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Impacts of baicalein on blood-brain barrier, neuronal pyroptosis and NLRP3/
Caspase-1 signaling pathway in rats with traumatic brain injury
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Abstract: Objective To investigate the impacts of baicalein on the blood-brain barrier and neuronal pyroptosis in rats with traumatic
brain injury, and its impact on the NLRP3/Caspase-1 signaling pathway. Methods Rats were assigned into control group, model
group, baicalein (2.5, 5.0, and 10.0 mg/kg) group, with 12 rats in each group. Baicalein groups were intraperitoneally injected with
baicalein at doses of 2.5, 5.0, and 10.0 mg/kg, respectively. The serum TNF-o, IL-6, GSH-Px, SOD, and MDA were determined by
ELISA method. The superfluid of Evans blue (EB) dye was used to measure the permeability of the blood-brain barrier. TUNEL and
Caspase-1 double staining method was applied to detect cell apoptosis. RT-qPCR was applied to measure the mRNA expression levels
of ZO-1, Claudin-1, and Occludin in hippocampal tissue. The expression of NLRP3/Caspase-1 pathway related proteins in hippocampal
tissue were detected by Western blotting. Results Compared with the model group, the EB content in the affected hemisphere of rats
in the baicalein groups were greatly reduced, and the permeability of the blood-brain barrier was greatly improved, the levels of ZO-1,
Claudin-1, Occludin mRNA, and SOD and GSH-Px were greatly increased (P < 0.05), the cell apoptosis rate and the levels of MDA,
IL-6, TNF-a, NLRP3, Caspase-1, GSDMD-N, IL-1f, and IL-18 were greatly decreased (P < 0.05). Conclusion Baicalein can inhibit
the NLRP3/Caspase-1 signaling pathway, alleviate inflammatory and oxidative stress responses, and improve the blood-brain barrier

and neuronal pyroptosis in traumatic brain injury rats.

Yeks HEA: 2024-08-08
BEEWMEB: WA EFRHEYOGH (BEHLE) BH (LHGI20191175)
1EE RN B0k, I3, BREIM, Wid, ETHEFI7 AN R A SR . E-mail: ywtao8765@163.com


mailto:ywtao8765@163.com

<2458«  ZE39BE10H 2024 F 10 A

AR E bl

Drugs & Clinic Vol. 39 No. 10 October 2024

Key words: baicalein; traumatic brain injury; NOD-like receptor thermal protein domain associated protein 3; Caspase-1; oxidative

stress; inflammatory reaction

BG5S B ERIE T R ARG R 3
EAMAEEER, JCHEFRN SRR
P T B Ay B R PRI — AN E R R, A
Pt A5 4 2t S P — AN BT, AT
ARGESAT R, ERHIAH S UL KT
ok T PEEM A AHREEER Y, StARE
N2 B RN AR, JCH R LR N AT
EA O ZENIOY SR e =P S N i e
TG O A9 P P % 0 £ e BB 1) R R SR PRI . R
TR AR T B T 4 4 A A2 H RS 7 i e il
Bz — o BIHTER G USRS S B R T, 2
RN R BT . ARSE T RRIASE. T, Bkt
AN B FEYH M A T AR TR AR (T B AR R T,
AU R E I RE R N . F RN NOD FEZ
RHE A 3 (NLRP3 ). 2Pt K & -1
(Caspase-1)+ JHTAHICHE AL 8 A 45 & 9 2 1/
i, BEMARENLAR W R AR T, NI 75 5 4 AE
2B, B F e B AR P 2 B SR — P EE 2
EVNETEZY), HAPURAE. UL, PLiE AR
SO EI RN, HEERY, FER A LLE G
I R, A R I A R A 560 R dRIE, PR
K FOT A MR A S e A AR AT,
BN B FAE QI A 0 (e T A T —E 1
E R AR ST O PE R ER 13 B MG AN i 2
AR TR 1 55 25 20 495 M o2 43 K BR A 48 e
TR I 3 5 (A FH B mT e ) 4T
1 #MREE®
1.1 34

SD KB, #EbE, A& 330~350g, SPF %,
T A B JE RIS BN IR A BR A F [SCXK ()
2022-0005]. ASHF L TFEH 1T 0 R B S0 Ae BE 2R
ReE AL RS 2022-015),

1.2 EERH

WEE (RS =98%, 155 20150325), 1t
WHLRHEAEY A7 A4EMN 2 (IL) -6 ELISA iX
&L (375 HAS-47902), iR B 2 AEME ARG R
AN MRRSER T-o (TNF-0) ELISA 7 & (52
5 MM-0180R1), X mi i AEMEHTARAR]; &
AW B 1L B (SOD) ELISA {7 & (%5
YT30267), LigEIZ15 BRHE AR AR ; NLRP3 #1

& ($¢ 5 ab263899 ). Caspase-1 ik (f% 5
ab207802). IL-1B dufk ($25 ab283818) Fl IL-18
Fifk ($55 ab191860), Abcam A#; JHEE D )
N ¥ (GSDMD-N) Jifk (85 DF13758), VL7535
R AT N/ (MDA) ELISA RRil& (k%5
XK-E12487), bigHERFEY~A] s A H Ik 4k
VIl (GSH-PX) ELISA il & (1%5 FT-D23894),
RS EMRHEARAF.
1.3 S4A R tn K RAR B R385 4R

77 R R BERLE 12 RAE X EL, Hofh
65 AMEAMATER AL ip 40 mg/kg 1%
PO BRI K B, I e fEAE SR, RISk B2
FERE, EARCEEREH —ANLE, Dl—E M
FEXTZN AT i o A KRB ISR ol MKt
SN PR U e B IE A R TN ), dE RRIE AR R TN 48 KoK
BUBEHL > A AH . 353 (2,50 5.04 10.0 mg/kg)
H, R 12 R B oE s TR Eh g o AR B HhoK
(PBS), R, HEER&GHIRHLAHHE
FEH KA ES 2.50 5.00 10.0 mg/kg FE R,
X LRSS R 20K B iv 25 =Y PBSFE k1715 12
h /5, SHRREE KL, FiRFHFE 1h, &
O 10 min FRIFILE, F T2 LR 98 RE T bRt
W B SERSS, RRHBHLER 6 RO T i
BEBEEE PRI ol 6 ROKRALSE, B4
2y, GrR 3 4y, —#ar AT PCR, —#F5r1E 4%
LR E e, HTFRNmRET SR, 55
73 H T Western blotting »
1.4 [ AxEREEIE N E

B SCHTE (EBD GWkh oty pA ) &2 if o o
PLEENE. & RFIKEISES EB Jekl (FA3Eh
/K 2%) 3mL/kg T REMAEN. ThEEH 1%KEH
RN KR, 7RO RERE A B K R
BR, THE, FRiE, 60 CHIEEZ (4.0mL) #¥H 24h.
BE G, SO EIER . HETE 620 nm ARG
& COME, ARAEARE I TH 5 AR 2 EB
JoRhr) & .
1.5 WKHEE PCR (RT-qPCR) #3#f

FREUA SR T A1 215 RNA, MR SR 4R 77)
B RNA #5588 ¢cDNA, K RT-qPCR il &
WE N EA 1 (ZO-D B%iEEEA 1 (Claudin-



E390RE108 2024410 DS EET Y3

Drugs & Clinic

Vol. 39 No. 10 October 2024 - 2459 -
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#1 RI-qPCR HI3|4IF%)
Table 1 Primer sequences for RT-qPCR

B 1E [ S

Z0-1 5'-ACAGCCAGCTCTT 5'-GTATGGTGGCTGC
GGTCAT-3' TCAAGGT-3'

Claudin-1 5-CTACTCCTCCAAC 5'-AGTCATCCACGGA
GGCAAAG-3' CAAGGTC-3'

Occludin  5-CCCCAATGGAAGA 5'-GTATCTGCCCGGT
TTTACTCCT-3' GCTTT-3

p-actin 5'-ACATCCGTAAAGA 5'-CTCCTGCTTGCTG

CCTCTATGCC-3' ATCCAC-3'
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X IRHAREL, BRI K RRAEER EB & &
NN, I B e A P R R (P<<0.05);
ERBHAELG, AR &R E A KRR A Ek EB
R E R, AR EE R ENGE (P<
0.05), HEFIEAMIHE, WE2.
%2 ZEARIRGE EB 2 ( X+s, n=6)

Table 2 Comparison of EB content after brain injury in

rats of various groups ( X+ s, n=6)

20531 FilE/(mgkg™) EB/(mg-g™")
Hof IR — 0.62+0.07
e — 3.72+0.17
WER 25 2.89+0.16*
5.0 2.400.12%&
10.0 1.0140.09%@

SRR LR P<0.05; SHUMALLE: *P<0.05; HIFE 2.5
mgkg T HLILE: #P<0.05; 53E K 5.0 mgkg ! 4L @P<0.05,
“P < 0.05 vs control group; *P < 0.05 vs model group; P < 0.05 vs
baicalein 2.5 mg-kg™ group; P < 0.05 vs baicalein 5.0 mg-kg™" group.

2.2 BEE R IR R PRI 4 4 O B E RO 20

5 AR, A2 K U S 4 ZO-1.
Claudin-1. Occludin mRNA 7KF R (P<0.05);
B, WEREAEH Z0-1. Claudin-1.
Occludin mRNA ZEHHI (P<0.05), HEFEAM
Kk, W 3.

%3 JBEARNKFEREEHEXERNEZELE ( x+s, n=6)

Table 3 Expression of genes related to blood-brain barrier permeability in rats of various groups ( X*s,n=6)

. .. - mRNA X} FRIE &

il A /(mgkeg™) ZO-1 Claudin-1 Occludin
Pagie — 0.86+0.10 1.23+0.13 0.91+0.11
Y] — 0.23+0.03" 0.22+0.03" 0.2540.05*
WER 2.5 0.43+0.04% 0.5040.05% 0.4940.04%

5.0 0.5440.08% 0.7440.09%& 0.6940.12%&
10.0 0.68+0.12#4@ 0.98+0.09%4@ 0.86+0.06"4@

St A R "P<0.05; SHERALLE: *P<0.05; S5EEEK 2.5 mgkg VAE: 4P<0.05; HIEE R 5.0 mgkg AL @©P<0.05,
*P < 0.05 vs control group; *P < 0.05 vs model group; %P < 0.05 vs baicalein 2.5 mg-kg ™! group; @P < 0.05 vs baicalein 5.0 mg-kg™" group.
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23 EEEWNENRHIEIRRIRT
5xEH AL, #RYZH SOD A1 GSH-Px 7K1~ &
R [%, MDA /K FEFFE (P<0.05); S5HEMRHAH,

AR K FIEH SOD A GSH-Px /K FFE, MDA
KA RS (P<<0.05), HEFEMLH, W
% 4,

#4 BEKXRMES SOD, GSH-Px F1 MDA MIELE ( x s, n=12)
Table 4 Comparison of SOD, GSH-Px and MDA in serum of rats in various groups ( xts,n=12)

2H 5 i/ (mgkg™) SOD/(U-mL™) GSH-Px/(U-mL™) MDA/(nmol-mL™)
X i — 80.26+6.54 68.23+6.43 1.91+0.21
A — 36.83+4.43" 33.2243.43" 5.72+0.25"
HER 2.5 47.93+6.34% 39.641+4.52" 4.9140.52"
5.0 58.73£6.28%& 457442 544 3.99+0.12%
10.0 70.68 £ 5.324@ 52.25+4.82%@ 2.57+0.43"@

Ext AL "P<0.05; SEEAIAE: *P<0.05; HIHEEEK 2.5 mgkeg A &P<0.05; S5AEK 5.0 mgkg AL @P<0.05.
P < 0.05 vs control group; *P < 0.05 vs model group; P < 0.05 vs baicalein 2.5 mg-kg™! group; ®P < 0.05 vs baicalein 5.0 mg-kg™" group.

24 BEREINRAEIRIRAIFZT

X RAIAELL, BRI IL-6 Al TNF-a /K&
FHN (P<0.05); SHEMAML, HHREFE
HEFRPRKFRE TR (P<0.05), HEFIEMHLK
P, WS,

*5 BEARIMFEF IL-6. TNF-o FIELE

( x=*s, n=12)
Table 5 Comparison of IL-6 and TNF-a in the serum of
rats in various groups ( xts,n=12)

HA FE/(mgkg") IL-6/(pgmL™) TNF-o/(pgrmL™")

Xt iR — 147.43+16.96 96.85+8.58
i et — 454.53+23.85*  345.98+20.75"
HER 25 345.85+20.73%  264.34123.63%

5.0 236.48+19.87%  152.34411.43%&

10.0 142.85115.85"4@ 97,5449 53%4@
SXSIRALLEL: "P<0.05; SEUHMALE: P<0.05; HEER2S5
mgkg ' AL #P<0.05; 5HE R 5.0 mgkg ! 4LLEL: @P<<0.05,
*P < 0.05 vs control group; *P < 0.05 vs model group; P < 0.05 vs

baicalein 2.5 mg-kg™ group; @P < 0.05 vs baicalein 5.0 mg-kg™" group.
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1 TUNEL 70 Caspase-1 U4 A RIS D4AA P HAEETIFR (X200)
Fig. 1 Detection of cellular pyroptosis in rat brain hippocampal tissue by double staining with TUNEL and Caspase-1 (x200)

*6 FEARMEDARPMEETEILR
( Xx+s, n=6)
Table 6 Comparison of the rate of cellular pyroptosis in
the hippocampal tissues of the brain of rats in various

groups ()_c:i:s,n=6 )

151 i & /(mgkg™) A EE T2/ %
ol Het — 4.64+0.14
LAY — 37.23+2.43"
WER 25 27.24+1.98"
5.0 19.14+£1.32%&
10.0 13.98 4 1.23%@

SRPRA L TP<0.05; SHEIMALLEL: *P<0.05; HHEFR 2S5
mgkg ! LR $P<0.05; H5HE R 5.0 mgkg ™ 4LLEL: @P<<0.05,
*P < 0.05 vs control group; *P < 0.05 vs model group; P < 0.05 vs
baicalein 2.5 mg-kg™ group; @P < 0.05 vs baicalein 5.0 mg-kg™" group.

T I FRHE 14 (ROS) A1 NLRP3 78 P A4y 42 i H
M5 i 718, AR R, AR EE L
7 M R R pEE N, WENN T KR ZO-1.

Claudin-1 Occludin mRNA FiA &, BEFKT IL-
6 M1 TNF-o 7K. 3B 3% 25 AT DA OSSR I 04 5 B 1)

NLRP3

— - - - 13X 10°
Caspase-1 ~ W_—) - - — 45%X10*

GSDMD-N s D S S A ;0!

i-1p - S - o
1s - .

Xof BE it 2.5 5.0 10.0
HEF/(mgke™)

2 KEIGEDZELAH NLRP3/Caspase-1 BEHEXERRIA
Fig. 2 Expression of NLRP3/Caspase-1 pathway-related
proteins in the hippocampal tissues of the brain of rats from

various groups
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®7 BAKRKEDHALT NLRP3/Caspase-1 BIEHEEEARIALLE ( x+s, n=6)
Table 7 Comparison of the expression levels of NLRP3/Caspase-1 pathway-related proteins in the hippocampal tissues of the

brain in each groups of rats ( xts5,n=6)

) FE/(mgkg!) NLRP3/B-actin  Caspase-1/B-actin  GSDMD-N/B-actin IL-1pB/B-actin IL-18/B-actin
Pyl — 0.2140.03 0.12+0.01 0.17£0.02 0.25+0.03 0.23+0.04
et — 0.8440.05" 0.71+0.04* 0.794+0.06* 0.9240.07* 0.8840.06*
WEER 2.5 0.55+0.04% 0.49+0.05% 0.52+0.05% 0.7540.06% 0.6440.06%

5.0 0.39+0.04% 0.38+£0.04% 0.37£0.03% 0.47£0.04%  0.514£0.05%
10.0 0.25+0.03%@  (2240.02¢@ 0.26+0.03%@ 0.35+0.04%%@ (3740.03%@

S RA R "P<0.05; SHEBALLE: *P<0.05; S5HEEK 2.5 mgkg T ALE: 4P<0.05; H5IEEE 5.0 mgkg 4L ©P<0.05,
“P < 0.05 vs control group; *P < 0.05 vs model group; P < 0.05 vs baicalein 2.5 mg-kg™' group; @P < 0.05 vs baicalein 5.0 mg-kg ™! group.
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