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[#HE] a« FTLPUBE (pentylenetetrazol, PTZ ) i SHEURAR AL/ R & MR EE R MEG 24 h 1 /)N ke 5t 40 Ji F1
BRI . RN T WL R 2T . e RS T b A EME C57BL/6 /N R M 4F
WA PTZ 4, B4 28 . PTZ AHFHR/DNRAMIMEERME, I T RIERE 24 h (FHGZESOCIAEE S CAL X/ B4
LN TS S5 AN ) 0 AR S, BT S 40 20 RNA A 2 5E I F mRNA Fik/KF, R HE Y@ PRk A 4 200
MIAEETS L. %% PTZ 4 CAl X Ibal /NEFANMIL (55.72+4.29) 4~ vs (35.71£9.66) 4>, P<<0.001]1F1 GFAP'EJE
AL (51.61+£8.21) 4~ vs (37.64£527) 4, P<0.01115{bBE W B2 TXRA; DNRFEANEIE LT M1 8L
H B TR ZE (0.58+0.02 vs 0.35+20.08, P<<0.0001) , M2 A5 FLB BAKTF X #R4L (0.2540.08 vs 0.44+0.09,
P<0.01) , PTZ #¥g S AU {R 4 T IL-1B mRNA AHXI /KT 2 & FX R (2.49£1.61 vs 1.02£0.68, P<0.05) ; &
PRI CA1 X[ (284.91£73.32) 4~ vs (498.88+176.79) 4>, P<<0.05] % CA3 X[ (247.424+50.20) 4~ vs (457.78=+
159.08 ) 4>, P<0.051fFiG M4 u/bF X R4, 4 PTZiHFEUNBADNREMEWNEELZIES 24 h, D CA1 K/MK
A0 SRR S R A0 S, NI RN LT AL 2 R M B T R R AR, AR T N, AT I S 2
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Hippocampal neuroinflammation and neuronal injury in the acute phase of pentylenetetrazol induced epilepsy
mouse model

ZHI Linyu', HAN Wanruo', Benjamin Hongye WANG', WANG Guoxiang’, LIU Xu'"
1. Department of Neurology, Zhongshan Hospital, Fudan University, Shanghai 200032, China
2. Institute of Brain Science, Fudan University, Shanghai 200032, China

[ Abstract] Objective To investigate the activation of microglia and astrocytes, the secretion of pro-inflammatory factors,
and the survival of neurons in the hippocampus of mice with acute seizures induced by pentylenetetrazol (PTZ) 24 hours after the
onset of seizures. Methods Adult male C57BL/6 mice were randomly assigned to the control group and the PTZ-induced acute
epileptic seizure group using random numbers, with 28 mice in each group. The activation status of microglia and astrocytes in the CA1 region of
the hippocampus was evaluated by immunofluorescence 24 hours after the onset of seizures. RNA was extracted from the
hippocampal tissue to detect the expression level of inflammatory factor mRNA, and HE staining was used to assess the survival of
neurons in the hippocampus. Results Twenty-four hours after PTZ-induced acute seizures in mice, the numbers of activated Ibal”
microglia (55.72£4.29 vs 35.714+9.66, P<<0.001) and GFAP" astrocytes (51.61 £8.21 vs 37.64+5.27, P<<0.01) in the CA1 region
were significantly increased compared with the control group; the proportion of M1 microglia was significantly increased
(0.58+0.02 vs 0.3540.08, P<<0.000 1), while the proportion of M2 microglia was significantly decreased (0.2540.08 vs
0.44+0.09, P<<0.01); the mRNA level of pro-inflammatory factor IL-1f in the hippocampus was significantly higher than that in
the control group (2.49+1.61 vs 1.0240.68, P<<0.05); the numbers of neurons in the CA1 (284.91473.32 vs 498.88+176.79,
P<C0.05) and CA3 (247.42150.20 vs 457.78 =150.08, P<<0.05) regions during the acute phase was significantly reduced compared
with the control group. Conclusions Twenty-four hours after PTZ-induced acute epileptic seizures in mice, microglia and

astrocytes in the CA1 region of the hippocampus are activated, with microglia mainly presenting the M1 phenotype to exert pro-
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inflammatory effects, secretions of pro-inflammatory factors increasing, and surviving hippocampal neurons decreasing.

[Key Words] epilepsy; hippocampal neurons; neuroinflammation; microglia
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T B E RN, SO 4 & A e AR U A e
TE G R = AR IR R AE R T o (tumor necrosis
factor-o, TNF-a) . HAIMAZE (interleukin,
IL) -1B. IL-6 SFfE R A ¥, nI5[ AL .
i 25V B 437 8 TR 25 T o 2 Rk 7 937 /NI
TR BT R, BRI S AR
i K BRI 2k & 3 d J5, TNF-a, IL-1p Al
AL/ NI AN AR 4 CD11b mRNA /K- T+
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L Ay ARA, BT RARE ST MR
2 355 A6 J5 TT 31 3 ok 28 LR AR AR R AR 1k
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Bk = GluR2 ) AMPARs, H A W45 1
s ), BRI GABA, Z 1k, HTiH&
TEILET AN T4 . TNF-a 38 o] LT NF-xB {55
g, e R F TNF-a. IL-1B. IL-
6 Fl—4A AL E =, BRI, PRUCOIW T ZAES &
F14) 70N 2 T 200 B AR Ak N0 25 9 R T i i e = R ATIE
58, MARIEARSANTG i — R ER . AT AR
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quantitative polymerase chain reaction, RT-qPCR )
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1.2 PTZ i PTZ 41/ R4 M e i 5
PTZ (50 mg/kg) , A HRZH/INERZEHE I 10 AR 45541
AR K . HRYE Racine fi 6 AR /IN R &
VB, JFiE1T4r % . Racine | 9. PHWE, WAZ00H
gy, mERHE; 119 SERAhE, sk I
BB ZE . L R IV XU R
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BRE S HhdE, FTAERESE T . ARAEGONIRF IV R I
DA b HARSET /N BRI A S A s A5 A 21

13 et AR UG 24 h, JBRBOT
Ab FE /N B o 280 R TR U W R 2% b ER VR TR
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( phosphate buffered saline, PBS) Fil 4% £ & H
% ( paraformaldehyde, PFA ) [ ¥ 5 Bk 20
A1, TE4C 5T, BId 27 4% PFA iRl
TR SRERERRBE K S, 1 OCT Al (a3
A4, KGRV A HL (Leica Biosystems 23 ),
PEE ) 2 b R S Y1 30 wm A9 o 9]
PRI L0 AN S8 145 6 /R, B /N BG4
ZUENL 3 MY R T g6, U RTE 10% R4
L3 1 0.3% TritonX-100 3} [ 3 3f BB 2 h,
TE4°C FMF I E —Pidik, WiEMFE 9t 1.5h,
SIS FHAPA : Tbal K (1: 10005 Wako 2%
7, HZA ), GFAP (E4L7M ) XP"Rabbit mAb

(1:200; Cell Signaling Technology A Fl,
& ) , Mouse Fc gamma R I[/RIII ( CD32/CD16) $iifk

(1:200; R&D Systems 2 H], F[E) , CD206
Pifk (1:200; Biobyt 2AH], #ilE) . KAWL
HREPRMBME (AIR, B, HA) it
SESEYI F o

fdi FH Toal /e Jon 20 A i 47 I8 28 2% 3 M b
i, JFERCR AR 6 H/NEAY 25 /N B4 A
PATIEA R, 45 H] CD16/32 Al CD206 #5
iC PTZ 75 S 0 0000 155 A0/ B S rE 0 M1 B
M2 AN BTAM, Jf 5 Tbal Heb5. fifi [ GFAP

FrRic i A0 i B e Joa 240 e

1.4 #52022 RNA # L5 RT-qPCR  taill PTZ
/N BAMEIRRE & VEJS 2 h #1124 h 92 R A
F IL-1B. TNF-o 1 IL-6 ) mRNA kK, 4
OERET: PBS JETEVK by B S 2H S, i 1] RNA
PEWOR &, A UL RO S ZH 2 RNA, fiff
H Prime Script™ RT Master Mix ( Takara /v ®], H
A) G cDNA. HIT9 441 cDNA 51 L& 1.
{# F§ QuantStudio Real-Time PCR %4t ( Thermo
Fisher Scientific A #), & ) #47 RT-qPCR 1§
o RH 2 iy s R

15 HE & frhEihlsgm 24 h)m, % bid
Dk UG 2, B G2V MLAE 4% PFA
R, AT AR B SR R R IKR A TR
AAGYRL . ZEIROK . BRIEVE SR . Prergukh b it
o, RADESE (VS200, Olympus AF], H
A KRR TR R A8 2 A8 AL AT 0 B UL
P

1.6 %t $F A2 R Imagel FAFANF G T
1 HE 44 K114, K H GraphPad Prism 8 Fil Excel
2010 FEATEAE T AIER 22 . TR PORHT & IE
DO 22551, PxxsFon, R K. &
HKUE (a) 7 0.05,

%1 cDNA3|#FE7%!

Table1 c¢DNA primer sequences

Pro-inflammatory factor F5'-3") R(S5'-3")
IL-1B TGCCACCTTTTGACAGTGATG TGCCACCTTTTGACAGTGATG
TNF-a CACAGAAAGCATGATCCGCGAC TGCCACAAGCAGGAATGAGAAGAG
IL-6 GACAAAGCCAGAGTCCTTCAGA TGTGACTCCAGCTTATCTCTTGG
B-actin GATTACTGCTCTGGCTCCTAGC GACTCATCGTACTCCTGCTTGC

IL-1B: interleukin-1p; IL-6: interleukin-6; TNF-a: tumor necrosis factor-a.

2 # R

2.1 PTZ #ja& )G oM 0 Ig i dm o e 2 i
ARty BoERAE PTZ WG 24 h, PTZ 41 CAl
DX/ 2 o 240 A i 2 2 TR R4 D (55.72+
4.29) 4~ vs (35.71£9.66) 4>, t=4.635, P<
0.001]; PTZ 4/ B/ Jot 240 1t 2 30 A 4K A
K, 3B mrEes (B 1A~1C) . PTZ 4
/INERIEEy CAT DX /)N o 440 i ) LB B S AKX

M2 (0.37+0.05 vs 0.434+0.10, r=2.521, P<
0.05) , 4[5 B2 B = XS HREH (0.85£0.04 vs
0.8240.06, r=2.068, P<<0.05) ; WiZH[a]/]ME
I H s R L 22 g E L (B ID~1F) .
PTZ Hi 5 CAL X BRI IE 40 M 7E PTZ 35
JG24h BEZTXAL (51.61£8.21) 4> vs
(37.64+527) 4>, t=3.707, P<001; ¥ 1G~1H],
SERAERTE PTZ 2P /N BUSELAY , /INBEB4n
JL R R e Joe A LT AL TR AR S 24 h RIAT &4z
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Figure 1 Activation of microglia and astrocytes in the CA1 region of the hippocampus

A: Ibal staining (green) for marking microglia in the CA1 region of the hippocampus in control mice (control group) and mice
at 24 hours after PTZ modeling (PTZ group); B: Morphological presentation of microglia in the CA1 region of the hippocampus in
mice at control group and PTZ group; C: Statistical counts of activated microglia in the two groups; D-F: Statistical data on
lacunarity, circularity, and span ratio of activated microglia in the two groups; G: GFAP staining (red) for marking astrocytes in the
CA1 region of the hippocampus in mice at control group and PTZ group; H: Statistical counts of activated astrocytes in the two

groups. "P<<0.05,""P<<0.01, ""P<<0.001.

22 PTZ ARG &M B2 i fm B A % 0.08, 1=6.742, P<<0.0001) ; M2 BI/]NiZ i 20 ity
AR (E2) W, PTZ4 M1 BEUNRAIM 09 e f 28 T X 4l (0.25+0.08 vs 0.44 £
() L5 38 2 i T X RE AL (0.5840.02 vs 0.35+ 0.09, r=3.784, P<<0.01) .
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Figure 2 Proportions of microglial polarization types in the CA1 region of the hippocampus

A: Co-labeling staining of CD16/32 (red) and Ibal (green) in microglia in the CA1 region of the hippocampus in control mice

(control group) and mice at 24 hours after PTZ modeling (PTZ group); B: Statistical analysis of the proportion of M1 microglia in the

two groups; C: Co-labeling staining of CD206 (red) and Ibal (green) in microglia in the CA1 region of the hippocampus in mice at

control group and PTZ group; D: Statistical analysis of the proportion of M2 microglia in the two groups. ~P<0.01,

23 PTZ BmiEA)s S0l ¥ om B F 8k
J& 2h, PTZ 2 3 Fi{E & A+ mRNA KV 1 2%
ETXTIRA (P<0.05, E3A~3C) . &G 24h,
PTZ 4 IL-1B mRNA HHXJ /K - I 3 i F X B 41
(2.494+1.61 vs 1.02+0.68, t=2.233, P<0.05;
K 3D) . W4H IL-6 5 TNF-a ) mRNA /K257
Tegiit#FE L (K 3E~3F) .

24 PTZ FmEsis S HiiE L2 1%% HE
Peazh R (K 4) Won: EEJE, BE XS
B BRI, CAT XA CA3 X kA4 it )2
WL, I IRAE M T, KRB ME
TR AR F R B 4 4 . PTZ /N R

EEres

P<<0.000 1.

CAl Xt BB TR [ (284.91+73.32)
A~ vs (498.88+176.79) 4, t=2.738, P<
0.05], CA3 XMt as/ b TXIIRAL (247.42+
50.20) > vs (457.784+159.08) 4>, 1=3.092,
P<0.05]; M4 DG X &It S g2: w Lgiit

3 i it

PTZ W W E MMM, By 2

FH T B 5 50 04 2 93 AL a1 LA K B 8 B0 00 24 )
(antiepileptic drugs, AEDs) . ARWFFRIHEGT T
PTZ 755 (i S MR R S (1595 24h)
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Figure 3 The mRNA expression levels of pro-inflammatory cytokines after acute seizures induced by PTZ

A-C: The mRNA expression levels and statistical results of IL-1p, IL-6, and TNF-a in the hippocampal tissue of control mice

(control group) and mice at 2 hours after PTZ modeling (PTZ group); D-F: The mRNA expression levels and statistical results of IL-

1B, IL-6, and TNF-a in the hippocampal tissue of control mice (control group) and mice at 24 hours after PTZ modeling (PTZ

group). IL-1p: interleukin-1p; IL-6: interleukin-6; TNF-a: tumor necrosis factor-a. " P<<0.05.
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Figure 4 Neuron loss in the hippocampal region 24 hours after acute seizures induced by PTZ

A: HE staining images of neurons in the CA1, CA3, and DG regions of the hippocampus in control mice (control group) and

mice at 24 hours after PTZ modeling (PTZ group); B-D: Statistical results of the number of neurons in each region of the

hippocampus in the two groups. " P<<0.05.
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