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[E] HIO BFCEOR UG IEIHLHGHERH 0 (ventilator-induced lung injury, VILD) K BURALSU03E0 . 71k
40 FLEFEHERE SD ok BBRHLYS A4 B VPO HRAL (A 21) K RBUIRGEACAL (B 41) UGS, + /Ml (2.5 me/kg)

EORVD LML (C A1) HUBES + KA (S me/kg) BOK UL FBAL(D 41) . AW (40 mb/kg,2 h) 2y KB
VILLAEA), S28eh 4 G1K RIS T SR AR 3177 ol . BRI G 30 min 4 515R IV K Vb 30134 ok, PBS g
VEST. S 2 A I AR B, B T AN SR B S Smith 43, G841 SUESE e G e M ALSUR ATIR
A PPAR-y 2 114635, 05 i 0 F 5 ( myeloperoxidase, MPO ) 3 ¥ J% 536 I fit LU (W/D) | ELISA il 5 3 44
W Y (BALF) th TNF-o J% IL-8 i, 558 9590k BLC.D 20 pH (R 7} 2538, PRI 3 IKFE (MAP) | 5h ik i —
TEBRAMHE[p(CO,) | RS Ep(0,) | 2 FRRAHS A2 b i, 5 B ALHA, C.D 41 MAP B FE(P <0.05) ;55 A 411
#,B.C.D 41 Smith 34> MPO ¥ TNF-o Fl [L-8 Atk Jo W/D A 535 FH5 (P <0.05,P <0.01) ,PPAR-y % 1 £k
ERPE(P<0.05,P<0.01), ATIR %5 [15635 B2EH I (P <0.05,P <0.01) ; 5 B 41 HA&:, C.D 41 PPAR-y %5 153k 251
(P <0.01) , HAFEHRI BT (P <0.05,P<0.01) ;5 C 414, D 21 Smith 74> TNF-a f IL-8 £k % ATIR #[13%
i NG (P <0.05)  PPAR-y 2 (1515 BEHIIN (P <0.05) . 4l FOKWHLME T PPAR-y ATIR 4 (119 %3k, 2k
T M AH A58 D87 TNF-ox 5 T8 (0744, BB A S I I B i St R B, %t VILL B 3 PR
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Telmisartan attrnuates ventilator-induced lung injury in rats
Song Xianbin, Xiao Jun (Intensive Care Unit, Affiliated Hospital of Guilin Medical College, Guilin, Guangxi Zhuang Autonomous
Region, 541001, China)

[ Abstract | Objective To determine the effect of telmisartan on ventilator-induced lung injury ( VILI)
in rats. Methods Forty healthy male SD rats were equally divided into four groups in random (A, B, C and
D groups, n =10). Group A served as control group, in which rats did not receive ventilation. Groups B, C
and D received large-tide volume ventilation, but only rats from groups C and D received intraperitoneal injec-
tion with telmisartan solution (2.5 and 5 mg/kg respectively. Telmisartan was dissolved in PBS) in 30 min
before ventilation. Equal amount of PBS solution was given to rats in groups A and B. A rat model of VILI was
reproduced by volume-controlled mechanical ventilation with large tide volume ( Vt =40 ml/kg for 2 h). Hemo-
dynamic parameters and arterial blood gases of all the rats in the 4 groups were measured throughout the study
period. After maintaining ventilation for 2 h, all rats were sacrificed and specimens of lung tissues and bron-
choalveolar lavage fluid ( BALF) were harvested. Lung pathological changes were observed by microscopy, and
Smith score was estimated. The protein levels of peroxisome proliferator activated receptor-y ( PPAR-y) and
Ang I 1 receptor (ATIR) in lung tissues were assayed with immunohistochemistry staining. Lung myeloperoxi-
dase (MPO) activity and wet-dry weight ratio (W/D) were measured. The levels of tumor necrosis factor-o
(TNF-a) and interleukin-8 (IL-8) in BALF were measured by enzyme-linked immunosorbent assay ( ELISA).
Results Mean pH values in arterial blood from groups B, C and D tended to be higher than the base line
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value during the ventilation, while mean arterial pressure (MAP), mean partial pressure of carbon dioxide in
arterial blood [ p(CO,) ] and mean partial pressure of oxygen in arterial blood [ p(0,) ] were lower than
baseline in these groups. MAP in groups C and D was significantly lower than in group B after 2 hours’
ventilation( P <0.05). Smith score, mean MPO activity, mean W/D ratio, concentration of TNF-a and IL-8 in
groups B, C and D were significantly higher than in group A (P <0.05, P <0.01). The protein expression of
PPAR-y in groups of B, C and D was significantly lower than in group A(P <0.05, P <0.01), but that of
ATIR was significantly higher than group A(P <0.05, P <0.01). Besides the protein expression of PPAR-y,
the rest parameters, such as Smith score, mean MPO activity, mean W/D ratio, protein expression of AT1R,
and the concentrations of TNF-a and IL-8 in groups C and D were significantly lower than in group B(P <0.05,
P <0.01). What’ s more, Smith score, concentration of TNF-o and IL-8 and protein expression of ATIR in
groups of D were significantly lower than group C (P <0.05), and the protein expression of PPAR-y was
significantly higher in group D(P <0.05). Conclusion These results suggest that telmisartan attenuates VILI
probably through regulating PPAR-y and AT1R, decreasing the productions of the inflammation factors TNF-«

and IL-8, and then slowing down the inflammatory response and lung injury in the lung issue.
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WF5E R, ILBGE <O B ™ 3 R RE——1 K
HLAE & il 481 475 ( ventilator-induced lung injury, VILI)
BURHLHI AR, B A 1 M
A3 , [T Bt 2 A 0 2 o AU A 03 S T i
YL A 0 E S R PO R (n s SOE s
3 BT YNy A AR ) e HE AL DT 5 SO0k 18 4 M
K s A R A OGRS AR
R PP AAILE B T 5 G HLAOREGE 3 15 S 5
ST It A L P A5 S e S i, A R BRI T
FEHC, 75 1 A MO A i P S5, 3 It 20 2 0 Sk
RYEBIOESCAE . M EIKE T (Ang 1) 225 %-
M4 5 7K 3R R GE (RAS) rh £ BOE MR A2 2800
53, Ang IUBR TURHR IMLAE , 38 7T 1 2 Fh R P By
Tk I A AL B AR Y 32 PR~y ( peroxisome
proliferator activated receptor-y,PPAR-v) J&—Z& it {4
AR S PR, £ 22 5 AR BTG L S Rl
PPAR-y 5 4 Pk B LAV i B AT I R
KU (Telmisartan ) J&—FHARHPER 5 Ang 11 52
R (ATIR) =t B 45 & HAE R AR R 25, B ok
UhIHE B A BB ATIR S 3843 3% PPAR-y XUE 1
FAP L ARSI A R L VILT B BIF 58 35005 )5 K Bl
fifigH 4 PPAR-y S ATIR 4 23k 09 42 4k DL & Jifi
IL-8 \TNF-o ¥ & IR Ak , 4R B K P JH F 4k BEGTK B
VILT (P4 R F Kbl

1 #MB5EFZ%

1.1 ZZRXANREZIHEHW

BK VDA (Telmisartan , Mg B A% #2274k :803320) ,
it S AL W) ( myeloperoxidase , MPO ) Ml iz & (7 5t 2 2B ) T
FERFFERN ) , KRl TNF-o TL-8 I G728 1% 2 ( ELTISA ) i3 £
(_LEVE AR A F]) , PPAR-y ¢ ATIR Z5eEHiik (bt
HRFEDBEARGRAF) 40 N AR SD K, 7K 5=
200 ~250 g, i) VH EERF R 2= S5 sh ) o 34 (Bh Y B A% IE
= :SCXK #£ 2009-0002)
1.2 ZEsH Ao

SIS A WL T R4 A B.C.D 41 A4/ A
FE NPT RREE 5 B 2 R K S AUGE <A C A HIGE S +
NI (2.5 me/kg) Bk Vb IHAERZ ;D 41 A ALMGE S + K
(5 mg/kg) BoK VP IH AL FRAL, C.D 41 K iR 78 AL AR s A A
30 min $5AS R = FH A oK V0 2E5 R s 1 5 (R Vb HE
pH 27 8.0 /Y PBS ), Sz g rh BRI 25 75 vk MRl 5 %
Okunuki ZE  BF5E . A B 27 XF 137 i [0] 55 1 e S 45 Bt PBS o
1.3 VILI & Z 5

KEZE 20% BH73H 5 mg/kg [ s i G RRIR: , 70 5008 0 Ik &
B I WP SGE S W - 25 ) ik R (MAP) |, SUETIIT i AR
B FE L M RS AVea £ I HEMTF ML ( VIASYS 24
)L e HUGE SRR E N R (V)40 ml/ kg 1 45
Ny 40/min W/ WE L (I/E) Sy 1:2 WK R GE J (PEEP) A%,
AR E NS, B.C.D HKRRES 2 h J5HUIMALSE,
A R R EIEANTE , RERA
1.4 #mIARETr ik

L4 1 Fhkii < MAP 5 2350 FHLMGE T 0.1.2 h %
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4R 0.3 ml SKIMAT L5 ; WA 3Gz 22 M MAP,
1.4.2 BALF 1 TNF-o K IL-8 ¥ i R BER FRUG E 3
B BIE , S5 AR 25 HL AT 3 RE, ZE I 45 T vk A= B K
HEVE(2.5 ml x3 &) , [l BALF Jf-57 B 2500 , B VA W
FH ELISA a3k , 4eiaR) S e Bk T4
1.4.3  Jfif K e B A M b i AR i T MK AR T
i S T ALY B K G B, 80 °C LA 48 h JE Ak i, i)
B W/D 1A,
1.4.4  WligHEUR B2 R A I ATIR K PPAR-y 40 05 2H 1k W ¢
IR BRIl AT B 10 90 rp o B VA W 1, A L8 1)
R R ZE AR (HE) Y {0 )5 685 T ke, R S e dl 44k 2
Yeta i (S-P k) W a2 K BT 41 22 ATIR HI PPAR-y R 1 1Y
ik, K H Tmage-Pro Plus 5.0. 1 B8 453 97 & 5o % UG ABOE &
G307, BEICT-34 6% BEAE (MOD) Dy 5 {H . Jifi 45 43 A B ) e
K FH Smith 4R AR S8 PR MUR N K i iR 3K
M5, 3 9EAT O ~ 4 4325 52 4304, R s SR I8 T 15 06 1)
e R
1.4.5 Jilig14l MPO 5P % B K R IR i I FR =,
A —E ST L (P EE AR L) VR ZUSI 3K Aot b ek
W7E MPO 36 14 , 230500 A vl B A4
1.5 %it5F oM
B DL x =5 F27R R SPSS 17. 0 FRAX S04 i A7 LR 3
T EAHT AR LR g K.

2 #R

2.1 A5 A MAP 4L

LA 4% 2 R BRUIRD I A< A7 S MAP 22 5 0 B 25
(P>0.05) ; HLAGE S L B B.C.D 40 pH i 2 7 &5 #a #,
MAP Bl — Ak 53 1 [p (CO,) ] RS 5r E[p(0,) [ £ F
Metadh @S2 h J§ C.D 25 MAP B {K T B 4H(P <0.05), WL
#1,
2.2 MAALRIRI I Smith A% +F 5

A WPl ZURIEAS A DL 5 AR 5 B 4 il 28 20 2 B
JeMEAR 3 RIS < BT 9 s R B T I P T U R 46 P A M IR
it 6 ) o ) 4 V2, A 853 B A T S A 94 s L 21 440 a2
HCLD AR U B AU e, D 4R Bk s I R T
CZ (K1), B.C.D ] Simth #{{fHiFr(E2) BERTF AH
(P<0.01);C.D 234 B ELT B 4 (P <0.01) ;D 37430
WEET CH(P<0.05),
2.3 B4R %% MPO FHEN 2

B.C.D 4Iifith4l MPO {FHERE® T A4 (P<0.01,P<
0.05) ,B ZHfiliZH 41 MPO J5M: & & T C.D 4 (P <0.05),C.D
A (Al 48 MPO JF4 T FE 25+ (P >0.05), L& 2,
2.4 AMR4ALAKEM T

B.C.D 41K B 4140 W/D HAHB B e T A4 (P <
0.05),C.D AUfifiZl 2! W/D HefEM B (LT B4 (P <0.05),
C.D Az A4S W/D HHTG B #2257 (P>0.05), W& 2,

®1 FAXRNHBSEIEINKMSF MAP B (n=10, xx5)

205 pH f& p(0y) (mmHg) p(CO,) (mmHg) MAP(mmHg)
A4

0h 7.33£0.03 100 +3 41 23 122 5
B4

0h 7.32+0.02 103 £2 422 123 +4

1h 7.53+0.03 89 +4 313 115 £3

2h 7.47 +£0.03 78 5 26 +2 102 5
CH4

0h 7.34 +0.02 101 £4 41 £3 121 £3

1h 7.49 +£0.03 93 +3 28 +2 106 +3

2h 7.46 +0.03 84 +2 24 +3 90 =42
D4

0h 7.33 £0.04 100 £5 42 +4 120 +5

1h 7.47 £0.03 94 +4 29 +2 103 +3

2h 7.45£0.02 86 +3 25 +3 87 +5°

a:P <0.05,5 B 21 F) B 1] & b4k

F2 FHXRFG Smith {45 W/D LL{EF MPO jF 14k F

(n=10, x +s)
205 Smith 34 W/D MPO(U/g)
A 0.26 £0.11 3.44+0.22 0.65+0.17
B4l 4.33+1.34b 5.28 £0.12° 1.95+0.23P
CH 2,11 +1.12M 4.48 +0.18% 1.22 +0. 142¢
D4 1.82 0. 94bde 4.42 +0.09% 1.18 £0. 16

a: P<0.05, b: P<0.01,5 A 20pb35; ¢: P<0.05, d: P<0.01,
5 Bakii; e: P<0.05,5 C Ak

2.5 JAlZR2% PPAR-y & ATIR & & & ik 89 T4

UL 2.3, PPAR-y Z& [ BRI ™4 o0 0 MAZ 5 €000 3= i A%
ORI I PN B A0 M | 40 % A v L Rz A
i, A 41 PPAR -y FRiKE: R, B.C.D 45 A 413535 W 3 Jk 55
(P<0.05,P<0.01);5 C.D 4 H%:,B 4l PPAR -y £k B
k55 (P <0.01), 5 D4 H%,C 41 PPAR -y ik /K & (%
(P <0.05) ;ATIR [ EZ LB Tl L2400, A 25/
59,B.C.D 413 A 4IffiZh 41 ATIR £k B EW L (P <0.05,
P<0.01),5 B H#,C.D 4 ATIR £iAEB E TR (P <
0.05),5 C 4L, D 4 ATIR FRik/K VR E P (P <0.05) ;
%21 PPAR -y J¢ ATIR VL% FE{H (MOD) e WL 3,
2.6 BALF % IL-8 & TNF-o i &M &

B.C.D 4 BALF 1 IL-8 'TNF-o Y& i 25 F A 4 (P <
0.01),C.D 41 TL-8 TNF-o ¥ FEFH B AR F B 41(P <0.01) ,D 4
IL-8 TNF-o ¥ EEH AT C ZH(P <0.05) . W3,

3 i

JAE SR MR P P 38 SR W, A DA i PR 167 Al 2 i
JEHLAZ A0 R R T B ALAGE AT 5 1 K VILL Y
o MBS R 3R 2 — , PR BROR A R T 7 VILT Bl
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A B E R RAL(A 20) 5 B KA BAARBAL(B 41) ; CAUREB A + /I

o R > X
| Z KA 3220(C 20) ; DAURE A + KA ZH R ima22a(D 4)

E1 tETEEXRMARKELSTY (HE x200)

B2 HHKRMARFT AU EEENHEZE-y E8(PPAR-y) IRE  (S-P x200)

G TSR WIS

Fﬁ"““.‘”;f'" }é { v-.y.,,.m,’ g‘i“ p :‘S M’“\'
. e W £ T
W N

5y #y

T

gt

T L RIOETTG N N el Y gl N o8N (et A A D3
L& WS %» wlPA B IS e D i ,_..%' ety C W Tws) GO Dj
A B ErPRATIBL(A 4); B KA ZTHAMA (B 4) ; C.AURB A + DA EH AR (C 20) 5 D AURB A + KA EH R 3ma2240(D 1)

B3 BAKRMARPMERKR D1 BZE(ATIR) EEHFRIE  (S-P x200)
®3 JHKXR BALF f1 IL-8 TNF-o iR E K PPAR-y ATIR EHFHRFEMEILE (n=10, v x5)

25 IL-8( pg/ml) TNF-a( pg/ml) PPAR-y ATIR
A 429.89 +174.31 58.69 +16.75 0.187 +0.130 0.093 +0.013
B 1467.10 £295. 16" 494.38 £37.71P 0.082 £0.033" 0.190 £0.031°¢
CH 1071. 11 £232. 09 420.78 +28.05" 0.139 £0.075% 0.158 +0. 0434
D4 820.74 = 176. 96de 389.57 +19. 91 bde 0.159 0. 068 0.120 +0.033bee

a: P<0.05, b: P<0.01,5 A 4at4; c: P<0.05, d: P<0.01,5 B4aib4k; e: P<0.05,5 C 4arbs

Jils £ 2R P 3 RIDA R B v P 40 i ( poly-morpho-
nuclear neutrophil, PMN) &2 VILI 5 35 1) 5 B 24 4
AES B0 J A 2L B e JifiTi R A 59 PMIN ¢
TR L F 2 R KA T N R B T 4 B R R A
JBT, 3 PR 2 22 A % it 96 -6 40 i A8 5 R A A, 3 B
Fti K i A . W/ D LA 8 A ] 42 S 1 it f5 70 45 38 32
PSSR s B S ALY ( peroxidase, MPO) J& PMN
R —Fh i AP, HG PEZKF- 5 PMIN £ H A7 7
TEAHDG, A AR S i 5 2 24 N PMN 23 7K1 09 08 & 48
Pro ARWFSE B 4K B 28 K B ML < i 25 21
o MO B X, 6 3 Ay i 96 ) s 3 R PN R
PMN 3237 Jii (5] J57 S Jiti e 9 21 240 Jf 32 1 TRl Bsf WD) L
{E S MPO i MoK 2 25 18 &, 47 R B VILL gl P4

RIS )5 C D 21 25 T8 oK v 3 10 4 A 3L, it 20 21
95 B 2 A B U Rk %%, Smith ¥E 4 . W/D HAE & MPO
15 PEKOSF T, U0 B B K VD TS 45 2 B A AU R
VILI B2 52 5 R ] U 0 e 28 B FREEAE C.D dH 22 1)
FAEREES R KF & Telmisartan fifi 47305 5
4

BRI GEIN N, VILL F= A ML AR 57 5 HLAK
I T L4 T e i 6 20 1M 4 B L B R
R i 2L A R B Y ER A, [RIES, S B AL AR B
AT LS il 240 B PN R 5 RE O 2R % VD IR S A% 5l
B, PR R BOR DA - RE A, P8 Ao ARE S I AR G IBR il
KA, i )t A= 45 o #F VILL % A i 7 H, PMN
T AL N — 23 T 2Rk 1 S i Zh
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BHH 2 5000 2, Hod IL-8 20 55 PMN & 5 %
FEFRAL A F AL I, T B AE LT Br A VILL 525
Hh JEE A R RE G A P T8 i 2 T
B TNF-oo 248 M S 7 B 400 266 38 A S B v B
F, Trembly 25" 52 86:5iF 52, 78 K ) A WL e
(Vt =40 ml/kg,2 h) , K E BALF T TNF-o & & i 3#
BN, TNF-o 5220400 TNF-o ZARSE A5, 3l
VA SZ 401 S, AT R 51477 s TNF-ou 38 1T 3134
L 2 5 S B TR T8, i RERSS i 45 PAY R 200 2 3k
20 M9 (8] 25 ) 43 F (intercellular adhesion molecule-1,
ICAM-1) , 1% 5 PMN fili 4 554, )42 1 i i 5. b
RULEH TNF-o TL-8 AN 584 PR 2 S AL A <R
S fili PN S S 0 At B L AT SR A AR . AR SCIRAE R B
B A KE BALF h TNF-o 5 IL-8 S B E 5T A
20, B R A AL ARGE A J b 3R i 2 2B R
W8, WE U AE Y O s R K VD E S AL 3 €D 21
KB, H BALF H1ff) TNF-o 5 IL-8 & & & Z K T YL
WAL, PR RV I AT I 3 AR ML < S Bk
K23k, 98/ PMN 78 fili YRR 22 1, AR VILE
BAEYEH o

Ang II & RAS  EER N 40T, A WA FEEZ K
ATIR (AT2R,ATIR 24T Ang Il & 45 )22 3500 1Y
FEZ, Ang I EE S 58K M E, T4k
Ang IT 7 91 BT B 4 2463473 v B4 A R 28 32 1) 56
T 2 TRAEN LB, e K R VILL BEE h RAS B
VLTS I Rz AR ATIR 3Rk 3538  Ang 1T 1%
EI I Z . PPAR-y J&— R e 4 8 A0 i 5 3% I
T, B TR E Z BRI, B0 5 HA JE I8 T
RO AP T, A A5 & BBLHG PPAR-y ] LA
Wl TNF-a 5 IL-8 S8R N F Rk, HA P RAIE
Filo Hoetzel ") % B, PPAR-y 341 7 it 1 2 ik 2
VILI K FR L 23 5 1 R A 83k s it s . 5
KU — B RER 1 10 5 7k 3R A2 AR BB ), HL A BH
Wi ATIR K i i PPAR-y XUEE A I, i AT LA i 38076
PPAR-y SR #ll il ATIR F&[F £ 35 k> ATIR & H &
R T AT LSS 4 Ang T 345505

ARSI 2 2 Ak Y 7 B R PPAR-y 1 A £ K L
fli AU Sk m , 78 B .G\ D 13k 3 T ATIR
7 A LR U AN AR DR 263k, HLARE < it 40
ffg ATIR ik 0 i X 5 U s se ' Bk g
S5 —B, #E78 PPAR-y ATIR 2K [ 78 fili N %38 5
ATRESE VILL &4 kKRB EERNE, 47
BV F AL B S , C D 41 PPAR-y A% B 414
T M ATIR A0 BAKT B 41, #2R Bk VbR AT

A L I8 5 il 9 PPAR-y (ATIR & [ ) Rk, 9> %
REAN T 7 A DT i R 5 M I i

B2 ARG ZE R BoR  BoK VD E L 5 PPAR-
v ATIR AR FRIE , D i 2L TNF-o 5 IL-8 )
FeAE % VILL il SR PE -

S E Lk
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