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Though it has been reported by Clements et al. and Avery et al. that the activity of the pulmo-
mary surfactant can be altered by the temperature changes, a conclusive evidence of the effects of
‘temperature on the surfactant system of the lung is yet to come.

In the present study, an attempt was made to observe possible effects of a few different degrees
-of temperature on the activity of the pulmonary surfactant of the rabbit in vivo and in vitro. The
rabbit was sacrificed by blood shedding and both lungs were completely removed. The lung washings,
-obtained by gently lavaging the left lung with saline, was placed at 1) 4C for 1, 5, 10, 15, 30
.and 40 days, and 2) 20C for 1, 2, 3, 4, 5 and 7 days for in vitro experiment. For in vivo
-experiment, the rabbit was placed at 4C for 4, 8, 12 and 24 hours, and the lung lavage was
-prepared as described above in the in vitro experiment.

Tension-area (T-A) diagram of the lung lavage was recorded automatically by a modified
Langmuir-Wilkelmy balance with a synchronized recording system. The surface tensions thus
-obtained were compared with those of the normal rabbit, and the results are summarized as follows:

1. The maximal surface tension, minimal surface tension and stability index of the normal rabbit
lung lavage were 52.5+2. 3dynes/cm, 4.9-+2. 3dynes/cm and 1.65, respectively.

2. In the group where the lung lavage was placed at 4C in vitro, the maximal and minimal
surface tensions, and stability index did not show any noticeable changes comparing with the normal
values up to 30 days. On the 40 th day of the experiment, a tendency of a slight increase in the
ssurface tensions was observed but the change was not significant.

3. When the lung lavage was placed at 20C in vitro, the maximal surface tension did not show
any appreciable change comparing with the normal except on the 7th day with a slight increase.
The minimal surface tension showed an increased value from the 2nd day, and on the 5th and 7 th
experimental day, markedly increased value was observed. The stability index, on the other hand,

showed a marked decrease throughout the entire experiment with the value of 0.71 and 0.53 on

-1 —



90

the 5th and 7 th day, respectively.
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4. In the group where the rabbit was placed at 4C in vivo, the maximal surface tensions and

stability index of the lung lavage showed little change from the normal. The minimal surface tension

at 12 experimental hour showed a slight increase, but it returned to the normal value at 24 hour,
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Fig. 1. Tonsion-area diagram of the left lung washings
of the normal rabbits.
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Table 1. Surface tension of left lung washingss of
the normal Rabbits

Surface tension (dynes/cm)

Exper.

No. Maximum Minimum

1 54.0° 3.0

2 52.0 7.5

3 53.0 8.0

4 48.0 7.0

5 50,0 2.5

6 54.0 7.5

7 51.0 4.0

8 50.0 2.0

9 54.0 5.0

10 54,0 7.0

11 55.0 2.0

12 55.0 3.0

Mean 52.5 4.9

SD 2.3 2.3

SD: Standard deviation.
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Table 2. Surface tension and stability index of left.
lung washings incubated at 4C in vitro

Surface tension(dynes/cm) No. of
Days : — 5 0. o
Maximem  Minimum cases
(range) (range)
52.5 4.9 '
53.8 3.4
Lol o600 =10y | 176 8
49.8 3.9 :
5 | (7~53)  (1~5.5) | L74 9
49.8 4.1
10 wss5) (o5~6) | L72 8
50. 6 2.3
15 (a7~m5.5) (~5) | L8 8
52.4 4.5
30 | (48~54.5) (1~12) | 168 8
54,0 5.6
01 0600 (3~oy | 162 6

S : Stability index.
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Fig 2. Surface tension and stability index of the left lung washings incubated at 4 C in vitro.
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Table 3. Surface tension and stability index of
the left lung washings incubated at 20C

in vitro
Surface tension(dynes/cm)) _ No. of
Days - - 3 :
Maximum  Minimum cases
(range) (range)
52.5 4.9
Control (4855 (2~8) 1.65 12
47.5 3.3
Lol wsss) e~ | BT 5
46.6 8.9 _
2 Yar.B~s0) (523 | 1O 5
50. 6 9.1
3 | (41~55.5) (2.5~15)| 139 6
46.5 13.3
4 s Gy | M 4
50. 3 23.8
5 | (et (2~30) | 071 6
57. 1 33.0
7 | (53~59.5)(15.5~41) | 053 5

S : Stability index.
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Fiz. 3. Surface tension and stability index of the left lung washings incubated at 20 C in vitro.
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Fig 4. Changes of tension-area diagram of the left
lung washins incubated at 20°C in vitro.
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Table 4. Surface teasion and stability index of
left lung washings and body tempera-
ture changes of the cold (4C) exposed

rabbits
Surface tension(dynes/
Time cm) _ BT* |No. of
(hrs.) ["Maximum Minimum | S | (C) | cases
(range) (range)
Control 52.5 4.9 | 1.65{39.3| 12
(48~55) 2~8) +0.2
4 56.1 4.4 | 1.70 | 38.5 5
(51~62) e~ +0.3
8 50.2 3.9 | 1.7138.4 5
(46~56) (3~5) +0.5
12 53. 4 7.2 | 1.52|38.5 7
(50~55.5) (2~16) +0.2
24 54.5 3.3 | 1.77 | 38.7 5
(63~55) . (2~4.5) +0.1 |

: Stability index. BT: Body témperature.
: Mean+-standard deviation.
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Fig. 6., Changes of tension-area diagram of the left
lung washings of the cold (4C) exposed
rabbits.

Stability index &= £4% 1.70, 1.71, 1.52 & 1.77¢]
vk 4Cell B FES FRHEHE oS e
b &% 38.520.3C, 38.4+0.5C, 38.540.2C 2
38.71£0.1C 24 EFEFHRES AC09.310.2004
gtol HF ELstd e FEEYY A& ks
EAEE 2o Fgout FUEMAdE EEFREY B8
< slA A Eagdel #6EE BROEFEES] BHF
TN HI12HS FhlRslRe] T-A BRS BT
HE Aoz BANEERES ET #inst 25 Lt
ol B Bkt f9k

6

— G B B RE NREED BEHES BEEd s g8

£ #®

IIRAES 49 MR E SR (surfactant sys-
tem)= fhlEEES] MiERel Il iy WEEE (luid
phase)s}t 2. EEY WilSEEERE (surface film)o 2
olFelA glov WEE HEED MREDHY REHA
FHESe WREEELEEY BIH mEe wvuu
& 4 ok

ML R g A FEEESE E@Ede
RTERFY BEESC) BAT BHE 2=
EmENe] \msh Filss) g HED v
ole], R#E WLstd 44 #El 4 Je
HEEEEERS o %2 9t HAYES afmﬁ@ré
Mg olet e 2 FR4-2 phospholipid 2.4 :l‘_
EHEE B BRIV B9 st 2 R mEM9
F7lel %R KA A B + 9& Aol |

Avery%9.2. FithiHRe) FEED-L BIERE 70 7Y
ZE I0IF FollAx 4382 3A gedn sged =
AGKE HERE Tl A FEES 606 Bt
Avk BEAL % (FRT %S EEEDS W
W OER RS 229 BEEHS 2Rt siaivm
sl =k

Gruenwald 292 FikkH{¥-& —20C o]l A Z@EFQ
WES LA o EEEe 50%7 EAHEe Agtim
s=). 6ELLFCl & gl Bkgle] fRfre] Wassiela
9ok = Tieney%™ 37ColA 280 HaEsed
E BUNEEESAE #8Mboh gt wEsddr |

5 phospholipid 43 MIEKEREYES KD
& o] 53 g lecithin & Kol HFHAR T HE
ReftCauto-oxidation)H o} 4 ARtz 3t ushel] [£:3
NAE 474 HnkoEE 1 B-oxidation o] KA B
g 5 g Aolupo, |

& FBAA 4CH HED HEERS BN
EHE EREAES 2Rl 4.9 dynes/em &ldl Hshd
58408 ¢ 5.6 dynes/em 2A BEI #bIF gloe] &
KEMEHRS 9 stability index = EHFES 1A
g 287 gk old g Bhe MEBERLYEC
ERAAE iy Eshta sk Avery 59 4
Gruenwald %8 49} A%=lE Aojvh = 20Cd]
LBy BRI HOET Wl Ax 4Col BiED Bl i
Sl AL EES 2825 QA W2HYE BAKE
Fhel HF BMD & rhi gl SR Hel §

& Binshd #5 W 7 A EED EnE 15,&1
|

it



— o 4 ¥ 25 A

gt

Stability index & 455 B 7Hel %4 0.71, % 0.53
224 Clements%?o] F/EA=T fEHT 0884
g 3 g e gk

B phBEbEReS 20 Col HRERE SR F 2N M
TEmGEYES BERET RO ek = R BB
o welk A& mpdkd #5 2 7HAE Y R
LE BTk oA 20C 4 MREHRKS &K
weleed EHEd HREEEESES Skl 2R
B AR AT ¢ o] oleldt Hiffe] o
LB AL HEE KE KAA o) Felgd e &
~& FHMEEC KT BEERA £F% AL M
WAL & BB EREToRE S¥His] Je) 20C
<A 24F5 el B O R = old BEe
P gEvr & 4 9F Aoleh B FEE 4C
of il Bl geolA B4 2 EINMAAL b
Hgteme] BARER S ERHY 1t 2874
o= FIoRE e BT st fAS 2ol 24
FH Ae oA EEHY 25 vxdgdes T-A
BR B 2T R/NEREEIS Bin e EEF
AN 2R gl HIREERAAY ROEEE
78 Ehne g B s HI WREEEESRY BHE
< BET AdA = 4080 FEABEREY #kd
K AR 2 ohE FHEG ke AdAA BISA
A 'Y BEwe R EiEs] Wigsle o Bhe of
L2 v Ekeok & AoR B

= #

BE B3 MREmEEYE FEHEY BRES
IR FES M WY HHE Amey ARk
2 BhBEERTS fEREte] 4 Col 1, 5, 10, 15, 309
4080 HiBT B 20Cal 1, 2, 3, 4, 52 7B/
B B Y EEFEES 4Cd 4, 8 12 U 24550
BEHEL & O BRI fmela PRiRvEEVES fERE
Ffll Al 2 REAFENS WEstd EFHFEEY 245 H
W R v gk

D EFRREY WlnsHre] &k R JNREED
ol stability index ¥ £4% 52.5-42.3, 4.92-2. 3 dynes/
cm 2 1,659

2)4Co) 1, 5 10, 15, 30 2 40HM KB mila
TS &K 2 BAEMEESN 2 stability index =
& EFEEY 245 hstd 2 #8b7F glgen
ARFAAE EF #mdle HEe 2do) FHy

(A7 A 2E 1973—

7

95

= #ke ohigleh
3y20Ce 1, 2,3 4 5% 7TAM KES Mk

BEe mAEEELE PR #EE wela gge

1 E 7 Hel BF B o HAREENILE2H

F8 gk FHES VEhelA g5Y ETAAE

Bl sl o I stability index = Fs) B

st #5 B 7 Holle £4% 0.71 % 0.530] g%}

4) 4Cel 4, 8, 12 B 245560 BT FRA4] d&

TERRTEMEES &k R SNKREES 2 stability index

= &% EFFY 245 higsld 2 #hs JdehiA

@oront FRRHAA JAREEI ET Enss

RS 2gom FAURMAE oA EREY 245

N%E HEg el g

2 % x B

1D Pattle, R.E.: Properties, function and origin of
the alveolar lining layer. Nature,- 175 :1125,
1955,

2) Clements, J.A.: Surface tension of lung extracts.
Proc. Soc. Expil. Biol. Med, 95:170, 1957.
3D C]ements,'I.A‘, E.S. Brown, and R.P. Johnson:
Pulmonary surface tension and the mucus lining
of the lung: Some theoretical considerations. J.

Appl. Physiol., 12:262, 1958.

4) Macklin, C. C.: The Pulbmonary alveolar mucoid
film and the Pneumonncytes. Lancet, 266:1099,
1954.

5) Schulz, H.: The submicroscopic anatomy and Path-
ology of the lung, Springer, Berlin, 1959.

6) Klaus, M., O.K. Reiss, W.H. Tooley, C. Piel, and
J.A. Clements: Alveolar epirthelial cell mitochon-
dria as source of the surface-active lung lining.
Science, 187:750, 1962.

7) Bensch, K, K. Schaefer, and M.E. Avery: Grazn-
ular Pneumonocytes, Electron microscopic evidence
of their exocrinic function. Science, 145:1318,
1964.

8) Avery, M.E, N.S. Wang, and H.'W. Taeusch,
Ir.:
Amer., April, 1978.

9) Avery, M.E. and J. Mead: Surface properties in
relation to aielectasis and hyaline membrane dise-
asease. Amer. J. Dis. Child, 97:517, 1959.

The lung of the new born infant. Scienti



g6 —VERR

10) King, R.J. and J.A. Clements: Iselaticn and
characterization of surface active material from
dog lung. Fed. Proc. 29:2388, 1970.

1D Klaus, M.H.,, J.A. Clements, and R.J. Havel.:
Composition of surface active material isolated
from beef lung. Proc. Natl. Acad. Sci. 47:1859,
1961.

12) Abram, M.E.: Isolation and quantitative estimation
of pulmonary surface active lipoprotein. J. Appl.
Physiol. 21:718, 1.66.

13) Klein, R.M., S. Margolis: Purification of pul-
monary surfactant by ultracemrifugation. J. Appl.
Physiol. 25:654, 1966.

14) Fujiwara, T., F.H. Adams, and K. Seto: Lipid
and surface temsion of extract of mormal and
oxygen-treated guinea pig lung. J. Pediat. 65:
45, 1964.

15) Bondurant, S. and C. Smith: Effect of ozygen
intoxication on the s'urface characteristics of lung
extracts. Physiologist, 5:111, 1962.

16) Collier, C.R.: Pulmonary surface activity in Ox
poisoning. Fed. Proc., 22:839, 1963.

17) %4 : Ozone, B3 5 Epinephrine o JiEE
EHEYE v A Bl M. REBE 13-
48, 1968.

18) Zelkowitz, P.S., J.H: Modell, and S.T. Giammona:
Effect of ether and halothane inhalation on pul-
monary surfactant. Amer. Rev. Resp. Dis. 98:
795, 1968.

19) Pattle, R.E: Properties, function and origin of
the alveolar lining layer. Proc. Roy. Soc. (Lon-
don), B148:217, 1958.

BES FR MEEE EEhEY BREd oAt BE-

20) &M : MRS EEENERHEY iRl B
W, HABE, 9:31, 1964

21) Kahana, L.M. and M. Aronovitch: Surface ten-
sion after SOy exfosure. Amer. Rev. Resp. Dis,
98:8311, 1968.

22) Strang, L.A.: In Development of the Lung.(Eds. )
De Reuck, A.V.S. and B.P. Porter, p227, Little,.
Browun & Co., Boston, 1967.

23) Tierney D'F: The alveolar lining layer, in De--
velopment of the Lung. (Eds.) De Reuck A.V.S.
and B.P. Porter, $215, Little, Brown & Co.,.
Boston, 1967.

24) Brown, E.S, R.P. Johnson and J.A. Clements:
Pulmonary Surface Tension. J. Appl. Physiol..
14:717, 1959.

25) & # BEX BRI RENRREE LY EN
ol F & @, el A, 2:63, 1968.

26) HAE - BHI  —ELrEPE] FE MRFERE
EHEGHEA A BE AP ERIA, 601,
197 2.

27) Clements, J.A.: R.F. Hustead, R.P. Johnson, and!
I. Gribetz: Pulmonary surface tension and alveol--
ar stakility. J. Appl. Physiol. 16:444, 1961.

28) Tierney D.F. and R.P. Johnson: Surface tension
of lung extracts, Fed. Proc., 22:319, 1968.

29) Gruenwald, P., R.P. Johnson, R.F. Hustead, and
J.A. Clements: Corelation of mechanical properties
of infant lungs with surface activity of extracts.v
Proc. Soc. Exp. Biol. Med. 109:8368, 1962.

30) West, E.S. and W.R. Todd: Textbook of Bioch:
emistry, 4th Ed., p.146, The Macmillan Co., New

York, 1967.



