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Effect of endotoxemia on the expression of nitric oxide synthase in the brain of neonatal
rats

Hua WANG , Xiu-Hua DU, Yu-Bin WU. Department of Pediatrics , Second Affiliated Hospital , China Medical U-
niversity, Shenyang 110004, China ( Email s wanghua62 @hotmail . com.)

Abstract: Objective In the brain, three isoforms of nitric oxide synthase (NOS), namely neurcnal NOS (nNOS),
inducible NOS (iNOS), and endothelial NOS (eNOS), have been implicated in biological roles, each isoform exhibiting
different roles. This study aims to investigate the effects of lipopolysaccharide (LPS) and dexamethasone on the three
isoforms expressions in neonatal rats by using a model of endotoxemia induced by LPS. Methods LPS (5 mg/kg) or
LPS (5 mg/kg) plus dexamethasone (10 mg/kg) or sterile saline (controls) was injected intraperitoneally into 68 7-day-
old Wistar rats. The rats were sacrificed 2, 4, 6 or 24 hrs after injection respectively. The expressions of NOS isoforms
were examined by the immunohistochemical technique. Results nNOS was detected, but in contrast iNOS was not
detectable, and eNOS was only faintly expressed in the brain of the controls. The nNOS expression was increased 4 hrs
after LPS injection and the iNOS and eNOS expressions were increased 6 hrs after LPS injection. The expressions of the
three isoforms reached a peak 24 hrs after LPS injection. Positive immunoreactivity was detected in the cerebral cortex,
hippocampus, hypothalamus, paraventricular nucleus and striatum. In addition, nNOS was also detected in the limbic
cortex. €NOS or iNOS was faintly expressed in the endothelial cells of cerebral blood vessels. The expressions of three
NOS isoforms were remarkably inhibited between 2 and 6 hrs after dexamethasone administration and the inhibition effect
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continued until 24 hrs after administration. Conclusions nNOS and eNOS may be identified and iNOS is not detectable
in the brain of normal neonatal rats. LPS can induce the expressions of three NOS isoforms, and the distribution and

intensity of the expressions of three NOS isoforms varies, suggesting that NOS may play roles in the central nervous

system development and brain damage in LPS-induced endotoxemia. Dexamethasone has a neuroprotective effect against

brain damage induced by endotoxemia.

[Chin J Contemp Pediatr, 2004, 6(3); 203 - 206]
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L& NOS (nNOS, NOSL ), i & £ NOS (iNOS,
NOS2) & P B2 & NOS(eNOS, NOS3)., TEf& N 3
NOS W # A B 178832 % 5 1 & k. A8 5% 5L Al i
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1.1 ZHMERBMHESSE

KGR T B # Wistar KR 68 H,4AE 17+
3 g AR (PEERKERBSIY P ORE),
Hi 8 HELEREEPET, RATER., HR 60
HEEHLA R 3 4,84 20 R, R4 HWEANESH
0.9% 3 ER 7K 100 pl; HEER (LPS)4E. coli LPS
(Jfit 3% %Y 055:BS5, Sigma, FH )5 mg/kg, HT0.9%
HFRER K 100 pl MBS ;DXM 4 LPS 5 mg/kg
F DXM 10 mg/kg, B F 0.9% 4Bk K 100 pl 12
BES. SHs» B TFENE 2,4,6,24 h 783
HE 8 £ &b 5E , B BLIRI B 2 T 4% % 3 #% /PBS(pH
7.4)FWF 24 h R A B4 AR
1.2 REHKALFRE

PRI iR = A B 7 AR I T AR S pm A BE D)
K, BA 10200 % 8 A9 H bl K Bl nNOS.iNOS, eNOS
ZFEH ik (1gG, Santa Cruz A A =&, EE)ER
—3t, F R Sk SP(RMEH A Rl R Tk
FHITHE,DAB B 6, UH A EMEE . SRE
{5 7 R R 4% IE % % 1gG 8% PBS R —¥1, R L&
PRt e fa (BAMEXT BB ). ROKGRBEHE. Btk
(=) MEATHFC;FHEE(L) . HEAREEN
B PR+ ) o 40 B P9 L3 508 P AEPRYEC + + )
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2.1 LPSESM NOSEARIETWL

2.1.1 LPS# nNOS & & &)H" HEHILS
Petn R, IE# B4 BUR A AT LB B nNOS Rk
i AN [F B AL nNOS f) e 238 BE AR [R] , B £5 55 38 4 S
B T T A R = 35 g M R P LA
DB A M R B R PH A e e e (B 1) LPSH
RETEST 2 h B nNOS B H RIA LW B2, 4 h BFL
10,6 h B nNOS % 3%, 24 h B 2 & igRE,
FEAH A 53 A T HE (40 i L BLHR B B LT 5 & X (CAL
CA2,CA3,DG) . F Feigi Joi 2= 354 H (LUR i (3% 1
P 2). DXM 2~4 h nNOS #3552 B8 B M , 1 5
J& 6 h B8 4 AT L B nNOS ik (B 3), LK
DXM 1 FZ #8225 /5 24 h il 9 %38 nNOS 3
A5 DXM FHZRTEEAHE L, (B2 R A .
2.1.2 LPS#f eNOS & e ®Fom IEWHE RN
A, eNOS #i7EM B RE, T B TR EF & 804
e 222 40 T o A P9 S M L, B PN 8 DAL A 4 i &
PR defa (B 4), £F LPSJG 6 h if eNOS EH 3
EFFRAREIN,24 h B &R, T IR E S 2 P
eNOS Y o 32 B B, 1 T | Bl B 0 (4 95 14 40 il 7
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2. 5), DXM 2—~4 h eNOS ik Z B RHMH , F
255 24 h B3 eNOS Fi2 401 5 DXM BEH
A,

2.1.3 LPS#FiNOS kkegFh Xf R, N3
mAEHAE LPS EEESE 2 h4 h R F AL
YRR INOSEHFRRE. HTFLPSE6hHA:
NOS 7% (F 6),24 h TR, FEMUT K
HERMMZE MBS E = FEE SR, I
EHEMRBAEMBREA(R3ET7), DXM 2~
h iINOS Fi5Z 5| 8 B &, LLE DXM 1 F 2 #i i
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Table 1 Dynamic changes of nNOS expression in the brain of neonatal rats with endotoxemia

MEFE  RRER CAl CA2 CA3 DG mEEE  SoRiE TRER AR
sl
2h ++ + o+ + + ++ + + ++ + + -
4h + + ++ + + + + ¥ + + ++ + + -
6h + + + + + + + + 3+ + + + + ~
24 h + + o + + ++ + + + ++ + + -
LPS 4l
2h + + + % + ++ + ¥ ++ ++ =
4h + 4+ ++ + + ++ + + 4+ ++ + + =
6 h +++ + + + + + + ++ + ++ + + 4+ + + + -
24 h + 4+ ++ 4 + 4+ F ++ FH++  ++H++ A+ ++ b+ A+ -
DXM #
2h + + + + + + + + - -
4h + + ++ + * + - + + + -
6h 4 4 4 + + + % + + + + + + -
24 h + + ++ + & + + + + + i -
F2 AERMEHERE NOSERRKMIEEL
Table 2 Dynamic changes of eNOS expression in the brain of neonatal rats with endotoxemnia
MisiE  FREE CAl CA2 CA3 DG WEFE  SURE TER  ERNE
pogiiE|
2h % + + - t+ - + + == +
4h + + + - . 3 — + + =~ +
6h + * + = + = + -~ = +
24 h + + + -~ + = - . E - - &
LPS 4
2h - =% + - o - 2 b o = +
4h + + + - 3 = + * - 4
6h + + =+ - + - + + + + +
24 h + + +* 4 o ++ + 4+ + ++++ +H+++ A+ + o+
DXM #H
2:h £ + = + = = + + +
4h + + #* £ + + & + ++ - +
6 h + + + o+ + + ++ ++ +
24 h £ + + + + + o+ + + + 4+ + + $ +
#3 AEFEMIEHE R INOSEARBHZEEL
Table 3 Dynamic changes of iNOS expression in the brain of neonatal rats with endotoxemia
Mg FURER CAl CA2 CA3 DG e SN T  mERE
FUgGEl
2h - = = S - - - & i i
4h = = = = = = i i o ™
6h - = = = = = - - - =
24 h = = = = = = = = F
LPS 4l
2h + + + + + + * + + -
4h + + + i + + + -
6h ++ + + + + + + ++ + + =z
24 h 4+ 4+ +++ +# ¥ F4 4 + FH+F+ A+ A+t +
DXM #
2h - - - - = + + + = =
4h - - - - - - + £ + +
6h - - - - + - + + + +
24h + + + = + = + + + +
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12424 1k, LPS Xt B4 K Bl iNOS 3= 2% 8 i #Y
iR 8%, HA KIERH4E R LPS &S 8 H
HERAFTRMAER 3 FFER NOS #9FE LKA H
B AT A R IR E . AR IERAER T H
i U 3 MR NOS B RIAHAT T, 57 B
7N H A RRUE P nNOS fY #2 3k 312, eNOS &
IAHEE B RAWES, FrA B AR R INOS BER &
Ko B RIFAL nNOS R 3 6 380 B 7], 3 5 5 0R
b B4 T T B R A = 55 v 2 i, B R R
WA LEEEMERA N ARG, 4R
EsEEEARPHTRSERABHAN, #BF
nNOS.eNOSHRES 5 TRAFT LR, HEH P
A —EEMER.

MERNOSH IFITR, HRIEXEHTHE 4
FhlE BY, B £R KL R NOS (mtNOS), H # nNOS,
eNOS.mtNOS HHA MR, HIEHMIETHRS — 65
WE R SRR A VLK AR R, S B NO MR
A 3 5INOS 7 1 5 40 g P9 $5 9 BE T 3%, INOS 5| ¥ FF
FIELA LPS J 4, (UTE R 4E B 3% I 7E B W 9 B
B NO, ABFFEx LPS#S$# 3 8 NOSHERR
M ELR B RN R LPS irifFH iINOS &
[ iK558 HE A & nNOS 1 eNOS Fik, HER KR
R ¥K 2 nNOS, eNOS, iNOS, 7 ik it # B 7% #£ /R
LPS MR HEST 2 h if nNOS.eNOS EEHRELH B
254k, 4 h B FFER AN, 6 h B A 155 24 h it 28
R 7 ;iINOS F 6 h Frif &%, 24 h if B RA KK,
=Fyefn BH A0 MDA T 4R A i L BOR B R L
o F B s BOR R, R WA T A
JE SR AN M. Bk b 2z A, B8 2k i AT L eNOS. iNOS
Pfs BT FERL, 7R nNOS,eNOS 5 iNOS #
P RERIER N PH TFEERETAARME,
AT fil il 1o A [RL AL T 42 396 R IR 4 R

AT Z B nNOS 7k B 5l A #2240 Jia mT AR 52
PSR M A0 M2 D] R B nNOS R
4 NO 7T FE @ Z T fh. 5HHER,eNOS &
5 it e o, A 2 T 4 4 2o R R ML o L R Y,
BILFIEN eNOS B E5MEILIRER X, 7, IE
HIFH T INOS Ak, W K4 T iINOS FikH
B, iNOS F nNOS i P8 i i B (e tfn A4 2 1 £H 08

eNOS Wi i) NO BA # 2R A

A, DXM M SR E BB THRE T
. Zhang %51 L DXM 1% S LB 14 R0
il NF-«B 7t 2> LPS S/ iNOS mRNA )
Fik B NO 4 iR, i ELiE 7] B A% NO B7 8 # &
Bk, ARG R BEELS T 10 mg/kg DXM T
WH LPS % % A9 nNOS.iINOS mRNA B3R ik, {5
eNOS mRNA #EFMA K, £4 K1k, DXM i #
LARPEFHLE M A TR, A R R B DXM 7 b
A0 T8 bel-x mRNA K& F 8 5.8 — e mr &
B ¢ — jun mRNAS 33k , 3 00 H Ak AL 7T BB 55
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Figure 5 Expression of eNOS detected in
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after LPS administration (SP x 400)

16  LPS 6 h ZHFAEKRMBTINOS B 7 LPS 24 h HFEKRIIINESE B8 DXM 24 h ZHHA: KRR R
Gk (SP R, x 400) iNOS ik (SP ¥efs,, x 400) iINOS kWil (SPYefs, x 400)

igure 6 Expression of iNOS in the cere- Figure 7 Expression of iNOS detected in Figure 8 Decreased expression of eNOS
ral cortex in neonatal rats 6 hrs after LPS paraventricular nuclei in neonatal rats 24 hrs detected in the cerebral cortex in neonatal rats

iministration (SP x 400) after LPS administration (SP x 400) with endotoxemia 24 hrs after DXM admin-
istration (SP x 400)

A K SR A K ol 2 P o B A 2SR B Uk v 1 2 1 J i L

( IE3C IS 229 1)

B B Y Al A4
M3 vk 52 4% £ o By A48 A A R 4 i
( Y688 x 400 )
B2 2BE R S 4 P A
G I AL S5 SR A5 B 40 R O 28 e
B B W0 P 0 M ED AR A A i ( EsR
1 1 x 360 )

Ehés—FI2. N 42— 1201/R 2. 420188 BEEREH: 12.00 5T



