosphatidylcholine (represented by S-DOPC in the present study) are playing
some important roles in the activity of pulmonary surfactant.



