Experimental and Clinical Study on Surfactant
Inhalation Therapy in Bronchial Asthma
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Abbreviations : ARDS, adult respiratory distress syndrome ; C dyn, dynamic compliance; A
N2, alveolar plateau of nitrogen washout test, FEV1.0; forced expiratory volume in one
second ; FVC, forced vital capacity ; IRDS, infant respiratory distress syndrome ; LTC4,
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leukotriene C4 ; MMF, maximum midexpiratory flow ; OA, ovalbumin; Pao, pressure at the
airway opening ; Peso, esophagial pressure; RL, lung resistance; SRS-A, slow reacting

substance of anaphylaxis; V, volume ; V, flow
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Fig.1. Schematic representation of our device used for body plethysmograph of
the guinea pigs is shown in upper panel, and record of the data and calculation

method of Cdyn and RL are shown in lower panel.

V denotes flow of the

airtight box, V change of the box volume, Pao airway opening pressure, and Peso

esophagial pressure.




SEXWMBIINT MY —7 7 25 >} AR 775

AT 20mg/ml ZFREL, 3PCIBRBLEY—7 7 2
gy ERE, TURF v v > 1098112 908 MR 1k
BErERE LB IERSBAZES . HERAR
Pao ZHIHEBRA205- 4 & TICHEEMIZETEEL 2.

b) WEEH
FAUEEOELEY M IRV, £HEAEKLE
BOAFETRAZY, FIRRA Pac # HIERA204
B CIWEFRRNICEEL 2.

§. ¥—7 775 MRARMLEIZ & 3 HESES
REE X WHE SUG O MIFIZN R

a) ¥—7 7278 v PRAE

8 350~420g DELE Y b QI EFAL, £EAH
KT 20mg/ml WZHREEL, 3TCICFBLEY—7 7 2
7 M VEEE, BUEF v L Y1098 908 Rk
EEELE® D I {BAS R, HE (OA lmg/
ml) 0.2m] 2 HBIEHHIR & D 81 L Pao % HERE2045
Bg TEGHNZEERL 2.

b) wEEE
FUCAEEOELEY M 9EERAG, £HEBHEAEE
BROFETRAZY, FURBEED Pac 2HERA
003 % TICHERIIZEEEL 7.

9. ¥=7 7278 v MRAFIABIZLAERS 3
BAREFESE UE R G O MR

THEE RS L R EBAROKTEML, 25, 50,
100, 200 g/ml D A ¥ 3 UEWEFERL 72. B
BEOCRAY I VW LD 5 5HBTI0RMEERA &
L, Pao 0L EEEL 1-.

a) y—7 775> PBRARE

390~470g DENLEY b §IUEM-, ERY I
BAEROL0AHNIZ, 20mg/ml D —7 7 7 5 > 1
B E IO IRA & ¢ 7.

b) wfEEE

390~470g DELT Y P QEEEALT. ERX Y I
RRFOL05FIC, EBRAEAKLIOMEBA S 7.
0. ¥=7 7272 > FRABMEIZ L3R5 3>
BEBRRE LIWE RIS O %2R

TIEE RS U2 EBEABEAKTEBEL, 25, 50,
100, 200k g/ml Db R¥ I > BEATERL 7. (B8
BOLRAS 2 Vil &0 5 SRR CHRBERY S 0.2
ml #E L, Pao O&(LABEL .

a) ¥Y—7 525 NRARE

330~450g mEALE Y b SEEML, EAF I IR
ABRO104801Z, 20mg/ml DH—7 77 ¥ > b &
BEIOWMEA s w72

b) xtEEEE

330~450g DELEY FSEEH LS. EXF I

WAAT DL, £EAEKEI0NHEBA S ¢
7.

. =7 775 PRARLBICEE0A2 M)
T C 4 (LTCY) WABEFRTE IR I O H&I% 5

LTC4 % 4MAKKTHEMEL, 0.033, 0.1, 0.33,
1.0pug/ml @ LTCA B ERL:. BRED
LTC4 ¥¥ & D 5 MR TI0WEBEAAR L, Pao @
ElrBEL.

a) y—7 72785 VRARE

340~360g DENLEw b 5PCE . LTC4 BA
B D1043F0, 20mg/ml OH—7 7 7 7 > b EIE
EZIOMHEIRA & &7,

b) xERRE

340~370g MENLEw b 5EX AT, LTC4 BA
B DL03FNC, £EAEKLIOMEBRAS €12,

12. FFf

Y=7 775+ REHIRTOWRREEED g id
S0H2 tREEACTHRELT:.

BAK LB ELE Y N ORELIIERG S BRI
REVE®, /¥s85 4+ ) v 7 (Mann-Whitney
D Utest) EEWTREL . MEARETRER S
SHLUTE2EEEHD LHELS.

I, REBECHTAY—T 708> PRAKSD
HRIZ>WVTOERKNHAE

1. WERFHOY—7 7758 » MNEADOKIR

a) ¥f&

WEREFIC TR L BE LG S B A ISR -
V=77 7850 NVEBEO2EBIZST. 2EETE
i, MR, JER/ERITREEEICEER I AL, 2
BUTHSEFORELED T (). vy—7 725
Y NS DR S L U EARBIT & 2 REEE D B
TR B70, NREIREREERIBFHELLLE, 485
DRTH BREMMEL T30 L, 6B5RILLE
BHERAEZT, BRIZELOLZV L DERFE L L
A

b) Fik

FME T RE S S M7 11B 0D B, MREES FITia 4
BEAKIME, $—7 7750 NERBE6BITIZ Y —
7y 7%y TA 10mg/ml Iml £/ > Rz k&
TIAY— (HABHE, KK, 3.55/E, 51/min) 12T
WALz, WEEE LS X U5 1550117 TRIR g
BE, BOBROLY X MTODEIE % 1T 72 . TRURBEAE D HIE
B NEE (forced vital capacity, FVC), 1 #v &
(forced expiratory volume in one second, FFV,,),
ML E (maximum midexpiratory flow, MMF), 2
U=y 7 RY 2—LDE 3 (aveolar plateau of



776 =1

nitrogen washout test, AN2) w D W THIEL 72
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Table 1. Patient Characteristics
._,«Patient Height Weight FEV.0/FVC o
Trial No. Sex/Age (cm) (kg) (%) Allergen Medications
S 1 M/40 170 55 57.1 House dust  Oral theophylline
P 2 F/42 153 55 44.7 House dust Oral theophylline+ Anti-allergic drug
S 3 F/36 167 53 49.8 Cedar Oral theophylline+ Anti-allergic drug
P 4 F/32 160 55 77.9 Candida Inhaled g,-agonist
S 5 M/45 171 58 35.4 House dust  Oral theophylline+ Anti-allergic drug
P 6 M/60 156 48 50.0 Cedar Oral theophylline
S 7 M/73 162 53 57.9 House dust  Oral theophylline
P 8 F/62 157 49 38.1 House dust  Oral theophylline + Anti-allergic drug
S 9 M/47 166 61 50.0 House dust  Oral theophylline + Anti-allergic drug
P 10 M/45 165 55 55.9 House dust Oral theophylline
S 11 F /55 149 52 62.6 Candida Inhaled B2-agonist
Mean 48.8 161.5 54 52.7
SE 3.7 2.1 1.1 3.5
* S denotes surfactant trial, and P the placebo.
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Fig. 2.

Percent changes from the baseline values in pressure at the airway opening
(Pa0) after antigen challenge in the three groups of animals.

The time of aerosol

adminstration of surfactant or saline is shown in the figure as aerosol. Each value

represents mean+ SEM.
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Fig.3. Percent changes from the baseline values
in pulmonary dynamic compliance at the time
of peak, before (18min after OA challenge) and
after surfactant inhalation (23min after OA
challenge) are shown in upper panel. The
bercent recovery rate of each group (the value
of 23min/the value of 18min) is shown in lower
panel.
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Fig. 4. Percent changes from the baseline values
in pulmonary resistance at the time of peak,
before (18min after OA challenge) and after
surfactant inhalation (23min after QA challenge)
are shown in upper panel. The percent recov-
ery rate of each group (the value of 23min/the
value of 18min) is shown in lower panel.
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Fig.5. Percent changes from the baseline values in pressure at the airway opening
(Pa0) after antigen inhalation. Each value represents mean=+SEM.
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Fig. 6. Percent changes from the baseline values
in pressure at the airway opening (PaQ) after
antigen injection. Each wvalue represents
mean+ SEM.
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Fig.7. Effects of 90 s inhalation of Surfactant
TA 20mg/ml on the histamine inhalation. Each
value represents mean+ SEM.
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Fig.8. Effects of 90 s inhalation of Surfactant
TA 20mg/ml on the injected histamine-induced
bronchoconstriction. Each value represents
mean+ SEM.
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Fig.9. Effects of 90 s inhalation of Surfactant

TA 20mg/ml on the leukotriene C4 (LTC4)

inhalation. Each value represents mean+SEM.
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Fig.10. Forced vital capacity (FVC) before and
after inhalation of surfactant (closed circles) or
placebo (open circles) during asthma attack.
Each symbol represents a patient shown in
TableI. The mean (:SEM) is shown to the
left or right of each group of values.
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Fig.11. Forced expiratory volume in one second
(FEV1.0) before and after inhalation of surfact-
ant (closed circles) or placebo (open circles)
during asthma attack. Each symbol represents
a patient shown in Tablel. The mean (%
SEM) is shown to the left or right of each
group of values.
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Fig.12. Maximal midexpiratory flow (MMF)
before and after inhalation of surfactant (closed
circles) or placebo (open circles) during asthma
attack.  Each symbol represents a patient
shown in Tablel. The mean (+SEM) is shown
to the left or right of each group of values.
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Fig.13. The slope of alveolar plateau in single-
breath nitrogen washout test (A N2) before and
after inhalation of surfactant (closed circles) or
placebo (open circles) during asthma attack.
Each symbol represents a patient shown in
Table 1. The mean (=SEM) is shown to the
left or right of each group of values.
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Fig. 14. Arterial oxygen tensions (Pa0O, before
and after inhalation of surfactant (closed
circles) or placebo (open circles) and arterial
carbon dioxide (PaCQ)) before and after surfact-
ant (closed triangles) or placebo (open triagles)
during asthma attack. Each symbol represents
a patient shown in Tablel. The mean (+
SEM) is shown to the left or right of each
group of values.
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Fig.15. Percent changes in forced vital capacity (FVC) after inhalation of saline or
surfactant (left), and after inhalation of salbutamol following saline or surfactant
inhalation (right) in patients with stable asthma.
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Fig.17. Percent changes in maximal midexpiratory flow (MMF) after inhalation of saline
or surfactant (left), and after inhalation of salbutamol following saline or surfactant
inhalation (right) in patients with stable asthma.
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Fig. 18. Percent changes of maximal flow rates at 25% forced vital capacity (\725) after
saline or surfactant inhalation (left), and after inhalation of salbutamol following saline or
surfactant inhalation (right) in patients with stable asthma.
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Experimental and Clinical Study on Surfactant Inhalation Therapy in Bronchial Asthma
Kazuyoshi Kurashima, Department of Internal Medicine (II), School of Medicine, Kanazawa
University, Kanazawa 920—J. Juzen Med. Soc., 100, 772— 787 (1991)

Key words bronchial asthma, pulmonary surfactant, inhalation therapy
Abstract

The author studied the effects of exogenous surfactant, Surfactant TA, administered as an aerosol
in bronchial asthma. An experimental study using a guinea pig model for asthma and a clinical study
of asthmatic subjects were performed during asthmatic attack and in the stable state. Surfactant
inhalation significantly reduced the bronchoconstricition mainly mediated by a slow reacting sub-
stance of anaphylaxis (SRS-A) which was induced by antigen inhalation in passively sensitized
guinea pigs. The bronchoconstriction induced by histamine and leukotriene C4 (LTC4) inhalation
was also significantly reduced by surfactant preinhalation. But surfactant preinhalation did not alter
the bronchoconstriction induced by venous administration of antigen and histamine. In asthmatic
attack, pulmonary functions and blood gas composition improved significantly with surfactant inhala-
tion. On the other hand, in stable asthmatics surfactant inhalation did not improve the pulmonary




K[EXWB N T MY —7 7 7 ¥ o FRAFES 787

functions and the response to beta adrenergic agoist inhalation. These findings indicate that surfac-
tant may help to open a bronchi collapsed by sputum in asthmatic attack and block the action of an
inhaled antigen and chemical mediators. It is assumed that surfadctant inhalation is a potential new
therapeutic method in the treatment of bronchial asthma.



