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The Effect of Surfactant Therapy for Acute Lung Injury Induced
by Intratracheal Endotoxin Instillation in Rats

Yun Jung Kang, M.D., Yong-Bum Park, M.D., Hyun-Suk Jee, M.D.,
Jae-Chol Choi, M.D., Jae-Yeol Kim, M.D., In Won Park, M.D., Byoung Whui Choi, M.D.

Department of Internal Medicine, Chung-Ang University College of Medicine, Seoul, Korea

Background : Acute lung injury is an hypoxic respiratory failure resulting from damage to the alveolar-capil-
lary membrane, which can be developed by a variety of systemic inflammatory diseases. In this study the thera-
peutic effects of intra-tracheal pulmonary surfactant instillation was evaluated in the intratracheal endotoxin
induced acute lung injury model of a rat.

Methods : Twenty Sprague-Dawley rats were divided into 4 groups, and normal saline (2 ml/kg, for group 1)
or LPS (5 mg/kg, for group 2, 3, and 4) was instilled into the trachea respectively. Either normal saline (2 ml/
kg, for group 1 & 2, 30 min later) or bovine surfactant (15 mg/kg, 30 min later for group 3, 5 hr later for
group 5) was instilled into the trachea. The therapeutic effect of intratracheal surfactant therapy was evaluat-
ed with one chamber body plethysmography (respiratory frequency, tidal volume and enhanced pause),
ABGA, BAL fluid analysis (cell count with differential, protein concentration) and pathologic examination of
the lung. »

Results : Intratracheal endotoxin instillation increased the respiration rate decreased the tidal volume and in-
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creased the Penh in all group of rats. Intratracheal instillation of surfactant decreased Penh, increased arterial
oxygen tension, decreased protein concentration of BAL fluid and decreased lung inflammation at both times
of administration (30 minute and 5 hour after endotoxin instillation).

Conclusion : Intratracheal instillation of surfactant can be a beneficial therapeutic modality as discovered in
the acute lung injury model of rats induced by intratracheal LPS intillation. It deserves to be evaluated for
treatment of human acute lung injury. (Tuberculosis and Respiratory Diseases 2000, 48 : 487-499)
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449/ (acute lung injury) & 54849 E,
HEF, AT o4, dBrE, FI4 A9 59 o
g AR o3 HE} AEF Alole] FapAo)
HRdE oz FrtEo] #E-Fol WAL oo 23
AaA] BFFA fUEHE APy, FAHEE
TJZ2E7 (acute respiratory distress syndrome)
< A3 gelo] A&t

1967'd¢] Ashbaugh %o] of2lg diIFL A
< B!, o] A A= Auelago] 4ol
Y {2 UEE(infant respiratory distress syn-
drome) 3} W3t oA 408 IFUEFET
(adult respiratory distress syndrome) 0.8 g}
Fohe olFe] o] AL FFH HUEYo] 9low
AoPINZ TAY £ Uohs AHdo] el AAe
FHor FHIEFLEFFET(acute respiratory
distress syndrome) 0.2 Hs|9lch.

FAZFELES IR BALA) 8438,
GZATNAY FZoAEZEQ interleukin-1, T
B EA, TNF-a2) oxygen free radical S-o0] ¥4|
sol o} AT Alole] Yol SAHm oo
o8 LR HEFog amyy) slo] 3FYsto]
Fhg fEslel AN BFRAe] HgEr
European-American Consensus Conferenced)|A]
= FA3E2EE37 (acute respiratory distress
syndrome) & FH 8L (Pa0,) /288 (FiO
2ol 2000]8tol, & ool wjThge] H o] gle
BA,  ARAES 7] (pulmonary  capillary

wedge pressure)¢] 18 mmHg °o]3}o]AY 3o
2 FAUgYo] FAQ A= Aot Urd.

1 7] ATl 93ty FASEITUFT T U
7133 Qe gol FHEe oFd A% 3
A} e FAAME B AFLEe] 40% 2 XuE J=
2 gl Aol A& 43| /Mol td ol
+ ol o] A JHHA a7E Jelli= X5 ¥
ol glth= Aol 7118

FAEFTUAZETY AadA 71435F X59
e ado] U FF(low tidal volume)d} lo-
wer inflection point o]4re] Z7@kts (positive
end expiratory pressure)o] thiz HAE|ms-10
ol9lol= 719} Ble] vIE 1:1 oVdeg FUhA
7+ inverse ratio ventilation W12 ] e}9)2}A)
] 7IAZEFY AA7)1AlZ & (liquid ventilation)'s
T17 5ol AmER gick. oldld] rhange] R
7 FAZETIESEE A= AAEEA a9t
A& Ao 7= AzHE PHEEE 718
surfactant X&'*% NO 7}A2] F¢4°3, By
A BEA FoH® Fo] glont olx7tA] fAle] A
EEE THIE Aes 4FE Aadge gic 4
olr}.

A28 s By FolA 718d surfactant X8
v 2RI AFTFTAM 1A X8 &2HE
YehljA] A= o] AfolA] FE A& Yol
FHZEFTAZERNAE surfactante] B4 € 7]
ol ojdel Hutdrhs AMEE 1 B9t Wol Hay
Qo wEh FALEFTEFFZAME 718
2 surfactant & Fojsle AlE0) Qo] gel-% 3}
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Fig. 1. Calculated parameters and variables including enhanced pause(Penh) in

one chamber body plethysmography.
TV : tidal volume, inspired volume

Penh : enhanced pause, excellent indicator of bronchoconstriction

Agt 718y surfactant X Ev FEZAdE £
AREIAE ROl Al sy oby 1 dF
AL Ao, AEEAE J|dEthes olAE 44
ojc}.

£ dFdAE 7l WELE T3t i o
#e] F4uEY mlholA 7)Y surfactante] X8
EHE Potraa s 71Ee] dFdME F2
ZIAZF] Hag FFo FHNSIE Aoz
surfactant &35 AuEgltE=n v&], & AT
oprtEke] YELE Fojsle 7)AEFol Qg
%] F49E%E 2T Fo surfactanto)
|2 A7E ARt T surfactant9] $ejA))
WSA Fo 3o} Rof 5= A7 T2 Jroly
3 aste] 2olg ¥ Hrlsloich
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1. Y SE

AF 330-360g2] A Sprague-Dawleyd] 3FHE

ez 8kgrt. APF(animal pathogen free) #
FHebe ojgsldlon, ¥4 15Ul d3E Agy
oF SHAHAIZ o) AF4 o] 8553

2. thatEEe| ok

TES 44 A8 AEUIEIE FAH3W] Bl 2%
xylazine hydrochloride 0.1 ml& By FAlsio]
S HAAFeH, JBHE WEL, ek,
zae8)n surfatantE FY3PAY Wi} 52 (abdomi-
nal aorta) JJA FHEY L HHE W 25mg/mle]
Pentothal sodium & 2 ml/kge] §ko e HEzh)
Aretct.

3. SE8 NEH HIIIRVIE ol3¢t nHse| §F

FA9] WG T8 ¢4 AL 957157 (one
~chamber body plethysmography : All medicus,
Seoul, Korea) & o8-8l 38, 7183 28
NEAZe) AEQ PerhE ZR8UTH(Fig. 1). 5
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Table 1. Time table of measurement of variables after endotoxin and surfactant treatment.

Group Group 1 Group 2 Group 3 Group 4
State Control LPS treatment LPS with LPS with
Surfactant Surfactant
at 30 min at 5 hour
Number of rats 5 5 5 5
Basal Body Body Body Body
plethysmo- plethysmo- plethysmo~ plethysmo-
graphy graphy graphy graphy
0hr Intratracheal Intratracheal Intratracheal Intratracheal
normal saline LPS LPS LPS
30 min Intratracheal Intratracheal Intratracheal
normal saline normal saline surfactant
4 hr Body Body Body Body
plethysmo- plethysmo- plethysmo- plethysmo-
graphy graphy graphy graphy
5 hr Intratracheal
surfactant
23 hr Body Body Body Body
plethysmo- plethysmo- plethysmo- plethysmo-
graphy graphy graphy graphy
24 hr ABGA ABGA ABGA ABGA
BAL BAL BAL BAL

Lung removal

Lung removal

Lung removal

Lung removal

FAzel £4 2087 A £33 & H
o Us 1083e] 383ke] Ha A& FAstAh

4, 7l Fololl ol AdE

UE4E E. coli 0114 : B42] lipopolysaccharide
(Sigma Co. USA)E ol&3l¢ct. 22dgele) Wi
AE Ae4gdSd) B4 2.5 mg/mle] stock solu-
tiong WHE Fo 7|l 5 mg/kg] §Fog F
Azt FA A&Hde $=319ctk. Surfactants
natural bovine surfactant $&E<¢] dEehju(H
)AIke] Surfacteng ol&3)90ch. 120 mge] £

“gho] Eolgl: vialdl 8 mig] 37C AEAYESF

(warm saline) & 378l 15 mg/mlg] {4
wEgon 71Bde 30 mg/kgel £%o2 T3}
Ak

5. ofrl2] J|RiLH FoiUH

Pentothal sodiume.2 70 ulf & 4AFEL §
Hoo FHE Ydeiglz nF3n EH9E uBE
A 7 Yoz AR AHdA #HFe ¥E
forcepoz  Eo&Eid AUE =N ¥
angiocath §H& o|g3lo] <Al T3}, of
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Fole o 308 Bx A velFe o 45° 42
EQ H2EE B9 F= JHR ol FQIE
W27t HEF01d 59 of %o ESot=S
&t

6. A#E2 GHFoixAH

A 5018 ¢ For BF 479 H¥Fez
Pk ZE HAEFL |F U2 oA Folda) o
A Fo 4AT F 2T AT 23X F(FY
AAMAAA ) 44 Wbgr|Ens 4G
208 Ax A9 AEL S, vixg
A4H W57 & Fol sHIY A
NBAAENHE, 22D HHEBE APt A
178 gd2Fes VANE Belg94E 2 ml/ke
o) §Fo2 Fodkm 308 T oA yeasrE
7189 & £3oa Rt A2¢e WS
£F4Fe2 ZIBZ 25 mg/kgs] WEAE 2
ml/kge] 802 R3¢ 308 Fol Yeldg
FE 718U 2 mg/kgel §Fo g FoAsHc). A
3T X7 FoFez 7192 2.5 mg/kge] WS
& 2 ml/kge] $802 FoF Fo] 308 FHo
15 mg/ml9] surfactant& 2 ml/kge] o2 &
oA3tdch. A4 Fr7| FAFez JIFHE 25
mg/kgol WEAE 2 ml/kge] §Fo8 Fog H
5417 Hel 15 mg/ml9 surfactant& 2 ml/kge)
L3032 Eo5trH(Table 1).

7. SYEHATIAHA

79 vt FHEE AHs] FAEY
7t2EHE APt

8. ZIEX|Z A Ao MES/MEEE, s
L

FUEA ANTA Ve ZRAE Whsl) 7|
& =271, =24 J1RATE Aolg shz=

703 5 16 gauge?] angiocath tube S Yolgx
tube o] 3-way stopcock& HA% FH 37CAHE
2 d9d QeygdsE 94529 10em A% =
oAz &7t FAY wrtR] FY3LA o] IF
ate] Z)BAAEZAHHE AU 71 FA A A H Y
o] dR= NEE4 @ Wright-Giemsa gaoz
Axede FPsked gz, uHAE
Eppendorf tubeo] 1 ml¥ A & H 1,200
rpmO 2 1087 QALENA AEAAES 7Heed
5, supernatant& 2|3l TCA(tricholoroace-
tate) o2 Gilp=E SA3.

9. fiXE W HalaE A

71 BAHEAH o] B ol FAZIZ 10% X2
T 4948 dEFEA 10 em Fx Pt A
AR FY3te W& 2372 g 4
& ¥ do) F&g we At 4 -5 e 54
o) AW-e A& 5 hematoxylin-eosin g4& A
At dxel g2 ¥y Tl Hales #dsl
At

10. A Xz

EAHe]= SPSS for windows (release 8.0)& 9]
g3te] Zt T Alo)9] Ate]E2 ANOVAE o] g-3l9
vz BAsgtt. HEXE e Adviads
Duncan H#% Turkey ¥& ES o83t} p-
values} 0.056 vt 9o ojul7} Qoks w43
pi =X

g4

1. & 24 HE W 7l2deEolMe MEH HEOIK
7] &3kl vjn

A1ERE A4TAHA AF (B z2FRH L 2
7} 352+84, 338484, 349+8.9, 345+9.0 g2
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Table 2. Respiratory parameters

Group Basal 4 hour 23 hour
. group 1 65+11 85+18 84+12
Respiratory
Rat group 2 68+ 11 84+23 126 £ 24
ate
) group 3 73408 97+18 119+£24
(/min)
group 4 64+12 96+14 1178
Tidal group 1 0.21+0.04 0.15+0.03 0.18 +0.05
ida
group 2 0.20+0.03 0.12+0.02 0.10+0.03
volume
(mD) group 3 0.18+0.03 0.11+0.06 0.09 +£0.02
m
group 4 0.16 £0.04 0.10+0.04 0.09 £0.02
group 1 0.41+0.09 0.34+£0.19 0.29 £0.06
Penh group 2 0.36:+0.11 0.78+0.44 0.84 +£0.20
group 3 0.40+0.25 0.43+0.13 0.43+0.17
group 4 0.36 +0.09 0.4440.11 0.47 £0.07

Respiratory rate

Tidal volume

Penh

RR{/min
3

=3 &8

Fig. 2. Respiration rate, tidal volume and Penh of 4 groups at basal state, and 4 hour and 23

hour after LPS treatment. (% : p<0.05)

2 71 Aojd] 9] gl Aol AT (p>0.05).

2. Ajztoll mE 2t 3 HEX HEY IR §Eitel

Bl

1) 38

1A% 2 UEA Fo 422 o] ¥4 F
2l Zeol7h gigiek. 2341 Hel EFFE A1l
A o 2o vlgl 9ul QA Re e Byen(p
<0.05)(Fig. 2), A2Fo] A3Foh} A4TRT} =

& e BYoy A7 vl fItH(p>0.05)
(Table 2)(Fig 2).

2) B0\

ZAAZE 2 UEL £ 4 AT He] IR 4
T Abolell 2lm] Qe zolrt figlo, UisA Fo
23 A7t Helle A 129 F717%] b 2 His
frosiAdl ¥ #& EHYH(p<0.05)(Table 2)
(Fig. 2).
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Fig. 3. Arterial oxygen tension{Pa0;) of 4 groups at 24 hour after LPS treatment. (% : p<0.05)

5

cell count
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JBBBBEE

gapl
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Fig. 4. Total and polymorphonuclear leukocyte cell count of BAL fluid. (+% : p<0.05)

3) Enhanced pause(Penh)

714 Penhe 2 & Aleld] #pol7} glloyt Yisa
Fa 4AzE Fet 2347 He) Penh: WEAT 5
A Z A2FoNA T 2ol via] o9 QA F7t
8}tk (p<0.05) (Table 2)(Fig. 2).

3. SWgHMF ol

HED Fo 24A13F Fol] AT FHEY7 =AM

A Ara¥eH(ET £ BEUA) S AllTe] 111+£2],
A2FES 74422, A3 108125, 233 A4T
€ 100+15 mmHgE A279] A4Sl &
o] ghofl wia] <jv] A F& e JERIIGH(p<O.
05)(Fig. 3).

4, FIBRIZANH HxS N HEEE

Zk Fo] J1BAARAH Y] MES (BT L EE2H
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Fig. 5. Protein concentration of BAL fluid.( % : p<0.05)

e AT 972£867, A2 4,880+472, Al
37L& 4,632+2,615, A47L 7,230+4,414/mm®
o2 A1FA o Zoll v vl YA R FX
£ 2on(p<0.05) AEPEY dyNEFr} A
A vl&e 47 93,98, 95 1)1 96% = & F
Atolell eju] gl Atole §ITH(Fig. 4).

5. F[X|HEAAAY | TS

ANBAATA F Y] s (FFE L EZEH D=
A1go) 89179, A 270 901 £403, A3Fe} 195
+166, 28]3 Al4Fo] 318+169 mg/miz A2
A e 2o viE R9fsiA 7Y AAHp<
0.05)(Fig. 5).

6. Hgel slo] HolsHaH

YWE49 surfactantE 5o Fo #FE AAPA
ojzlE =o goalAsld WEay surfactant7) $
2 HEtE V=g f=signt. d HEe 238 B
9, A1 839 He AEA 2788 Bglon, Al
27 479 de XUz dPERETE 952 s
A% 4FAEe A& ] AEHo] FAYA 24

o] #aFe] 7T E FoAg WFhd o8] FAuE
o] FEEe-S HAATE AT A7 ¥
JME HEe GSMNE A&7 Hxye] vFiAo|
BRI oY A2 BF ] &7 vty AW EF
o] &g AZo] A surfactante] XE7}
Weldtde 34 fEE & IS ¢ 5 AT
(Fig. 6).

Ul

196739 Ashbaugh So} 4Aojxe] FHEFER
2574 dale] Bagh o= o] A iF B
o] AFEVA W7 FF PP o] Wol UHHL
9!, 2= B AFT Bo] IHHUGE. AR
o Egte A8ARe] Aol FAZEFTVFZILE
fue 4 dd ey A (53 a5
Al BB A o] ) ol HEAQ X eHye]
o] olaild 48 ARIEY, gogs FAHSRE
F257 A AHAJ 2948 Vellis g
9] Ato] F g3l

20183 F2AZFFAA 713 surfactant 5o
£ olu] Flg Agoly FHIFTIAZTFETAA
% 713 surfactant®] 548 B3l A8 4H& 3
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A

B

C

D

Fig. 6. Pathologic finding of autopsied lung(H & E staining, x200)
A, B, C, and D represent the H & E staining of autopsied lung lungs of group

1, 2, 3, and 4 rat rats respectively.

AAZEE o] AlgEo] gt} Ao FE9
AN 2l 713 surfactant Foi7} 7}
2039 AN, 4FAE A& 24, Axd G9d
TR a9 AEEY ) 5o nREH AAE
BACHS, a9t 1 Fete] g4 5 & =Y
AXE 7IAEF ol ¥ Ao A3 Fede g
R A7t B%kew, surfactante] FojA)7x=
H&go] fitE ojFd Fofdh= A9rt tiF-Eol9)
o & dFME WEAE oHEE 529 Wsa
Foz 7IAEFC] HasA Fe A FAAE
4 REAE TE o[ ol Ao A Heydl
A% surfactant7} X85 a538 A3Fel=x= A
37 & A3, 5L Fo A9} 447 o]F0) 7B
W= surfactantE Fo8le] FojAj7)d] wlg 28
BIE AHE AdA JEd 29 9ot Joia Az

dd.

£ AFodAe =g nie} o] [l EL F
o2 AFGA FA HAE&4E FEAE F AU o]
AL UEAE 7[TIE T & FdA WsL: &
o T 4AZE 234 A|EFE AEF WEISY
IEFT BRI 7R 0] A4t F4 &y
A Rol= w21, ¢& & (rapid and shallow
breathing) o] &=tk AHollA A& 4 Qo
3 WSA 5o Fof AdAFo] LI, 71
HEA RN T, FAEe} FREL v]g
o] Frlstiom HAEF AT W2 EE HAat
4 AEde] dFHETE AAT AFANETHEY F
7te} HxHe] v T AhAo] el HAME F4 H&
AL Az farEgvin Bdgn. gyl szz &
AoA FAZFZIZTTANAN FEE 5 U= Fa
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dute] A& V=R gk, oA ofnlx B
ATolA FAE sl FFF A7 WEA Fo
2417 FQ71 vl Welgtdor feEldute] 4
o] g5 ARFSHAZIIA WHlo] 23] 3y
A o37] oz Azbect.

B d7e] ZaoA 7jdy WELE Fo2 =8
839 34 #H&A 718 surfactant T
FEYNY AaadE Jepldo. Aeddsyie
548 Fo vsiA surfactantE FoF F &
(group 3 & 4)& 7I=AF9] AHE<I Penhe] 72,
FAE A ERe] AN, JEAHAEA NN G
o] A aea AR RPAN o Hele
33 F9 240 Y. oyE 427 7T
surfactant X8 348 AWE 71E9] FAWE
FERY Q7 XS Faolrp» Y. B3] £ A7
A 713 surfactant Fo7} 7j=A]gke] 2|EQ
Penho] 37& fadvhks He 7I1E9 dFdMe

wEAA] ggkel AME Azgd. slghy surfac-

tant Fo7} JI=AGE ZAEAD ol o] A8V}
AXe] 9%& Aoz s EE)
£ RHEY] & 2] dEoE 339 o] g
& surfactant 58 W §&571 7150} 3849
Z2E B8 Penh7} ZA34E 7FsAE U0

B adA 718y surfactante] 4 53k 7]
T US54 Fo] A3} Fof 5 A7 Fo] BF vls2
T AT JEl] vjE) surfactant §o A}l
TE Aolg FAsA Rk AT UEL Fo
¥ 5AI7 Ro% A8 EFE Jehiy] g2 A9
W surfactant Fojs FAHAEY 0] o= J= 1Y
T A= A8 2A4E 23T 5 Y& A2 AR
g}

A7 TEAA FAHETE st TEe
£ d7dA AEE 7|3 JEs: 54 ol9ax, 7]
T Alze] Fo, A LTE 0|48 JBAAZA
He, B9 2 F5de £ oleic acid o ¥ o
&g o] Sk wEkA Z18Y US4 Rt b
Uiog 5 FAUEYIME B BT ¢

ARl M= Frte] d77t desitt s
E3 4718 $HEo] vh=A] dAFA gAY
2E WoA gAERE gong A4 FFME A
8 &A9E 93 ¢ dgA Qo] dgsit}. x=g
71 8% AR B dFdie FES dter
713 surfactante] X2&7-5 AHRLY] v
FFHo g Al FAASYIME vl Qe &
W7t A&AE FFo ATE BaiA wElAor # A
o= Algdr.

olde] AE a3t rjFhE Fod surfac-
tante 718 WS4 542 f49 839 84
H&gol ujgle A8 EAE Vel on, o dF
2 Aol 34 d&dohd FAHIETAZTFTA o
3 surfactant X859 B8 A%z ZAES vlbin
3 Alg g

2 ¢

ATl

FAZFIATFEE U 99 U9 HE
s} ZAIET Alolo] a4 F7tR HEFol WA
AaA BHFRA] fEEE o, 98 FR
9] surfactant9] ojido] #As|o] RN J|AE
%3 surfactant& IFshs Andiol wol A=
At B dFME IFHE des /TR s
AF FYsld B4 A3 E $39 OE VIR
surfactant & Foidle] N5 aaE dolrglicl.
oo

FHE 27 sulgy ) Fog Yol A1 R
U2 BA4E 308 BFos FUEa, A2
T& 71BUE WEAE FUE olF 308 Fo 7%
U2 QelddsE sidon, A3t 48 7]
B2 WEAE FT F 27 3083 541 Al
71¥hl Zsurfactant & FY3sl3ch.

2

gt Z1BuE YT A1 BlA W5
A8 7|BIE FY8 A2TH 3F, 4TMME 3F

— 496 —



— The effect. of surfactant therapy for acute lung injury induced —

g7} Z7¥ehaL, FU1ol Basen, JI=Age
Uehls ¥ Penh& A23olAgt Z7)E e}
STAIYAL RG-S Al 23N Fo3kA sy
o 713 WEL FoF 2440 4L 7 BAAE
AHge] e e A2FAMY FUketgnt. 7@
AFAEA RGN ] HEFE WELE TR A2F
7 3, 43M 25 7RI FAANEE T
77t g o2 . HZAHAA A2
o dTg dYRETE dFsl gFAE
&7 Hxue] vFaZo] #EYed, A3 ¢
A4FNM= vls=d gZAdo] BEE o) 439
AxE A2 AY sl

a3 B

7184 sufactant Foli= 7]ghd] iS4 Foz2 42
H 879 FAASYNA drigle AgansE et
Uil

=

el &

B A7) A8 surfactant(Surfacten) & =3}
FA FAAIF 9 AR o] F& T3 E =
Huioh.

= #

Ho
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