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Abstract

AIM: To further present the double-function
of nitric oxide (NO) on acute lung injury (ALI)
induced by severe acute pancreatitis (SAP) as
well as its relation with the activation of nuclear
factor kappa B (NF-«B).

METHODS: Sprague Dawley rats were aver-
agely divided into five groups (6 for each): sham
operation (control), model, sodium nitroprussi-
de (SNP), L-Arg, and aminoguanidine (AG)
treatment group. Sodium deoxycholate (15 g/L)
was injected retrogradely into the common bilio-
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pancreatic duct of rats to establish the model of
SAP. Meanwhile, in vitro stimulation experiment
(using lipopolysaccharide, LPS) was also per-
formed. The activity of NF-xB and the amount
of inducible nitric oxide synthase (iNOS) mRNA
in alveolar macrophages were determined by
electrophoretic mobility shift assay and reverse
transcription polymerase chain reaction (RT-
PCR), then the levels of tumor necrosis factor
o (TNF-a), NO and iNOS expression were also
measured respectively.

RESULTS: The levels of NF-xB, iNOS mRNA,
TNF-o, NO, iNOS in alveolar macrophages and
serum of model group were significantly higher
than those in control group (P = 0.02). Other
indexes about ALI and pathological examina-
tion of lung tissue showed obvious pathogenic
changes in model group. SNP and AG decreased
the NF-xB activity (213.47 + 12.34, 222.98 +
17.69 vs 327.13 + 13.46, P < 0.05), reduced iNOS
mRNA expression (SNP: 2.35 + 0.34 vs 3.1 £ 0.38,
P <0.05), TNF-a (0.38 £0.034, 0.45 + 0.043 pg/L
vs 0.76 £ 0.045 pug/L) and NO (168.2 + 0.78, 146.4
+ 0.59 mmol/L vs 229.3 = 0.98 mmol/L) level
and alleviated the degree of lung injury, but
no significant effect was shown in L-arg group.
The results of LPS stimulation experiment were
consistent with those in rat model experiment in
vivo above.

CONCLUSION: Exogenous NO can suppress
NF-«B activation, down-regulate iNOS mRNA
expression, and alleviated the release of NO and
TNEF-o. Similarly, the selective inhibiting reagent
of iNOS can also regulate the over-responses of
inflammation through depressing endogenous
nitric oxide.
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BHY: T — R R(NO)E Z M F A £
B Bl AR A KRR A P W AE R B e v
fe % B F-«B(NF-xB) &L g % &

Fik: EAEESDRK RS A: BF K
0, AL, AEE4AA(SNP)ZL. £ 34 &R
20, BRI, FFU6R. ZRFTHATENER
e B8 A B KR A g R K Gt AR 4%
REA SRR B ok AR R Ty AR AR e B v
29 i P NF-xB#E %, RT-PCR%#71INOS mRNA
#g ik, BB RAMNO. TNF-a. iNOS#H K
T Fa il 4L 4R IR B S B

LR A PNF-kB/EM. iINOS mRNAK
£ A TNF-a. NO. iNOSHIAEHEE&HT
BF KPP = 0.02). HALREFEFTF
RE. NO#KBER AL AN O S ik 5 1 4 2h)
) 2NN T BAKNF-«cBiE £ (213.47 +12.34,
222.98+17.69 vs 327.13+£13.46, P<0.05), F
HiNOS mRNA & A (SNP: 2.35+0.34 vs 3.1
+0.38, P<0.05) A A TNF-0(0.38+0.034,
0.45+0.043 pg/L vs 0.76+0.045 pg/L).
NO(168.240.78, 146.4+0.59 mmol/L vs 229.3
+0.98 mmol/L)#9/K-F, w4240 42 )% 22 5 i
1. W LAk R BRI L RATAER. Bk
SR 25 R 54K MK EE— 2

it SFBRBENOTHHINF-kBEL, KK
iNOS mRNA# & ik, # MK VY NO. TNF-o#9
. BIAF, ZINOSIEHFMEFp4) 7] 374 )R
NO# = 2, AL 7T 42 FI AR GG 38 B K JE B

REEE: AT -B; — R MR MBS, SR
RERRRR 2%, AN —F R A

TER, SR K8 BRBIE, RE, 05 —SWENRME
B RBIROEET BB METER. HRE AR
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NOJE—Fl N A7 A [0 55 &7 5K K, ih 2 5 40
MM S, RAEKIIMK. BTN E:
FERBTRAEH, HILENO R ILARU = Hy ) n]
FHU AR, FAEE A A S THGINOS)E
TNOSHI—F, HATERELAAF FA M,
A MINOAME &K, 1 BAEH EF A, WHLAS Bt
N NF-BJE—Fh] DL 2 Bl 4 P R 72 A
RIS R T, AR Sk R 28 St It 451 493 v

(IR I © 28 R i 5 5 THT R A B2 ST 40
il DA A A L T R BRUASE 2RE 1f, WLER AN IR
NO. NOMHIAFIINO SIEFPEHHIFIXINF-xB
TEAGRNAR OC R ML 7 RO %, DLE— 2D 4R
WINOW 5/ - IR UINLE, AR a7 345
(1 R TR AR

1 RAITSE

1.1 A4 AR A R 20, HAS; PCRAY, 3
] BRI RS, R TR HIKRE . W
WAL EERT AL, £ EBIO-RAO; LA
T, HAS SRR IRAE, S5 Jhatdil
TNF-oJfC s AR 65 F i N OFINO Sk
W& H AR Takara/s v SRNAFEIUZPCRY 191
#&E, BTHPCRE14) i Takara/s 745 %, iNOSH|
M: 5'-GTG TTC CAC CAG GAG ATG TTG-3'(_I-
i), 5'-CTC CTG CCC ACT GAG TTC GTC-3'(F
i), ¥ K576 bp; B-acting|#): 5'-GTT CGC
CAT GGA TGA CGA TAT C-3'(_Lijf), 5-GCC
AGA TCT TCT CCA TGT CGT C-3'( Fiif), ¥
FE)K265 bp; I HEEE(DTT), NP-40, < F AL
[t (PMSF), SigmaZAal; Py P¥Z wipEdhifk
(Santa Cruz USA); [y-"P]dATP(IL 5T IV HE); 753 H]
KBIT AR SEAZ AT IR IR ET . 5-AGT TGA GGG
GAC TTT CCC AGG C-3'(P,); 3'-TCA ACT CCC
CTG AAA GGG TCC G-5'(P,). #% K 1-kBIG 46
WRAF & (Promega A 7).

@ FESD A B, 1A 180-220 g, & (A%
PR S By e it). BENLA b TR
4. BRI, RN . AR R IR, &I
A, =26 .

1.2 7k

1.2.1 BAH & ZHICER[13]177E 17, Rl
BYEEE12 h, Aok, 40 g/LKA &
(7.5 mL/kg)IE MRS BRIE. Tom 450 T, BEREIE
POIOONRE, WER iR O,
e W LSk i B N1 mL /N S 284 Sk 48 0
JE T —Fe W FL Sk T NIRRT, [ B AR
HHF AR FH /N BT S P, 384T N5 g/L 4K
JHEREN(1 mL/kg), 30 sy3:5¢, X MR ZH W) I8 s 4
RN AR, GG, KRR RS RATIR T, B
WAL ZERERSE IR . ZIENN4LiA 97 7 =y
70.5 mg/100 g &VAY7 24 T a5 LR Cr
IERE12 h 20K%5 25, 24 b REUbR A Al A
A TR BRI

122 #REXAXAFTMAELS BIFLE
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Wt gm e 2 MOCHER[14] 7017, REUFH40 g/L
KA EEE(7.5 mL/kg, ip) BRI, JBUMLE A%, ¥
PBS(37 C)BEAT SV M #EVESL 3K, 4 mL/
O AR SO I HE VR, 800 r/min &y,
4°C, 10 min. PBSYEEAIU3IK, & T DMEM(T
100 mL/L/NA= i) . K 40 B T-24 L35 9,
Ri##37°C, 50 mL/L CO,, 1 h, PBS¥L 41,
J2 IR AR B () A il v 40 A, 4908 1) JE I
RPMI 164055 7 (#4411 Fi £G 44 L4102 90%,
£ 0 W T BT A M R 95 %) T 40 i ik 1 X
10°/L, B E A h R FR6 h, Kl E3S % P TNF-o
FINO. 4] TR MliNOS. iNOS mRNA JNF-
kB,

1.2.3 BARAE B o4 tm ML e Ak 9 52 36 3 B 4liAk I
it 7 A R LS X 10°FR 4l oA J3E, b F-24 4L
FEFRM. IMAG 2 BE(LPS)FI &R 254, 43 g %ot IR
ZH. HIBAH(LPS 10 mg/L). AN (LPSHH
W4, 2 mmol/L). 7r HEks 2 41 (LPS+/c e ks 24
12, 2 mmol/L). ZAENAL(LPS+2 AN, 2 mmol/
L), THEMJGE3, 5, 68124 b3 HIK MINE-«BIE Ik |
iNOS mRNA % . TNF-of 5 FINOS Ht.

1.2.4 RT-PCR 73 & J& (1 )il 96 0w 4 g H 1
AKTakara/s & &L RNA$R I A &5 $2 I 4l b
FARNA, LLEEAN 3 G R IIEA 560 ¢ Ao
Fefi, wAE3W, MR E T1.8-2.0, i
FRERNAWKE. I pg B RNA, KIKIIAS X
Buffer(250 mmol/L Tris-HCI, 250 mmol/L KClI,
20 mmol/L MgCl,, 50 mmol/L DTT), dNTPMix-
ture, AMV, RNAse inhibitor, Random Primer, LA
DEPC/KAM A S VARBUAN20 pL, ¥ 5% 1)
IR 23 1 30°C, 42°CH195°C, 5 B I [a] 43 3l
4910, 30, 5 min, JEH—IX, G5 ZMN. B3 uLx
S 4, 4y WIINNANTP, 20 pmol ZA% R 51
Y1, Taq DNAZE A, 10X 2003, 228 1K 2
15 pL, PCREV AR YE 38 ORI SE {5 53531
M 94°C, S5°CHRIT2°C, RNV [H) 43445, 55 s
I min, 35005, 72°CEMI10 min. P24
HU10 pL, 8 g/LIGISME st k. 2ot 4y
Mt RGATROGEE A, HEFINOSHERRL R Y
B-actin ik H ) LU AH.

1.2.5 Ao, B v 2a 042 7% & 09 32 3 2 I SCHR[15)
JEIEAT. 8 g s IR, FPBSUEM R, H
HIRRORE 40 I T, IS T IE SRR B LA, 4°C
05 min, fEAHMUTEE, 7 B3, MA200 pL
A MIA(10 mmol/L HEPES-KOH pH 7.9,
1.5 mmol/L MgCl,, 10 mmol/L KCL, 0.5 mmol/L

www.wjgnet.com

dithiothreitol, 0.2 mmol/L PMSF), #Ki%10 min,
P3510 s, VA), B0 s, FIiED A s 4R
W, 732 )5-T0°CHORAT. PLRETIMA20 pLidZzsh
WB(20 mmol/L HEPES-KOH pH 7.9, 250 mL/L
glycerol, 420 mmol/L NaCl, 1.5 mmol/L MgCl,,
0.2 mmol/L EDTA, 0.5 mmol/L dithiothreitol,
0.2 mmol/L PMSF), JKi#20 min. 4°C .»2 min,
FEUTHE. LA R LA I), 732 )5 -80°C LR AT
1.2.6 Befc o vk it 4 8 ZHOCHR[16] 7573
7. W2 p LA HI e B 91 R SURE SEA% H IR L,
WA [y-"P]dATP, T4 Polynucleotide kinase
10 X Buffer, T4 Polynucleotide Kinase, Nuclease-
Free Water, M AFH16 uL. W10 min)5, ik
G-25 spin-columnZBRiiF 25 AP, BLS pgdilfidh
PR, MR\ EKS X Buffer. Nuclease-Free
Water. 2 pLbRic#RElr, R85 52 mlih 7875 4
e, BEAT60 g/ LARAR 11 58 A 4 9t Jig ok 2 FL VK
LUK 45 RBEAE TR T, —80°CIRS H i
24 h. LB T R GATWOG B, T
AR -« B E PEAE.
1.2.7 TNF-o. NOA=INOS# 44 7 i Wl K H
AR, B pg/L; NOFIINO ST K H
AT IR TR 6, 47 mmol/L fllmmol/g pro.
Bt 2 A0 HR Hodli K FHSPSS 1004818415y
B, AXYE+ bRyl 25 (mean+ SD)E 7, #2022 ]
FLICR ] 5 22 3 W Mg G 6.

2 BR

2.1 KRS do . B ik B 0 B vk 2 e
FTNF-a. NO. iNOS#j#l 25 R il 524 h,
SR IR ARG W0 5 B, A 28 280 L 375 0 0 A A v
HTNF-a.. NO iyt B R4 N iINOSH H /K
TR TR T ARYL(P<0.01); KA ey 2 i 40
Ab, o s TS R R SENA YT 5, TNF-a(#
1) NO(F 1) &ZiNOSH F(F£3) 3R IA 5 HI 4]
AH EE I S5 BRA(P<0.05). A, 280 B atifh 14
X BV B W Al B, I S AR RS 7R 45 T LP S
J&, BriEs % EiE P TNF-a(#£2). NO(#£2)/K
P B HH LY N O S i 1k I AR Jk 5 v T ot A
(P<0.01); BR 70 eXs 2 R AL4b, fiff 358 A ST
AR BRZA T3 5 RE A IR 3 T A A H BAN () 2
M. RAERS, T J AR — A B S S
G807 KN ETENOM 4, 1 J5 & x P
AHE MR FEER. Bk, JATRHNOS mRNA
FIR WG OUHEAT T AL, SEE0 R B, A5 4R
ZARANLPS I il 40 g -HiINOS mRNA

mia £#BE
1 Abraham E.

NF-kappaB

activation. Crit
Care Med 2000;
28: N100-N104

2 Marriott HM,

Ali F, Read
RC, Mitchell
TJ, Whyte MK,
Dockrell DH.
Nitric oxide
levels regulate
macrophage
commitment
to apoptosis
Or necrosis
during
pneumococcal
infection.
FASEB | 2004;
18:1126-1128
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effects of
nitric oxide
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W% 4 5 R | EEEARIEFBAFPINFG-o, NOKF
AW % FNO# B
B 5 IR,
ERBEZTHTA 3 Y TNF-a. (ug/L) NO (mmol/L)
-}z/?; %Z y;u,%;]‘r;N;]) mss BALF m;s BALF
w2 A, R BRIAA 6 0.86+0.13 0.12+0.06 91.75+0.97 464.29+1.32
BNOEAR A  REH 6 2.34+0.53° 1.19£0.13° 308.24 + 25.20° 720.71+15.68°
fj‘f‘g;ﬂifz A 6 156+042° 0.46+0.25° 174.23+3.71° 592.14+1.72°
B SRR e
z\;*arﬂ ﬁi;&;«i vasip=ti 6 2.25+0.62 1.08+0.21 286.08+6.25 687.14 +7.65
To4#kbey SEIA 6 1.68+0.37° 0.52+0.32° 185.23 + 4.58° 542.14 +2.58°

%5t

% AZE
AT @ey K
& & Bl B R AT
R, N 2m B Hb )
B A ) 1R HENO
JE AR IR E
Fo o B0 R 5P
B PENO AT Y Al
o E KA F A
HAERIE, #H
SR A G e IR
R E S %
L2750

°P<0.05 vs &R °P<0.01 vs BRFAA.

R 2 BARMREKLPSRIBGTINF-o. NOKIE

2851 n TNF-a. (ng/L) NO (mmol/L)
R 6 0.02 +0.004 54.7 +0.88
Gally=/Ca| 6 0.76+0.045°  229.3+0.98"
TEEE 6 0.38+0.034°  168.2+0.78"
Thersaike 6  0.75+0.052 220.5+0.43
A 6  045+0043° 1464059

°P<0.05 vs RIFIZE; °P<0.01 vs NJIB4A.

I LR HEZH 3 8 25 T R (P<0.01); 45 T A 4k
BTG, HRIAE U2 2 B 2 4H1(P<0.05), 1M
e T R A R A R 2 BT A 2 35 1R AT 4
(#3).

2.2 Jiiit B v 40 I P NF-«c BiE P a4 m] x T
A1, RAERLFEHINO SR LK 2 Tl 4l i K 7
R AR H R SNF-k BIG AL S5 V)M S (1. B
Ji, P I P VK O 2 SI2 56 1) D7 V2 FR AT TS
TNF-k BIIEALIE DL, UESENF-k BIFTE MRS S
TNF-a.. NOKINOSHIZZE I 2 IEAHOE. 4
Y5 F SN PEN OB 21N O Sk 6 4100 s 70 S LA
Ji, B IR RREAH OCHR bR 35 LA [F)F B2 PR BRI,
I HLAE K SRR R A &b S 56 #0895 21 1 AH [F) 1) 25
().

2.3 R4S 09 28 A% IERLE24 h, SRIOK U2
53 VBEAT I 453403 A R i B ER) S IR Hh) A A i )
FATIREAS A, 25 AL BoR, BIAYZH il 20 20 B4
D, AR B, IR 5 R e, K
Iy ) B S s 4 A A i,
Gy AR IR O MR LR, H L/
JRRIN S b R At B %, s P9 L0 s, ]
DA AR TE B B8 A A SR YT S, PSR
TR 1) ke HE 2 R P (R 5) (1 1).

3 1t
H#l, X FNOFINOSTEALII A I F2 (1 1E

I MAE 43 B TFNOSH ML 2 A1
5%, NI HAE R A “x @) M — 5,
NORB W MK I RIEA IS W 40
) R AH ECAE P, e i /SRR A, il i /N
FZANM. BRI, R S R g
(R0 B, SR b R AN e il A SR AR, 4
il L7 P MR I ke Th et T, e p
WL I e p e S Mk Il I AL 2R AR . R
ST, AP, 18 MRRE MLAE T R 2Pk I 4
it VF2 28l iNO SRk, 7=k K&
{14 N O i 45 3 Jam 6 B il 46 49 16 A 9 Je 2 v
T EAE . A INOSH R n] yl i B &
I3 S B 305 AU B TR, AN O
FHNOSHA E P, B £, iz
INOSHEPR K BUIR 05 8048, UE W] HINOS K IA
FEAE K 1 IR PEN O 2 S SO B3 493 1) 32 2k
TR TR TR s T N O S I A
SEN, FEHEH T HeNOSH BN OFE IE % HLAK
BACLE, EER AR B ATER, S 2
H 28 PR T L P ST A6 B W 4 i )5 7= ZE 1IN O S,
A B K SN ORI WA S, 7T n = il
P31, N O JE SN 98 1 A o 8 A 8 I Y
M AL A Lz —, e B BUR G PR T 1)
KHEA . B AMIFR R B, % -k B(NF-xB)7E
VPRI 4407 1 R ek AR R, RT LLE Bl 2 R 48
BF . RAEN T IE R R IE, &4 5 RE RV,
ol JBE R4 1) Ol PR 0,

BT PR TNOSEH AR, AR
P8 JHRAE 10 A7 N 2 A I Rt 52 1)K B vk o
S JBRE U 8 P I 45 4% K BRUA 2R R0 28 L P S o) i
T B 0 A S AR L s A, R g T
NO I HEAARY 5 (SNP) . NO I FT 4 A2 g ks 2
2 (L-Arg) S iNO ST FE Al 71 2 LA G) b
HLERURIL, ANEYENO T LA B HINF-«B
WAL, BEIGINOS mRNARI RIS, W/NO.
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% 3 [HEEEMIECiNOSRZINOS mMRNAZRIANIE l FACE X3
BT ARG 7}:5
]‘i “5‘ ‘ﬂ 2‘ 3\. fT n
55 Y iINOSES iINOS MRNAZKIE q/ﬁ\éfafﬁ)a Fﬁxé *
s BRI EBE BRI ng *;f@ 4;(3

=
BRFAENRE 6 3.018+0.019 1.755 £ 0.26 0.851+0.17 02146+0.09 4 kpa(%.itPaCO2
TBRUE/RIBE 6 4.329 +0.025" 9.89 + 0.56" 3.1+0.38° 155+0.11° REEFRAE
g 6 3.173+0.023° 6.04+0.22° 2.35 +0.34° 1.07+0.12° ﬂm)"’fﬂg é{ J;’;L

VA= 1\_1 gl

RS RERA 6 4.063 +0.052 9.46+0.35 3.03+0.40 16542015 5 Zor i mmang
2EANAE 6 4.151 +0.021 9.37+0.13 3.06+0.27 1.46+0.23 WiZiE; PCWP<

°P<0.05 vs ERVZE/RIEIZE; °P<0.01 vs BRFALENSIBLE

R 4 KEMEEHEMARDNF-BENE

1A NF—«B&E 1t
EEE BRI
BFAENIRA 6 4518 +5.32 39.75+10.15

BRAMEAE 6 327.13+13.46° 279.40 +32.75°

EEA 6 213.47+12.34° 144.52+35.7°
THeEamE 6 2 322.48+20.18 274.38+25.1
[EANE 6 222.98+17.69° 146.56+17.2°

°P<0.05 vs EAULR/AIEILE; °P<0.01 vs BRFARENTIBA.

b )

x5 ARMARE/FCENMEEEIHEHIEN

2R3 n  BRLE/TFLEE E@ESMHEE
BFAA 6 1.082+0.13 0.294 +0.06
ERA 6 1.931+0.24° 1.177 +0.57°
HSMA 6 1.73+£0.18° 0.515+0.19°
ThiefEalRAE 6 1.925+0.12 1.049+0.26
SEINAE 6 1.76 £0.099° 0527 +0.17°

°P<0.05 vs 1ERIA; °P<0.01 vs BRFAA.

1 REMALRRIETY (HEREB, x 10). A: TR B: BEIZE; C: A4 D: LA5ZERA; E: AL

TNF-ou IR, ok A8 A5E 28 R Bl 118 it 4 2R ) g B
. AR, SAMEPENOIE i) LR LPSHiIl S
A A TR i L 40 i (RNF -k BV 1, I
IRARARIG K. XU AR PEN O X HLAA 2 A
2511, 1 H.Raychaudhuri er a/™ [R5 R W], NO
A RUIE S 2 AN IR A AR L ARSI, 45
TiINOSIEFNE I HI 2 HMM(AG) 5, T WG4
A IR EN ORI, FEAGH T W IEPEN O K

www.wjgnet.com

FINF-c BiFfb Eil. (HEZEITINOS mRNA
FILTGH M, INOSH AL it oA 4. Bi]
FHENTH BER I INOSIEAL A I K ENO, %)
INOSHBE PRI L TEAE M, H T W TENO 2%
P&, NF-x B4k S5 4052 2045, HEmkds 7
IR 21— B0, 125 TN O iy 44 /e A
)G, HTNF«BIHH FEINOS mRNA %
ik, ATZINOSHEAA K ENO, J5# AL R]

18 mmHgR £ &
TRk Bl K 64 1
JRAEYE; BEFE
ARDS® &K B
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AT EHE, %
e LR
i, bbb,
BXER—Z WY
Pk B b e BT AR,
Tifb RAF.

PETRIESE 13X A

N

AT, HETR T NOMYIE S 77 T A
N, LI A 1 A RS SRR PEN O AR T B AS

TS . 1A ARIEPENOTENLAA W IR A5 5

BUN RGN 516 T ik

AR A, e

T H IR B S A I e A AL )
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