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B E1 HH WEMEIMERNERN 2% S RSMERR (CPB) it i 0. 7555 1% Beagle REEHLS N H
A AMEA A TR » RSB ERE 2 h, A AMEH S AUG 4R S EE 2 hy A A4 LR A WA 1 L/min,
SR FE SRR AME IR AT (T,) RAMEIR S AT (T,) ARIMER L HJS 15 min (T,) 60 min (T,) & 120 min (T,) it
SEAFLLFRNKE (CVP) (I3 ik £ (PAP) J it 6 40 L B #2 6 (PCWP) , R 30 ik fLAT ML < 43 #7548 A& 6 3 (Pa0, /
Fi0,) o SREE M bw AR a0 i 2 iR SR 0 K 7 (TNF-o0) AR AT 3R 6, FIAIIRA K 8 M4, Sl 45 AR IS =2 <,
MRV (BALR) B AS & AR 052 il 41 208 — /% (MDA) i % 4b 4 5 1L i (SOD) 88 i 401k 4 il
(MPO) KA LUE+ E L (W/D), 3 LU AT e R Bl 4. 2R 55X RALAH th, & 4L 3 Bk E
(PAP) AMEIME A7 (PVR) KA H5% Pa0, /Fi0, HH BIfE, ZREGH2E N (P<0.05) . G568 EE%
& JRE R T (TNF-. IL-6 FI IL-8) B, Jk i 4H U A0 A5 495 (MDA MPO K W/D ik T-%F B 40 41, 1 SOD & 3% & T Xt
M) » UM ZUK MY RAEAMMIRIE . 2538 BTN 2% S0 57 18 Tk PR 28 0 IR T B0 4 R A 0 Ak S Bt
ST SRR AR SMIE IR 5 (1 i 4 43453455
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Hydrogen Inhalation Alleviates Cardiopulmonary Bypass Induced Acute Lung Injury

in Beagle Dogs
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[ABSTRACT] Aim To investigate the therapeutic effect of Hydrogen inhalation on cardioplumonary bypass (CPB)
induced acute lung injury (ALI) in Beagle dogs. Methods CPB models were set up with living Beagle dogs. 20
dogs were divided into hydrogen inhalation group (H, group) and control group (C group) randomly.  Pulmonary artery
pressue (PAP) , pulmonary capillary wedge pressure (PCWP) and pulmonary vascular resisitance (PVR) were recorded at
the five defined time points, artery blood samples were obtained for blood gas analysis and determined plasma cytokine lev—
els (TNF-o., IL-6,IL-8) at the mean time. At the end of the research lung tissue were acquired for evaluation of pulmona-
ry malondiadehyde (MDA) , superoxide dismutase (SOD) , myeloperoxidase (MPO) , the ratio of wet to dry lung weight (W/
D) and lung histopathology. ~ Neutrophils and total protein content in bronchoalveolar lavage fluid (BALF) were also deter—
mined. Results Compared with control group, PAP, PCWP and PVR were significiantly improved in H, group.
Neutrophils, total protein, differentiation in the lung W/D and cytokine content were lower than those in control group.
Pulmonary MDA and MPO in hydrogen group were lower than those in control group, and the SOD was higher than that in
control group.  Histologic analysis showed that less lung injury by microscope examination was seen in hydrogen group than
that in control group. Conclusion 2% Hydrogen inhalation can alleviate CPB induced lung by inhibition of inflamma-

tory and oxidative stress.
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H Al 7 7 1 7ok 0 BP0 2 A7 T IR i I
A5 JE S = A T TF BRI AT 58 4R 30 k5 1 R 2 2 [ B
AN TT O R A UK T R AT TR E
T EAKAMER (cardiopulmonary bypass, CPB) o f&
SMIEER JE AR5 8 Sk T 50 R R E A
A= WE I PR il Th 6 B 15 21 22 il 43 455 Cacute
lung injury, ALD) J 2 P IR W 2 38 £5% 5 1E (acute re—
spiratory distress syndrome, ARDS) 357 it & 4 s
H ARDS [ R AEFA 2% » FFLEE =ik 60% o AH K
LRI CPB 5|2 14 & % hE X B 25 & 1iF (system—
ic inflammatory response syndrome, SIRS) % f Ifil 75 ¥
T 5 BN 4 24545 1 B LA

AR ERAT BTN T, 5 5 H Y #
IFRE S B R R B OK ISR SR 7 AT 4k
S5 A N A UK RAEPUEAE A R
g e R i T s i P VAR . ANSEIR
W5 SR A S B it 452 15 5 e S AT REATL A o

1 FR STk

1.1 se3estkl

{@ FEMEYE Beagle R 20 H, AT 15 ~20 kg, FEHL
I RARAMEIR A (X B 2H) A <41 (H, 41) w4
Dragger BRI (F4[F) ,i-STAT ML 40 H74% (FEFH) ,
STOCKERT &AMEIHL (F8 ) , 3 30 Bk 36 & A 5
H(ER) %.
1.2 JFES5IEN

SR (2 mg/kg) FFARJE (2 weg/ke) JT AT KA
(0.1 mg/kg) FREFE T 51T B E, PLES (IF
LS4 R 8 ~ 12 mL kg BRI 451 2% 20 W/
SN B TE 50% IR FPLE 1:2) , ZERFh ik i — 4K
BRI T 35 ~ 45 mmHg. A5 0 i 3 fik % o B &
W 5 A5 0] i & ik 28 R BN Swan-Ganz 5. Ji) 5
B R BV 5> 1F v BS T I, Ui 5 0 D035
BENSF QO ik S8, TR 08, RO, &
e ke S T 3R 3 mg/kgs £iF ACT >200 s, 17 E 3 fik
HE2F) @l A 0HE BN 18 F 5%, £F ACT
>480 s J5FF 44 CPB, CPB Ef2 h R4 S EE T 5
em H,00 AR zh 25 0P850 Bk & (MAP) | fifi ) fik
J& (PAP) & fiti ) ik #2 H (PCWP)
1.3 SRS oreH

EAMEIRE (KR4 , CPB 4E%F 2 h, CPB 45K
JEakEEMEL 2 hy & AH (H, ), EHRAEREBANE
A1 L/min. 20 REIYITE CPB 455 2 h J5 37 B i ifi
AbBE o

1.4 fRIMERITFE

PREHL 5 LA T3 500 mL Je LR MRAE B 500 mL
Tl , CPB i #2 A 4 #F ILIE T 28 ~ 30°C, LA 50 ~
70 mL/ (kg * min ) i & F ML, HATIE & ZE 30°C 1,
BEL 0BT T = Bl ik » = 3 koA 0 V8 v 4 1 45 Bk (20
mL/kg) 0o BEAE 1F Bk 50, 3= 30 Fik BH By 3 1 4 2 /)N B
EVEYS SRS Bk (10 mL/kg) , CPB 447 2 h 5,
CPB &G ks8R E 1: 1 AR AR, CPB 4531
JE 4k 2 ho
1.5 WmdEds

OFE T 5 A I 55 CPB i (T,) .CPB 45 i}
(T,) .CPB 453 J5 15 min (T,) .60 min (T;) K 120
min (T,) 725 MAP.PAP. fili ) ik #2 /& (PCWP) & i
e (CO) , I i+ & Ml & FH /7 (PVR) [PVR =
(PAP - PCWP/CO x79.92) 1. @l i h ik . 1
mL, 1 52 3 fik i S F6 A, 2845 0 s 2 ik X 1 mL ifn
FrAS, FH IR 02 W Bt 92 (ELLSA) M I b 98 34 46 K]
T (TNF-o) A4 A& 6 (CIL-6) A1 40/ & 8
(IL-8)  PSIue 2 B, HUA fiti b 3 N A6 28 6K
10 mL, #EPE 3 ¥k, a1 S S HE B (BALF) , B 1
mL BALF F Ifi 48 ffd 43 #7 AAT B 40 B TF 40 R
BALF 2.0, % % [ ¥& ¥, Bradford ¥ 2 & A& &
U i s 2123 0. 5 mg, Wl 5E il 20 23 b 1o 400 ) il
(MPO) FEE ALY EALEE (SOD) KA [ (MDA) %
P AT AR E, A S5 B T 80 CHH IR A
% 72 h G R E, W E TR (W/D) A5 il
M 10% FEEIE 2, #h1E CBERLK, —HREW, A
IR I EEY A, HE B, a8t T W82 it 40 2R
HEAFL.
1.6 Zitntr

K F SPSS 16. 0 it #4417 B4k 7 i iHE
PRLRH x5 Ko, AR L BCR H BIR & 7 £ 45
Mr, P LR B B &7 Z 5087, P <0.05
BHRITFRE X

2 & B

2.1 %l PAP.PVR #l PaO, /FiO, 54k

W& TR ZE K, BG4 PAP 2 PVR ¥ & b TH#a 4,
BT, Bz, KRN SERARITERE L (P<
0.05) , HESHAE T, T, T, BIZE 0t R, 2 7
FHEit#E L (P <0.05) . B4l Pa0,/FiO, iZ# %
KT, W%, HERN S EZREGHIT¥E L (P<
0.05) , HESAAE T, T, T, B 2180 f4H i » 22 57
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HYiitE L (P <0.05;% 1, Table 1) .
2.2 W4 TNF-o.IL-6 1 IL-8 254k,

Pi2H TNF-o IL-6. 118 7E T, i %k, H 5 T,
HE, ZRASG Y2 0T, HZIE A =% 8K
T, RN G R ZJ EG I F R G T, T, & T,
H, HEX AN, HER GG %E L (P <0.05;

% 1. F4H PAP.PVR.Pa0, /Fi0, 54 (x £5,n =10, mmHg)

% 2, Table 2) .,
2.3 H BALF £ B E £ B 4 i it #. MPO.
SOD.MDA #1 W/D b5

W4H BALF 2 ([ € &= [ 418 11 % MPO. SOD.
MDA & W/D ZH5 A 4 it %8 X (P <0.05; & 3,
Table 3) .

Table 1. The change of PAP,PVR and PaO, /FiO, in two groups (x +s,n =10)

Ei=Ra 4 A T, T, T, T, T,
PAP (mmHg) X HE4H 7.31 £0.90 8.16 £1.21 9.16 +1.23 10.9 + 1. 35° 12.6 = 1. 30°
A54H 7.40 +1.25 7.85 +0. 87 8.49 +1.19% 9.06 +0.90™ 9.50 +£1.31%
PVR ~ ‘ ‘ ‘ ‘
sy AR 97.65 +17. 68 203.43 £30. 01" 184.85 £28.56"  217.06 £53.72" 215.28 £62.74"
(dyn*se+em™)
AR 77.46 +13.04 108.92 £40.35™  136.96 +31.62™  139.48 +36.65™ 116.46 +41.65™
Pa0, /FiO, . . . .
- pogicEacl 413.00 £17.00  360.00 +19.00"  306.00 £27.00°  261.00 £21.00* 226.00 =17. 00
mmbilg
AN 420.00 £21.00  390.00 £21.00"  320.00 £23.00"  312.00 £25.00™ 300.00 £26. 00"

a yP<0.05, 5T, lb#; bR P<0.05, xR .

% 2. P4 TNF«.IL-6 #1 IL8 354k (x +5,n =10)

Table 2. The change of TNF-o, IL-6 and IL-8 in two groups

EERR o H T, T, T, T, T,
TNF-o (pg/L) paicEEl 1.26 £0. 14 1.80 0. 11 2.02 0. 12° 1.72 £0.11° 1.47 +0.13°
254 1.10 £0. 10 1.41 £0.09 1.73 0. 14" 1.35+0. 11" 1.22 +0.06"

IL-6 (ng/L) Xof R4 15.86 +1.57 25.09 +1.69° 28.66 £1.62° 25.36 £1.73"  19.46 £2.10°
2454 15.21 £0. 98 20.04 £1.05"  25.45+1.71" 17.82 0. 74" 15.91 +1. 08"

1.8 (pg/L) Xof R4 0.27 +0. 15 0.81 =0. 07" 1.11 £0.10° 0.67 +0.07* 0.48 +0. 06"
254 0.26 +0.03 0.52 £0. 08" 0.77 0. 11" 0.42 +0.05" 0.31 +0.03"

aj P<0.05, 5T, tE:; b A P<0.05, XA %

#=3. F4 BALF EEEE . BT MPO.SOD. MDA 1 W/D b3 (% 5,1 =10)
Table 3. The comparison of the BALF protein quantitative, numeration of leukocyte, MPO, SOD, MDA and W/D

S BALF EAEE (mg/L)  A40fei-%( x10°/L) MPO (U/g) SOD (kU/L) MDA (umol /L) W/D
X B4R 211.62 +110. 74 2.29 +0.50 0.02 +0 52.31+2.92  5.48%1.91  5.46 +£0.55
R4 76.28 +12.79° 1.04 £0.22" 0.01 0" 60.9 £3.05"  2.21 £0.66" 3.18 +0.32°

a A P<0.05, 5 R HE.

2.4 RHRTEE Y HE
T3S 2 ML 45 R B, S8 T o [ 4L il

T R B A I 8 7 I S L % Vi) o e 7 i ¥ 8] e

B8 58 5 1) 5 e il 25 v 1 L D 55 28 R 4 R

SR AR A PR AE f s B A I 7E I B T R
A, il 02335 AN B 2, S L3 B2 i v P K i /b &
rh gl AR 5 (B 1, Figure 1)
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Figure 1. Morphology of lung tissue under light microscope (HE x 400)
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AR REAFAREREN ST, AR AEN
WAE—EHENEAS RN EAI KB RKBHHNREA
W KR K AR, AFIREA SR L AW,
ARG MR R, BRI, R 53 MEm e
PSR S M E R N, A5 B A = E S5 E S
AN, BZ REATED R HE R RSN, A
BB, X EAR T HAGE B EY R e R
C, 5 B B35 & B Ja A st HLARAS R AR i 7= 4 (4]
WIS Z C) , X L= W45 75 B AL AR 4k 2R AR i
B SR MR AL S PR, SEURE IR T Y
me . FHBRASHEES T E FILEER
SR R IG R I FH 7 5% o

24 Pa0, /Fi0, <300 mmHg RIA] 2N ALL, A%
SEIG 4 BRI IRAFERIMERLERE 1 h WEE
AT ALI(T, T, B} %l PaO, /FiO, <300 mmHg) , fi &
RAATE ALL BB, Ui S5 i A2 RN 1 L/min
SRREE TG ALL KA, I RE ARt 3 ik R fit
M7, B —2 MRy EH . Hhlsz —2
DR RS RE S5 35 £ 15 0 20 B2 10O R0 5 32F T BRI
PIR 5| B AT A 22 5K 75 Wb ) L3 T G 28 I
) R TS 28] o8 A A I 57 L 7 ) 35 B

CPB RG22 RE . ZH T IHEIEHT
LEHL B9 R R AR BT PAP =20 mmHg. 4 #5 =75
LRSS (BMI) =30 kg/m’ A 35 % (SVD) <
30 mL/ m® K 2EFARE R CPB & LMK &
EE BN R B2, 8 RER
45 AiE (SIRS) K ik I P 8 v ME 453405 o 5 B 41
LR EENLE] . A SRR CPB J5 i Th g
F0 S i A CPB R4 K% 77 st ™ K Bl A

IS 2659 F TR A RE IORE (4 12 =0 4 T 40 Jbk il
Pk A AN P

SRR G B RS, TR RA
A R S IR 1 E i R G R S B B R
7 » P/ 1 B o 2L R » [ 3 T DA/ 2 o
AR BN T R FE S B AR ERA ™ o Mao 27
903 B, SR 5 0 1% /I BRI i I 9 0 5 B
fifiifG. ASTIRF A T S xT CPB S B i 4 41
55 5 -

FEIEH AR R A T, [ e 3 2R 55 17 B A 7E 3
AT o, 224 e i T v R AR BT S R 1 R T R
TR, S RE K R AR AR R A R
Bl — R A5 A Ak 5. 75 =B (MDA) & 55 it
S 1 R S AR A ) B B 4 R 5 445 1 AR
Y ALY LS (SOD) 2k P B 1 B
WL, RS S A I B T G4 4 R 4 2 3340 XL
e e Fa R EEER Y . Hidek
W (MPO) S vt 4 s 40 25 5 1k g % W0 2 20 1
MPO 3§ J BALF vt {4 41 8 11 5505 77 sz Bk i 26 41
P S R R o iR L R TG
AKIHER, MDA A= i %2 , SOD U R0 £6 T k2>, 19 40
FL T % % W 9 s P » B4 40 MPO. 3891, AS B % 4%
UIF B 5 M 7 1FL /AL 0 o R 26 A4 O S5 R 2% i 4
AU R4 B35, B3R SOD 351, 4 it 4 4 it
Ak

TNF-ou 4 B ML F-9E I 5 2EL 407 A2 1 L A 5 [
Fr KT TNF-o 7545 ML 7 VEE v 4 43 b 7o A R et 5
WU ], SCERARIE AR — o Khimerko 25 ™ )\ K752
S I WA A AT LA W B TNF-o 19 7t 75, 1T Ep—
pinger "2 ST 5t % B TNF-o (07 5 HBRAE PV
30 b, HEZFER 3 NPT E2M EF . Pavel
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& U B 9 $ % TNF-o 2 BT B EVE R T 038, 3F
01 h ik BEE . AT RLERS Pavel 5 HF 5
KEAAFF, TNF-o 254k B B A 25 57 AT RE 5 00F 72 S
I BN RY | A B ER] 3R R W% R IS ) A )

1 IR 1~ R A 5 A B 9% I R R i . P 9 A
100 F E RN B H AR TNF-o L6118 &
R AT . TNF-o 2 50 [ B 55 58
H 5 R A R e 1 5 A 4 A B2
J 375 12 » 8 0 200 BRRG B PR - 2 G A B AL 454 TL-6
BB Z R AEYEE, S S 0 b, HE K
PS5 AMAFRE  F AR a) XA G HRREF K IL-8 78
RAFHA P AR CRIER . A ARG RE
B, 50t B b, SR S 3 kD 2 e R 4%
DR TR 8L ik 2 P 2 43 9% 0 I o

FH AT L, S0 AT R S G 4E R R 9 A AL S PR
A0S 7 J2 ek 2> 98 RE A 5 4 TNF-ee IL-6 4 IL-8 B il
I3/ 25 A M7 7 L~ M O % () SO 7K e 5 e e i 4 21
P05 » AT R HE M R AP A F
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