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1400W blocks death pathway of LPS-induced activated-microglia to preOLs
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Abstract: Objective To explore the efficacy of inductible nitric oxide synthase (iNOS) inhibitor 1400W in vivo in
blocking the death pathway of lipopolysaccharide (LPS)-induced activated-microglia to preoligodendrocytes ( preOLs) in
neonatal rats with infective-type periventricular leukomalacia (PVL) induced by LPS. Methods Two-day-old neonatal rats
were randomly divided into: a sham-operated group, an untreated PVL group, and four 1400W-treated PVL groups that
were subcutaneously administrated with 20 mg/kg of 1400W at O h, 8 hrs, 16 hrs, and 24 hrs after LPS induction,
respectively. The brain specimens were obtained 5 days after LPS induction. The pathological assessment of cerebral white
matter was performed under a light microscope. Concentrations of nitric oxide (NO) were measured by nitric acid-deoxidize
colorimetry. Synthesis of iNOS was determined by Western blot analysis. Peroxynitrite (ONOO") level and the amount of
preOLs were determined by immunocytochemistry. Results The obvious injuries of periventricular white matter, massive
loss of positive O4-labelled preOLs, and increased levels of NO, ONOO™ and iNOS were observed in neonatal rats with
PVL. Compared to the untreated PVL group, the use of 1400W at O h, 8 hrs and 16 hrs after LPS induction significantly
improved white matter injuries, reduced the levels of NO, ONOO™ and iNOS, and increased the amount of O4-labelled
preOLs. However, the use of 1400W at 24 hrs after LPS induction did not result in the improvements. Conclusions iNOS
inhibitor 1400W can effectively block the toxicity of LPS-activated microglia to preOLs and protect cerebral white matter
through inhibiting iNOS and reducing the production of NO and ONOO. The use of 1400W within 16 hrs after LPS induction
may provide cerebral protections in neonatal rats with PVL. [ Chin J Contemp Pediatr, 2010, 12 (5) :357 —362 ]
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v =5 & | B R 4K 4k ( periventriculur leukomala-
cia, PVL) i 517 J LN 5 1) e 222881, 384 i Tt
BiG T i s i LA T FIAE 16 LR e N ) 3% Ja
M EZER . Ak, BEIG Y 20 T3 PVL 1Y
JEe A IE AR A E R A T R RE SN IR
JoT 240 M 380 5 B0 98 T T 4 i ( oligodendrocyte
OL) Hij {4 5E T 1) 3 % v, el 5 A B — AL A5 i
(inducible nitric oxide synthase,iNOS) F=A: (1) NO F
Hi NADPH % AL R ™ AE 1 O, , W & S g T 26 B
1 A R £ ( peroxynitrite, ONOO™) #IA & 3 3
OL FifASET M) BB MR 72 RN IAT T
iNOS 4 57] 1400W (N-[3-(Z H1 5E) K H EE ] 21K,
N-[ 3-( aminomethyl ) benzyl ] acetamidine ) X} 41 & ig £
¥ (lipopolysaccharide, LPS) {55 OL Rij{A&< %€ 1= %
BELISTAL A A A MIF 5 I S e Sy T YL PVL
WK S SR 1 AR ST I — AR
i INOS il 1400W Xf LPS 1755 OL Fij{AsE1-id
% BELWTRCR 1 14 N FE

1 #EFE

1.1 EIezh¥fnsg 4

2 H#% Sprague-Dawley (SD) Hi A= K Il A i

IR - Wb IS 5 B A R w) (Bl A 7R AT IE

5 :SCXK (/) 2008-0016 ; 3j ¥y fifi F i/ AJ HiE.: SYXK
(7/1)2008-0052) . ekl E £, BEAL 7 A T
R4 PVL 411 PVL + 1400W 21, AR 4[5 (14 44 2
AL, # PVL + 1400W 41 3F— 243 24 1400W-BJ) %1
41 . 1400W-8h 41, 1400W-16h 41 Lk f% 1400W-24h
2, B 8 Ho SEREHTGE A B A R RIS T % i
20 £2°C MR FE 60% ~70% | St FER ] K SR 45
12 h By3REEh, R R A H R
1.2 #HIEEEEE PVL 374 KB 3hiEsy

2 HHAE KB C kBRI IS, [ T il <7 14 o7
T o 28 Paxino Fll Watson R R S7 A4 22 157 &1 15 J
Pang 25 SC Rk 238, 5 P 20 0 8 0 T2 AT KR
1 mm, FZRHMI 1 mm , J&E 2 mm, LPS(Sigma /AH])
P pg/g IR, P 0.5 pl/min, 7ERRIE
S (I IR A R AT B A D) i T
LPS Z21& 7 A PVL 48 A= K B — Mk 2 N o i T~
AL A K BRI S A R AR AR R K

RERSES B2 IR 1, IR AR 1 o R BRI I3
P , TGRS A R BRI IET ) BRAL PRI . 250 P
DA [l i 25 245 8 1], 230l T3 A fe BP0 .8 i 16 h
PLK 24 h KR 1400W (3 = KAL) TREDFIEIT)

20 mg/kg {ATE L2 3 d,
1.3 ®ilAiE
1.3.1 R4 TIa RmEsn RS S K
(7 Hily) AbBEIUI , 58 Al 2, B A 418U 4 5k
YR, BEAT IR ARG LT e 5, B I8 Uehara %61 3
G377 W BT il SR s BEPE A AR A R
0 BEMIEH s 1 FE (TR EE S i) S L B AR BE iy
A AEHINAEES; L (A EE S %) A E R
JEE BN , ML YEHES ZEEL A TR [ M IR I
1.3.2 BRI R FHm NO &% B 45 2 i 21
ZUSTIRWE 500 L, AR H5 3500 & (F s B TR
WEFEIT) $6 7 , 430 -5 B 4 1 35— AR — IR &),
37°CE K 60 min, JiT AR = Fia P, e i iR
A5 E IR R #E 40 min, BOBCEREINA R @), TR
A1 T ERE 10 min J5 , FHK 550 nm Ak, 28158 /K
Z, il OD H. #i T A0 NO & NO %
it (wmol/gprot) = (48 OD - %5 145 OD)/ (#5ifE
i 0D - 725 (145 OD) x bRl (20 wmol/L) x
mn 2R % 2 (gprot/1L)
1.3.3 Western blot &4 s i iNOS 4%
BG5S 5 K (T HlY) AbFEIUN , Y5 45 20 i 2H 21
PEEA, RPEEAEE LR, 8% RN M
(SDS-PAGE) HLJk 73 25 , I LAV 75 o 5 B8 0 2 11 &
#2 2 PVDF JIf | ,5% TBST Bt Jig 4345 3 41 9 37°C df
M1 h, bt KR INOS $ii {4k (95 [ Abcam 2\ )
(1:1000)4°CHFF TR, Yek—P0, IS HRP
FRC i L =EHT A 1gG (1:5 000) by, g5k 2% & Ot
T, X LRI A O Y, 2 R IR Ak B A
AT IR EEFHE 7307, I LARS E Rk B B-TE & H
( B-tubulin) fE N Z IR,
1.3.4 %% 2040 k4] 3-7K JL B ZUBR A= OL A 4K
AU 4 PR K CEEIL S 2K 3% H,0,
%7 10 min, PBS 7% 3 min x3 ¥X; A Tris-EDTA
B (pH 7.6 ~7.8) , i AE S 10 min; H IR A
J& , PBS IV 3 min x 3 U il A 10% L1 = 1fiL 37 35 4]
W, E IR E 30 min; AL 0L N A ST REBUIAR : T
04 FFIREPIAR (L E R&D 24 +]) 1: 100 F1 3-f A g
S M2 ( 3-nitrotyrosine, 3-NT ) PA 77 [ i & ( 22
Chemicon 22 ) 1:200 4°C 1377, PBS iy 3 min x 3
W MA HRP FRic 9 TAEW (b2 e £
HARGRAT) ,37CHFF 1 h, PBS &% 3 min x3
YK ;DAB 8 4 min, SR ARZFE YL 5 min, £hFRGKS 7
fRIE WK, B, B R Bek. LA PBS (R —Hi1E RN
BAPEXS IR W] Tmage-Pro Plus 5. 0 |85 73 Bt 1 44

Y228
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X MBI T A3 M, B 5K D) A 78 200 f545F , 16 % 2 J&
B[] — B0 BE LI 3 A9BSR (&1, BH 4 04 5% 3-NT
FRICH) Y SRR B A, MR A BH P T Y B TR x 100%
P14 04 3-NT 4 it FHH: %

1.4 Sitoh

FUHBAE LB + bR (v 25) T, RA
SPSS 11.0 Geit#R AL B, T GORHR I 7 22 55 1
Ko a5 3, 221 0] HL R F B R 38 5 2540, 4L 1R)
15 HLAER T LSD s T ECHERHME T X K36, 45 4% 96
HHIES R R, DL P <0.05 £RESAE 5T
2 FR
2.1 1400W xt LPS i% 5w B Buw 22 PR BT R R B9 ¢
B TRIBIT,

2 Hil&HE R R F 8558 5 RALSEIUN , i
TIEE T il A O B AT o 25 R BRI ARG R
{14 ki B2 RN 2 5 AN 25 AT i JE S IEHR 2 T
PLT Y308 B 5T, R R BB S . PVL 4]
BT i = B S AR B, LRSS R BOR , IR
FEBAN AL G 17 2L, IR A ZR T
DR AR I B, He b 1 0T 40 B o 72 0 B A 4%
17 59. 4% Fi140. 6% , A& VLIEH F L, 7E 1400W-Rf)
%] . 1400W-8h J% 1400W-16h 3 41, i (4 S #5144 35
¢ PVL 4 BH S 2035, 11 I3 6 P R0 A 48 21 2 HE 51 25 L
ROCIA A 5% TR R ES AL 5, P e H A
i 31. 3% ~ 37. 5% , % BE %5 A5l 50. 0% ~

R2 JAFEXREA NO §£.INOS EFHENEME.3I-NT [AERIZZUEK 04 FRIERLILE

56.3% , T ERRAS M 6.3% ~15.6% ,1E 1400W-E[ %]
S B A3 B o B S . 1400W 24 h 4 i 3 45 1
BEMITF PVL AR WEW AR, WE L EIL,

F1 BAFEXRRALETKE R GREITR
[n=8;n(%)]

4151 0 jz 15 MR P
FAR4A 32(100) 0(0) 0(0) 33.50
PVL 41 0(0) 19(59.4)  13(40.6) 137.09
1400W-BpZ20 12(37.5)  18(56.3) 2(6.3)  86.19
1400W-8h £ 12(37.5)  16(50.0)  4(12.5)  90.13
1400W-16h 41 10(31.3)  17(53.1)  5(15.6)  96.97
1400W-24h 41 0(0) 20(62.5) 12(37.5) 135.13

T A 20 U4 500 OGP 39 8, 6 Al 2 B RS 36
( Kruskal-Wallis Test) ,H =88.479, P =0.000.

2.2 1400W 33 LPS iFSf K NO 4 5y A PEIT R

F LPS i NTEEST ISR 5 K, 7 FH Tl R Ji Al ik -
Pl € 325 A0 0 4% 288 A2 R BRI Y NO & i, 25 R i
N, GIRTFARLA L, PVL 415 KB NO & &
BT E (1 =34.73,P <0.01) . F LPS i N 1 4t
J BIZ) 8 h A1 16 h [ ] 1400W , 57 0] &g 2 9 2> i P
NO A it (F =211.62,P <0.01) ,{Hy5# )5 24 h
i ] 1400W, fisi A NO (%) 4= it JC I 2 /b, 5 PVL
Az T LS #E X (1 =11.97,P>0.05),
$E7R 1400W X} LPS i3 i N NO K& A4 il A B 3%
BELIBTASCR , 76 LPS 53 f5 16 h P41 FH 1400W 247 1]
WRCR B TS5 24 h FIZ5 W S W1E . W
#2,

(x%5)

2177 IR NO( wmol/gprot) iNOS HHX} & i it 3-NT KiEH(% ) 04 FHM:F(% )
BFARU 8 1.10 £0.08 0.28 +0.01 0.00 +0.00 11.51+£0.78
PVL 41 8 2.88 +0. 18" 0.90 +0.04° 11.00 £1.73° 3.35+0.42°
1400W- R % 21 8 1.28 +0.10" 0.31 +0.02" 0.00 +0.00" 10.38 £0.34"
1400W-8 h 4 8 1.56 +0.08" 0.37 +0.03" 2.67 +0.58" 8.75 +0.65"
1400W-16 h £ 8 1.69 +0.13" 0.54 £0.03" 6.67 £1.53" 6.84 +£0.58"
1400W-24 h 2] 8 2.75+0.16 0.85 +0.05 10.53 +1.13 3.70 £0.72

a: GIRFARAILE,P <0.01; b 5 PVL 4114, P <0.01,

2.3 1400W xf LPS 55 fx N iINOS & A &Y P
R

Western blot 5 ] %5 21 8 £E K BUI 4 INOS 2§
H i, 45 R WoR IE 818 00T Bl AR T iINOS
A%, LPS WIS I P INOS & 11 1 A B i BH i 3
T(t=43.72,P <0.01) ;1400W fig 0 & 41 %] LPS
P INOS 5 A R, JLH LPS R J5 8 h )

FH 1400W XiJ iNOS A st 18 (4 900 il 35038 B o B 2 5
LPS 1% S5 24 h [ 1400W , %} LPS % 5 iNOS 14
A BN e A EIE A (1 =9.85,P>0.05),
$EIR 1400W Xf LPS 35 5 i N iNOS 9 K& & A
A S BB RICR , 78 LPS 5% )5 16 h P ] 1400W
ACR I A5 24 h 5 25 U TR PE . L3
2. K2,
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E1 1400W 3¢ LPS FSFAEKRBRMARFEZEB AR ABETHERT A BT RH( x200) 58 IEH AK;
B: PVL £ ( x400) /R AR E AL ; C: 1400W-RIZIZH ( x200) /R AR IEH 5 D:1400W-24 h 25 ( x400) s R EE R

1400W
RFAR4 PVL Oh 8h 16h 24h

iNOS —p .
| —— - m———

Tabulin — G S S

B2 Western blot %4l & A MK iINOS EEM A
MZE B A5 43 502 8 - AR 41, PVL 41, 1400W-RJ1 % 41, 1400W-8h
21 ,1400W-16h 41l 1400W-24h 41, 7% LPS A5 iNOS [l (14
B A0, LPS 5 /5 16 h YR A 1400W 5 0] BH & i LPS i 5
19 iNOS FEE AR F i,

2.4 1400W i LPS i 52 S AEER £h 4 AX RO BELIT
MR

A5 T WEE 3 AR B (Y 3-NT FHPE 248 i 3=
B AR i == ] BB P s 5 X, R AR AL AR
WIE) 3-NT FHH:40 i ; PVL 41 3-NT BH %4 (11. 00
+1.73) % ,1400W-H} %] .1400-8 h J% 1400-16 h 3 4]
(1) 3-NT BHPEZR K 28 1 3 8 /b, JEHE 1400W-R )
ZHARAGIN B 3-NT FHPEZAML, 1400W-24h 24 3-NT [

PERNEIE PVL 4., 4275 1400W X LPS 75 5 i N
b A PR R 1 K o A A 2 LT SOR, , 7 LPS
PS5 16 h PR A 1400W 2545 B S8R, 45 24 h
Je FHZSMITCRHWMER . W3k 2 K 3A ~ D,
2.5 1400W %t LPS %5 OL Hi{&ZE T- B PEET I R
G LA T G I 45 4 AR K BRI 41 20 04
FRic OL AR 4 BHPE %, 25 9 R B F AR AL K
UGN AEAERE % 04 PR OL fiffA, PVL 4158 £ K i
iy 04 BHYE OL R iR M gl Al L ik 22 R A 4
2 X (1=16.01,P <0.01) . 1 1400W J5 , %
FHZ541 04 FHAE OL Fif 44 1) PP % B B8 45 5, Jo DA
LPS 5 5 )5 B Z) FH 25 41 1 OL Aij 44 PH M R Je i
1400W-24h 4 04 P OL Fif {4 PH M 35 W 238 PVL
4 (t=5.88,P>0.05), $#5 LPS iAESB|#A 04
FHPEAR LAY OL R fA K i £ 2%, 1400W X LPS 753
Py OL BRI 25 A8 W& PR 8501 76 LPS i %
J& 16 h YN FH 1400W 2545 B B AR, 1545 24 h 5
FHZ5 M TCRH B . W3R 2 &1 3 E ~ H,

B3 JHE3-NTHO4 RZFANLER A ~D Wy 3-NT AL (x200) A fRTARY; B:PVL4]; C:1400W-H)1 %)
25 D:1400W-24h 41, 1400W FE & /> LPS 35 319 3-NT [HIEANI R A%, E ~ H 2 04 FHE R LS5 R ( x400) ; E:BFAR
4; F:PVL4]; G:1400W-EIZIZH ; H.1400W-24h 41, 1400W REH] i FHIET LPS i 5 04 FHME OL Ay £k,
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#RiC4Y) (antigen on the surface of oligodendrocyte pro-

3 e genitor, 04) FAER) OL HijfA £ 2% ,iNOS & i it S H:

AR A IE s R R 2 2 5 2 K
TR A B A FAL P 2 B e S
JRE 40 M, 5 S /N B B 40 M 3 ik INOS i 4k
NADPHA A AL, 24 K511 O, ~ #1 NO, W35 it — 20
SR A R P OB 1 ) SR — i RS R AR R
HHWOIAN T3 OL FriASET- A R #EN F.
B /D /N 5T 4t L% NO R O, ™ i A i, BRig 1
MR OL R A S 57 e R R 315 1A 8800 12

NO JEMRE 8 A= W45 i 53 7 RN AN 43 F, B 22
WERS &R 5 %A 7E NOS 1E I T i 4k 4= i, iNOS 24
Ca®" 5 8 AR MBI R , AU 20 9T il T
L FHOE , PTE S A R NO, 7 AR BB il
M. Jafarian-Tehrani 2 U 75 e (i 75 v 451 40 45
TR H], Ca®* - NOS 6 3 75 i TR B
PRt NO Az s W 38 o i3 455 45 0 v, iNOS-
JE R T /0N B A R X B 2 /N BRORE EE L S NO
BB EWA KW INOS SR B AR T NO [ E
BORYR ,INOS [ 358 LR GYIA R NO K™ A:
1) 3 ZEHEA

KT INOS HyFRIBHLHI A i TAERFIE
TRo iNOS 753 3R B 43 oA T4 S A A ) 428 38 G
AR, HA R PR TR B B NO Bl R A E
M) INOS 7R g NO Mgl A 2™ o vk
iINOS 1l 551 () 8 3 4 FE 32 B e AR e R 0 B B, )
St I PR A A R BRURZ )2 i 22 TG Y INOS 356 [R FlL B
FERAGI % B, INOS JE P I #4556 h JFth %
iK,24 h kg FREEE] 72 b, i iNOS 2K [ U 7E fik
BiJE 24 b JFER A B, Frse ) 72 W' A R
25 @R iINOS B VI A B 1] £ i i 53 47
J& 18 ~24 h'™ [N B AWML iNOS i FoARZS, M
PEFENE INOS Sl R PE it TR IR R H .

1400W 2 — Ffr = B 36 45 M 119 3 % iNOS 1)) #il
), TR INOS S FEME 218 B 4k A, il
A 1 R ) 25 B B ) iINOS R 3
AWFFTET X INOS 13 1545 4, 72 i Zh 8 57 LPS i
S 2 H BT A K RS G A i SR 0 PVIL B AR
Al b, A BIAE LPS {345 B Z) .8 h 16 h 24 h 4§
AR [E] 8225 7 1400W 3597, AFR T 1400W X Jgk
YeTd PVL it 453 (0 7 3 SR B HoA 306 97 1 B[]
o WK, LPS IS R4 5 K, PVL 48k
R 5T BB SR 4405, R I R = L
B AT AEHES AL, D 58 B o A e i

FEH) NO A= ol BH S8, i S8R/ 4 i PR R A2
67 PVL A9 KRR , LPS 75 5 /)N i 5t 40 Jfd 3840075
FECINOS ik b, A A ax — g 3T ) 4
R, N 1400W J5, Toie Z P2 254134 2 16 h
FHZ5 4L, HLR 55 P A0 0f 22 7 4 HE 51 25 ARLR 0 B
B EEE R I 1 B S A E R 8 N R AR
A LE 3% PVL W] SRR {H 24 h 25 40 1) i
H R PES PVL 4140 e H- T i B k3 . #&é78 PVL
J&i 16 h PR 1400W , REASAR G Sz 4% 5% i 14 J5 %) A
e, TR 2545 S A I I R 5 3 1
Hh—TR0%F A 5 2 R R ARE ) S SR ATF 7T A S 2
W B 2541 N NO & & il iNOS &
FH A R TR, &3S PVL 4UAH L, RpZ F 25
40 .8 h AL ) 16 h 25401 NO 5 5 Fl iNOS
TR B EREL,24 h HIZ5411 NO & &l iNOS
FORR O B 3. 3-NT 4 Sy (R A1 G
ONOO" ) /& 305 8 11, H 5 5t ] [|] 2 ) Bt ONOO 11y &
Bl R A ARG 3-NT A1 04 FHEY OL
AR, UESE B LPS 355 (1) OL Fif (R ZE T~ 3 % & (1 5
s, 7€ LPS if5 3t J5 16 h NI REDL 1400W A5 &4 BH
Wi, NI/ OL RIAR M) SZ 458 FE K, KA1
Mo

25 LA ASBIF S 3 o A P S, U SRR SR E
PSSO TG, 5 INOS 2 (1R ak B, {2
AR NO K ONOO™, ik — 2 512 OL [ij 4 1)
PETAH K. kR INOS HI 3] 1400W 5 335 41
il INOS 2235 iR s ik NO f2 ONOO it A= i,
i, AT RELIET OL R4 (1) 55 -3 (5% , 2 34 X0 i 5 1Y)
BP R . 78 LPS 555 16 h IR 1400W, 2445
KA A AR B/ T, RT Shy S e e G P9 5543 43 1 32
Y7 AT DL ), A5 B A AR I IR v R L
PVL ) ARG , Bt ™ LI A AR S AR AR o

(& % X ]
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