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PREEMCLERRY -7 > 7 2 V' EEEAOBERS L OE

SRKFELHRE - EFHE (S 3D
BRWAE W T

ALKV =7 72 2 v RBERTHLOOEBNMALBAENT, vy-7 7272V 1 EHEAEY, BEAKLIUCE
B (surfactant-associated protein A, B and C, SP-A, SP-B %8 X0 SP-C) 2%, =7 » 7 2 VY FOER KD L 5 ItHE LT
WEBEBRLI. ¥F, 72 OMALRAY -7 7 7 % (natural surfactant, N-S) 2#hHH L, £h X b SP-A #BREL
T AERBEBREY—7 » 7 2 v+ (surfactant without SP-A, A(—)-S) &, £TCOBEHE*BRELES—7 77 2 v MNEBLHE
(lipid fraction of surfactant, L-F) #J#& L. %k \T, A(=)S & DoHEL7c SP-B X0 SP-C #yE%, xDET
LF CEGLEEHREY—7 > 27 2V V2R LE. ZhbORRY, BOOMY—7 7 72 v P ARIMAL T 57ENE26 8 B
DY FRBNEF FHERP K =310) ORKHE L 2, BERXRDATRE T TOBREEYHEL:. MbHE Lk
Mo TeRBRECIE, MARSKE (peak inspiratory pressure, PIP) 2% 25cmH,0 T# 3ml/kg L TFOBEKE LB Rich -
o, ¥lo, LF 2B ELEEHYTH, HRBLIABECRIE LB bhihofc. ZhitRL, N-S 2#E LB (N-S
) 1%, PIP #' 25cmH0 T 33ml/kg Bk OBEE L /R L7z (WRBCH L P<0.05). A(—)-S Bd, N-S i ABEDOHRE,
BERLI. —7F, SP-C 28 1.40% (A(—)S D2#E) E+2CHEEL TS SP-B ARMLAEBREY—7 > 2 2 v M2,
25cmH,0 @ PIP T 6ml/kg R OBEE LA bhish o7 HREIE L NS). La L, 1.40% o SP-C ixpnz SP-B #t
0.18% LA LFETSH L, SP-B 0RBERFRICHRSEIEIN L. R, SP-B 28 0.70% (A(—)-S © 248 L+4EHEE
LTh SP-C BWRIMUIBHEY —7 » 7 2V TR, +HRBRKENMEDRich o7 (RBFH L NS). UL, 0.70%
@ SP-B izpnz SP-C 2§t 4L, BKEIXIZE SP-C 0BREZEELTHEM LA, ¥z, SP-B & SP-C Dl#w 1:2 &
L, #OAHOBES 053% O3, PIP 4 25cmH,0 Th 46+1.0ml/kg (X £SEM) DB E LAE bl -t (B
BHEHL NS). Lanl, ARFOEAEBREY 210% wWH T &, BRE X 25.0+23ml/kg i L7 CHRECSL

P<0.05). BlEXD, =75 272 v b ORKERBNIERII

SP-C OMBFIBIERINCHETRFTHS EEHRINL.

SP-ARBEVRELTCWRWERERI AL, —F, SPB &L

Key words surfactant-associated protein,

pulmonary surfactant, reconstituted surfactant,

immature newborn rabbit, tidal volume

fivyr—7 -2 v, BEEOEHE (v—77 22V}
BHEER) (BB (V-7 272V FBE) O DI-TE
b, MECEEEIEHEL IET, BREECHBENBSEYR
DIRDENAREHEATH B, v—7 7 7 2V BHRRE
2, A RFEREEERERRC L CER R R LYY, AR
BEREFOHBRBC SIGATED LE LB A TVHAEY, L,
REAVWBRTWA S —7 7 2 2V MX, ByOfis: bkl L
TADTHD. REBABCIHEWEROTVCATRYHERET
BI2dIIY, WO D—2ThBH—7 572V NEHEEHORE
FRB L ABEROBGREMONER DS,

V=772 v BEEEAIE, P LD 3BEDD DM
MbRTHEY, RO AEH (surfactant-associated protein
A, SP-A) (26~38kDa) s X OBIAM DB\ BEH (surfactant-
associated protein B, SP-B) (5~18kDa) & C&E (surfactant-
associated protein C, SP-C) (3~6kDa) K4 EI LT\ 5. B

FRTE2AIERZA, PRTHFEALR 4BZE

E, ThZhoBREY, REENEFHIIEHERCED X
SWBE LT WAHhE, REENFLHMERBEL ST X
DA ZHMD TS, L L, BRTELEBEH IhIBRE
BEL, ThHoEABEOBREY RMFEMCHE LB E TR YA
Sisus, SEEZL, 7EORY -7 272 25 SP-A %
BRELLLD, 2TOBABERELLEY—7 > 72V M i
B, BIULTOIEEIZ SP-B® SP-C2E4DLRTEALE
BREERL Y 9 FRBBFCESEL, FEAELATRR
TR HREEOHEFLRE L.

HRELUHE
. ¥=T7 79482 FORBEERDIT
1. K% —7 » 2 &} (natural surfactant, N-S) D&
¥, Fife T 2 O AR AEKCHERE L, ERLE
FRlase s OFIREL o % E O (150x g, 104-F) L“CB%_?&'L

Abbreviations: CPAP, continuous positive airway pressure; IPPV, intermittent positive pressure
ventilation ; L-F, lipid fraction of surfactant; N-S, natural surfactant; PIP, peak inspiratory pressure; RS,
reconstituted surfactant; SP-A, surfactant-associated protein A ; SP-B, surfactant-associated protein B; SP-C,
surfactant-associated protein C; A (—)-S, surfactant without surfactant-associated protein A
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Fo. T, EERED (2000xg, 1FEE, 4C) L, Bbh
THBELRBAC SR LARCHERD L, BohtnE
B, 10mMTris-HCl (pH7.4) & ImMEDTA # &t H A
Kie s L, 0.25M 38 X U8 0.68M SR O FICERTHEE AR
B (75000x g, B[, 4°C) BT ot. ZODOREMBKDORE
W Eh BRI L, REKCH UTI6RRZEN L5 2
R Lch D% N-S & L.

2. SP-A F#Ev—7 5 2 X2 b (surfactant without SP-A,
A(—)S) DFRE

N-S b, Zzrekrrabtrr,—n (2:1,v:v) DESK
XA ED, 0.5% AtERKE H\ 7 Folch $E™1C X b #K
WEEHE (F& LT SP-A) ¥BRELE. 208, 71 b vtk
Wi X hepMEETP 2 VAT m— LR REL, BEEZRLCD
D% A(—)S & Lli.

3. RESHELEOESE O

BERERE M LAz A(—)S %, AZ XA 25%x80cm D& 7 5
5y 2 A LH-60 ## 5 & (Phamacia LKB Biotechnology Inc,,
Uppsala, Sweden) 2 X » 5ml F064A D REE w4 ElHhH L
=9 BEIL, Zeegkia—2xs =0 (1], viv)
5% DEAT 0.IN HEEY L B2 & 40ml/hr Tl L
o, A()»S X, HEHCAVWABRKEERLTAm LA T 2
it U7, BORHE, SYEEEER U-2000 (Haz, ER) Xk b
55 (280nm) BAEERREL, —HZ D>\ T Swank HDF
EY X b SDS-PAGE %7t oz, TORRMDL, FElHE

Ventilator (Servo 900B)

i

EhicgEy SP-B 4, SP-C #ER LUEESER KL
fz. Thbb, RBREESIT~21BRORR % SP-B 4,
2T~33FBR DR SP-C HE & Lic. Fiz, 3B~56FHDME
%45 (lipid fraction of surfactant, LF) X, #—7 » 7 & v }
BB & A LT L. ThEPhoaeht, —H2-Rsn
CEAL, Bk FEOBBCER LI, BREENEER
(#5h) CHERTHET-20CTRELL. vk, AREEE
1 ~16%, 22~26%, 34~37T%F¥B L UBT~CABOREIL, 13&
A EHBHAER LTV nbdy, F R O TR &
Hig UCHERELL.

4. HRBOEBH T

BESEIL, EREAEBRIVOFIAZe <257, -
GC-9A (B, BR) TH L s %, FhbDOEY Bartlett ©
FHEES TRIE L. BREOREIX, 2 =-Kjeldahl " THlE
L.

I. ATRBATRE

1. SP-A O MmIZBE3 285

SR AR5 E 16~ 230 OIEIR Y v (BAMEE, HIHERE
A3=310) %, &8s % 3 v 30meg/kg DHEB LRV 1+ A
e R =) 20mg/kg OEEC L OFREL, FTEUBC XA
il BEbE, ThbOBRFOBERRIEL, BER
TRy b AR - 05mg B HEE LS 2, KBTI~
DEBHI=— VEBEALL. To%H, REOMKF (3~10
) ww L, EEAIT NS, A(—)S XU LF DKy

Resistant
tube

Pressure

Flow

Volume

Diff. Press.
transducer

Fig.1. System for the recording of tidal volumes in immature newborn rabbits. The animals were tracheotomized and treated
with various surfactants or not treated (controls), and kept in air tight chambers (ten plethysmographs). They were connected
in parallel to the respirator which is set at pressure-controlled ventilation. The tidal volume was calculated by integration of

pressure difference across the resistant tube attached to the plethysmograph.

oxygen ; ECG, electrocardiograph.

Diff. Press, differential pressure; O, 100%
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0.lml HTCEEHN = 2 —VvENSLCHACEAL, ThTth
N-S B, A(—)SH, L-F L L. iods, HEROTHMMLE
BaisLicWHBHELRE L. LROBREIMT LKRF
12, ERSTCIER sl T VAL 7T 7HEED ORBRTINE
Lz (R 1). BREIhCBFL, REOSRFOERSTE
T3+ 5% T, 5emH.0 DF B K E W B E (continuous
positive airway pressure, CPAP) Ficff X €7z,

SMRFOEFHRTET Lict, Bibsvrr=v.4 0.02mg %
BrERcEs LU THRFEZEBRLL, REXROBMRHVEERR
(intermittent positive pressure ventilation, IPPV) % Biia L 7.
AN LR 234k, Servo 900B (Siemens-Elema, Solna,
Sweden) % A\, KB K E (peak inspiratory pressure,
PIP) BFBIEAEZ A I W L > THE L. BREIRY 1
SREA0E, BREFEFEEMERFHOLE 1 1 1L, EREHE
Wkdich X 5B EHEERE L. BREY A WIIMBEY
v, ATRERSHOS AREED LR RAECET 2 2%K
B O FRBRZEDIOEL L (T1/min) IWERE L. EHIX,
ATRBRZEOERNERHHERL, BE LCBRIKEEI R
RTWBZEEMAELL. Fio, FHRTFOBREERL, E8FE
s L KMBEREREROEE Y 22 ERIHE TP-602T (BAX
XE, ®HR) THRIEL, tOHNEHESEH AR-601G (BARX
B) WHETRDAD.

IPPV BRRAERERID 1 HEE, KBTS LcaR o
CETHESTS L5, PIP % 35cmH0 KHELE. F0OH
D154 PIP % 25ecmH,0 I, k\WT 5 48 & 20,
15emH,0 EETFT X8, BEEKHEC 25cmH,0 T LR &€, &
PIP TOWMKEZR S BEWCRE L.

BREOWENKRT LIER, SFEBRYAVCTEBRIFOLE
REE&EL, L1120/ D Lo b 0 7B L HE L
(v 4 FRBEMFOOPROERE1240~320/4). KBRKT
B, BEDOV AR - VEEERCES L CHFLER

Table 1. Constituents of surfactant

L, FEREMCSROEELRE L.,

2. SP-B 0EECET A

9, LF s L SP-C HEOZ% 1.40% HTHEM LIz D
*RAEL, BEEY—-7 7 27 &% v b —a (reconstituted
surfactant-a, RS-a) & L7z, W T, ZDESEK SP-B 4
% 0.09%, 0.18%, 0.35% %8 L 0% 0.70% H T Lic b DRIER
L, FhEhBHESEr—7>22 v +—b, —c, —d BIV—e
(RSb, RS-¢c, RS-d #8 L 0* RS-e) & L. ZOBEHERIFLD
ToTit, FPERHIT A Iv< 57 4 —OBI L L HIT
EBAL, B8RS ARIVEE LS 20mRLL. B, &
BRI 2RI, RS AR AR H# L, T8
EEEY 50me/ml IR L.

SP-A OFMCE TR L RBEOFETEB LY ¥k
BIRFOMPIC, ThEThOBHEY -7 » 7 2V } DHHEE
% 0.1ml H>THEAL, RS-a, RS-b, RS-, RS-d # X 0 RS-e
Elic. ThOEBROBRSEIR, fike ABOFETHEL
fo. ks, HEBEOROMARMEREELAEVWNBRIEEL
iz

3. SP-C DBEWEST H8E

#9°, L-F iz SP-B D&% 0.70% thxifcd 0 AEL,
BHEYy—7 272 —f (RSH) & L. RS & SP-C 4
% 0.18%, 0.35% 3 L O 0.70% HTHMLISDRERL, F
HENBEEY -7 7272V b—g —h BLVO-i (RSg,
RS-h 8L 0°RSH) & L. 53, RS & b SP-C HEDOEE
B —BREH Li-b o (SP-B 4, 0.70%; SP-C 4+, 1.40%)
L LT, SP-B OBEEIT 585 D RS-e AT L.
IHRBOEHEES I UEBREK~DOSHIZ, SP-B OB
BT B RE L RO FEE B,

Bl & FHOHER LD, vy FRBBFOMACERFR
DEBEY—7 7 7 & v P e#E LT RSH, RS- RS-h, RS-
BLO RS-e HEL, MbEBLHELLVCIMEHBIE L

Ratio of each constituent

Constituents in weight (%)
N-S A(—)S
Phospholipids
Phosphatidylcholine 47.8 66.2
Phosphatidylglycerol 11.4 7.7
Phosphatidylethanolamine 7.2 6.2
Sphingomyelin 4.7 7.4
Phosphatidylinositol 4.2 4,7
Phosphatidylserine 1.7 4,1
Other phospholipids 0.9 1.8
Other lipids
Cholesterol 6.4 0.4
Glyceride 4.3 0.1
Free fatty acids 2.4 0.4
Proteins
SP-A (26~38 kDa, hydrophilic) 7.9 -
SP-B (5~18 kDa, hydrophobic) 0.4 0.35
SP-C (3~6 kDa, extremely hydrophobic) 0.7 0.70

SP-A, SP-B and SP-C indicate surfactant-associated protein A, B 'and C,
respectively. N-S, natural surfactant; A (—)-S, surfactant without SP-A,



314 7

TEBRFOBRIEXRELE.

4. BEHEREWMET A% (SPB &L SP-Colkx 1:2 12
BELTES)

FF, A(-)S Eh\vok ALY SPB S@EB IO
SP-C 4% 1: 2 DEAETHERA L. RWT, ZOBESR
LEBEHEDREM 0.26%, 0.53% B X0 1.05% &7cd X510
L-F 2%, ThTheBEEy—-7-27& v F—j, —k BX
=1 (RS-j, RS-k 3 LU RS-) & L7z, %7z, RS & Bk
EEBOBREY —BEH L DL LT, SP-B OB EKES
BEHED RSe ¥ ABECML. ThbOEHBEERR LU4E
HAeRK~NOS#IZ, SP-B 0BEW TR L AHKO L
R,

EOHLBKEOBMIL, AEFHITEWTL 7 FRBWBF
FHEAL, R ERAROFETHE LK. L0, ThZfho
BREY—7 7 7 2 v b ARSI Y RS-, RSk, RS-
FLO RS-e FEEL L. ok, KRBETIZ, A(—)S DEEBR
RS EE (BERE=50mg/ml) % 0.Iml »CREECHAK
HEAL A(-)-S B, BIUOEARLES LW RBE L&
ELk.

—t
o
¥

Lipids

A4

Absorbance at 280 nm
o o o
F o ®

o
N
Y

10 20 30 40 50 60
Tube number

Fig.2. Elution pattern of surfactant-associated proteins B
and C (SP-B and SP-C) and lipids from surfactant without
surfactant-associated protein A (A (—)-S) on a column of
Sephadex LH-60 (column size, 2.5X80 cm) in chloroform/
methanol 1: 1 (v/v), containing 5% 0.1N HClL. A flow
rate was 4 ml/hr. Each fraction volume was 5 ml

Tube

number 14 1516 17 19 21 23 25 27 29 31 32 33 34

l | L I}
SP-B SP-C
Fig. 3. - SDS-PAGE of surfactant-associated protein B and C
(SP-B and SP-C) fractions from the Sephadex LH-60

column.

A(—)-S B, RS-e Bf3s L OWBHO 3BT OWT, AGER
HECEIFEE, BUMEERBEFLOFE K I VHIEL
o, Thhbb, BFEEERELCKBOBELHE LK, it
BRI B DITCTHRSHEE Lz, Z0%, FHF0g
BwH=a2— VIEZ 50cm, W 1.62mm ORY =5+ 1L v
Fa—THEHRL, BF 2 —TEKPCERL, F2—-T0M
WEIRTRBEDA -~ I BERICES L. BREOKEY 1 HHE
TS5cm FOELTAHIEILED, 045 30cmH0 ¥ TEFEY
WCHE Lz, AR 0cmH0 ¥ THE L7z, £ DEDISRK
OBEEENS L, MKECELENE L. ok, BEROZR
KOEMITRHBRTHIE L.

. #EHE

B X KRR, MEAEL DB L. v
FFRBFATFCETARERL R, FHELEEBRETRL
o, BE, BEEB IOMERHBROBHEOAREEZ, S8y
WixfTis -7 5 %, Scheffé OAELE T A + THE L. 4
EROFEENEIIL, Fisher DEEERHEX A VR, W
i, ERE (P) 20.06L A T2ERE L Liz.

B -]

. ¥—777% bOEKR

N-S %, # 8% DV VIEHE, # 13% OFEIEE &R,
B LUK 9% ODEHE (SP-A, 7.9%; SP-B, 04%; SP-C,
07%) LD DI - TWwic. —F, A(—)SiZ, HBK DY v
J8B, # 1% oFMIRE LB, B X UBKEERE 1.05%
(SP-B, 0.35% ; SP-C, 0.70%) X W Dhir- Tk b, BEAMER
BThHD SP-A XEERTC I ote. i, N-SIESTH
HIEECEFBOSERIIFA L GE1).
ASAZR< L5574 -k VB IR ERFROER
EHORBOBIEE RHAK 280nm) ¥ 2 IR L.
A(=)S i, EL 45D 275 bh, BAOE— 71
SP-B, kd/N & — 22i% SP-C, HHED 2 20— 71Tk
eEREERh TV, SDS-PAGE T2, RREEF1T~21%F
1= SP-B 7%, 27~33%Iz SP-C AL LTz (K 3).

1. 8@Y— 77042 FERDHEICLZBREE

1. SP-A OR#ERET 5K

WBEED Y ERBBFIZ, THP APRRRPCECL
fo. =75, N-S B, A(—)S BB IO LF BTIX, ERETH
FTLRPNVEEL, BRECEERCRFAEFELRL

Table 2. Characteristics of immature newborn rabbits in
study for SP-A

Number of Number of Body
Group rabbits survival weight
examined rabbits (X +SEM, g)
Control 7 3 20.9%1.4
L-F 7 i 24.2+2.0
A(—)S 7 ™ 19.7+0.8
N-§ 7 * 26.1+1.3

N-S, natural surfactant; A (—)-S, surfactant without
surfactant-associated protein A; L-F, lipid fraction of
surfactant. * P<0.05 vs control group. Animals of the
L-F, A(—)-S and N-S groups were instilled L-F, A(—)-S
and N-S, respectively. Animals of the control group
received no material.
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o, 5%, ARFCRTIZLABORFOBED FiHE IR
19.7~26.1g TH D, HECEEZITDbIish >k (FE2).

RACEBHEOBRIELTR LIz, fb#E Lish - wBET
i, WTho PIP T3 3ml/kg U TOBRKE LB LRS-
fo. ¥z, LF BTR, SRBELAUCIBREALRSENEDS
hlhote. ThielL, NS BEomg Bz, PIP »
25emH,0 KERE LMD M OB 4T 32.4~33.3ml/ke,
20cmH:0 D % & T 21.8+£2.0ml/ kg, 15cmH,0 O 8 & T
100+£1.2ml/kg R L, B#H®& PIP % 25cmH,0 KB LB X &
RERKLRMEBER LT 35.7+2Tml/kg #R L.
A(—)»S T2, NS BFLABREOBRIENB L.

2. SP-B OBEET 5K

HBEDO 7+ FRBPEFIZ, THF IPNERFCEE L
fo. —F, BHEEY—7 > 27X v &S L RSa RSb,

N
o
T
*

w
o
T

—r
o
T

Tidal volume (ml / kg)
n
o

6:3:3b¢_=¢._—_£:‘3
0 ; : ;
25 25 25 20 15 25
PIP (cmH,0)

5 10 15 20 25 30
Time (min)

Fig. 4. Tidal volumes at various peak inspiratory pressures
in animals receiving natural surfactant (N-S), surfactant
without surfactant-associated protein A (A (—)-S), lipid
fraction of surfactant (L-F) and in control group. Values
are X+SEM. O, N-S group (n=7); A, A (—)-S group
(n=7); A, L-F group (n=7); @, control group (n=7).
PIP, peak inspiratory pressure. *P<0.05 vs control group.

RS-c, RS-d ¥ L U' RS-e B TI2, BRK TR CTLANEE
L, NRBECEAERCRF R EFRLR L. ok, AR
2BV B 6 EORFOGEDFIMEIL 21.5~2458 TH b, B
BIZERZIRED ORIk o1 (3).

FRFWC BT 5% PIP TORKELYR S5 wR Liz. SP-C A
1.40% &%FhTWTdH, SP-B # 0% © RSa B TI3,
25cmH,0 @ PIP T% 6.04+08ml/kg DMK E LnESHL
Mot —F, PIP # 25cmH,0 D4, SP-B 0 EE»
0.18% @ RS-c FHDOHLL &I 9.0+1.6ml/kg, SP-B 7% 0.35%
RS-d BTt 16.7+1.1ml/kg, 0.70% @ RS-e £ TI325.0+%
23ml/kg &, BKEI122FSP-B OMEKRE M LE. L

30t
*
=)
X
E 20} )
(]
=
3
[}
Z 10t
[+
Ne)
=
0 @ 1;5 i TL =- T L
0 0 009 018 035 070
SP-B (%)
0 140 140 140 1.40 1.40
SP-C (%)
Control RS-a RS-b RS-c RS-d RS-e
Group

Fig.5. Tidal volumes at 25, 20 and 15 cmH,O peak
inspiratory pressure (PIP) in animals receiving various
reconstituted surfactants and in control group. Values are
XESEM. O, 25 cmH,0 PIP; A, 20 cmH,O PIP: @, 15
cmH,0O PIP. *P<0.05 vs control group. SP-B and SP-C
indicate surfactant-associated protein B and C, respectively.
RS, reconstituted surfactant.

Table 3. Administered material and characteristics of immature newborn rabbits in study for

concentration of SP-B

Composition of

administered material Number of Number of Body
Group rabbits survival weight
L-F SP-B SP-C examined rabbits (X £SEM, g)
(mg) (%) (%)
Control 0 0 0 7 4 21.5+1.2
RS-a 5 0 1.40 7 T* 23.2x1.2
RSb 5 0.09 1.40 7 T™* 21.8%1.1
RS-c 5 0.18 1.40 7 T* 23.0+0.7
RS-d 5 0.35 1.40 7 T* 23.2+1.3
RS-e 5 0.70 1.40 7 T* 24.5%1.7

L-F, lipid fraction of surfactant. SP-B and SP-C indicate surfactant-associated protein B and
C, respectively. RS-a, RS-b, RS-c, RS-d and RS-e indicate reconstituted surfactant-a, -b, -c,
-d and -e, respectively. *P<0.05 vs control group. Animals of the RS-a, -b, -¢, -d and -e
groups were instilled RS-a, -b, -c, -d and -e, respectively. Animals of the control group

received no material.
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L, PIP 28 20emH,0 X 15ecmH.0 COBMKEIL, &
Bl EBZELRDed -z,

3. SP-C oEE BT 585

NBEBEOY v FRBMEFIZ, THFIPRERPIELTL
. —F, BEEYy -7 22 v b2&EE5 Lk RS RSg,
RS-h, RS- 8L RS-e H T3, ERK TR T C2A34LHF
L, HBHCHENEBRCRFRERRLR L. ok, REH
sl % 6 HORFOBEDTFHIEL 205~2588 TH D, B
FBed B3RO bhho Tz (R4).

EHOBTELYR 6Lz, SP-B % 0.70% A TW3
W, SPC &< &%t RSH HEoBKE L, PIP %

30
3
E20t T
a) *
£
=]
g
© 10'
°
|._.
0 l;) {C " i 2 n
W
0 070 070 070 070 0.70
SP-B (%)
O 0 018 035 070 1.40
SP-C (%)
Control RS RS-g RS-h RS-i RS-e
Group

Fig.6. Tidal volumes at 25 20 and 15 cmH,O peak
inspiratory pressure (PIP) in animals receiving various
reconstituted surfactants and in control group. Values are
X+SEM. (O, 25 cmH,0 PIP; A, 20 cmH,O PIP; @, 15
emH,O PIP. *P<0.05 vs control group. SP-B and SP-C
indicate surfactant-associated protein Band C, respectively.
RS, reconstituted surfactant.

25cmH,0 1= L T% 55+09ml/kg LB bR d o .
SP-C M E% 0.18% (RS-g ), 0.35% (RS-h ), 0.70%
(RS-i #) #8310 1.40% (RS-e #) LML TWL &, PIP &
25cmH,0 TOB|KEL, ThEh 147+£23ml/kg, 182+
2.2ml/kg, 18.6+2.6ml/kg 38 L 25.0+2.3ml/kg & 13I1FSP-C
OEECHRFELTHEMLE. LnL, PIP 220cmH,0 % Lot
16emH,0 TOWKEIL, EHHECHEEELR DR o1,

4. BERBBECET 58 (SP-B & SP-C D% 1:2
BE LHBE)

40}
— § ——
;;,30“
E
o) —§-——1*
S
(o]
>
©
hel
=T
§—|*
( i
02— =t —
0 027 053 105 210 1.10
SP-B & SP-C (%)

Control RS-j RSk RS- RS-e A(-)S
Group

Fig. 7. Tidal volumes at 25, 20 and 15 cmH,O peak

inspiratory pressure (PIP) in animals receilving various
reconstituted surfactants, surfactant without surfactant-
associated protein A (A (—)-S) and in control group.
Values are 'X =SEM. O, 25 cmH,0 PIP; A, 20 cmH.0
PIP; @, 15 cmH,O PIP. *P<0.05 vs control group,
'P<0.05 between RS-e and A (—)-S group. SP-B and
SP-C indicate surfactant-associated protein B and C,re-
spectively. RS, reconstituted surfactant.

Table 4. Administered material and characteristics of immature newborn rabbits in study for

_ concentration of SP-C

Composition of

administered material Number of Number of Body
Group rabbits survival weight
L-F SP-B SP-C examined rabbits (X £SEM, g)
(mg) (98) (%)
Control 0 0 0 7 4 21.2+2.2
RS- 5 0.70 0 7 ™ 21.4£1.5
RS-g 5 0.70 0.18 7 i 24.1+1.4
RS-h 5 0.70 0.35 7 ™ 24.7£1.5
RS- 5 0.70 0.70 7 ™ 25.8+1.8
RS-e 5 0.70 1.40 7 * 20.5%1.0

L-F, lipid fraction of surfactant. SP-B and SP-C indicate surfactant-associated protein B and
C, respectively. RS-f, RS-g, RS-h, RS-i and RS-e indicate reconstituted surfactant-f, -g, -h, -i

and -e, respectively. *P<0.05 vs control group.

Animals of the RS-, -g, -h, -i and -e

groups were instilled RS-f, -g, -h, -i and -e, respectively. Animals of the control group

received no material.
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Fig.8. Static pressure-volume recordings of the lung-thorax
system in animals receiving surfactant without surfactant-
associated protein A (A (—)-S), reconstituted surfactant-e
(RS-e) and in control group. Values are X +SEM. A,
A(=)S group (n=7); [, RS-e group (n=7); @, control
group (n=7). *P<0.05 vs control group.
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Table 5. Administered material and characteristics of immature newborn rabbits in study for

concentration of protein

Composition of

administered material Number of Number of Body -
Group rabbits survival weight
L-F SP-B & SP-C examined rabbits (X £SEM, g)
(mg) (%)
Control 0 0 7 3 24.1£1.5
RS-j 5 0.26 7 * 20.3£1.3
RS-k 5 0.53 7 ™* 20.7£1.3
RS- 5 1.05 7 T* 22.3x1.0
RS-e 5 2.10 7 T* 20.6x1.4
A(—)-S 5 1.10 7 ™* 22.0£1.7

L-F, lipid fraction of surfactant. A (—)-S, surfactant without surfactant-associated protein

A. SP-B and SP-C indicate surfactant-associated protein B and C, respectively. RS-j, RS-k,
RS-l and RS-e indicate reconstituted surfactant-j, -k, -, and -e, respectively. *P<0.05 vs
control group. Animals of the RS-j, -k, -l, -e and A (—)-S groups were instilled RS-j, -k, -,
-e and A (—)-S, respectively. Animals of the control group received no material.
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Abstract

The functions of surfactant-associated protein A, B and C (SP-A, B and C) on the activity of pulmonary surfactant were
investigated to obtain basic data for development of an artificial surfactant. Natural surfactant (N-S) was extracted from
porcine lung, and then the surfactant that did not contain SP-A (A(-)-S) and the lipid fraction (L-F) were isolated. In
addition, several reconstituted surfactants were prepared by adding various amounts of SP-B and/or SP-C fractions into L-F.
These samples were instilled to surfactant-deficient immature rabbits through the trachea, and their tidal volumes were
measured. The animals receiving no material (control group) showed less than 3 ml/kg of tidal volume at peak inspiratory
pressure (PIP) of 25 cmH,0. The tidal volumes of animals receiving L-F alone were as low as the control group. In contrast,
the animals receiving N-S (N-S group) exhibited around 33 ml/kg of tidal volume under the same artificial ventilation
(P<0.05 vs control group). There was no difference in the tidal volumes between the animals receiving A(-)-S and N-S. In
the animals receiving reconstituted surfactant, in which the amount of SP-C was 1.40% and that of SP-B was 0%, the tidal
volumes were about 6 ml/kg at PIP of 25 cmH,0 (NS vs control group). But the tidal volumes increased in proportion to the
amount of SP-B when the amount of SP-B was more than 0.18% with 1.40% of SP-C. Similarly, when the amount of SP-B
was 0.70% and that of SP-C was 0%, the tidal volumes were low (NS vs control group), but the tidal volume increased in
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proportion to the amount of SP-C. The tidal volume was 4.6+1.0 ml/kg (XSEM) at PIP of 25 cmH,O (NS vs control group)
when the total amount of SP-B and SP-C was 0.53% (SP-B: SP-C, 1: 2), but the volumes increased to 25.0+2.3 ml/kg when
the amount of the proteins was increased to 2.10% (P<0.05 vs control group). It was concluded from these results that SP-A
was not important for surfactant activity but both SP-B and SP-C were necessary.



