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[ Abstract] Objective: To explore the mechanism through which Banxia Baizhu Tianmatang ameliorates cognitive

impairment in epileptic rats induced by lithium chloride-pilocarpine by regulating the neuroinflammatory reaction mediated by
NOD-like receptor protein 3 (NLRP3) inflammasomes. Methods: Sixty male SD rats were randomly allocated into blank, model,
carbamazepine (0.125 g-kg'+-d"'), Banxia Baizhu Tianmatang (1.04 g-kg'-d"'), and carbamazepine (0.125 g-kg'+d") + Banxia
Baizhu Tianmatang (1.04 g-kg'-d"') groups (n=12). After the modeling of epilepsy, rats were administrated with corresponding
agents by gavage for 12 weeks. At the 6th and 12th week of the intervention, the rats’ hyper-excited behavior was evaluated by the
stylus experiment, and at the 12" week of intervention, the cognitive function was evaluated by Barnes maze. At the same time, the
seizure frequency and severity grade (Racine score) were recorded. The serum and hippocampus tissue samples were collected after
anesthesia for the following tests. Nissl staining was used to evaluate the degree of neuronal damage in the hippocampal CA1 area.
The content of malondialdehyde (MDA) in the hippocampus was determined by the thiobarbituric acid (TBA) method. Serum
levels of tumor necrosis factor-a (TNF-a), interleukin-18 (IL-18) , and interleukin-18 (IL-18) were quantified by enzyme-linked
immunosorbent assay (ELISA ). Immunohistochemical method was adopted to detect the expression of apoptosis-associated speck-
like protein containing a card (ASC) in the hippocampus. Western blot was employed to quantitatively analyze the protein levels of
NLRP3, cysteinyl aspartate-specific proteinase-1 (Caspase-1), and brain-derived neurotrophic factor (BDNF) in the hippocampus.
Results: The model group showed increased stylus scores at the 6th and 12" week after modeling, a decreased Barnes maze
strategy score at the 12" week, a prolonged incubation period (P<0.05), elevated serum levels of inflammatory factors (P<0.05),
decreased neurons with scattered arrangement and large gaps in the hippocampus, increased content of MDA in the hippocampus
(P<0.05), an increased positive expression of ASC, and up-regulated protein levels of Caspase-1, NLRP3, and BDNF (P<0.05).
Compared with the model group, the intervention with Banxia Baizhu Tianmatang for 12 weeks was accompanied by a decreased
stylus score, epileptic seizures with a decreased score, a decreased number, and shortened duration, an increased Barnes maze
strategy score, shortened escape latency (P<0.01), declined serum levels of inflammatory factors (P<0.05) , regular morphology
of hippocampal neurons, reduced MDA content in the hippocampus (P<0.05), a decreased positive expression of ASC, and down-
regulated protein levels of Caspase-1, NLRP3, and BDNF (P<0.05, P<0.01). In addition, compared with the carbamazepine
group, Banxia Baizhu Tianmatang + carbamazepine showed improved performance in controlling the seizure, improved the
cognitive behavior score and morphology of hippocampal neurons, alleviated the oxidative stress products, lowered the levels of
inflammatory factors, reduced the positive expression of ASC in the hippocampus, and down-regulated the expression of Caspase-1,
NLRP3 and BDNF, with no significant differences. Conclusion: Banxia Baizhu Tianmatang may reduce neuroinflammation,
control epileptic seizures, and ameliorate cognitive impairment by inhibiting the expression of NLRP3 inflammasomes.
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®1 BBTTXRAARMELEIT ALK (3+s5,n=12)

Table 1 Effect of BBTT on epileptic behavior in epileptic rats

(x £ s5,n=12)
15 7 BAET S RAERREER ) R AVEIREL
/g-kg!-d" 15y /s /R /d
Model 41 14.58+2.96  172.9+29.07 17.83+5.39
BBTT 41 1.04 5.08+1.882 44.92+14.11 7.50+1.38”
CBZ 4l 0.125 6.00+2.37% 38.00+8.96>  7.41+1.83%

BBTT+CBZ 4 1.04+0.125 4.83%2.08% 33.25+15.73% 5.41%1.31%

¥+ 5 Model 41 I8 V' P<0.05,2 P<0.01

32 KRR EMXEMWAT YIS SidieESs
12 i J5 , 5 Control 41 Lt # , Model 21 K B fitki € ¥F 4>
BH & T (P<0.05) ;5 Model 4H 1 %8 ,BBTT 4H .CBZ
20 .BBTT+CBZ £ K Rl fiil 28 7% 43 W] . [ 1% (P<0.05,
P<0.01);5 CBZ 4] L% ,BBTT+CBZ 41 K R 4l fih &
WA ES HER TSI E L, W&R2,

®2 BBITHEHMEEKRMEIBRTIHIRM (I5,n=12)

Table 2 Effect of BBTT on experimental score of stylus in

epileptic model rats (¥+s,n=12) vax
215 FlE/g kg -d! 556 )8 512 A
Control 4 1.08+0.29 1.07+0.29
Model 4 2.38+0.65" 2.07+0.64"
BBTT 41 1.04 1.53+0.529 1.42+0.64”
CBZ#H 0.125 1.84+0.55% 1.54+0.527
BBTT+CBZ %1 1.04+0.125 1.41£0.519 1.25+0.45"

1 . 5 Control 2 L #5 " P<0.05; 5 Model 21 L4 ¥ P<0.05,% P<0.01

33 KEUNFAT A %EN S THeHES
12 Ji] J5 , 55 Control 21 L # , Model 2 K Fl 7R W& 15 4>

W 4 B AR (P<0.05) , 38 AR 3 B e 48 4 (P<0.05) 3 5
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Model 41 .4, BBTT 41 .CBZ 41 .BBTT+CBZ 41 K
B SR W 15 43 BH 5 2 5 (P<0.05) , v AR 101 B 4k 4 J
(P<0.05,P<0.01) ;5 CBZ 4 % ,BBTT+CBZ 4 Kk
B W A5 A0 IR IR, 2 7 R g it 8 X
UL 3R 3. 3% 4 Ko st MBI AL k.

#*3 BBITHHMEREAREEHEAERBEINZEM (x +5,
n=12)

Table 3 Effect of BBTT on Barnes maze strategy score of
epileptic model rats (x£s,n=12) i
4151 Fim/g-kg'-d'  EHF 6 EBUE 128
Control 41 2.67+0.49 2.83+0.39
Model 21 1.16+0.38" 1.61+0.65"
BBTT 41 1.04 1.91+0.70% 2.41+0.79”
CBZ 41 0.125 1.90+0.73% 2.33+0.77%
BBTT+CBZ % 1.04+0.125 2.27+0.78Y 2.58+0.66°

¥ : 5 Control 2 F # VP<0.05; 5 Model 4 H %2 P<0.05,
P P<0.01;5 CBZ 4 4 ¥ P<0.05,”P<0.01( % 4-% 8 [7])

F4 BBITXHEMEEAREBRHT R EREFBKRBAHELIN (3,
n=12)
Table 4 Effect of BBTT on latent period of barnes maze escape in

epileptic model rats (x+s,n=12) s
415 Flf/gkg'-d! HERT 6 R 12 5
Control 41 23.18+10.09 12.58+6.64
Model £ 95.50+36.28"  53.36+20.95"
BBTT 41 1.04 43.63£16.31°  28.08+14.39%
CBZ 4 0.125 36.38£17.113  34.22+9.28”
BBTT+CBZ#l  1.04+0.125  34.30+15.34"  19.11+9.88"

3.4 BBTT XM K BLifE 5 20 2 h MDA &% & i 5%
W 2525 # 12 )8 )5 , 5 Control 4 4% , Model 21
KR 5 oh MDA 5 & B 8 7+ 5 (P<0.05) ;5 Model
20 H % ,BBTT 4 .CBZ 41 .BBTT+CBZ 4| K [l 41 iff
4 MDA & & B B [ {% (P<0.05, P<0.01) .
s,

x5 BBITHHMEEARESHA P MDA S ENHM (I+s,
n=12)
Table 5 Effect of BBTT on MDA content in hippocampus of

epileptic model rats (x+s,n=12)

285 Fli/g kg -d! MDA/pmol- g
Control 4 1.43+0.19
Model 21 2.17+0.31"
BBTT 41 1.04 1.71£0.16%
CBZ 41 0.125 1.74+0.17%
BBTT+CBZ 41 1.04+0.125 1.55+0.10%
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3.5 BBTT X i K B e 5 41 400 3 2 78 1k 1Y
W2 R A 45 S R, Control 41 Vi b 4 4 4
Jit J22 5 2 e Y SR AR HE A ML B 1 4] HLJE IR
75 Wi AT DL Model 41 0 & 7 A 1A 40 0 B BRI, B

RS

A B

Mg naE i . 5 Model 41 HE %5,
BBTT 41 .CBZ 41 #l BBTT+CBZ 4 K Bl & ot I &
B RN, HES) K%, M & TR R AR X R Z
DL 1,

7 : A.Control 41 ;B.Model 41 ; C.BBTT 41 ; D.CBZ 41 ; E. BBTT+CBZ 4 (& 2 il [&] 3 [i] )

E1 BBITXEMEBEARED CAIRRRKEEHZM (JEIT, x400)

Fig. 1 Effect of BBTT on Nissl staining in hippocampal CA1 area of epileptic model rats (Nissl, x400)

3.6  BBTT X K BLiM & H IL-18 . IL-18 Fl TNF-a
R 4525 T 128 )5 , 5 Control 41 1t
A, Model 2H K BRI T IL-181L-18 Fl TNF-a % ik
B 2 T+ (P<0.05) ; 5 Model 41 % ,BBTT 41 .CBZ

6 BBTTXEMER KR MEPRERFRIENIIE (v+s,n=12)

20 \BBTT+CBZ 4 K KL 3 7 IL-18.1L-18 #1 TNF-«
Ik B B REAK , (P<0.05,P<0.01); 5 CBZ A L4k,
BBTT+CBZ 4 K B IfiL & ' IL-18.IL-18 Fl TNF-a %
A IER, 2RI R W6,

Table 6 Effect of BBTT on expression of inflammatory factors in serum of epilepsy model rats (x+s,n=12) ng-L'1
25 FlHE/g kg d! IL-18 TNF-a
Control 4 5.890+1.513 15.84142.316 68.939+14.546
Model 10.029+1.940" 20.816+3.162" 97.721+9.253"
BBTT 41 1.04 7.496+1.806 18.549+2.024% 78.948+10.814%
CBZ 41 0.125 7.239+2.371% 17.501+2.924% 76.761+19.520
BBTT+CBZ 4l 1.04+0.125 6.779+1.459" 16.440+2.287> 74.123+13.256%

3.7 BBTT X K BRI 5 4 20 ASC 2 1 FH M
Fakmyim A R B RG T2 E )5,
5 Control 41 I 45 , Model 41 K fl# & IX. ASC & 1 [H

P23k B B EFF(P<0.05) ; 5 Model 4 %, BBTT

41 .CBZ 4 .BBTT+CBZ 41 ¥ ™ [X ASC %K [ % %
ikl N B (P<0.01) ;5 CBZ 4l L% , BBTT+CBZ
41K U T X ASC 2K [ B PE R IR F R s (1%
SEGEEE L, WK 2. €7,

B2 BBITXEMAREIHAASCEBMMRENZIE (IHC,*x400)

Fig.2 Effect of BBTT on ASC protein positive expression in hippocampus of epileptic rats (IHC, x400)

3.8 BBTT X i i K Bl & 241 20 f NLRP3,
Caspase-1 . BDNF £ [ £ X130 5 Control 21 It
B, Model 41 K B ifg 5 20 21 v NLRP3, Caspase-1.
BDNF # |1 3 ik W] & 7+ 5 (P<0.05) ; 5 Model 41 It
% ,BBTT 41 .CBZ #l .BBTT+CBZ 41 K Fl &2 s & 40
Z1rf NLRP3 , Caspase-1 . BDNF %5 [ 3 ik 1 & F& A% ,
2 53 A 4 3 % & X (P<0.05, P<0.01) . UL

K 3,38,
4 itig

W A B TR O T T (R A

2 ), FoAZ 09 BIL A X BEL 2% 202 o A R B i U1 T

R W A0 B A [ A AR SR

BT HE LRI, LALIE " L,

BT S [R)I6 o BEDL O BB S UE S, BT XU 5 I
+ 313 -
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®7 BBITTXEHMWARBEIHLASCEBHRIE
n=12)
Table 7

8 M (x+s,

Effect of Banxia Baizhu Tianmatang on expression of

ASC protein in hippocampus of epileptic rats (x+s,n=12)

2190 Flt/g-kg'-d! ASC
Control 4 0.34+0.03
Model 41 4.84+0.88"
BBTT 4 1.04 1.66+0.97>
CBZ 4 0.125 1.46+0.42>
BBTT+CBZ 41 1.04+0.125 1.42+0.53%

BONE — — — — c— 17 kDa

NLRP3 “** SNl SN " s  [18kDa
Caspase-1 s s . -— 45 kDa
Ll S
p-actin G SN NS SN SR /2KDa

A B C D E
3 WM ARIEDEL NLRP3, Caspase-1. BDNF &H B R iA B ik
Fig. 3 Electrophoresis of NLRP3, Caspase-1 and BDNF protein

expression in hippocampus of epileptic rats

%*8 BBTT X KR iEDHL NLRP3, Caspase-1, BDNF & H
HEXRIZEHHIE (r+s,n=3)

Table 8 Effect of BBTT on relative expression levels of NLRP3,
Caspase-1 and BDNF protein expression in hippocampus of

epileptic rats (x+s,n=3)

2150 blhes NLRP3 Caspase-1 BDNF

/g kg'-d! /B-actin /B-actin /B-actin

Control 41 1.0040.19  1.00+0.081 1.01+0.31
Model £H 10.06+0.83" 3.37+0.51" 2.57+0.31"
BBTT 41 1.04 7.85+0.813 2.84+0.52% 2.08+0.32%
CBZ 4l 0.125 3.35+0.90% 1.62+0.13% 1.60+0.37%

BBTT+CBZ 4l 1.04+0.125 3.24+0.52% 1.59+£0.09° 1.58+0.24%

INHI B B 3, 76 CBZ Eafy b m AL 255 Jr L
il AR ) R RO 0 e AR T R CBZ 41
(BB )IC 8 BBTT A & B H R R
K% WL KT R AL LR E KRR,
HAE SR KA IR LIYG A5 o SR W0 DA R R A 1) XK
BLE LR A A J7 8 R SR, IBCH: i 4a
9 HRIR AR Z o PR R, IR E 2 R
JBRHF AR XL, 3 360 B2, U AR XA
B L AR M 1995 3, A 20 BRI L I
B ZE it o R O I 2y, 22 AT i 2R E T
Ko 207 bR AR, L 23 (AR AR XUk 2 .

FRE SO AR AN, RAE 4H A ¥ 10 I A2 F 45 45 41

- 314 -

SR8 AR R 5 K W K 38 DA SOR B 9 AR T R A
12 BRI 5T MK B 98 0 i Ry 998 Y R 5 11
A Wy LR 22— 2 e RE SRR 4 A% 0 s PR
FRAE , I 5 90006 & 1 52 00 P AL o 0 05 2
1% NLRP3 SAE/NMA KB 28 RAE #2468 RAE ik ok
B 2 T0 A M Y BOB IR, AN A R
B AIE S 5 b 25 S0 B A OC , C AR R R R B
R v A5 B GG EY o e eI R S DA R A
(A% 0o BIL T Ry A 28 R A5 T S 8407 o IR & A
fith % 48 A 17 38R S A R MDA, I 3803 /I8 I8 S5 240 L 7Y
) NLRP3 % fiE /IMA , {2 ffi i 44 (pro) -Caspase-1 % 4k
4 Caspase-1, 1% [ i#f M f# ft. pro-IL-18 Fl pro-IL-18 #%
AR 4 T IL-18 I TL-18. W& 5 % fill 5 24 4 1k
ZAREE G G G| K SR R, SO IR i A 5, S 300k
Jil 9 i R AR, I 3 B 4% RE - & AR I R M
PR30 A B ] NLRP3 48 /A i K 48 i 2500
AR R I F TNF-a, AT 1 8 58 fl i 48 220 1 Bk, a0F —
AR 28 ik J %A RO oo R . NLRP3 38
F5 22300 A6 5 808 ) KR 2 o0 F K B g8 bk S5 A 345
&R BN 2 [ AL M2 S e TR Ik,
NLRP3 4 /A 5 5 W00 A 5 09 4 48 AT RN, 2
SR L DA A5 A A% Lo BEAL ] . BBTT ¥R 97 1
5 NLRP3 4 i /A T F0U500 0 A 60 s A 174 1 FH AL i )
UL 5 1 R BRI ek

S S5 R0 BBTT Al &I A 1 49 R I
% A P43, 46 Rk % VE AR T OT 4R A R R e AR
A3, Uk 52 HA PO 5 B0 A N R 6 0 X
FH o ML ZTE, BBTT #0415 MDA 7= A4, BH ¥t
NLRP3-Caspase-1 #fl , ¥ /b IL-18.1L-18 . TNF-a F
B U8 B 2 T, X — BT 0T R 4 2 B 2
U “BBTT- 4 AE 3 7 ) — 87 . A,
TNF-o FF 5t 0] 42 50 00F 7 A0 30 3 T 5% s dl 22 k9t
BBTT AJ % 7 % R 55 BLHUMU 9 V8 T HLHI > . e
Ab R Zh ) 5 H T T X BDNF A THE , % &R
REZRAEFHRREEEEE R, CATFR R
T8 KRRk 52 7 R T R A R U T BDNF, 1) il
SRR SR g5 R R A 4] BDNF B T
i BBTT 41 B, 48 75 1% J7 A) 3 o 8 90 #2808 97 A
TRE BHEMEITBE BN MER . S5RH
CBZ % W%, CBZ Bt 45 BBTT 40 78 45 il 3 i 457 2 &
1 Bl N A KA 5T H bl 42 e Oy i R AR O
1 NLRP3,ASC . Caspase-1.,BDNF % ik , [ X A
A6 R 3™ ) K i i R AE R F L AR BRI E
Mo X R R AEAR R L R EL T T RHLAR DL 56
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TEH 7 25 43R T RO o T AP R S i
Al 3 7800, IR T AT B A AT T (. A 2k
FOLIR] 25 A A I R A 5 T T, & L A K AR i

JE .

45 4 i 25 4124 38 B% BBTT A B 43 1) 25 [] 52

Mo IR EE NLRP3 56 A f bR R BRUASE A8 )7 ) 96 1 &
L Y P R AT 122 T W) R GE AL, R O DA R
TR 7 B A 8T B9 A= 1) 27 SEUE AR B
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