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Effects of sulfur dioxide on alveolar macrophage apoptosis in acute lung injury
induced by limb ischemia/reperfusion in rats
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ABSTRACT Objective: To investigate the effect of sulfur dioxide (SO, ) on the apoptosis of alveolar
macrophage (AM) in lung protection of limb ischemia/reperfusion (I/R) induced acute lung injury
(ALI), and to find a new target for the control of inflammatory response. Methods: Twenty pathogen-
free, adult male Sprague-Dawley (SD) rats (180 —230 g) were used in this study. Five rats were to be
used for limb ischemia/reperfusion, then plasma was extracted as ischemia/reperfusion serum stimula-
tion. Fifteen rats were to be used for extracting AM by bronchoalveolar lavage. The AM was isolated and
cultured, then the cell count was adjusted to 1 x 10°/mL, and randomly divided into the following 4
groups (n=6) : control group, I/R group, SO, group, and I/R + SO, group. The I/R group was given
ischemia/reperfusion serum (500 wg/L) to stimulate 6 h; the SO, group was given an SO, donor,
Na,S0,/NaHSO,[ (0. 54 mmol/kg) / (0.18 mmol/kg) ]; and the I/R + SO, group was given the same
ischemia/reperfusion serum and Na,SO,/NaHSO, at the same time. The level of mitochondrial membrane
potential , the state of mitochondrial permeability transition pore (mPTP) , the rate of AM apoptosis, the
expression of Bcl-2 and Caspase-3 proteins were detected by flow cytometry, microplate reader and West-
ern blotting. Results: Compared with the control group, in the I/R group, the ratio of red to green fluo-
rescence and the absorbance decreased significantly, the percentage of apoptotic cells increased obvious-
ly, the apoptotic rate was 43.81% +2.40% , Caspase-3 protein expression increased, Bel-2 protein ex-
pression decreased. While compared with the I/R group, in the I/R + SO, group, the ratio of red to
green fluorescence and the absorbance increased significantly; the apoptotic rate decreased to 37.01% =+
1.93% , Caspase-3 protein expression decreased, Bcl-2 protein expression increased. Conclusion: Exo-
genous SO, has the effect of accelerating AM apoptosis by stimulating mPTP to open and mitochondrial
membrane potential to decrease; besides, exogenous SO, could stimulate AM to secrete more anti-inflam-
matory cytokines and less inflammatory cytokines. In conclusion, exogenous SO, can reduce macrophage
apoptosis by inhibiting mitochondrial pathways.
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JRAE T B Bk i 3% 13 ((ischemia/reperfu-
sion, I/R) B 2 M fiti 1455 (acute lung injury, ALL) )
RIRPLHRIE S 1 A 56 4 BB (H TR B AN B
T P L S SRR AT LA 1) A S 7 A B Ak T8
TARAS, Ak BT SR 4 B g S B
F 0 T 0 B A A R T 5 b 1 R 48 S ( poly-
morphonuclear neutrophil , PMN ) 7£ fiili 5 i) K 12 3 4
SR A B DR

Jili v L W 40 i ( alveolar macrophage, AM ) 1 fiili
WO HTE 20 Y 80% , 2 Il S ¢ 47 4 182 7 40 Ji Gl 2
PR 2R — B B2k, AM AN HAT B 0T 3 JHC At 7
T AR DIRE R BAT I RE ST, AR ALL B A AN
RFEPEENEE ELMER . AUTTEHRE , i i
RS IR R BUR L, 72 T BE 2 BE RIS AM /Y
A TSR B SR felE I P R TR PMIN S BE R S I i
B, R EGX LEAN M Ak A PEIR BT, BB N 2, AT
INEE LGRS R, SRIUA R it , 38 5
9 ALL I AM (1 535 U8 T2, 38 A2 AM () i,
BRANTE E AL T RPEa RS PMN, I K 5 R
JAToR PMN, 45 PMN 3y, DLjsi /7 il ) 546 1Y)
PMN % & 3 Bj 1E PMN YRFE , 3 % 45 il 5 hE S
)R S 2R G E S,

AL (sulfur dioxide, SO, ) 243k M A8 & W,
KTy, Fot AR A R fE AR K. Meng 2% 4f
18,80, K HATAE WA R 6 M B iR S Eh VRN &
GV Y TIRE RS S LS Y 1) 2 A AR (R
MENE BRI (10 L-2F PR ) A d 27 4k
SO, o FATHIIBFE TR SO, AldE & PR
AL A PMIN SR S Ul 0 IR A fk 1P 132 P S50
kR, T A A S S St
W4 ,S0, 245 B AM i T AT A4 4 i R 47
YERIWE? AWFoE AUl i LT S8 it — R0 S0, 78
J AP T rhosr AME U8 T2 B 2 0], A 48 ) 58 RE S
SO A, S B S il P TR B ALL BER IR R
B A, Ay SO, my#k— B IRATE & W R
PRI

1 #M¥57F=%

1.1 S5

R IE: Sprague-Dawley (SD) K B F b 5% 4
AP FARAG PR A, 7 AT IE S 2 SCXK(5E)
2012-0001, Jir 7 K Bl ot 12 4 0 5 4%, 1210 TC 43 5 ik
JEA ( specific pathogen free, SPF) 2%, 8 J& %, k&
180 ~230 g, T4 37 %6 (b a4 A1) A2 52 3 Sy HoR
AR A i SR fRE 3P Rkl A6 5t sH BH S B

SRR RO R A A SR SR 23.6 °C L R
35% P ARG SR AF IR R 12 h/12 h, Kl 24 h 1y
A BPOK G, A s S s i b m S ERER
PP R 5 o AT .
1.2 528 F 22 i 5k
Na,SO,/NaHSO, (43 #7 21 ) W F At 58 e 325 I 4
FHEARR 2 |, Bradford 2 15 I 5 12077 & | Actin 471
A Bel-2 Hifk | Caspase-3 Hi 1A ZebL 1A B H, A7 A6 1
RF & (JC-1) 1 Annexin V-FITC 4 ifg J& 7= £ i
REWT FEER KA A, BAR A E ALY B bRIc L
Fhik leG(H + L) 14 755 5t B AE VR ECA BR A
], B-actin HUAM T 36 [ CST 24w, K 5 E 40/
% (interleukin, IL) -1B (IL-18) IL-10 . IL-6 F1JJE R
BT o (tumor necrosis factor, TNF-o) ELISA &5
&3 [ Cusabio 247,
1.3 ksl
13,1 iRl A8 Cohen 25 438 iy Jy
125 PR A fke P-4 R B ALL S A . R i SD
KREEEE 12 h, BlOK WA E 285 (40 mg/
kg, B IETESS ) FEAT BRI, BRI I 20 )i, 2o v e N 3
SR K B A ST Sl KA P DR %I (LR ARAS U
2 ml/h) (52 BRI T GE— BEAS AR B2 1k
M SPFLAUE B R 3 B AR Bk 1L, 4 b J5 A4 FF 1k
i e PR AR 3t P T 2 h, R SRR BR AR A, DA
TR IS I PR T . O 2238 SR
I 38 DA PRI PR AR 1% dfe i AR P 0
1.3.2  MiERdl A TR T 20 i 5 5 1 iy
— IR, i BB R Tk S A e i P R B ALL By
PRl . SD KBRSV Bk Ifl 4 h F#E T 2 h J5 R
P4 A8 R B B IR I A 9 50 (4 000 +/min, 10
min, 0 ~4 °C), WU FAEME T 4 CORFEE 03
Py, FEXF BB e 1 P38 1 350 ALT Wy R AL ik A7
Bk, A A B FE A i WL SCHR[ 8 1 A 10 ] .
1.4 SCERif
1.4.1 AM W@ 585 BN SD REL, R
FEZ 4 (40 mg/ke) BRI 81 7€ T Bl B BUER A8
PR W R B J5 , 39 TR B0 B K, 7 2 2 R R
HTF& A E P — T 8]0, ATk g gt
ARG IEE E B2 5 mL AR BRER K AIIE 3F:
IR BE A5 B BN IS 15 G212 1T il SR AR S A it of
WEVEW, F S HEVE 10 Y K Il vl E VR A% A 50 mL
BT ,300 x g B0 5 min JUIEAML, I 10%
(AR 23 %0 16 4 175 19 RPMI 1640 3% 57 1 5 A&
AM ¥ AM W BE 2 1 x 10°/mL 2247 ), -3 4%
T 6 fLIEFRIA . £ CO, WEEH 37 CHi5 2 h, Al
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IR 2% thER 1A T ( phosphate buffer saline, PBS) ¥t 2=
A0 B A1, 46 8 & 7Y % 10% fif 4R 13 9 RPMI
1640 J5 IR AR L 1: 57 24 h, 5 W il A W 52 56 o
95% L) b1y AM BAT Ty Ja B R AT HoAt 52 56 1 9
FAREGRA T = KR, PRAETC R A
1.4.2 SNSRI E S, il OB Bt ol #5040 0
(1) SD K B K L , i 1035 0080, A AM i 35
FrHE A R 2R (500 wg/L) , Bl 6 h Jig al ik
TR FRAIN (6 h J5 40 M43 5 e B )
1.5 sEgrdl

N S R RE R T AR R AM AL )
HLLT 4 4 % BRSO, 4 R /R LTS fi) 3 40
(VR /R +S0, 4. X HEZL A0 A 5 S5 50 2H
R FRAE # 3 K5 SO, 4 45 DA SO, fi{K Na,SO,/
NaHSO, [ (0. 54 mmol/kg)/(0. 18 mmol/kg) ];I/R
20 265 T J A e a1 3 R BRI ¥ (500 /L)
FIEL 6 hs /R + SO, 2 [ i 25 5 RO ke i 75 142 K
BRI YE (500 we/L) #1 SO, fE{& Na,SO,/NaHSO,
[(0.54 mmol/kg)/(0.18 mmol/kg) | #i# 6 h, 6 h
Ja BT A
1.6  KIFEbRFnJr ik
1.6.1 XA SR I 2k (R B L 457 o FH 2 hE
DA TS H S AR 7] 0 (JC-1) RF LR AAR I H (37 R A T 4G
I, ¥ B2 ] U IR E D RN T - (1) s db 3
PBS PRI 2 ~3 I, A 0.25% (J5i it 53500 ik
B HEF (7 0.02% EDTA ) 15 fL U4 41 i, By 10°
ANAH, AT 0.5 mL 4R R . (2) ImA
0.5 mL JC-1 Jeto TARWE, BB B IR 21, 4 i 35 37
Firh 37 CHEH 20 min, (3)37 CHFL KRG,
600 x g 4 C &> 4 min, JLIELNML, 72 B (4)
JC-1 e ZE P (1 x ) PEFR 2 YA T mL JC-1 G
MR (1 x ) TR, 600 x g 4 CEj.Lr 4 min,
UUVELHML, 5% L3 B A 1 mL JC-1 4 8,28 ph il
(1 x ) B AN, BRI AT (5) ) JC-1 e Sz vh
W (1> ) RS, 57 BUFEAT i 020 i AR ), L) 490
nm AP ,530 nm Ry RS AN JC-1 i —
N EAPEXT IR, CCCP (—FhZoRL AR i 342 128 5 10 il
) Ay BAPEXT B
1.6.2  ZRRiARiE F M S e FLIT O DO i ]
P B OIS BEAORLAA AR Javadov 251 B ST
TERYTT A ZORL AR i JHK S5 56 ok A6 0 £k 1% T 375
PE%EE e 1, ( mitochondrial permeability transition pore,
mPTP) fTFH . mPTP T, SR A8 3% 1 1 O,
SRR K , O (absorbance, A) B 2R [
{811 Bradford wx) £ 2 1 & B EAT DN & , G

FRXAE 540 nm FAAE I & LHWIHIBOGRE A, i 200
mol/mL CaCl, %5 mPTP i, &:FE 1 min ] & —
YRR AL, 15 min J5 3K 3747, 10 5% i IO JEE
Ay A=A, - A, DL AA o8 mPTP FERE B, 4K
(BB, mPTP JF AR RS BOK

1.6.3 Annexin V-FITC F1 PI XUkp 7 20 20 M S0 46
D AM JTE AL RS 20 A B I 22 =R
( phosphotidylserine , PS) {37 7 21 il 5 (1) 0 , 1B 75 H
AT 2R R PSP AR IR oA 000 % 21 200 i
R, 2 ER AR A /PR P . Annexin V&2 —FhiAH
X3 T 3.5 x 10* ~3.6 x 10* [ Ca®* R
BENREEGH I RES PS MR A 454, W LU A 4t
IO TR ET FITC ARICH) Annexin V, HJl An-
nexin V-FITC , 7] 38 12F 3t =X 241 A3 fe A6 0 4 e 9
AL P BE ( propidium iodide, P1) & —FZ IR YKL, &
AR It FLAT 5 A S ) T AR e A R TR
2N, AL RT L Sk O8] T GG 200 R DR A 40 ) 200 e T
AN LI Y . R, B Annexin V-FITC 5 PLEES
(PRI, AT LK IE % 4 ( Annexin V-FITC -/PI - ) |
HIPET-40 ( Annexin V-FITC +/PI - ) B T
A FIIRFEAAE ( Annexin V-FITC +/PI + ) X4 FF,
SEER AL IS ] 4 C RS ) PBS PR 2 ~3 WK, IR B
VEURJE 9 PBS; A 0. 25% Ji 8 (1 il (75 0. 02%
EDTA) TH AL AR 400, 5 OR BE VR I8 5 19 PBS 1R 2T,
1 000 x g .0> 5 min, F F3F, SCEAM, ] PBS &
FRER AN B 10° A R R 1 40,
1 000 x g B0 5 min, F F3F, A 195 pl Annexin
V-FITC 45 & W B E &4, AR5 mA S pL
Annexin V-FITC, 252385, B A 10 wlL PI Yu fa,
W RRIRY . B (20 ~25 C) THROEIEH 20
min, fIIA 300 wl PBS, B B i 47 i =X 40 A {3 I
Annexin V-FITC JJ&g 55, PT ML €586,

1.6.4 Western blotting J5 ¥ £ ] AM # Bel-2,
Caspase-3 tE FHRIATE DL AM J5 5778 6 fLAR N, F
FLINA 200 WL Fiive ) RIPA 244 i, [5] i I AR
PRI 57) (50 ) 12 F B TR Pl 3 751 (100 x ) o 2R
fiff 1) [ B feft T 240 S SR A, TR 2 1.5 mL B0
B ARSEZ R 2 30 min, B FRARTE UK E R
SRIGHCE TR B B0 L ,4 CTF 12 000 1/min
B0 10 min, B, - 80 CUukAfRAE 4T, E
THBAR U EAT 8 H E i (Bradford 1) | 3R P4 Il
BECHLUK (SDS-PAGE) % i 3 1 2 )5 , % et
RELTHT(1 25 000) W5 ,4 Cadnd, VEME3 K, %
K10 min SR 5% (FRI3%0) 4 13 & F (bo-
vine serum albumin, BSA ) $J [H & #% B 09 1L £ 91
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IgG MHT(1 = 3 000) FLikMEE 2 he BEEHRE,
VEMEE 3 U, K 10 min, Bl #EA716257 K06 B 5E
EAEZRHT
1.7 Beiteeinik

JIT AT 4k 2 LA B + B 22 o, i ] SPSS
17.0 Gt A AT 40 B o 2R R L AR TSR R 3R 7
2203 M (J5 2255 % W LSD 8 S-N-K &, J7 2 A 5%
Z W Dunnett’s T3 8% Dunnett’s C 3£), L P <
0.05 NZEFAHGIH AR Lo

2 #HR

2.1 LR AKE

JC-1 2 —Ff )™ vz FH A6 000 2 r 4% i el o7 11 2
TPEECIREY . ULARAR B A 3 = I, JC-1 RARTE
ARRREE BT B R G, P LA AR L1 A5
LR AR L B, JC-1 ANBE R SR AR LRI 1Y
FERT R, e JC-1 LABAARIE XAFAE, 7T DA AR 4
PENo PRI, 3813 9 G 8 14 37 728 W] LA B 4 A AR
JECHLA AR Ak o AR S0 B DAL 598 6 B AR T HLAE
e SR AR LA AL B E . SEEG KRB, 55 0] IR
FHEL, VR 20 6 B B R R (P <
0.01) ;15 /R 4 4, /R + SO, 241 458 610
FUAEBH T+ = (P < 0. 05) , BaBHSMIE 1 SO, it T
LRRBERN TR (F 1) .
2.2 mPTP il

mPTP [ i ] LASE i R4 546 43 7 19 5 35
Pk, 5 RZR AR Ak , LR IROE R R TR, SXTRR
AR, I/ R ALK FE 2 PR (P <0.01) ;
5 /R AL, /R + SO, ZHZR AN BE W] 1 &
(P <0.05), BB SMEPE SO, Mk T mPTP fy F ik
(F1),

F1 SO, X AM ZRALIANEHLAL B2 mPTP JFHUFBLAISE IR (n = 8)

Table 1 Effect of exogenous SO, on mitochondrial membrane potential
and mPTP opening of AM (n =8)

Group Ratio (Red/Green) Absorbance
Control 4.94 +0.26 0.45 +0.03
S0, 5.00 £0.29 0.44 £0.02
I/R 1.75 +£0.24 " 0.24 £0.02*
I/R + 50, 2.12+0.15* 0.27 +0.03*

I/R, ischemia/reperfusion. All the data are expressed as x + s.
# P <0.01 vs. control group; #P <0.05 vs. I/R group.

2.3 AM FETIENR
3 Annexin V-FITC F1 P XUbx i =X 40 it A% &
R, FeATT & BN A pom] LA P T A, T 4R

BhT.94% £1.17% . SXFREAAHEL, VR 41§12
A T, P TS RE 8k 43.81% +2.40% (P <
0.01); 5 /R ZAHLE, /R + SO, 24 120 i B 298
A JHTHE RN 37.019% +1.93% (P <0.05) (
1), i# i Western blotting J7 ¥ f& ] AM A Bel-2 |
Caspase-3 £ [ R IAHOL, AT 5X A L,
I/R 4 Caspase-3 TR B L FTE,Bcl2 EHFE
KEEFHE(P <0.01) ;5 /R 4RI, /R + SO,
4 Caspase-3 B[R IK W] L FEAIL, Bel-2 R IA W]
BFE(P<0.05,K2),

A

o for 02 1001 <o 02
1995 Control 1.65 1 0 0.93
< <
& 10*4 4 1041
& &
§ 10+ E 1034
= I AR
0404 03 0404 03
S10479.1 | 100]  _jd8Ll 6.03
10 0 10° 10* 10° ~10° 0 10° 10* 10°
Comp-FITC-A Comp-FITC-A
10591 IR Q2 10°1Q1  /R+S0, Q2
5.68 6.68 5.84 2 2.85
=104 T 10t
[~} =}
£ 10 Gopat o | §10% o
SRS | T R R
0304 N W3 0404 B
_100447.1 405 | _j0r 1597 316
10 0 10° 10* 10° 10 0 10° 10 10°
Comp-FITC-A Comp-FITC-A
B
50
40
§
= 30
Z 20
=
“ 10

Control SO, I/R

) Group

I/R+S0,

A, representative flow cytometric dot plots. X-axis, Annexin-V staining;
Y-axis, PI staining. Q1, detection error within the permitted range; Q2
late apoptotic cells and necrotic cells; Q3, early apoptotic cells; Q4
normal living cells ( The apoptotic cells are Q2 + Q3). B, quantitation of
apoptotic cells population as shown in figure A. All the results are ex-
pressed as x +5 (n=8). * P <0.01 vs. control group; #P <0.05 vs.

I/R group.

1 Annexin V-FITC Fl PL XUbz it 24 MUAS ERAGHI AM #2170

Figure 1 Detection of AM apoptosis by Annexin V-FITC
and PI double-label flow cytometry

e LR 9 i A 2 Sk P ) T B A
7, H1 Jennings 7E 1960 4E i Kk E2 5%



RS, 4 ARALBRXT R SRR AR i P08 T SR A5 07 i 6 5 i 2 6 8 1 g 2 - 243 -

R AR R AT 7T R 5 o R e L 2 2 545
TR 2 4 B S S R i, 4 R 1
Lk BT AR, FCrR R A5 5 3 A SR, JUARAE
EF ALL FATRG RS O 3B T

A Control SO, I/R I/R+S0,

— a— - Bel-2

— B-a()lin

B 6
E=3 Caspase-3
[ Bel-2 #
= AF _T_
g
[=H
b3
© #
5 2f
< R
o=
R 5

onlrol SO, I/R+S0,

Group

A, representative bands of Western blots; B, bar graphs show the relative
expression of Bel-2 and Caspase-3 proteins of AM in different groups. All
the results are expressed as x +s (n=3). % P <0.01 vs. control group;

#P <0.05 vs. 1/R group.
B2 AM 1 Bel-2  Caspase-3 78 [ K155

Figure 2 The expression of Bel-2 and Caspase-3
proteins of AM in different groups

AM 2 0 R — B, ] A AT A AR B R
TR TR AR LA S At BT A 0 2 5 4 R A0 i 285 5
R B AL AE 7R T AL BT A 4140
Hat1OT L AM 4 g i R TR A0 L) 80% i A\ AR
AR AR — BT £, HAE ALL g 4 1 R B
IFEH

SO, RIS A BRI R H UL RS Gy, (B AT i
WL B A N 5 B AR PR AR A IR — REE LR
Z [ ( glutamate-oxaloacetate transaminase , GOT) {F
MREEAL A, BATE &L, SO, i@ HiR Bt
AL A PVIN SR8 42 45 X IR0 A Bk 1 9 11380 ALL i
B R4 E N, BEAh , ATTIE K BLIAK2 / STATS |
PI3K/Akt il p3SMAPK [ 25 J4 55 5 T S0, w4k
P P R B AL (R R A A

{H H A R ILAMEAE SO, FT AM T Z 0] 56 &
ARG , AL 8 SO, 4K (Na,SO,/NaHSO0; ) il
P RSV Bt T P 9 3k AL (9% K BRI 37, o 38 ot
SCE IEREGESAT 1AM, SR J5 R FLgE T
FEXF Bel-2 | Caspase-3 K& [ Rk 1§ DL #EAT A I, 4%

RN, S5XIRAM L, VR A AM 8T8 0 2
43.81% +2.40% ; 25 FAMEE SO, J5, AM 1=
KU Wk /> 37.01% +1.93% , Western blotting 28
RS, YR HANENE SO, 5, T T2 Bel-2 £
B R, M Caspase-3 FEPN 1k 2 2% FRAIK, UL AA
SR SO, Jfid 45 Bel-2 | Caspase-3 HEPH Rk
il AM BT,

AN TR R A A 2 A AR A T A R P A
IZE T AR, S ik 240 e PR 75 3 ) R e % v 3
T RS SR = AN, S H B B RN R
FER F IR UG 5 I 0, 75 S A I SE T A 7
LRI 200 M A A 3% 2l B R PG AU A
IR S AR S A R A 1 o T LA 2 40 08 )
Pl o SORL AR 75 R 0 i | TR A Y BTG
MR C BRI SR AT G 3L Caspase ZIK [N,
SRIG FEAMM T P TR B AR
SELRLARTE PR IR, 445 2L 4R I H 457 1) 3022
LR E A AL S o IR AL S At i T
mPTP ({HTIF 51 A2 8y 5 S/ N3 ¥ i 2o i i, 34
R RN SO, J& , Sk 1 SO IR A7 1Y)
Fhi, 0 T mPTP IR, B, FRATTHED , AR5
P SO, J i e FEE LA R L A7 T LA S ] mPTP
AOTFI, B SRR 17 , T ] AM RS T2

14 0 1k, ST R R T B ALL A & S AL
ATIARSE A B B AH AR5 R 22 D 7 125 2 R T -
TR BILAA 1 2 A1 52 o7 240 L Ak B0 RS ke
L TR A B RAE SN, IS T PMN R T
T I 8 3R 1 S 20 PMIN 7 i 350 R 0 58 4 2 M 93
Ui AR D ER T T AM A IR b
AL I RE A BIFFEAGE , il 453 45 Bl TR 1 R B
FAE, 72 R ZHRIEUS AM U TR B B4,
AT P PR TR PMN R RERH M IR R , 3 380K 26 241 iy
Ak KR IR BT, B N 2R, DA N 2H 2 Y 4
73 BATZ AT RIRFSE & B, SO, 3@ i il PMN
S o AR e ot P 9 SR ALL AR 1R Y B
HAUHIA . 38 A TR 5, FATT 4 0 AL
EAMEME SO, M 7 AM BT, RE T AM 1 75
i, FETIETE B 108 T8 PMN, 45% 7 PMN [ 73
i, 80 T PMN 7 fili 0 2R 4

SZ AN SO, AT ik 410 i Ok R AR e
AM BT,

S 30k
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