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(Chief. Prof. T. AKINO)

Abstract The lecithin/sphingomyelin (L/S) ratio, disaturated phosphatidylcholine (DSPC),
phosphatidylglycerol (PG) and surfactant protein A (SP-A) in amniotic fluid have been demonstrat-
ed to be specific surfactant markers. It is important for their clinical use that the determination of
these markers be simple, rapid and sensitive. In the present study, we improved the enzymatic as-
says of DSPC, L/S ratio and PG in order to make the determination of these phospholipid markers
more sensitive. An enzymatic assay method using phosphatidylinoesitol (PI) was developed for the
first time in this study. Using these assay methods, the phospholipid markers of amniotic fluid at
various gestational ages were determined.

In the enzymatic assays of DSPC, PC, sphingomyelin and PG, 2-hydroxy-3,5-dichlorobenzene
sulfonate (HDCBS) was used as a coupling agent with 4-aminoantipyrine and with hydroperoxide
produced from either choline or glycerophosphate and their oxidases. The use of HDCBS was much
more sensitive than phenol. For more specific and accurate determination of DSPC, we used phos-
pholipase C from Bacillus cereus instead of bacterial or cabbage phospholipase D. PI was treated by
phospholipase D to release myo-inositol, which was then determined enzymatically. The L/S and
PG/PI ratios in amniotic fluid determined by the enzymatic methods correlated well with those
obtained by the thin-layer chromatographic method.

The DSPC concentration in amniotic fluid increased gradually from 30 weeks gestation, and the
development profiles of DSPC and the L/S ratio were well correlated. The increase of PG concen-
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Abbreviations :
RDS, respiratory distress syndrome SP-A, surfactant protein A
PC, phosphatidylcholine HDCBS, 2-hydroxy-3,5-dichlorobenzene sulfonate
DSPC, disaturated phosphatidylcholine MIDH, myo-inositol dehydrogenase
DPPC, dipalmitoyl phosphatidylcholine MDH, malic dehydrogenase
PG, phosphatidylglycerol TLC, thin-layer chromatography
P, phosphatidylinositol MeOH, methanol
SPH, sphingomyelin AMP, 2-amino-2-methyl-1-propanol

L/S, lecithin/sphingomyelin
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tration in amniotic fluid appeared from 35 weeks gestation, but PI concentration increased until 35
weeks gestation, and then decreased. The PG/PI ratio, therefore, increased dramatically from 35
weeks gestation. The development profile of SP-A in amniotic fluid correlated with that of DSPC,

L/S ratio, PG and PG/PI ratio.

In conclusion, the enzymatic assay methods improved or developed here were useful for the

microdetermination of surfactant phospholipid markers in amniotic fluid.
(Received October 30, 1990 and accepted November 13, 1990)
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Fig. 1 Enzymatic reactions used for the determina-
tion of phosphatidylinositol. PLase-D, phos-
pholipase D ; MIDH, myo-inositol dehy-
drogenase ; MDH, malic dehydrogenase ;
GOT, glutamate oxaloacetate transaminase
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Fig. 2

A ® Standard curve for the enzymatic assay of
phosphatidylcholine (®), choline phosphate
(&) and choline (0). Inset is for the en-
zymatic assay of phosphatidylcholine at low
concentrations.

B : Standard curve for the enzymatic assay of
phosphatidylglycerol (®) and glycerol (0).
Islet is for the enzymatic assay of phos-
phatidylglycerol at low concentrations.

nmol OEIF CHEEMELH D, 2nmol F TRIEFEET
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WBZ ERREh, DAL S DPPC oER®
1187-92%, CVHIZ4-T% TH-Te. Tok PCHEEM
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Fona) v (LPC) O 10% %515 2 & el
L (Fig.3-A). SPH @74 3 7% 2 4T DSPC &
G~#10-20%6H L, Z0/H 5 %nBIEINAZ 1T
BH, ThREOBRERFERETER - EELDR
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& PC DWIEIIL PC R A A K Y A—+ C L
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#2122-40 nmol OFECEBHEIESI (F-x -
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Fig. 3

A : Specificity of phospholipase C from Bacillus
ceveus for choline containing phospholipids

B : Specificity of sphingomyelinase from Micro-
organism for choline containing phospholipids

ERE R, #iz 10 nmol BT OEEE -t IEHEE
5L TE. SPH BIBOIGTFREETH B+
ARV )y, 2V VvEREEL L CRASHTEEL
7-BF, SPH ofZHehig & 1S E /e A ERMEIME DR
720w, SPHIREIESE4 K2 ) Yo B Eh, red
chromogen ~EE# E T\ B T VRS hic. O
EHw L 5 SPH o[BI 3 13.98.8-103%, CV fEix
4.2-8.6%Th o 1.

LOBEECERLL/SEE TLCEHETELRALL/S
o DEAEK 14 plclbictkist Lic (Table D). %h

FLBRER R

FhoO¥ KR\ CEEECECMEE, TLC ETHL
BEFEE—H LTy, HEIGRE y=0.948 DRV
BnR b, -
3:3 PG nBRNTEXROERIIRET

k% Ca?t &4 buffer TUHE, BV VIEEY
CalE~THEEEME L. ERkbosATF ) Y
BERHECERTERLELY, ZOBEHEFAFRY
R—EDMBETI ) kr - ARERETEOT, KER
BN TR RN hEZRETRETHHH. Ca LB
BOEKEBER Yy 1BH T ARBEMTHE, DADF
) v Ca¥Eir CHCL,/MeOH (19:1, v/v) THH
+ 50, CHCl,/MeOH (1:1, v/v) CEHT5
PG 2SI b IcRE LB A, 244 IR BER
I oTtELRI PG OE#M I, 2-60 nmol DEFET
B RB Sk (Fig 2-B). HDCBS VB4
¥, Muneshige et al VW V7 =/ =1L bhE
EomiE e oh, BREIQAECcE. PGHEIE
ORIGHEED 7Y v r — LR HEE L LCRA—&HT
FETHE, PCrERLERBBIMELN. ZO
EEw X 5 PG EINE L 92-96%, CVEXR-6%T
Bt

3+4 Pl OEERMEEEDERINRE

Plahrrr Y A—DCOUBL, EEELEI AL/
b A ERERACERE L. 25 TR ER

Table 1 L/S ratio of amniotic fluid as determined by the proposed enzymatic method and by

thin-layer chromatography

amniotic

Enzymatic assay

fiuid No. Phosphatidylcholine (L) Sphingomyelin (S) ThCrassay

nmol/m/ L/S L/S
1 69.6 13.2 5.3 4
2 12.8 4.4 2.9 5
3 34.0 5.4 6.3 .6
4 123.2 7.0 17.6 10.7
5 186.4 10.0 18.6 18.6
6 359.2 13.6 26.4 34.9
7 30.0 7.0 4.3 5.3
8 221.6 8.8 25.2 32.6
9 13.6 11.2 1.2 0.6
10 98.8 5.6 17.6 17.8
11 84.0 9.6 8.8 8.1
12 44.8 18.8 2.4 1.9
13 91.2 9.4 9.7 6.8
14 94.4 10.8 8.7 9.8
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X o Tl Lz PI ofE# #3213 2-20 nmol D& CHE
BN S o7 (Fig d). 4470 —n, V=@
% Pl LA—O&HTHET S L, Pl OBEEMELIHE
Rl—DZEEEBRAE ORI, ZOEREND, SRR
A—¥ DXy PlIIELSBINTIAA /> b —
NEEEEL, O3/ b —AbEEADY vV
THPAERIND Z EAVRE N, ZOBRERI D
PI o B ¥ 3K 13.91.3-94.6%, CV {E1%7.2-10.0%T
» -7 (Table 2).

BEZETE LI P RO PG Hick 5 PG/PL &
TLC B b PG/PL la3EK 14 #1% AT
B L7 (Table 3) . PG/PI lhixfisci2iER T
Do el L BERECEMEER LB D - 7. BERE
X PHENTLCETELIEL W EMEERLL
721 PG/PL B MEZR Lic & Bk, HIHER
BT S HBREE, y=0.779 THh - 7=
3.5 EHRBEEOESTICEES DSPC, L/SH, PG, PI

DEAL

Fig. 5 3K M40 B iz oW TBEECHIE L =
DSPC EE & EiREE & 0BfRERT. FHEOHR
26, FK DSPC BEVNTIRBE DT 30 B
LER AT 52, BICIER 33 W2 HI3R BT

60

50

40 ~

40

30+
30

20 A 20
10
10 o |

Fluorescence intensity

Y T T T T
S 10 15 20

Substrate (nmoles)

Fig. 4 Standard curve for the enzymatic assay of
phosphatidylinositol (®), myo-inositol (A)
and malic acid (0). Inset is for the en-
zymatic assay of phosphatidylinositol at low
concentrations.
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Table 2 Recovery and veproducibility of phos-
Dhatidylinositol by the enzymatic assay
Analytical recovery study
S(Iflded glstlmated as Recovery
nmol nmol nmol %
0 6.1 —
5 11.1 10.5 94.6
10 16.1 14.7 91.3
15 21.1 19.6 92.9
Reproducibility
study
amniotic fluid Mean S.D. C. V. n
sample (nmol)  (nmol) (%)
1 15.3 1.11 7.2 6
2 3.8 0.38 10.0 5

L7, DSPCEEDHKEMREED LML LT,
Torday et al.!® % 0.5mg/dl, FEH? X1.0mg/
d! #REL 5. DPPCOGFE T2 HEHETS
&, Zoffiz6.6-13.3nmol/m/ MY+ 20T, Fig.
5 TR DFEED 10 nmol/mi ZEHEEME L LR LI
EoktgfErh, £H IR RDS MRIELADILS FIThH-
1o, &4i© DSPC EE 1L 10 nmol/m/ LA FCth-7e.

Fig. 6-A 123K 64 R > TBEREC L b EIEL
7o L/S e L HERBH DBEFR AR T, 1ER 34 805 36
BT L/S o ERBZ LRIz, L/S HoBbE
EoREEMIT, Gluck ef al® »MEELCLE 2.0 YA
CHAVWHBRhTWS. #iER, £ RDS #FE LD

2HTHotzhy, LISHIRELEZ 2.0 TTH-1 .

DSPCEE & L/S tbx M iclllE LB 24 flo%
Kigfhiw ol EOEBEY B- (Fig. 6-B). AHllE
ORI RIF MBI A b (y=0.885), WhHELD
ZRBVE (BEaDbs\ IREE (EE“b™) &R
Lz Di3EE 21 BT, AZEOBWEHEILET.5%DE
KTHo .

FIKBAR 113 FIR V62 BlimonT, EBERECRIEL
o PG R O'PLERE & IEiRE% - OBk % Fig. 7-A &
O'Fig. 7-Biond. W& #RERIE LS 61 flicds
% PG/PI I & IR R BB D EA R % Fig. 7-C @R
PGEEX, DSPCIhEIRTERLAL Tibb, 35
ERTEIORACERL, 38-39 BT — 27t L
PG BE OB OB, RES 50,36 wgmol/
dl ¢8EL 50T, Fig. 7-C 12 3.6 nmol/m! %%
BELLORLE. BifP 2 fip4H% RDS 2FE L
2, 26EH0.2nmol/ml DIEBETH - 7.



62 EHERHD « AT - K , FLISBER R

Table 3 PG/PI ratio of ammiotic fluid as determined by the proposed enzymatic method and by
thin-layer chromatography

Enzymatic assay

gﬁr&l(l)\%c' - o TLC-assay
PG/PIL PG/PI
nmol/m!

1 8.8 14.3 0.62 0.53
2 13.4 7.8 1.72 1.70
3 21.4 19.0 1.13 1.40
4 12.6 4.0 3.15 1.24
5 9.6 10.4 0.92 0.98
6 22.5 7.0 3.21 1.24
7 12.3 7.0 1.76 1.22
8 38.7 16.4 2.36 1.16
9 7.9 5.4 1.46 1.55
10 22.5 7.2 3.13 1.24
11 3.4 5.4 0.63 0.42
12 48.7 8.4 5.80 3.10
13 30.0 8.2 3.66 1.33
14 10.8 z 3.4 3.18 1.85

Phosphatidylglycerol : PG, Phosphatidylinositol : PI

2 el

el

g180—‘ 26 28 30 32 34 36 38 40 4z
Gestational age (weeks)

g 160+ e
= i B
£ 1404 . I I
= ' . v 12
2 1204 . :
@ . " ®
£ f ~
2 "E 100+ e
o = .
£ O
G £ 80 .
g=JC
2 2
® 60+ ot
5 o fo % 4 S0 40 7o s 0 awo
=N . o
2
a8 20 Fig. 6
A : The L/S ratio determined by the enzymatic
o assays of phosphatidylcholine (L) and sphin-
gomyelin (8) in human amniotic fluid as a
Gestational age (weeks) function of gestational age (total samples=
) ] ) 65). The solid line represents the mean L/S
Fig. 5 The concentration of disaturated phos- ratio in amniotic Auid.
phati_dylcholine in human amniotic fluid as a B : Relationship between L/S ratio and disaturat-
function of gestatlona! age (weeks) (total ed phosphatidylcholine concentration in am-
samples=140). The solid line represents the niotic fluid (total samples=24). As the criti-
mean concgstra}tlon c?f _dlsaFurated DhQS- cal values, 2.0 for L/S ratio and 10 nmoles/
phatidylcholine in amniotic fluid. closed cir- m! for disaturated phosphatidylcholine were
cles, cases of normal pregnancy ; open circles, taken. The area “a” and “b” represent

cases of respiratory distress syndrome. immature and mature areas, respectively.
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TR

B o % o
Gostational age (weeks)

E3E] ©
Gestational age (weeks)

°G 1Pl

Fig. 7

A : The concentration of phosphatidylglycerol
(PG) in human amniotic fluid as a function
of gestational age (weeks) (total samples=
114).

3.6 nmoles/m/ of phosphatidylglycerol con-
centration was taken as the critical value.

B The concentration of phosphatidylinositol
(PD in human amniotic fluid as a function of
gestational age (weeks) (total samples=63).

C : The PG/PI ratio in human amniotic fluid as a
function of gestational age (tatal samples=
61>
The solid lines represent mean values in am-
niotic fluid.
closed circles, cases of normal pregnancy ;
open circles, cases of respiratory distress syn-
drome.

Z Ak LEEK PIEE TR 35 @ % C L8350
THPBHET L (Fig. 7-B). PG/PIthiz 358 %
TRL.0MBTHEL, 6 EILABICERL, 3858
T 3.0 EL A (Fig. 7-0).

3.6 ! REB~v—Hh—¥ SP-A iR

SP-A & DSPC, L/SH, PG & %\ i3 PG/PI th#
FRPCEIE LR Rk RimonwWT, Thby) VIEE
v —%—& SP-A LOMERE L (Fig.8). SP-A
& DSPC (Fig. 8-A) 3 K534 CHEGEHE y=
0.860, SP-A & L/S i (Fig. 8-B) 3%k 51 <4
BEGRE y=0.838, SP-A & PG (Fig. 8-C) 237K 56
BICHEBAFREL y=0.796, SP-A * PG/PI it (Fig.$-
D) 23K 31 FICHEBIRE y=0.764 DI E LR
7z. DSPC RRUL/S & SP-A & 0B TS -
7z,
Hallman ef al.® %, ARBFFETHWOLFEU SP-A

FREBTBMS—7 778« VVBEE~—» - OBRFNEECET 5B 63

TyeAdFy b REEL 469 FOERBEL D LI
FWERMD, FKSP-A OKRBEY 0.6 ug/m!, HBE
*3.0ug/ml & T52 L RIEB L. SP-A DXEEE
%0.6 ug/ml & UCHEBE 5 L, SP-A & DSPC 23&
HICEEEMLIT GRAEBME) » 5\ ixEEEL E (R
PED N3, 53 fich 43 HIT 81.1%, SP-A
L/S Tt 51 B 38 FIC 74.5%, SP-A & PG it
56 Bl 48 BT 85. 7% DM S HETH - 1z.

4 % =

41 FKY VIEBEY—H—0BRNTEELNRS

Y VIEBOEARNEEEORE L RECRLHET
TR, BROEEEREYE, HPomEEZ L Ttk
BETHBH. KPFETir, PC, DSPC, SPH RUPG E#
REEORME (BRERIL) & LT, HDCBS &
DREXHBBEALIL. 4737 7vFe ) v
BT ABEBEHEALEHE LT, 7=/ — A0 pi g
Hubh b0y, KFFETE McGowan ef al.'” h\Erag
L7 HDCBS %R L, “hbo) vEEEERER
HE LB,

PC, DSPC OEEZHEICHA G ABERIC T, +v
NRYBHFED AR AR Y =¥ D 2 PCERNILDO TR
FHIRTERS, LHLLZOBEROERIMEL, BE
BEERIE L L CTIHEY Tk, Streptomyces
chromofuscus HED & &k ¥ -2 —+ D3 13X 30T
RSV, KWEBERHRE R Lo, SPH 4L =
VVEREMET 50T PCHERENTEERE L Ibi. &K
B2 ¢ 12 Bacillus cereus B3¢ D PC BN A & & Y
A—HCW R, PCIWELkARIARY v
TAHYKRAT 7 2 —ETHELT2 U vV 2EHETS
FERH G, BERED XD TEESETCPC TR
WG L Tz, LL, ZORASY A—8C i En
fetib (#95%) SPH 25T 5 2 Lo L1 3
¥rho> SPH &4 BOB A IER LE B2, L/
S thoZEHEME & 754 PC EEDOHE ER LB,
I L/S MEEDEE, Ef PCEORIENNE
LB, AFRTIEKREAT7 1V T i) F—€T
MEL, SPH #4ES Lo B jgEmEL, PC%
RE)AAFRY A= C AT PCEEZAE L.

Pl OB FENE B OB E IR RELTHS. Mac-
Gregor and Matschinsky?? i&X % $ 41 7 v b —
OEEENTERIHSE, PLovBM LI A1 /> b —
BB LT, COHBRERS v 7V v SRR
WTEY, 4472 b —itpmol v <A THEIR
B, PLEROBIAAH Y < —2D ORECHER
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Fig. 8 Relationships between SP-A concentration and disaturated phosphatidylcholine concentration“‘(A) (total
samples=53), L/S ratio (B) (total samples=51), phosphatidylglycerol concentration (C) (total sam-
ples=56), and PG/PI ratio (D) (total samples=31). 0.6ug/ml was taken as the critical value of SP-A

concentration in amniotic fluid. 10nmoles/m! of disaturated phosphatidylcholine.

2.0 of L/S ratio and

3.6 nmoles/m/ of phosphatidylglycerol were taken as the critical value.

Eirnmol v <1 dicst. PlOERECEEOREL
BESHBORBETH 5.

ek TLC ETHBLRAFEKY v IRE OBRE <
Z—v  HEL, BERETBLR-SEIOFRITLC
—F LT, PG owTETORG-AED L.
Hallman ef al.'® 12X % &FK10ml V7= TLC
¢ PG X 35 8 % TFRA CRIE S h 'z h DR
HXNBEWS., BEERMCEELE TLC B RO
PG Hifs % v 7o AmnioStat-FLM3® (12 X » THRIH &
h5 PG OEEASBWEREL LTHHhD. LHLE
BEOBRERP =& ¥, 35:BLIIZS 5nmol/m/
Hik o PG MBI TR D, FEH? BEHLAL
5 I S BITEK PG B EEACBBE T bR &
Bbhhs.
DEoBEECL ) vVREOHEBCET SFEKE
13, & PCix0.25m!, DSPC & SPH 2 % 0.5m/,
PG & Pli3& 1ml Thoiz. TLCEILEYE 6m/ L
FasEErT2. §3k0 TLC B b~BR L B
KTTHTH D, BIEREED O LENERRE TR

TH50T, SHEBEREN TLC kit TFEKY v
REOWECHNbhDZ LD, _

4:2 FEKY ASEY—H—ORIEICL BRI AR

SEOEE

RS IR 5 KOS, ELUTHER, B
BR R ORI kT 5. eI, iR
OB AR I KA (ung luid) Ci-EhTE
n, BRROYEES) Xt b lung fluid W3 HF
KABITT 530 fo CFKFOMY—7 72 if“/ N o
BRSOSW IR OREE BT 5 EHIE L
ha. BER FRPV-T7r 22V RS
DY T, BB OB & MBI KT 5 b 0 L5
BInTBD, JEIRHEBE 2 2T 5 EEE R,
ERIKHYIC RDS BER» LREShTE L. Thbb,
HoEREREEL LTRELLE, ZhIUToRBE
R LA RDS BREOTMERE L Ol Lo
BYETH - 1D RDS IERIEDOFME N E ITHET
BAHENEEESE IR TS

¥k DSPC DR EE OFEEEITHE T L » TR
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%. ¥ DSPCizX 5 RDS 2L B oICiE Lic
Torday et al*® (¥, H¥EEH 0.5mg/d/ WFEEL K
2D RDS FIEDFHEIZ83% L ME L. O H
IHEHEEM[E % 0.5 mg/d] WFRET 5 & RDS RIE DT 41
KIIE\ 2, sensitivity 1ZET L, RDS FEiEDIEDE
FKBIZET T35 &R BDT, KEHY ORIEL
Tw5 1.0mg/d] HWEEEE L THYTHAELT
VB, AKPFFETI0.5-1.0mg/dl OFREETH B 10
nmol/m! & FH¥E(E L L 7.

FAKL/SHOREEELZ2.0ETH5ZLIELTDE
w5, Gluck et al® k5L, L/SHE RDS %
FEOFB I E D TEL, L/SH 2.0 LITo 42 #iF 40
B (95%) #RDS &isbh, L/S 2.0 %#E25E 92
B4 Bl RDS O RIE L isdro o £ 5. KRR T
DSPC 10 nmol/mi, L/SI 2.0 & REL B OWHE
DX D TED - To.

FK PG EOBEFREIC X HEMEMT, FEHD IR
L7{E (0.36 gumol/dl) MHEINTWEDLTHS.
L/S AR EEL R LT T H RDS #R5E3 2 false
positive BT, FEK PG 23 TLC #ECHE Ihic\ n
LIELIERREE S huie o9, il lRmITREciy, L/S |
BIEFETHHIL LT PG oHENELBIEL, B
AR IR ERAEEI RDS 23RIET 5 2 EER I h T
%3849 Kulovich et al? 1%, L/SH. & & 12 PG &
PI #EER—HIEL, “lung profile” ®RWETHI ET,
H A ATz IERE 7o R B EE D FHRIZAIBECH B & LT
5. B@EYr— 7272V i3, PGBy Vg
Bo#10% % b5oE7- 584 Y VEEETHLHRY, B
A D PG B XD TEL, o T Pl 2%
LMY VIRE Lo T\ B9, oF b BAE KB Nt
CDPPC BBt E T 50T - 2B Y v IgHY
Pl chs. HEEHE Pl AR T5 /-
T PG BEOBEIMIHEZ 54249, Z oIt PG, Pl &3HD
HBEIZEL LRG0T, PIABKLD PG ARADOEH
BERIDHEEZLRTWA, Thbb, BERSH
DPPC 6B Z{RHET 58 & PL 55 PG ~D &R OZE
B RTEREIRLS LB 2 bha, RIERERC, ¥
K L/S e PG HBLOT—FH A UIELIER SIS 193840
CLRThEHTLERbbh 5.

FK PG BFAET AR, RIBEFORBLERL X
5. Ldl, PGaVELEL RO RDS OF 4Rt L/
Sk, DSPCI LB FHMEILLEAS - CBEHBEXN
T34, TLCHICX 5 PGHEENEFE TR,
PG DEZRNEREC L BRI LETHS. 0B
RCPG/PILEOBRNAEEL BEbh b, BiL 54,

FREBIBMHF—77 272 « VVIEB~—» —OBENEECET 2HE 65

Honda et al 7™*® i3REO & s b PHifaR maES
INAIRERCS, ivy—77 2782+ CPGEPIO
B B2 2R REL, PG/PI i b S in
F—7 72 8 OENERERT B ERRE L.
EKIZET B PG/PI iz o T OB KA 2 B - FE
RRENE oA, ABSRCHRESL LT Y vIRBoBEE
Bl 5B LY, FKPG/Pl HoOEKRYER IR
b b Z L 2L 72ve.

4:3 EKSP-A &) UREEv—H—NIEER

SP-A idfiliv—7r 72 v VEREFETHD, Vv
B~ —h — iy — 7 7 7 2 v F AIEOREE 1T
BV, ABFSECHWSP-A 7y A%y MEEKO. L
m! CHIEFETELD THERETHD, SBFEKI—
77 7 2V OJEILSP-A BEORIENE — 12T
bhb_EFHE L7455, Hallman ef al.® 131.SP-A 2%
0.6 ug/ml LIFDRF RDS DFEAEIR91%TH D, 3 pug/
m/ L ETIefic RDS ORIELh -t WE LA
ZOHREHEDEFD RDS 2AEZRIZ53.9% CThH 7205, L/
SHEOPG OFEL &8 CHET 5 &1 95% 0k
BETRDS OREXFHL S B E 5. KPFRIZENT
K SP-A BEOE®MES Hallman ef al® 0T
0.6 pg/mi LE&ETHE, DSPCEEROL/S lheo
B b TEN - T v RT3 SP-A
L DSPC oHE, #EBE 2 —vizX—FTrzen
EZhTEH®, SP-A & DSPC O&RIET < <
EHREScRECTRACEE RS S h w5 &%
Zbhb. o SP-ABEEHREM TS5 DSPC, L/
SHEO PG ThZhoEEME L ORI &
BEwRit W& %E 1, DSPC81.7%, L/SH
74.5%, PGB85.7%DEECHY, Hallman ef al.® i

. PR U-EEHEME 0.6 ug/ml X FLTH B & Bbhi-.

5 #& o

FKFDF—T7 7278V VVEB~—h—%
WEEET Hwi, DSPC, PC, SPH R PG n#
FHNEBELYHE, 7 PlOBRELHEILE. Zh
btk E B CAERBEIC S T 5 F Kb )
VIBE <= — - ZRIE L.

DSPC, PC, SPH RU'PG 0BERTEEERIZKTHH
BEIGT, 4-7 377+ v ERLT B5EER
A HDCBS * VB REOBEY I L -,
DSPC DEFFRBEIMRROF A/ B L, PCERM AR
R R—ECHAVWILIERUTELPCIEAT 4 v 3
=) > — EHILEE PCHBREN AR K Y) - C%H
WAL TRHRERYEDLHBEAYHEL L. PloHIE
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BARAS) A—EDMABTCER LI AM 72—
PRERENCERT AR L. BRETERLL/
S HRUPG/PI Hud, TLC :c@Ebhi-fHE B <HEE
L7, £ PCi10.25m/l, DSPC & SPH i34 0.5 m/,
PG & PLi34& 1 ml oK CBERLRK X ) METRET
Bt

2k DSPC R 1x, R 30 BE X bR~ #in
L, EEBEOETICESEK DSPCEBE L L/S Hik
T T L MBI L. FKPGIBEWL, DSPC D
M & 0BACHEL 35 @abin L, PIEER
35 EFCHEMNL, DBIRERCE T L. PG/PI ik
358 L b S aEMdR AR L.

ERiZEITAHSP-AEE - DSPCERE, L/SH,
PG EEXR O PG/PI iz X < #HBI L. #HrrDSPC &
L/S hi3E R R R Lz, SP-A BRI T5 21T
ORBER CRBE & 5 MRBESRAHEI,
EhdTRETH .

B O

AR LETT B D e HEEE - fo i I FURE
Bk v | BRI 2B LER L LT
T FRERBREREE S W B E R E
WO EEATE— R, BIIEMKEER AR «
ARAREE SR L B3, HBE, #Hpivc
P ALIRBE B AL 5 1 SRR O BB A AL
LEFET.
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