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The Effect of Heat Co-treatment on Acute Lung Injury
of the Rat Induced by Intratracheal Lipopolysaccharide
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Background : The heat shock protein (HSP) 70 families are known to protect cells against the irreversible tis-
sue injury induced by stress and to induce the recovery of cell function during stress. Heat pretreatment was
reported to decrease the acute lung injury (ALI) of rats induced by lipopolysaccharide (LPS). However, the
role of heat shock with LPS co-treatmenton ALI is unclear. The purpose of this study was to investigate the ef-
fect of heat treatment, which was given immediately after the beginning of ALI induced by LPS
intratracheally administered in rats.

Methods : Either saline (saline group) or LPS was intratracheally instilled without heat treatment (LPS
group). In addition, heat was conducted 18 hours prior to the instillation of LPS (pre-treatment group) and
conducted immediately after instillation of LPS (co-treatment group). Six hours after the LPS or saline treat-
ment, blood, bronchoalveolar lavage (BAL) fluid and lung tissue samples were obtained. The myeloperoxidase
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(MPO) activity and the heat shock protein expression in the lung tissue, the differential counts of the polymor-
phonuclear leukocytes (PMN) in the BAL fluids, and the LDH, protein, IL-18 TNF-e and [L.-10 levels in

BAL fluid and serum were measured.

Results : 1) The MPO activity, the differential PMN counts in the BAL fluid, BAL fluid and serum cytokines
were higher in the LPS, the heat pre-treatment and co-treatment group than those of the saline group (p
value <0.05). 2) The MPO activity and the protein level in the BAL fluid from the heat co-treatment group
were similar to those of the LPS group. 3) The serum TNF-a level of the heat co-treatmnent group was signif -

icantly higher than that of the LPS group (p=0.01).

Conclusion : Heat shock response administered immediately after a LPS instillation did not attenuate the ALI
in this model. (Tuberculosis and Respiratory Diseases 2002, 52 : 356-366)

Key words : Acute lung injury, Lipopolysaccharide, Heat shock protein.
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57 250-350g% 7 species pathogen free
Sprague-Dawley rat % 46v}8]& ARz, U
S Escherichia coli lipopolysaccharide, 055
B5 (Sigma Chernical Co., St. Louis, MO) & AN
Tt AEFEL BF 5302 eyt gxE
(saline group)2 FAA| glo] 71 W M2 g
FE FA3HR, WELTF(LPS group) S € A%
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AE FAs] A8 s YlA 10 miE APy
I AEE BE gl 200 @91 Y ¥
phosphate-buffered salinec.2 #H& #FA|Z 5
¥E Hot AFE A dojun 719 HEA e
Al EH oM MPO9} HSPo] wEe doprry] )3l
HE A&}t

3. &9 x|gE
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VAL (500 % g, 5E) 3l MEE Rom 1 ¥
4 F Tigdnl LDH S4E € Aol EFR =&
Z43P] A8l -T0°ColM HESHTL. £33 4] A
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71A & 3l GAAIFTH

4. SAIH M

BE e 2Ya(Aag-Adizh o2 3713
th zh Agd) AMSE WA = B3I ] A2
EAsige. B4 BAe SPSS/PCH (Statistical
Package for the Social Science, SPSS Inc, Ver-
sion 10.0, USA) & o] &3t} AT o]3e] Hlie
Kruskal-Wallis test& o|-&3}] zjo]& AT ¥
= Alole) Wy HIRSAAY Mann-Whitney
U ARE olgsidtt. P go] 0.05 ulril A5
A fodE RS

— 358 —



— The effect of heat co-treatment on acute lung injury —

Table 1. The effect of heat pre-treatment and co-treatment on the differential counts of polymorphonu-
clear leukocytes (PMNs) in BAL fluids and on the levels of protein and LDH in the serum
from rats given saline or lipopolysaccharide intratracheally

Saline Saline+heat LPS Pre-treatment Co-treatment
Number of rats 7 6 13 7 13

PMN(%) of WBC  4.3(1.2-9.3) 2.5(0.2-20.5) 91.0*(84.7-97.2) 94.4*(88.1-964) 91.0%(71.9-984)
Serum protein 60333 54758 64250 48839 57495

(ug/mi) (40928-67647)  (31998-82076)  (31375-83095)  (36444-77648)  (35853-80826)
Serum LDH(ug/ml) 17.3(46-732)  17.8(6.7-34.1)  10.7(52-47.7) 16.7(9.4-39.9)  11.5(4.9-45.6)

PMN ! polymorphonuclear leukocyte, LPS : lipopolysaccharide, LDH : lactic dehydrogenase. *p<0.05

compared with saline group.
74 1

1. JIBKBEAAY W 35T wWeg W HxF
MPO S

ZNBAHEA Y o] s WEE 9 H=RF
MPO 8A4=e gt B3 dzes 94
2| iz viE WELE, 4 AAAT E € FA
AR PN BE F7H8IETHp<0.001) (Table 1,
Fig. 1). a2y, 7|3A A ZAHde] 357 F 2
HELL WELTH 4 AHXT 9 9 FAANAT
Alolel|A] xlo]& Holx] skt HZ2 MPO 4%
£ 9 SAANATE(165, 15.0-280 u/g ; n=5)7

E427(17.8, 10.0-28.0 1 /g ; n=13) Alold] =}
ol & Ho|A Ao} (Fig. 1), € AAAT(11.0,
9.84-15.77 1 /g ; n=T7) WELT vlg] Zas}
FHp=0.036).

2. 9y U JIUXBZARY f THHF 3 LDHE|
s

71 8A H EA H Y] F Pulgkyl LDHE iR
Hla WE5ad, € AAAE 9 @ FAXHT 5
Al Z7RlH e (p<0.05) €3 & 99y} LDH
T 2t 2§ lelE HolA| gt s a2
ool A YEL4F(1752.7, 560.3-2512.1

. =
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T
Saline Seline+Heat LPs Pre-trecment Co-reatment
Median value 4.38 4.17 17.87 1103 16,69

Fig. 1. The effect of heat co-treatment on the acti-
vity of myeloperoxidase in rats’ lung treated
by lipopolysaccharide(LPS, 3mg/kg) intratr-
acheally. Boxplot:Box=25-75 percentile, me-
dian value, whiskers indicate 10 or 90 percen-
tile. Six hours after LPS instillation intratr-
acheally, the MPO activity in lung tissue of
LPS-administered rats without or with heat
treatment was significantly higher compared
with that of saline treated rats without any
heat treatment, The MPO activity in LPS-
treated rats with heat pre-treatment was
lower than that of LPS-treated rats without
heat treatment. However, the MPO activity in
LPS-treated rats with heat co-treatment was
not different from that of LPS-treated rats
without heat treatment. *p<0.05 compared
with saline group and **p<0.005 compared
with LPS group.
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Fig. 2. The effect of heat co-treatment on the level of
protein and LHD of BAL fluid in rats treated
with lipopolysaccharide(LPS, 3mg/kg) intratr-
acheally. Boxplot:Box=25-75 percentile, bold
line, median value, whiskers indicate 10< 05
90> percentile. Six hours after LPS instillation
intratracheally, the level of protein and LDH in
BAL fluid of LPS-administered rats without or
with heat treatment were significantly higher
compared with those of saline treated rats with-
out any heat treatment. The protein level of
BAL fluid in LPS-treated rats with heat pre-
treatment was lower compared with that of
LPS-treatment rats without any heat treat-
raent. However, the protein level of BAL fluid
in LPS-treated rats with heat co-treatment
was not different from that of LPS-treated rats
without any heat treatment. The LDH level of
BAL fluid in LPS-treated rats with heat co-
treatment was higher compared with that of
LPS-treated rats without any heat treatment.
*p<0.05 compared with saline group and **p<
0.05 compared with LPS group.

BAL TNF-a (mgimi)

Median value 179 6.81 2486.01 1059.58 1970.12

Searum TNF - a (mg/ml)

Median value 6.81 8.01 1747 147 44.10

o

100

40

20

Sakne Sadine+Hest P Pre-weatment Co-traatment

Saline Saline+Heal LPS  Pre-keatment Co-trestment

Fig. 3. The effect of heat co-treatment on TNF-a of

serum and BAL fluid in rats treated with

lipopolysaccharide(LPS, 8mg/kg) intratrache-
ally. Boxplot | Box=25-75 percentile, bold line,

median value; whiskers indicate 10< or 90>

percentile. Six hours after LPS instillation

intratracheally, the levels of TNF-g in serum

and BAL fluid of LPS-administered rats with-
out or with heat treatment were significantly

higher compared with those of saline treated

rats without any heat treatment. The TNF-a

level of serum in LPS-treated rats with heat co

~treatment was higher than that of LPS-treat-
ed rats without heat treatment. *P <0.05 com-
pared with saline group and **P<0.05 com-*
pared with LPS group.

n="7)dA e JEiLTd v ZLasAqd(p=

pg/ml ; n=13)3% 4 FAIHAT(2160.9, 1091.2- 0.004) (Fig. 2). 7|BAAEAHHe] LDHE 4 ¥
45449 ug/ml ; n=13) Aloldl 2o|& Holx] & AR 2(0.39, 0.08-0.46 pg/ml; n=13)dA W
ol d AARE(665.3, 374.1-1449.7 ug/ml; E47(0.13, 0.04-0.43 ug/ml ; n=13)d) nja] =
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Fig. 5. The effect of heat co-treatment of IL-10 of

Fig. 4. The effect of heat co-treatment on IL-18 of

serum and BAL fluid in rats treated with
lipopolysaccharide(LPS, 3mg/kg) intratrache-
ally. Boxplot:Box=25-75 percentile; bold line,
median value, whiskers indicate 10< or 90>
percentile. Six hours after LPS instillation
intratracheally, the levels of IL~1£in serum and
BAL fluid of LPS administered rats without or
with heat treatment were significantly higher
compared with those of saline treated rats with-
out any heat treatment. The IL-18 level of
serum in LPS-treated rats with heat co-treat-
ment was higher than that of LPS-treated rats
without heat treatment without statistical signif-
icance. *p<0.05 compared with saline group.

3. &%

serum and BAL fluid in rats treated with
lipopolysaccharide(LPS, 3mg/kg) intratr-
acheally. Boxplot:Box=25-75 percentile bold
line, median value; whiskers indicate 10< 05
90> percentile. Six hours after LPS instilla-
tion intratracheally, the levels of IL-10 in
serum and BAL fluid of LPS-administered
rats without or with heat treatment were sig-
nificantly higher compared with those of sa-
line treated rats without any heat treatment.
The IL-10 levels of serum and BAL fluid in
LPS-treated rats with heat co-treatment
were not different from IL-10 of LPS-treated
rats without heat treatment. *p<0.05 com-
pared with saline group.

U 7 EX[HZM2Y o] Afo|EFIRI EE

A EFIRIE Zhze] dRAE =T €Y}

71t e {p=0.039) @ AAXZL(0.35, 0.01-
0.45 ug/ml; n=7)& WE4LTH 2jo|& Ho|x] ¢
=

7| B HEA A Y] [L-18 TNF-a 2 IL-10& 4
2 ds g2 (n=3)d ¥& HELF(n=6), &
HAAL (n=7) & 8 FAAAT (n=5) 2T
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Fig. 8. Identification of heat shock protein (HSP) 72 by Western immmunoblotting in rats after whole
body hyperthermia to a rectal temperature of 41°C. KD, kilodalton.1, non-heated saline rat, 2, non
-heated LPS rat; 3 & 6, co-treated LPS rat that heat was conducted immediately after LPS instil-
lation; 4, co-treated saline rat; 5, heat pre-treated rats 18h prior to saline administration; 7, heat
pre-treated rats 18h prior to LPS administration.

Z71I0tH p<0.05) (Fig. 3, 4, 5). ¥ FAHAZ
2] ¥ TNF-e9] £%(44.1, 30.6-84.5 mg/ml) =
YE47e] 8% TNF-ef $5(174, 13.6-33.1
mg/ml)el vl& F7ksiden (p=0.01) (Fig. 3),
#F IL-189 BEE WS2F(54.1, 31.2-140.2
mg/ml)ell ¥js] & FAIAATE(117.6, 54.8-181.7
mg/ml) oA Z7lEIRAT A oule gild
(Fig. 4). 718xHZEAHHe] IL-18, TNF-a
IL-109] s5: 5473 4 BAMNZ R 4 &
HRZ Alolell zte]7t QIKACHFig. 3, 4, 5). =% &
% IL-18, TNF-¢ ¥ IL-109] 5= WEL2}
4 HAAF vla A] zol7} gl AelHErT T
g dEe] ¥y L 1WA EA HAe [L-18,
TNF-a 2 IL-109] $5= A24d+ Fo JF 2
A= & A3 vk WA (n=5)¢} zo)7} 1% (Fig.
3,4,5).

4. D|==E HSP722| Ut
BHA 1A e dE2F L WELT ¥E) B

=2, @ AAAT R € FAAHAT BRAN HE
Zo] HSP722] o] 715 UepdtH(Fig. 6).

2 &

£ d7e UiS: 59 AF Al 4370 444
&£ AEAIEAE Gotia, BHAY g 4F
A B FAFA Al EFIR 49 WS golra
Al st B A8 gy ysA Fo AF Ay
¥ 9372 @ AAAFH Aoe g FAdeLE
AAA717] Z3laL EF @34 AlEIRIE F=E
Z7MA FAEEdE 238 43N E 5 e b
A& NARIAT. o) Ao Fol WE4L 15 mg
/kg & A Fo3 F AsF A7 HFEL 5o
F 12275 AFEEE AdA7ID ol ¥F IL-19)
BE ZAAis Q#HE Aoz 3% Chu $'°9
waeh= o ARE AR, 2y HARke] o
E45 A T3 F 1247 Fo] APFES v|ad
Chu %2 438 Axe}l A3 JELE 7|EE F3}
o U3 F3 £ 6412 F9 A& 2 FRE B3P
T & A7els 2¥R¥a o vw o) sl 2
g} 5 47A7 zo|g] o]/-& FAsrE A¥H. &
gl Chu §'%o] WS4 5o F FX3] A] 241 ¥
¥F IL-18% TNF-a9 &%7t €% 34 @&
27 vlE AT 641 Fol= IL-189) B =
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=A% ZAEY Jde Aoz Baud Ad vjal] B
A7 E 2318 WELX T 6AI1Z Fo &A%
IL-189} TNF-at WS 5o 2% 9348 718
A4 WELT A7 2o vl 238 Frkskd 4
vtE daiz Jephgtl B A3t A= Qinggl Y
o] A WEA T F AL 40C o)deg &
2 & 79 8F TNF-o= WEA Fo £ 1AL A
373 ALl v ofnl A Adsia IL-18= W
4 Fol A A R AL Bl s
7} BAIZE Foll F71% 2747 fAEIEY. ole@ &
AE B AT d AR A €37 F LY
o 2j% a¥r} glolAE 18417 & Foj® WS4
9% HEAde tad Ho= nFo] B o 4 FAH
2)79] 79+ HSP729 A W AL Fr1E9ey
I Fgo] Yehlb=d "aF Al7le] Ao g =
AU 32 4 A WELR fEEE 9
Zuee ZZAA HSPT22 59 92348
FHAAE el At ol P& ool
Foj7 g9 olslilA IL-18 IL-6, TNF-a % inter-
feron 7 & AlojEFIQIC] EF Ul SUiEths B
Fep® i A7 FA GEuET]d Al Bl
o] Ao A7k Ax eln 23 BY 58 ¥l
ke Balg) o8 st}

& A7z E AMAE WAy o 23 4
HSP72& ZEA7IHA YELE fEsHe gAHE
& 3. A AP E 2 A AHA)
< H@3o T AIGET AulEdE Fole Aoz
Bagglon o) HSPT729 ddo] Y& Ao 7t
FHI QT B Y HSP= M ¥E0] AEH A W
glo] Al® U & Z2|YE = (polypeptide) B9 A
ARt Aoz AdEE dHEder. 53
HSP70Al= €92 =S+ HSPY UH#d EF2A
ool 2%, FEIHAH ¥ 28 T 2 Axe
A Ao Fad 8L I t*Y HSPT0
mRNA & 2E# 20 o F43] frso] &4
A g gl 27 FEHAOIY ¥AAE ¥R
s thE ol gsabgd]l 9lo] HExal

(chaperon)? 9%& 3= Aoz deix Uo®

AH o] 4¥elA HSP& TNF| 23 A2
AE A0, HAA] 4 FHx] F Bulgo
% HFFE F % Al AFEol 74dle] HSP7I )
FFo2HE BIALE & 715 E AARIRTE
ES ARDS #xbe9] FXtiAM £ HSPS] A
go] Frhde] RuEoH® E& WA Al pho-
spholipase A2, TNF-a ¥ WE4A2 $E3= 24
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