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[ E] BH.FTEWE K (minocycline, MC) X} g Z 4 (Lipopolysaccharide , LPS ) 155 5 f)/INBe 5t 4 il — 48 Ak &L (NO ) A& Al FFS
S — A AL R A (NOS) Fb MM S HAR A FHLH . F73% LPS BUEA MC I3 BV-2 4 i, BRI S e b AG I % 75 b 3
NO /K-, e 2 ff Ak 2= W48 INOS (98 H % 1, RT-PCR BARTFAY INOS 19 mRNA 3Rk, G EFENBIIF p38 2R i b2 i
it (p38MAPK ) AR /K E FIBE R 1251k, 458 . LPS(100 ng/ml)4 NO &k BETHE (P < 0.05), BAERE iNOS 25 A1 mRNA 7K
SR EYE 53 IRAAH A BB S (P < 0.01), MC(10 wmol/L) FiAL R (MC+LPS 2H ) fEBH B34 ER 254k NO & |
iNOS #E Al mRNA 7KP4¢ LPS S R E T (P14 < 0.01) (HBIR & TXTBH (P < 0.05), LPS LAES T p38MAPK W2
b, SXF IR AR L 22 57 35 (P < 0.01), T MC TR BE (MC+LPS 4) fEFSHT p38MAPK HIBERR L, %8¢ LPS 4 .35 T (P < 0.01),
R S255 45 2H p38MAPK 25 /KR RFEE AR — B, S50 WA R AR T I p38MAPK {55342, i g Z Ml /N ise Joa 24
Jifl iNOS JLH Fe 3k B NO LE A, X IR 2485 5 i/ N Al b 4 B AR PR H o
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Inhibitory role of minocycline on lipopolysaccharide-induced iINOS expression in microglial
cells and its underling mechanisms

GU Hao',SHEN Wei'*,SUN Sheng-gang?

("Department of Neurology ,Brain Hospital Affliliated to NJMU ,Nanjing 210029 ;’Department of Neurology ,Union
Hospital of Huazhong University of Science and Technology , Wuhan 430074 ,China)

[Abstract] Objective: To explore the inhibitory effect of minocycline (MC) on lipopolysaccharide-induced production of nitric ox-
ide(NO) and expression of induced nitricoxide synthase (iNOS) in BV-2 microglial cells and its molecular mechanisms. Methods:
The BV-2 microglial cells were treated with LPS (100 ng/ml) or various concentrations of minocycline (0,0.1,1,10,100 pwmol/L).
Accumulated NO was measured in the cell supernatant by enzyme method,iNOS protein and mRNA were examined by immunochem-
istry staining and RT-PCR technique,respectively. p38MAPK protein was examined by Western blot in BV-2 cells. Results: The NO
production and iNOS protein and mRNA levels were significantly increased in LPS group than those of the control group (P < 0.05,
0.01,0.01,respectively). The pre-treatment of MC(10 pmol/L) significantly inhibited the NO production and the increments of iNOS
protein and mRNA induced by LPS. The NO contents and the levels of iNOS protein and mRNA in MC+LPS group were significantly
lower than those of the LPS groups (all P < 0.01),but still significantly higher than those of the control group (all P < 0.05). There
was not significant differences of total p38MAPK protein expression in all groups,but no phospho-p38MAPK proteins were detected in
the control group and MC group. The level of phospho-p38MAPK in the control group was significantly lower than that of the LPS
group (P < 0.01),in which the increased phospho-p38MAPK level was reversed by MC (P < 0.01),Conclusion; The pre-treatment
of MC could significantly inhibit the NO production and the increase of iNOS protein and mRNA induced by LPS through inhibiting
the p38MAPK pathway in microglial cell.
[Key words| minocycline ; microglia ; lipopolysaccharide ; nitric oxide ;iNOS ; p38MAPK

[Acta Univ Med Nanjing, 2012, 32(2): 188-193]

[(BEEWHE] et ERRERH R R HATH (07NJMUMO33)
“THIHA/EZE , E-mail : shenweil971@126.com



5 32 55 2

2012 4F 2 H Jo SR SN AR R AN AR 2T S 00/ R B A A T A SR RS B s SO AR AL

- 189 —

VT AR B WF 5T R WY« S B L (/)N Jo 240 i 1Y)
SO ) AR AN O 5 IF 42 AR08 (Parkinson”s
disease, PD) & EFLEAL B ZIN R Y, Hidr 1558
—F A A (induced nitricoxide synthase,iNOS) )
S VR A R R 2 Wk REM 4T
ARG, MBS EIE S , 2685 &R (minocy-
cline, MC) RTHI /N S5 240 8 6 0805 , DR 2 12
JeREM 2T B HITHLE R 2 B, IR HE
(lipopolysaccharide , LPS) J&—Fi )1 R P57 5, fig
WS /N BB, B 2 R ECR AN A 1A — R 5
R e 7/ PO i EY v aa obev 2 (VAT R N ISR LI 28
MC *F LPS i3/ N B4 (BV-2 4 5 )iNOS %
ik AR (NO) KV B p38 22 543 Ak 25 1 i it
(p38MAPK) KA MR, #R1 MC % 2 B REF £
AR VE T R TEI T AL

1 ##FnT %

1.1 A

MC LPS (Escherchia coli,serotype 026:B6)E H
% [# Sigma 2\ A ; BV-2 i fd ik i H [ B 22 Bk 2 B
DI B R K 2 Bl 200 it v B2 2L s DMEM (g 4 B
FreEE R4 iR IR T 26 E Gibeo 24 H] 5 KEBT/D
B INOS $ifA 235 Labvision 2429173 777 i SP #t
REH LU AR G TR R IR A ] —
AL AR &  TRIzol \ M-MLV 33 % SR Tag
LSBT E A /M I /A
12 7%
1.2.1 BV-=2 tafety3z R B A58

BV-2 ZfIREEE 35 T8 10% 864 75 AL (5
TR MBEE R ) DMEM Bl R, Fa R E e 1
UIGFEW, I 3K 709%~80% I AEA% 1 1R, 41K
SCYSEIITE S A 10 g/L 4+ 135 H & H A DMEM 8
FRW SR 48 b, AL F R IR R B

LPS ZbBEZ . & AHN Ve BE LPS (115 372 5 5%
BV-2 4iifd 24 h, MC+LPS AbFEA . & AR Y E MC 1
B s g BV-2 2000 1 h, W35, T BE 2 1K,
P S AR LPS F55 350, RS 5537 24 ho MC
LEBRAE . SARRIHRE MC B85 R 35 BV-2 40
1 h, W BB FR0TEE 2 K, INA &5 LPS R R R
PBS W IR IR, AR L8535 24 h, 25 FAXTREATL . 34k
J7 0 MC+LPS kb3 {HH PBS 4L MC F1 LPS,
122 BgRR o y5 kA M3E R LiF NO 942 E M

OGS K0 BY-2 g3 T 24 FLAR , 9855
MBI R 5 x 10° /ml, AkSLRE5E 24 h 245,

PIEFRW , BEALIFIE TR 1 ml, 3 2SR
LPS (100 ng/ml) &b ¥R AS[R] ¥ B2 9 MC (0.1.1.0,
10.0 2 100.0 wmol/L) FilZb#H 1 h+LPS(100 ng/ml)
REFE 24 h 441 MC(100 pmol/L)ACFRZ | F:4H 5 1L,
PR PREE RS AR A 85 SR 135, B 0.1 ml 4%
TR G EARERAE A BRI 15 7 L P NO B4R
1.
1.2.3 % am AR INOS & & 4 ik

1 24 FLA P HIVE BV-2 IIE A, 43R 2 %
fEZH LPS(100 ng/ml) b3 24 h 24 MC(10 pmol/L)
AL 1 h+LPS(100 ng/ml)AbFE 24 h 441 MC (10
pwmol/L)AbHA | BR4H 5 fL., AABSERE , NS5 T
KBRS B Wi —4T (R BRI INOS 21
PU) EVRG S I CEPIUR R SO i 4k
Yl (HRP) pric 45 55 B0 (2 T/EW ,DAB 1 {5,
FREEEK BB R I E A e R g, BIR
b SRR T OEL L) BV-2 4 M AR
WAL PS5 . BEBLRE 10 4> A 55 LT,
HIPAS-1000 4= [ 3l & 2% (A KR 40 R G k47 ]
A 53 AT ARG I IS P 448 P 28 35 7 0 1) ~F- 34 5 %% B
(10D) , %F iNOS Rk Wikt it
1.2.4 RT-PCR # K447 iNOS # mRNA K-F &1L

PO A K BV-2 g a8+ 6 fLtk 1
WM N 1 x 1064 /ml, 4¥Ee8i3% 24 h 247,
TG RN IR 2.5 ml, 207 O R
ZH LPS 4H MC+LPS 4H A1 MC 4H, %4l 5 L. M
TRIzol FIFEHUSZEE 24 LHANME L RNA 3805658, iNOS
M 2 B-actin PCR I ;iNOS: L i#F514 5 -
TGAGCGAGGAGCAGGTGGAA-3", FiEgl4¥ 5 -
GTAGGGTGGAGGAGGGGGGA-3' (251 94°C 45 s,
1Bk 62°C,45 s, FEAH 72°C,45 5,35 MEFR, 7Y
256 bp), W2 B-actin; #5149 5'-GAGCACCCT-
GTGCTGCTCACCGAGG-3', TiiF5|4¥ 5'-GTGGTG-
GTGAAGCTGTAGCCACGCT-3' (751 94°C ,45 5,18
K 64°C ,45 s, JEAH 72°C ,45 5,35 DMEF, 724 300
bp) . B RT-PCR 724 10 wl, 2%35 IR0l ik 73 55, 45
AN A G 43 B , I 52 4541 iNOS 5 B-actin B K
FELUIAE.,
125 %Ml 2 p38MAPK & & 4% & B iR AL
K

IO K BYV-2 i iFh T 6 LAk, Y
AR RE N 2.5 x 10°4/ml, 4REERTSF 24 h 24,
BIEFR, BT 2.5 ml, 43 28 O IR
2 \LPS (100 ng/ml) 4L 24 h 20 MC (10 pmol/L)
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AREE 1 h+LPS(100 ng/ml)AbE 24 h 2151 MC (10
wmol /L) AbBHEH | AF2 5 L, HRHLASE BV-2 4l
HEA L B S A 1290 B0, HERE , Bl L
FE 25 pg dif B, UK, A SDS-
PAGE B¢ B 2 5w — 90 £ M (PVDF) i -, in
A YRR — BT (ebi/ B p38MAPK £ FLlE4L
& NPT/ B p-p38 MAPK B BEHTAR  2EHT/
B B-actin FATLREPLIA, 15 1:200 Fi k), 4°Cid 12 . 7t
AYPREJE RN HRP ARC A 30 (RPTE b bt
& TR s EBUA KRBT/ R SRR, 2
1:5 000 i B¢) ,37°CHFE 1 h, FEOUEE)G  IERE
T Rk B, SBURIR AR . R
HIPAS-1000 4= H 3l B= 24 % 6 K5 o0 i R G A T
1255 8, 7T Western blot 25 H % Ot % B H
(OD), I %It 45 4H p38MAPK/B-actin 75 H 5%
G HAE
13 %itss ik

Fr A B LA + brifE2E (v £5) Ron,H
SPSS11.0 Bei 2543 Hr , Z2 4 1] Hl 35 R F B P 32
7 2253 M7 (one-way ANOVA) , i 2H [a] L4 2K JH LSD
R, P < 0.05 AESAGIE L,

2 &% B

2.1 MC F= (3% )LPS 43 j& BV-2 tn a3z 7 Lk &
NO # %4t

R I NO 5 &I BV-2 41
IR EWETNO & (Bl 1), ZHXHA NO EFiEh
(6.62 + 0.84)umol/L, LPS ZbFEZH K (51.33 + 8.63)
wmol/L, 525 (AT AL A B #2257 (P < 0.01),
MMC (100 pmol/L)AbFRZ NO ¥R JE 4 (5.90 + 1.29)
pmol/L, 5245 X BRZL L TC I B 22 5% (P > 0.05), 4%
MC ¥R E24H (0.1.1.0.10.0,100.0 wmol/L) WAL 1 h+
LPS(100 ng/ml) 41 NO #4314 (52.09 = 10.45) .
(5038 + 7.16) . (25.81 + 1.77) I (2691 + 0.89)
wmol/L, {ij 2 415 LPS 41 e TG i 3 22 5% (P > 0.05),
MiJE 2 418 AT LPS 41(P < 0.01), {HA} B & =
FZEAXTRA(P < 0.01),

LPS 4bFH 24 h AEiAS: BV-2 4Hf NO ¥ ¥ 3%
Tt REE AL MC YR FE R TR, BIE R NO B
T TR AR A RESOC R 2 MC kb 3k
JE> 10 pmol/L BHAZPF G, B, A58 k4%
10 pmol/L A5 £S5 MC TRALFIME S
2.2 MC #= (3 )LPS 42 BV-2 ZajtL iNOS % & K -F
T

Mo BB MR (El 1) . IE% BV-2 4 il
ARG 4 h BRI RE AR KRG, A RS 2 1
ARE  BEDAIA 2~3 DR, RER K, 40
MR /N, 25 HXTHRZL MC (10 wmol/L)AbHE 1 h
J& BV-2 4B & 5 1E % BV-2 4 i & A8 LR
Ko T MC(10 pwmol/L)+LPS(100 ng/ml)ZH 1 LPS
(100 ng/ml) 4 A ML S AHAL, 1525 0 R AT ¢
K255 HWEA BV-2 410G 5B S 4RE, BN £
B2 M B A AT, RER A3 A B R e, 4 A
KR A2~ J AR St /s X A i 2
B2 A6 AE LPS MEFIJG 1 h Bl WREEE] | JF454%E 24 h
it

Bifi i % e i A AL AR5 & B0 (1 2) :iNOS
B FEAE BV-2 iR A% HhaRas , Hidss
FIRIRZH MC A FEZH (10 pmol/L) 3% FAZA ok
UL iNOS 5 A B v v s, P340 % B (B
AR, 2391 K 4.28 + 0.67 .4.04 = 0.94, H G i E 1
Z5 (P> 0.05), i LPS AbFRLH JE A%~ i mr
DL f2 iNOS 85 B s B ks, %% 5 1k )
56.79 = 1.53, WEHXMBAFBEELES (P<
0.01), MC(10 wmol/L)+LPS(100 ng/ml)ZH %5
fHh 1594 £ 1.05, B E(RT LPS b HA (P <
0.01), {HA} & m T2 FAXHIEZH (P < 0.01), Hillk
A UL MC T4 BRI 2 B AR LPS 5519 BV-2 2
Jitl iNOS EHIKRIA
23 MC #=(3)LPS 4325 BV-2 #4m iz, iNOS mRNA
o F A

K HH RT-PCR #6: 1 iNOS ) mRNA 7KF25 4k,
KILZS FN B A MC A3 2H H iNOS mRNA 23k
TR (0.27 £ 0.02,0.25 + 0.01), HIE B &M 2R
(P>0.05), LPSAbFHZBH B (0.73 + 0.02,P <
0.01), MC+LPS 4 iNOS /) mRNA 7K & K T
LPS 41 (P < 0.01) ,{H#2s (XA A o35 1 25 5%
(P<0.01,[83), K, MC i3 AT 52 A% LPS
7 S BV-2 4110 INOS mRNA #3355,

2.4  MC *F LPS # $ 45 BV-2 @8 b p38MAPK % &
FEILEAL

K BE T AR T BV-2 4l pSMAPK
W KRR AR (18] 4), 25 2843 m) I
p38MAPK £ FH 19334, p38MAPK/B-actin £ H 45717
SCBE B LA 43 51 1.09 £ 0.04.1.12 + 0.04.1.09 +
0.10 F1 1.08 + 0.05, Jo i F M 22 7 (P < 0.05), W2
A PUARRIN % BE, 25 (A BR AL MC AR FR ALK W
p38SMAPK (IBERR 1L . LPS AbHAEN i ok ik
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AKEREI(1.09 + 0.11), 525 X HBAIAH LA 3 s A R 0 5 14 & (P < 0.01) , {HA/3 A
5 (P<0.01), H MC+LPS 4 p-p38MAPK F5H%%  IKF LPS(100 ng/m)4{ (P < 0.01),

80
6o T * T
=
Eﬁ‘ﬂ x4 * # A BJ
=) L
N S 01 1 10 100 &
o*\\& @Q \&/\ \3 x"é@
© & wmol/L MC+100 ng/ml LPS &
N
™ N
Q

S xR A, *P < 0.01;5 100 ng/ml LPS 41 HAE *P < 0.01(n=5), A=z FIXIE4L;B. MC(]O wmol /L)AL BEZH ;€. MC(10 pwmol/L)+
LPS(100 ng/ml)#H ; D:LPS(100 ng/ml)#H ,

Bl 1 MC RI(8)LPS A FERT S BV-2 41 NO 7 it S HIE A5k (x 200)
Figure 1 The NO concentration detection in BV-2 and morphological comparison of the cells before and after treatment(x 200)
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A2 HXTIRA] ;B MC (10 wmol/L)AbHH4 ;C: MC (10 pwmol/L)+LPS (100 ng/ml)éﬁ ;D:LPS(100 ng/m) 41, 575 EIXTHME(A)I:K!& P<

0.01;5 LPS Z1(D) L, *P < 0.01(n=5).,
K2 BV-2 4 iNOS 3 F#IAZE 1L (x 400)
Figure 2 The iNOS protein expression detected by Western blotting in BV-2 cells with different treatment
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125 FAXTIRZH ;2. MC (10 wmol/L)2H ;3: MC(10 wmol/L)+LPS(100 ng/ml)#H ;4. LPS(100 ng/ml)#H, 525 X IRA AL, *P < 0.01; 5 LPS
HILE,P < 0.01(n=5),

B3 BV-2 4l B-actin ZH [iNOS £ mRNA KFAE1k
Figure 3 The iNOS mRNA detected in BV-2 cells with different treatment
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1: 25 AN IR ZH ;2. MC (10 wmol/L) ZH ;3:MC (10 wmol/L) +LPS
(100 ng/ml) 4 ;4.LPS (100 ng/m)4H . 525 HX RA L, "P <
0.01;5 LPS I H#,"P < 0.01(n = 5),

Kl 4 BV-2 4ifd p-p38MAPK ,p38MAPK [£iA48 1k
Figure 4 The changes of p-p38MAPK expression in BV-2 cells

with different treatment
3ou @

/NS ARBEAE PD 28 TR P v 47 ) Ay
o, DRI S 3 /0N 5 o 40 BT i 245400, 9839 R
PER B R TTH, B ST PD AF5E B
BT, MC 25 iy sh AR R KhiAE R | fE
%L IR B, BRI G N P2 A i, B9 e R
MC EAT SN BT AR M . UoE T AT A A
FRPE, Hax SRtk 5 MC MPTRAE I ICC ., i
W57~ MC X 2 L RE #2800 A R /R 77 (B
HAE RIS M AR o8 2

SEEFRI NO KA RS PD A I H
BRZERE, Hrp iNOS 80k, ReRrsi A ik &
1) NO, 4k 5 A AL RO 7242 ONOO-, K455 i
SEALAEI®, T, INOS 5 PD &R IINFE — A2 2
STE o 4G, Hunot S50 LR BT 2R1K iNOS 1Y)
U2 S A L 85 5 1 o B HE B 23 157 ; Ry S50
il GT1b (trisialogangloside, GT1b) 3 51 A 2B it , >k
FH B 92 B3 0 A 952 28 ' e B INOS 2R 1 7R U A
GT1b J5 8 h ik, 7 d J5HEATE 2% Tl H iNOS {2
AL/ BTARMT , iINOS B3 e T 2 Wk Re sl 22T
AR 5 [R) S Choi S5 127 FH & il 1t v AR B PR B T
52 ,iNOS I RIBLE 12 h 35 g H FERE TR
BN, il R AR B A, (55 1] NOS 5] N-fi§
FH-L-HEZRHEE (L-NAME)50 mg/kg {8 =3 5 AT
LER 3P4 B i il 20 22 L B RE Al 22 TT R R 2K

IR NO FEE = p A al,  REIE N 5
AALRKT 78 PD A b R I E A EURTE

LPS & —Fh L E B AL B, 2
2% PR BAPERT B 4 BE %) S B, AT LR R A
TR Z AR AN A A0 s i NO %6, AR
WF7E &% B LPS AbHE BV-2 4 24 h, AEHSHBL
FoHH NO,INOS 1) mRNA FIEE 17K F 2
X5 Jyoti ZEAFIE LS REAR—F, UL LPS Xt/
40 A o USRI . TR A RIS A e BRAE
NO FliNOS /K-t 2 T i[RI, AR BV-2 21 i
T4 1 A | X S AE VR TIF 9 48 B9 5 Ak 5 /N o
YRR = A VEAR N REIE AL SR e 4l fb 5
IRABUESE iNOS £ 1 EZAEN 1L BV-2 4R i S
B ik, s ERA TR BV-2 4L AR
iR, 2R T INOS Fak S/ NI B A S 14 &
BN XL — SR T Possel 2555
5, A B A B W ST IR SE LPS BE B L
p38MAPK 35 (IR 1k ) AN & H I P 3K, 1509
p38MAPK {55 i8R MI%IE 2 5 T LPS X} BV-2 4
Mg AL AR

M FH MC AL FE BV-2 4010 28, MC a] #5504
il LPS 558 NO B, [A] i MC 3843 94 iNOS
BEIRERIA | BELIT p38MAPK {553 #% A T , HLiX il
IHRAVEAAAERAOCHR ,, 24 MC ¥ =10 pmol/L
AR 2, fH MC XHE LR BV-2 4B 5 T5H
W, AT SR SR AR —EL,
1 Kim Z51F| H Griess ¥: \Western blot /7 ¥ 1E5L
B R MC (12,5 wmol/L) RIFATA M
LPS i1 BV-2 40 NO Bl (INOS 25 i3k
AR, Kyoungho ZEIESE MC AT i 25 4 il 42175 &
B BV-2 4l g NO Bt ) iNOS By £ ik, JE T
p38MAPK T4 4k Ml /MBS o 40 7% 46

i LTk, A BESE R W MC AT G
p38MAPK 155442 [ 100 il /NS ot 240 e 1 3 A
T INOS By ik L AELE NO B, 55T LPS R4E
B, BHLIE 2 R RE M T AR PR IR A, KR Mg PD 3t
A WA
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