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16 PTZ 5 S5 BRAT 2 h I S 4525 . 3Bl )5 24 h, 46 HK R, Western blot 3467 4141 p38.
MK2. CREB HIIL-6 % 4 #ik; RT-PCR 46 p38. MK2. CREB #il IL-6 mRNA #ik; #hAKE - 40 (HE)
Yot SN SRR AL ; Western blot VK IN/INEE BT A0 ML TG ALFR W) CD11b 1931k, 4R  PTZ K EIE 54
2 p38, MK2, CREB 1 11L-6 mRNA F HAK [ (9 2 R 2440 ) R4 i 2504 & (P<0.05) 5 T MS275 BB ik

Shr mRNA KR (A 7E & B UK R 9 335 K 7 (P<0.05) 5 6 me/kg MS275 X CREB mRNA K HE |
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(P<0.05) ; H 6mglkg MS275 BIHIHIAEFI L 3 me/kg MS275 43 (P<0.05) o 4518 4IE A Z BT
) MS275 RSN % B WK B p38 MAPK {5538 1% . 5 St e i Pa TR/ MBS AN Ak, MOTIE > 905 S
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Regulatory mechanism of MS275 on the p38 MAPK signaling pathway in rats with
convulsion in the developmental stage

PENG Fang, HU Qing-Peng, HUANG Xiang-Yi. Department of Pediatrics, Second Hospital, University of South China,
Hengyang, Hunan 421001, China (Hu Q-P, Email: pengpeng000923@163.com)

Abstract: Objective To study the regulatory mechanism of MS275, a histone deacetylase inhibitor, on the p38
MAPK signaling pathway in rats with convulsion in the developmental stage. Methods  Thirty-two male rats were
randomly divided into four groups: control, pentylenetetrazol (PTZ), PTZ+3 mg/kg MS275, and PTZ+6 mg/kg MS275
(n=8 each). A rat model of convulsion in the developmental stage was prepared by an intraperitoneal injection of PTZ. The
rats in the control group were given an injection of normal saline alone. MS275 was given by an intraperitoneal injection
at 2 hours before PTZ injection. At 24 hours after successful modeling, 6 rats were taken from each group. Western blot
and qRT-PCR were used to measure the protein and mRNA expression of p38, MK2, cAMP response element-binding
protein (CREB), and interleukin-6 (IL-6) in the hippocampus. Hematoxylin-eosin (HE) staining was used to observe
brain pathological changes. Western blot was used to measure the expression of CD11b as a marker for the activation
of microglial cells. Results Compared with the control group, the PTZ group had significant increases in the mRNA
and protein expression of p38, MK2, CREB, and IL-6 (P<0.05). MS275 significantly inhibited the mRNA and protein
expression of the above markers in the rats with convulsion in the developmental stage (P<0.05), and 6 mg/kg MS275
had a significantly better inhibitory effect on the mRNA and protein expression of IL-6 and CREB than 3 mg/kg MS275
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(P<0.05). HE staining showed that the PTZ group had marked neuron apoptosis, cellular edema, and inflammatory cell

infiltration, while MS275 intervention alleviated neuron apoptosis and cellular edema and reduced inflammatory cell

infiltration in the rats with convulsion. The PTZ group had a significant increase in the activation of microglial cells,
while MS275 significantly inhibited the activation of microglial cells in the rats with convulsion (P<0.05); 6 mg/kg

MS275 had a significantly better inhibitory effect than 3 mg/kg MS275 (P<0.05). Conclusions

In rats with convulsion

in the developmental stage, the histone deacetylase inhibitor MS275 can inhibit the p38 MAPK signaling pathway, the

apoptosis of hippocampal neurons, and the activation of microglial cells and thus reduce inflammatory response and

convulsion-induced brain injury in a dose-dependent manner.

[Chin J Contemp Pediatr, 2020, 22(8): 909-915]
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p38 22 L JF 1% 1k & ¥ B8 (p38 mitogen-
activated protein kinase, p38 MAPK ) J& MAPK % Ji%
B AR 4 1) WA S NP 2 e N S AT
NEZ M. 1838 1k LR 25 AP 2 BT I . MK2
J& p38 WY EEA TR, 25 p38 SIE(R T %
CREB 7] LIX} p38 {5 5 & AL & J vy, & MK2
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B IR 493 & s L P E R
1 MRS FE
1.1 SEIEhHRAKFH
20 H #% fdt 5 PE Sprague-Dawley (SD) K
32 H, R sy et etk
( pentylenetetrazole, PTZ, 3% [& Sigma 23 #] ) ,
HDACi MS275 ( 3 [® APExBIO A% ) , BCA &
A E ( LIFES KA ARERAA)
PVDF i ( 3% [ Millipore A ) ) , /NEITA R p38
K Bt K BLUMK2, CREB. IL-6. CD11b. B-actin
Pifk (e[ Abcam 24F] ) , ECLAL2E &G (3£
Santa Cruz 23] ) , cDNA %55 M qRT-PCR iz
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1.4 Westem blot #:il] p38. MK2, CREB, IL-6.
CD11b EARZEE

B 80 C AR 17 By Mg th 41 20, A1 )5 inid &=
RIPA 2L N2 PMSF &5 FIEg #0150, 250, Bk
T, BCA YRGB A UEE . Heut B BRECH 10% 4
B R AR IS ;s A AT e 2 F UK AE P
55 5 x loading buffer i K 1 4:1 1R &, 98 C & s
5min; FAERTER R O —3 ) FRLDKA e
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e B A IG5 TN P e 2 e F it vy, I A
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WERE A=W B, IR T KFREIRE A 2 hy Fp 8
P, A/ INERPT AR p38 (1:1000) | fedt
KEMK2 (1:2000) | fehiRKE CREB (1:2000) .
BPLRKEIL-6(1:500) . A A CD11b(1:1000)
— Y0, 4CHE R A PBST YB3 ¥k, HK
10 min; JIABAR T EA LY BEFR O A/ R e — e
(1:5000 7E= I FIFF 2 h, FRRH PBSTIHPE3 IR,
FYK 10 min; i ECL &6, # &L A fil B
Y11 SRR G M Image Quant™ LAS 4000 .
AR 5 H Image Quant™ LAS 4000 U3 &
4 (£E GE ~n]) AR 400
1.5 gRT-PCR i% #& il p38. MK2, CREB. IL-6
mRNA RiZE

K JH TRIzol 20 & #4715 HhZH 2UE RNA 421,
H GoSeript™ 351 %% St 7 & & B cDNA 55 — 5,
FH GoTaq"” qPCR Master Mix IR & 7E SZ 98 E &
PCR X _L#F47 DNA 473, SRR vt B kAT,
qRT-PCR BI¥ 5 W2 1, i LA TAYARR
N FEIEIE A . p38. MK2. CREB. IL-6 (¥ qRT-
PCR JEINY 14 5. 95°CAEME 455, Bk (IR)E
K1 Z: 822 1) , 72°CHEMH 1 min, 30 MEH;
p-actin ( NZ) # qRT-PCR TEIY 14 514 95°C
PE 308, 60°CIBK 30s, 72°CHEMH 30s, 26 ME
W TEIREEHRG 4CRAN,

%1 gRT-PCR5|#

FEH LU

TS AN RBRE

p38 5'-GACCTACTGGAGAAGATGCTCGTT-3'
MK2 5'-GACATGTGGTCCTTGGGTGTCATCATG-3'
CREB  5'-CCACTCAGCCGGGTACTACCAT-3'

IL-6 5'-GCTGGAGTCACAGAAGGAGTGGC-3'

p-actin -~ 5'-TGAGACCTTCAACACCCCAG-3'

5'-TTTCAA AGGACTGGTCATAAGGGT-3'
5'-GAGATGGCAAGGCCGTGATTGGAATAG-3'
5'-CCAGAGGCAGCTTGAACAACA-3'
5'-GGCATAACGCACTAGGTTTGCCG-3'
5'-GCCATCTCTTGCTCGAAGTC-3'

56%C 45 s 139 bp
559 60 s 83 bp
58%C 45 s 99 bp
57°C 45 s 117 bp
60%C 30 s 312 bp

1.6 FitFEHH

K H SPSS 20.0 GEiH AR - T 4125 4
Br, THEERIIIE « e (Rxs) Fom, W
ZH 8] P R PR REAS ¢ K56, 22 41 A] L AR o
KR 7 22508, AL 3R FH SNK-g A 50 .
P<0.05 A2 A GITEE L

2 #R

21 FBHXRMALREFNE
REMKEERG 24 h, RN - Prargeam

JE B T I SO B A (1) 5 XA
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YN MLER BEAK I, AT SRR B IE R, R
ULEH 8 RIEANHB

HE 4 a3 7m MS275 0 LIy /b K Bk e K
i vy 20 25 RE A0 LS S R A T, A A
IR R AR, SR A R

FZFHEXRIFFRE 24 h i85 CA1 KINALRRES
A XIR4L; B PTZ 415
C: 5 MS275 41; D m5iie MS275 1. SXHRA g, PTZ
LA K, AHMOPR T SRR AR MS L E 2 ;. 5 PTZ 4]
oA, AR R i MS275 HAN/K IR, JRE AN s i K
M T kb

& 1
M (HRAKE - e, x 400)

22 HBHAKXKRMAL p38. MK2, CREB #0 IL-6
EBKFELTHL
T AT MS275 Xt p38 5 5 #% 1Y 5 0,

Western blot Pl %€ 1 A& B WK ARG 24 h 1 540
41 p38., MK2. CREB Hl IL-6 # 1 £ kK F ( #
2, 322) o PTZ 4 p38 & AR IRBN A b E 3
I (P<0.05) ; MS275 T-Hi2H p38 #5171k B MK
T Prz 4, (A RE R TXIEA (P<0.05) o PTZ
2l MK2 £ [ R IR FEN AL 3 18 hin (P<0.05)
MS275 T il 41 MK2 85 1 £ 8 B F X T PTZ 41

(P<0.05) , HE5XTERA 2T G S

(P>0.05) . PTZ % CREB & [ iAH0 R4 i 3%
Hfm (P<0.05) ; MS275 T-Hi4 CREB & [k i
FALT PTZ 4, BA R E & TAHRZ (P<0.05) 5
H ) MS275 2H CREB 75 12835 i 35K T )
7 MS275 4 (P<0.05) . PTZ 4 1L-6 & 1 £ A I
X HE2H i 2 10 (P<0.05) 3 MS275 T il 4H 1L-6
AR PTZ 4 8 EREAR, AR 35 & X IR
2H (P<0.05) .

Western blot 25 5 & 7= 50 ik K S 41 21 p38.
MK2 . CREB Hl IL-6 £ [ 288 1E 7 K R 21,
11 MS275 REAN ] PTZ 75 5 1) p38 15 5 it % i % 5
Forsst CREB 8 (335 M il 4 A Al Ao
6 mg/kg MS275 i1 A 53538 T 3 mg/kg MS275,

P38 — S a— — 38 KD

MK2

— D e, @ (3 KD

CREB ~ w-— S e e 37 KD

[L-6 w— > w——— 03 KD

B-actin 42 KD

PTZ
MS275 (mg/kg)

2 Western blot # | K RIFKE 24h B S H R
p38. MK2, CREB #1 IL-6 EA XX

R2 &4Hp38. MK2, CREB #1 IL-6 ZEEMAMFKIEELLE (xzs, n=6)
215 p38 MK2 CREB IL-6
Xt R 2] 0.346 = 0.005 0.535£0.018 0.559 +0.017 0.254 = 0.033
PTZ %4 0.723 £ 0.016" 0.897 + 0.052" 0.935 + 0.020" 0.555 + 0.020"
I MS275 41 0.494 + 0.020™" 0.595 + 0.027" 0.837 £0.017*" 0.365 = 0.014""
=R MS275 4 0.476 + 0.020™" 0.594 + 0.019" 0.682 + 0.028™"* 0.414 £ 0.014™
FAi 272.813 78.320 194.456 97.793
PA{E <0.001 <0.001 <0.001 <0.001
T amSGXHRAIE, P<0.05; b5 PTZ 4H#:, P<0.05; c 75 SAGHH MS275 411b#:, P<0.05.,
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23 &HHAKXRIAL p38., MK2, CREB 0 IL-6
mRNA 7k E3Z54Y,
R T AR MS275 X p38 15518 PR Y 5
M, qRT-PCR M T & F WK BAIKG 24 h g5
2H 41 p38, MK2., CREB # IL-6 mRNA 3 ik /K °F
( %3) . PTZ 4 p38 mRNA & MK2 mRNA % ik
B MR 2 N (P<0.05) 5 MS275 T-i4H p38
mRNA J2 MK2 mRNA 3 A & PTZ 41 W 3 F# 1K,
B T X4 (P<0.05) . PTZ 24 CREB mRNA
Foik B m T XA (P<0.05) 5 MS275 T4
CREB mRNA #iA# PTZ 4 W[ ( P<0.05) ,
HEXTRA K ER TG T3 L (P>0.05) ;
I MS275 44 CREB mRNA ik i I TA% 5
i MS275 41 (P<0.05) . PTZ # 1L-6 mRNA 3%

IR R 2H W E G (P<0.05) 5 MS275 T4
IL-6 mRNA 23k % PTZ 41 W 3 [ % (P<0.05) ;
{5 771 B MS275 41 IL-6 mRNA 2 35474 /& T % B 4H

(P<0.05) , &4 MS275 4H 11-6 mRNA %£ik 5
YRR 22 S G 2E R L (P>0.05) 5 (sl
MS275 41 11.-6 mRNA F kIR i MS275 41 . 3%
FA (P<0.05)

qRT-PCR %5 R & /R 1 Bk J5 PTZ 4 p38.

MK2 ., CREB F1 IL-6 mRNA F&ih%%f BRZH i 18,
11l MS275 REA ] PTZ 755 1) p38 15 5 i I 2l A% 5
H %} CREB mRNA F1 IL-6 mRNA 3k A4 i 4
FHA FIBRARIE, 6 mg/kg MS275 $HI/E T i 00
T 3 mg/kg MS275,

#*3 #&%Hp38. MK2, CREB #1 IL-6 mMRNA X &Ri&ELkE  (xzs, n=6)

il p38 MK2 CREB 11-6
it B4 1.0 1.0 1.0 1.0
PTZ 41 3.84+0.12° 1.99 +0.16" 1.65 +0.08° 3.42+0.18"
fIFIE MS275 2 3.00 +0.16" 1.43 +0.07"" 1.04+0.13" 1.79 +0.14"
FR R MS275 41 272 +0.23" 1.31+0.18"" 0.76 +0.11" 1.32 +0.08™
F & 179.547 32.759 57.870 233.465
P1E <0.001 <0.001 <0.001 <0.001

H: a n S5XTIRYLEER, P<0.05; b5 PTZ 4lHER, P<0.05; c 2~ S5{EFIE MS275 4l i, P<0.05,

2.4 MS275 3t/INEE B4 BaiE AL K T B R0

Western blot M % 1 1% 4k /)N J5¢ 5t 40 Bt b ids
CD11b SR (K 3) , XFHEZh 0.32 £0.03,
PTZ 44 0.68 + 0.07, fIG5 & MS275 41°4 0.44 + 0.04,
1 F H MS275 41 M 0.26 £0.06, PTZ 2H CD11b &
[ Zek o0 BRZH i B3 (P<0.05) 3 MS275 T-Hi
ZH CD11b FEHFIAE PTZ 4 W FFE (P<0.05) ,
HE5XBAKZERT LG IT%E X (P>0.05) ;
7R MS275 41 CD11b 85 1 3k i I TG
MS275 4 (P<0.05) .

CDIIh s @D @B s 165KD

fraciin AP 12 KD
PTZ - + + +
MS275 (mg/kg) - - 3 6

B 3 Western blot @l X RIRKE24hiB S AR
CD11b EARIX

Western blot £ 5 It 7 5% Bk & /)N ¢ Joa 2 fitd B
%Ak, T MS275 e 3 i /1N e BT 28 ) 05 A
MS275 Xof /N BT A S AL R a4 S5 50 A G,
6 mg/kg IHIVERTER T 3 mg/kg MS275,

3 Wi
HUBK 8 s AL 5 O i A B R R 3 FR R i
METOH W OB A BV ER, TR AERT,
SRSV AT e A T 2 IR 5 ) — A E A
PIMFEASE S, FRATESE T p38 MAPK RIE(F S
W, FIRERE T PTZ 155k B K BUSRAR R,
PRI DAy 33k A6 8 3 S 18 B R 0 s R £ 15 2R AL T
KR EAE ",

TEARSIR Y, PTZ ¥5 5 BT B0 1 K Rl
Iy CAL X YMR ARV T, WA 2R
JiE A LR, AR s A 28 0 I R T RN A I A % 1) IR
W25 TRRE R R . 3 S 3 2 ]
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RES LA T IRHA & i LU e KIS & iR
ZAR PN PTZ AT DL E 4 G NMDA 32 AR 1 175 59
SRR, ) 3 B 5 IX A 2 DT I Bk Ok SR T
[T R R VER A5 2 480 1A 2 . SRR 4F
LR A ZE AT LR LT T

p38 Ji: MAPK Z2 I 45 il 4 it 52 0 fe o 22 11 o
B, EE KN R RN Sy 2 R E R R T AT
FI/INBE B 4 v U0, MK2 R T 22 2 R 75 1
& p38 [ EEAE PRI . MK2 2 51 2 4l 2,
AL RN JRAE SLINE | e PR 2 TR R4 RN A0 M 51
IR IR TT cAMP [N Jofh 254 8 CREB AT LAXS
p38. PKA S5f5 5 KA N, [RIA AT DL i
B DRI 2 SR a8 A8 DR 1A 0 5 P R B T A DG i —
FrE Lk M 16 B T ani i —Fh,
TGE ) CREB T3 1L-6 (3K, 7EHLIRAY RAE
G P58 N IS RS 31 T EEAE . Western blot £l
qRT-PCR M T & & MK BRI 24 hifg 52040
p38. MK2. CREB Al IL-6 % 4} H: mRNA Fikf,
R p38 {5l i S T Ui IR -8 1 S H mRNA 3R
IREOT IR W PR p38 (S S T
R LS R . A VI ER: (1) A
YERES M 2200 ATP Y KR IHAE, Ca™ HHs, M
FEPEEIERRINBEAL, A P FEm = AL R
TN, XEYEHI A 58k p38 MAPK R3S, M
P — RN RAERER I " (2) MK2 {55400k
S 58 EIRNFEIR MRS, RIS BT 4 hE K - an
TNF-a, IL-6., IL-1B AYFRIE, HE IS 505 B
o (3) RAEHF IL-6 Fll NF-xB )4 ] LA it
KWTE p38 MAPK {5 i@, #E— sl 4y
P, WAHGESR L, p38 15 5 il B TE IR h AT
AR ERT,  BROA SRR A B LRI BR T R T
FIRIE L Z AN, A LU | BRAa 5 B s
1M p38 AT LASEA A 2H 2 e i A%

VANY i i R o i - S D S EE S I 1 e e
FUERE DY B AN, /)N e T 40 S LA S i
25 RAEAE HRX A 28 2R G (R 45405 B s 1 7 U o e
HFEEIEF EEMER ", EARLE T, Western
blot 453 78 PTZ 44 CD11b 5 H £ A BB % TR 40
B, RS TN RN S S S
TR R B R, T p38 STE /NS S5 4 i v ik
R, L, FRATHEN, K & ARG TSR
BU )4 22 20 B P A T T AR S R A B G AT

PR . PR B g 2 A P TR
A, XA /N A AR L ) A2 AR S
TN B ANME AL, 20 p38 [ S
SHCFIEN T IL-6. TNF-o, TL-10 %540 j K1)
AU, P AE ARG SN, DT A
Wi, R kA S LR, Riddha
fRIEFE Y, FEBERR D, /NS 5T 20 R R 25 4 A 7
WA ERTYER- . B FE 0] B85 /NI B
RIS B A ok, DR ea Y ER,
2 1SR AT LA SO 40 R A S

MS275 j&—ZEREEIEZE HDACGE, & Al 42
e G €8 T R DX B AR 1 Ak, DT 4 5 A
ik, EFAMM TR Y AR, PTZ
BRI G2 T p38 MAPK {55 53 B 0% . #
SRR T S INBE B AR LI AR 3G I, i MS275 %)
TS BT FR A W S AR AE T, R MS275 T
D308 o 9/ B B ) g L e R D T 2 8] ik 45 473 7 £
PVER . [AIB NSZEG 25 50T LR B, 7 X /NS
21 i 35 Ak B T 1, MS275 B 7 &l 6 merke [
3mg/ke IWITAER B3, (HEMZITRT-M p38 5
538 % rh PR AR R S 0 R T LA 2E e S T
B, U MS275 X A 0 O 4 A AT RE S )
MO F LS R AR A R, BRI R
i — ST UESE

SZ, p38 MAPK 55l ES 5 T BRI 2
R, MS275 Red BRI T 1Y p38 MAPK 1551l
i N R STw U e I VAN i DR S A
SE PP B MS275 A8 Y AE B il 45 455 45 3
YER, M Reias T 3t T A as e fEt e
JiTl

(& % x W]
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