The Effects of Pulmonary Edema Fluid on
Respiratory Mechanics through Changing
Surfactant Activity : Evaluation with Immature
Newborn Rabbits
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Abbreviations : ARDS, adult respiratory distress syndrome ; 1gG, immunoglobulin G ; IPPV,
intermittent positive pressure ventilation; IRDS, infantile respiratory distress syndrome; P,
protein ; S, surfactant ; S-CK, Surfactant CK; SP, surfactant-associated protein
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Table 1. Constituents of Surfactant CK

Constituents Weight %
Phosphatidylcholine 66.2
Phosphatidylglycerol 7.7
Sphingomyelin 7.4
Phosphatidylethanolamine 6.2
Phosphatidylinositol 4.7
Phosphatidylserine 4.1
Other phospholipids 1.8
Fatty acids 0.4
Cholesterol 0.2
Cholesterol esters 0.2
Triglycerides 0.1
Hydrophobic protein (<16 kDa) 1.0

The lipids were assayed by thin-layer chro-
matography. Molecular weights and protein
amounts were determined by sodium dodecyl-
sulphate-polyacrylamide gel electrophoresis
and amino acid analysis.
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BES—T7 775 bERELLEDOEOVTH, A
BOME 21T 7.

HN&RE L UFE
1. X%Y% -7 72 % > b (Surfactant CK,
S-CK) nil%

BERY—T 778V iZiZ, 750D SEERLE
KAFHB Y —7 727 % > b (Surfactant CK, S-CK)
BRI, S-CK &, SRK¥ME: - REZHETH
FEEACHRESNLLOTHY, 20813, 5H
BODHEEH-T:. Thby, FEL 7Y O
CEBEEAREAL CRRESEZERL, Bk
ZEVHABEER. COBXD, JuakRNAEX
F/—=N2:1Lv: V) DEEREBAVWCIEESE
HU7z. R T0.5% DA% A/ Folch ¥
TIR7BOEEERRY SR, 7 b Uk
B D RSPV AT -V EKREL, B
BLizDb 2 SCK L. B, S-CK ik, #
B%DY) VIBE, ¥ 1%DIEME L PHEE, BLU
1%oBAkES >~ 827 H (surfactant-associated
protein B 8L ' C, SP-BB L SP-C) kWb I
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BWEEL 7228, EO (1000g, 304) Wk W EEY rERE

Table 2. Constituents of organic sub-
stances in the pulmonary edema fluid

Constituents mg/ml
Protein
Albumin 42
Globulin 14
Total 56
Others
Total bilirubin 0.001
Total cholesterol 0.2
Triglyceride 0.1
Phospholipid 0.8
Creatinin 0.02
Glucose 5.4
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Lt. THoRAER:BEEL, Z0—HMeEROS
FichT, BOW, Evro—ABEA THEEK
HCICREEAT L e, BEREBRLCRELL. &
B, FiAEE @EmERELL L O) IKE, 56mg/
mlpdP 87 8E (FAT 3 y=42mg/ml, a7V~
=l4mg/ml) k&%, BEWEL TRR2ITRT &S
LB DOEENERS N,

2. My 78

Mgy v v Bk, ETYVYFO YO ERERALE.
ALy ERESaATY v G (IgG) (Sigma
Chemical, St. Louis, USA) i3 8212 FRD b D »{EHA
Ly:. 7 4 7Y 7 —4 v (Sigma Chemical) i, 15%®D
7T MU T A L 5%DEEE &S, IER60%
DyDOEEBRLE.
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Table 3. Experimental series

ot (&3) .

“HiAEE+50mg/ml =7 775 b VY-
AT, BESEEL RMKER Y EBREKICER
L, # »/$7'& (protein, P) DBEERIEHRCLT, &
RO ABERO?2.54% (P=140mg/ml), 5 & (P=
280mg/ml) 8 X V1045 (P=560mg/ml) OEHEE{E-
. =5z, S-CK % 50mg/ml HTHELID 2%
S FepiaFcEs L, #hEh2.5E/508 B, SE/
50S B8 LU 10E/50S e L.

“RHAJERE +100mg/ml y—7 7 7 ¥ b VY —
2L, 10652 B8 L7 fiAkER & S-CK 2% 100mg/
ml DWEDOESHE v FRMBFICHRS L, WE/
100S & L7z,

“w L3y +50mg/ml y—7 77V E Y
)—XB I “IgG+50mg/mit—7 7275 b v
) — 2T, 5ER X UI0EIEBEL - MAKERRO
BECELLT LTI OEBEAEKER 210mg/
ml & 420mg/ml) % 7zt IgG DEBREXER

Vehicle Surfactant Immature
- i conc. newborn
Series Group Times to  Protein rabbit
original conc.
edema (mg/ml) (mg/ml) (n) (Body wt, g)
50S-only - - 50 11 28.4+1.2
Edema + 2.5E/508 2.5 140 50 6 27.2x1.5
50 mg/ml 5E/508 5 280 50 7 30.1%1.0
Surfactant 10E/50S 10 560 50 7 26.5+1.8
i Controls - - - 12 24,9+1.2
Edema -+ 100S-only - - 100 5 25.2%1.9
100 mg/ml 10E/100S 10 560 100 5 24.3£1.5
Surfactant Controls - — — 4 27.0£1.9
) 50S-only - - 50 12 27.5+1.3
gb:m}n 1+ 5A/50S 5 210 50 7 30.5+1.0
it gt;’;t 10A/50S 10 420 50 7 21.1£1.8
x Controls - - - 5  23.5%2.1
50S-only — — 50 7 28.2%x1.1
L%Gm: | S50 5 70 50 7 28.4%1.7
Surfactant 101/50S 10 140 50 7T 28.4%1.7
Controls - - —_ 7 25.2+1.2
Fibrinogen 50S-only - - 50 7 27.4+1.1
+ 50 rﬁg/ml 5F /508 5 12 50 13 26.9+1.2
Surfactant 10F/508 10 24 50 9 25.3%1.3
Controls - - - 7 25.2%1.2
Total 152 26.9+0.3

Values are means=SEM.
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L. ‘ ‘

Y74 7Y =7 +50mg/ml $—7 72 ¥ v
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SCK 0A*2E£BBEAKCAIKL THE L8
(50S-only % 7-1% 100S-only ) %372, Lo L,
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Er, OV ) —RXZBIAMOBERA—IzR5 LS
CHREL.
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T, BFEE 10041 b TEENEAL HREEICI
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System for the recording of tidal volumes in immature newborn rabbits.

The animals are tracheotomized and treated with various samples or not treated

(controls), and kept in air tight chambers (multiple plethysmographs).

They are

connected in parallel to the respirator which is set at pressure mode ventilation.
The tidal volume is calculated by integration of pressure difference across the
resistant tube attached to the plethysmograph. Diff. Press., different pressure.
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L, REROBXAEETR (ntermittent positive
pressure ventilation, IPPV) FBIRA LT, ALFERER
124t , Servo 900B (Siemens-Elema, Solna, Sweden) %
By, FBE2EA2D LKL > TREHRENER
e L. PREKCE 1 2FE40E, TSR & PR
Mokx1: 1, FEBSEBRELD LD IS
HErE Ll RES A CEMBEEERL, AL
BEOHABHED LEZ, Rl IRE T 2 £HRE
POFHRHEKED 0L L (71/min) WBEL. R
i A TR0 B AE HRERL SBEL I
SREMRENT VD Z L £ HERLL. ¥z, BRafF
DBREER, BEEECERLL BREORMBNE
B OEE ¥ EERLE S (TP-602T, BEXE, ®
) TREL, zOHTERIE (AR60IG, B2
) IcH TR,

PPV B4k, BHIO 1AMz, SERAESLL
Sz CEET ALY, RERJENE L
BemHO KH/ELE. T, REREERNEL %
25, 20, 15cmHLO & ERELS €, FRNENOBRRE
SENES 5 AT cHER L &I, BEEOUE
51700, BEENERTER, BERFOLENET
L. LHEED120/53 B ED b 0% EFEY (7 ¥
*53‘:%1?@@?9&6i240~320/§}) rHEL.

3. MEEBROLE

LERREEE, BEORY FALES — VOB

5 ch

%

W5 k> THRIFEEBHRL, MRz esiy,
#3040 (37°C) B L. RT, EHRITFOKE2
—2—ViZES 50cm, REL.62mm ORY = FL
Fa—TREELE. &F - TEKFEREL,
F 2 — 7 OB EIERESA - LERTERLL. &
S OWE%E 5em TORMBRICHED L ZLICE-T,
0cmHO 5 30cmHO % T 14812 5emHO 308
B EEL, W CRRCEEL: (B2). £
DEBOHSBOEL A EREOBHER» SHEL
o ny, EENOZEJOEREE, AERCHEL
7.

4. SlOEE L EBRR

HEEMG TR, STERERME, HREOK
FlpefrEE L. 20K, [MERDOLEFE,
FIRL 7 & 3 EH L. T, Nilsson 5®0%%
whEy, FRgEEEL. Tabb, BRERSC
Bx, £Eic 30cmH0 OEZMZTHREETELR
PR 724, WEL T 10emHO CREEL, IfEIR
HELAT—FTNVED A%KL LT AT EF (pH=
7.4) % 65cmHO OETI0ARRHERL, Mz
BElLiz. ~vhdFv )y .ot v Rk, MoOX
RIFETE 210X 0D SR THRL , MRAEEE" &
SHEILY. 2hig, BF1HEHL: N 202> 5 25D RE
rEZEL, Wiebel DFEMICL D, BHR LD 50
BREOEEROEE KD, BAETRLLLOTH

Em)
[T s

S

Fig.2. Equipment for the recording of pressure-volume characteristics in immature
newborn rabbits. The tracheotomized animals are connected to a system of
horizontal polyethylene tubes, an opposite ends of which are connected to a bottle
that contains stained water. Air volumes that go in the animal lungs by the
stepwise increase of the insufflation pressure are measured from the movement of

the stained water.
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1) —X

A URBOMEEETRT. NEETE, wTh
PRESHEENETY Smi/kg UTOBKEL 2E5
nntotz. Zhizxl, S-CK 0ADEBRREARS
s w1 5 L 72 BE (50S-only #) T3, RERIENE
# 15cmHO T 8.0%0.9ml/kg, 20cmB0 T 17.1+
1.7ml/kg, 25cmH0 T25.4+1.7ml/kg & WEEICE
~EBLKEVWBERESE SN, £, S-CKiZ2.5
Bl EICERELMAEREZRBLCCRELL
9.5E/50S Bt SE/50S BET%, 50S-only B & iZIZMA
BEOMRGESEB SN, LirL, 10F#ICEBEL 22
KEEEE L 10E/50S BEoOBRSEIX, REREE

Gy )

30+

Tidal Volume (mli/kg)

S

F——
ol ¥

15 20 25
Peak Inspir. Press. (cmH20)

w - 2] -4 ~
o o o (=} (=]
T T T T T

N

Lung Volume (ml/kg)
[=]
T

-
o
T

MES 15cmHO0 & 20cmH,0 T 50S-only #D 1/3
T, 25cmHO TH 1/ 2T eBERE AP o7,
B 3B i, 50S-only #, 10E/50S #8 L 'SR EFD
HEEMHETH 5. HNEEETIF, 30cmHO DREKXME
T$8.7£2.7ml/kg ODMKREL 2R/ ooz, —
7, 50S-only #Tix, 30cmHO OMETS58.1+1.4
ml/kg DK ENE >N, 5ecmHO WHEL T B
23.0+4.2ml/kg OfE% R > T/, 10E/50S #iZ B
72 30cmHO MEREOMS &I, 50S-only DK
75% (< 0.05) TH -3, 10cmHO B & U
5¢cmHO IHE L A OK &L, 50S-only #& D
MizEEEERD R T,
FRAD1I1BEDSAMZ, KV V=X BIF VY
FROBFOEEXRB I UMREREE 27T . W8
HOBYITLTIET L. —7, 50S-only BT, 11
TID 5 H10 (91%) BEF L, MEHLOZRIFET
Hot:. MABBOHRMIED, £EFIETT 2MHE
BmERLH, 50S-only B DM IEEEZR2R DA
ot MIREETER, MEHELZOMOHL O
CEEERRD Y, MABROFETCHEL TRIEE
EErBorMolz. Thbb, SEEOMIEKED
Dz, HBIEADON30% 2 MES SO TH BT

& S
0 5 10 16 20 25 30
Pressure (cmH 70)

Fig.3. Tidal volumes at various peak inspiratory pressures (A), and static
pressure-volume curves of the lung-thorax system (B) in animals receiving various
mixtures of Surfactant CK (50 mg/ml) and edema fluid, and in littermate
controls. In the pressure-volume curves, downward convex curves are those in
the inflation phase and upward convex curves are those in the deflation phase.
Values are means+SEM. (O, 50S-only group (n=11); @, 2.5E/50S group (n=6);
i, 5E/50S group (n=7); A, 10E/50S group (n=7); %, controls (n=12), *p<0.05

vs 50S-only group.
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Table 4. Survival rate and:alveolar volume density

Survival Alveolar vol.
Series Group rate density
(n) (%) (%)
50S-only 11 91 T0+1
Edema + 2.5E/50S 6 67 62+4
50 mg/ml 5E/50S 7 57 66+2
Surfactant 10E/508 7 57 6014
Controls 12 0* 30+2*
Edema + 100S-only 5 100
100 mg/ml 10E/1008 5 80 Not examined
Surfactant Controls 4 0*
. 50S-only 12 100 702
g)lb;m/"rlnl+ 5A/50S 7 100 6542
S f::tant 10A/508 7 71 601
ur Controls 5 ™ 21+1*
50S-only 7 100 65+2
E%Gm*' | S50 7 100 68:£1
oy fai (. | 101/508 7 86 61+2
f Controls 7 0* 30£1*
Fibrinogen 50S-only T 100 68+2
g nf ent | SE/508 13 92 65+1
S factaxg'xt 10F /508 9 100 601
ur Controls 7 0* 25+1*
Values are means+=SEM. *Significantly different from
50S-only or 100S-only group (p<0.05).
w ®)
30+
70
60
)
<207 —~ 50
E g
-
E Eao0
i
g 3 30
i: 1 0 T :
€ 20
3
* 10
b l* l* d
15 20 25 o 5 10 15 20 25 30

Peak Inspir. Press. (cmH2 0)
Fig.4. Tidal volumes at various peak inspiratory pressures (A), and static
pressure-volume curves of the lung-thorax system (B) in animals receiving various
mixtures of Surfactant CK (100 mg/ml and edema fluid, and in littermate
controls. Values are means+SEM. O, 100S-only group (n=5); A, 10E/100S
group (n=5); %, Controls (n=4); B, 10E/50S group. *p<0.05 vs 100S-only

group.

Pressure (cmH3 0)
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CABL TS L 728 (50S-only BB & U 100S-only
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31, NBEOKFRICOVLTY, ¥V -XHOER
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HEYTS.

. “phiKE&+100mg/ml y—7p o2 b7 2

j—x

106512 B4 L 2K S EEL TwTh, S-CK
28 100mg/ml OFBE (L0E/100S #¥) ik, 100S-only #
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BE B, AR “HiAEE +50mg/ml ¥ —7 7 7
gy VY —Ri2BIF B 10E/50S B (MOBEH
MNED, BRCKEOLOTH-7. £/, FEEM
BREERCE, MABEBEOERICLZ2ENAONLL
ol (4B, #4).

m “ZPA73ir+50mg/mlYy—7708+"7 >

IJ e ¢

B 5A I, Ay ) - X TCOEROBKEERT. 5
BBl HAERTOBRE CHYT 27 LTS >
O (210mg/ml) = S-CK OBE&EHME L £S5 L7

h
)

»

d
¥

N
°

Tidal Volume (mli/kg)

-
o
v
1

L 3 |
15 20 25
Peak Inspir. Press. (cmH20)

o_-

(=)

70

60

» 4
(=] [=]

w

Lung Volume (mi/kg)
o

N
[=]

-
[=]

5A/50S BO#E &L, 50S-only BEL D EFH 0
DD, MEOMICIEEZ2RO R, ok, —F, 10
BOMKEBRFOBEICHLU T E27 VT 2 VBER
(420mg/ml) & S-CK 2@ &€ BR28E L L
10A/50S B¢ Tk, 50S-onlyBED 1/3~1/4 DT E
(p<0.05) LG ohihol. 2, TOHOBR
23, “MAEEA+S0mg/mly—T7 72 " ¥
U—ZXD 10E/50S B (MoEEHS) OMR L, Bi1F
ZBLuHbDTHoI:.
HEEHGETIE, 7L7IVOHERBICLIZENLS
iz o7z (H5B). 2LAFEECMHRAZEEICH,
FTLVTIvOERICILESRD oo (F
4). )
IV. “IgG+50mg/ml $—2 2 8> p” &) =X
5% £ 7213106510185 L A BRY O a7 v
WHYT 2BED IgG A (70mg/ml B X ¥
140mg/m)) ¢ S-CK 0EBE&GIEHE 2 HK5 L1 51/50S
BB & U 101/50S Bo#aK &z, 50S-only Bz tb,
FELE Y ERES 2o - 2 (H6A). 7o, FES
B, %X, BREEFECOVTYH, G 0FE
LEAENRBE LN o (H6B, £4).
V., “Z47Y /=45 4+50mg/ml$—Tp o8
P oy —x
FVY—-XOWMKEBEOMR 2K 7A wWRT. M

I 1 1 1
15 20 25 30
Pressure (cmH70)

Fig.5. Tidal volumes at various peak inspiratory pressures (A), and static
pressure-volume curves of the lung-thorax system (B) in animals receiving various
mixtures of Surfactant CK (50 mg/ml) and albumin solution, and in littermate
controls. Values are means=SEM. O, 50S-only group (n=12); B, 5A/50S group
(n=7); A, 10A/50S group (n=7); *, Controls (n=5); E, 10E/50S group.

*p<0.05 vs 50S-only group.
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Fig.7. Tidal volumes at various peak inspiratory pressures (A), and static

pressure-volume curves of the lung-thorax system (B) in animals receiving various
mixtures of Surfactant CK (50 mg/ml) and fibrinogen solution, and in littermate
controls. Values are means=SEM. O, 50S-only group (n=7); 8, 5F/50S group
(n=13); A, 10F/50S group (n=9); %, Controls (n=7); E, 10E/50S group.

*p<0.05 vs 50S-only group.
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The Effects of Pulmonary Edema Fluid on Respiratory Mechanics through Changing
Surfactant Activity: Evaluation with Immature Newborn Rabbits Keiko Nitta, Department
of Anesthesiology and Intensive Care Medicine, School of Medicine, Kanazawa University,
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Abstract

To examine the effects that pulmonary edema fluid exerts on respiratory mechanics through
changing surfactant activity, a modified natural surfactant (Surfactant CK, S-CK) was suspended at a
concentration of 50 mg/ml in physiological saline or in 2.5~ 10 times condensed pulmonary edema
fluid, which had been obtained from the airways of adult rabbits suffering from oxygen poisoning.
The test suspensions were instilled into the lungs of immature newborn rabbits which had been deliv-
ered by hysterotomy at 27 days gestational age (term=31 days) and were lacking their own surfactant.
Under pentobarbital anesthesia and artificial ventilation with 25 cm H,O peak inspiratory pressure,
the immature animals which had not been dosed into the lungs (control group) showed less than 5
ml/kg of tidal volume. In contrast, the animals receiving Surfactant CK in physiological saline (S-
only group) exhibited 25.4+1.7 ml/kg (mean+SEM) of tidal volume (p<0.05 vs control group)
under the same artificial ventilation. Meanwhile, in the animals receiving Surfactant CK in 10 times
condensed edema fluid, i.e., a mixture containing edema fluid protein (P) and the surfactant (S) with a
ratio (P/S ratio) of 11.2, the tidal volume was 12.0%2.3 ml/kg, which is significantly smaller than
that of the S-only group. But, in the animals receiving Surfactant CK in 2.5 or 5 times condensed
edema fluid (P/S ratio=2.8 or 5.6), the tidal volumes were no different from those of the S-only
group. Even with 10 times condensed edema fluid, when P/S ratio was reduced to 5.6 by doubling
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the surfactant concentration (100 mg/ml), decrease of the tidal volume was not observed. Animals
that received Surfactant CK in 420 mg/ml albumin solution, which is the same concentration existing
in 10 times condensed edema fluid, showed a tidal volume that was as small as in the condensed
edema fluid. In animals receiving Surfactant CK in 24 mg/ml fibrinogen solution, that is the same
concentration existing in 10 times condensed plasma, the tidal volume was 18.1+3.0 ml/kg (p<0.05
vs S-only group). From these results, it was concluded that respiratory mechanics could be impaired
by pulmonary edema fluid through the surfactant inhibitory effect when the P/S ratio increases to
over 11.2, and that albumin might be playing a great part in the surfactant inhibitory effect of the pul-
monary edema fluid. It was considered that fibrinogen might also have an inhibitory effect.




