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[ Abstract]

ischemic stroke (IS) and to elucidate whether its neuroprotective effects are mediated by inhibition of the nuclear factor- kB

Objective: To investigate the effects of Huanglian Jiedutang (HLJDT) on cognitive function in mice with

(NF-«B) signaling pathway and subsequent suppression of NF-«kB-regulated neuronal apoptosis. Methods: An IS model was
established using middle cerebral artery occlusion (MCAOQ). Sixty C57BL/6J mice were randomly assigned to five groups (n =12
per group) , i.e., sham operation, model, HLJDT low-dose (3.9 g-kg'-d"), HLIDT high-dose (7.8 g-kg'+d"'), and Ginkgo
biloba extract (GBE, 31.2 mg-kg'-d"'). Post-operatively, neurological deficit scores (Longa score) , cerebral infarct volume
assessed by 2, 3, 5-triphenyltetrazolium chloride (TTC) staining, and brain water content were evaluated. Learning and memory
were assessed using new object recognition (NOR) and fear conditioning (FC) tests. Hippocampal pathology was examined via
hematoxylin and eosin (HE) staining. Immunofluorescence detected expression of glial fibrillary acidic protein (GFAP, astrocyte
marker) , cellular oncogene Fos (c-Fos, neuronal activation marker) , and glutamate decarboxylase 65 (GAD65). Western blot
measured nuclear factor-«B inhibitor protein a (IkBa), phosphorylated IkBa (p-IkBa), NF-«B p65, phosphorylated NF-«B p65
(p-NF-«B p65) , ionic calcium binding adapter molecule 1 (Iba-1), tumor necrosis factor (TNF)-«, interleukin (IL)-18, and
apoptosis-related proteins, such as cleaved cysteinyl aspartate-specific protease 3 (Caspase-3), B-cell lymphoma 2 (Bcl-2), and
Bcl-2-associated X protein (Bax). Real-time quantitative PCR (Real-time PCR) was used to assess mRNA levels of Iba-1, TNF-a,
IL-18, NF-«kB p65, cleaved Caspase-3, Bax, and Bcl-2. Results: Compared with the sham group, the model group exhibited
significantly increased neurological deficit scores, brain water content, and cerebral infarct volume (P<0.01). Hippocampal CAl
neurons were disorganized, showing nuclear pyknosis and karyolysis. NOR exploration time and FC freezing time were
significantly reduced (P<0.01). GFAP and c-Fos expression were increased, while GAD65 expression was decreased (P<0.01).
Cleaved Caspase-3 and Bax were upregulated, Bcl-2 was downregulated, and the Bax/Bcl-2 ratio was elevated (P<0.01).
Expression levels of p-IkBa, p-NF-«B p65, IL-18, TNF-«, and Iba-1 were significantly increased (P<0.01). Compared with the
model group, HLJDT high-dose, low-dose, and GBE groups showed significant improvements in all parameters (P<0.01). Among
them, the HLIDT high-dose group showed the most pronounced neuronal structural recovery and superior performance in NOR and
FC tests (P<0.01). In this group, GFAP and c-Fos decreased, GAD®65 increased (P<0.01), apoptosis-related protein expression
was reversed, and NF-«B signaling and related inflammatory factor expression were suppressed (P<0.01). Conclusion: HLJDT
ameliorates cognitive dysfunction in mice after IS, potentially by inhibiting the NF- kB signaling pathway, thereby reducing
neuroinflammation and hippocampal neuronal apoptosis.

[Keywords] Huanglian Jiedutang; ischemic stroke; nuclear factor-«B (NF-«B) signaling pathway; neuroinflammation;

apoptosis; cognitive impairment; hippocampus
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2l AR IES SCXK (14 )2020-0005, 1 57 TR b
BN h Vg B g5 G BB R R SE W = S s . /R
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(1:2 000) . p-NF-«B p65(Ser536) (1: 2 000) . Iba-1
(1:2000) ,TNF-a(1:1 000) .IL-18(1:1 000) .Bcl-2
(1: 2 000) . Bax (1: 2 000)
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2 ROCEE R R G T I REF S .

2.3.8 Real-time PCR &l H(iE o 44 40, jm A
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MonScript i ] & ( & % DNA [ 25 5% ) = &% 58 il &
cDNA. Ll TB Green” Premix Ex Tag Il BC il & b
T U511 Real-time PCR JZ W /& & , fill A ¢cDNA J&
ML . R A PF 95 °C 5 min FiAE 5 95 °C
15 s.60 °C 1 min, 72 °C 30 s, 3t 40 7§ % . WU
GAPDH AW Z, R 2%k 7 M dicdis , 51 9 el L1
S A G L, R 1,
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Table 1 Primer sequences

. cleaved Caspase-3

GEY) JFF(5-3") K J# /op
IBa-1 [ AGCCTGAGGAGATTTCAACAGAA 167
¥ CCTCAGACGCTGGTTGTCTT
IL-18 |9 AACATAAGCCAACAAGTGGT 115
T TCACACAGGACAGGTATAGA
TNF-a |3 ACCCTCACACTCACAAACCA 212
Tiif ATAGCAAATCGGCTGACGGT
NF-«kB p65 |{if CCCTACGGAACTGGGCAAAT 153
T GCGGAATCGAAATCCCCTCT
Caspase-3 L AGCTGGACTGCGGTATTGAG 182
T iif CGCGTACAGTTTCAGCATGG
Bax [- 9 GATCGAGCAGAGAGGATGGC 249
T if GTAGAAAAGGGCAACCACCC

Bcl-2 9 GCCTTCTTTGAGTTCGGTGG 221
T CTGAGCAGCGTCTTCAGAGA

GAPDH % CGATGCCCCCATGTTTGTGA 145

Fi# GAGCCCTTCCACAATGCCAA

2.4 Gl Hr R GraphPad Prism 9.5.0 #4iF

PG oM o Bl IE 2 E Ky 22 554 49 5114 Shapiro-

Wilk £ 56 PFAl o AF & IS B DL x £ s £om o

PR B0 2 SRR R S AR ke g . 24

[ 2 S8R, R A R 2200, A4 R

=25 U Tukey K 36 #E47 W R LL AL, LA P<0.05 2
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2R B G EL

3 &5

3.0 HHE R I AR B 22 ) R AR 0 i 4 41
FoKEME W 5FRA R, B AN R
Longa 43 fiki 41 21 % 7K it H A 2 3% T+ 85 (P<0.01) .
SRR PR, ) R IR 4/ B Longa 4
i 2H 205 K LA B 3 AR (P<0.01) . L3 2.

®2 HEBBZIWEENR Longa TR RWARSKEN M
(X+s5,n=3)
Table 2 Effect of Huanglian Jiedutang( HLJDT) on Longa scores

and brain water content in model mice (X+s,n=3)

215 FlH/g- kg Longat¥4r/4y M4l &K E/%
BT AR 0.000.00 78.08+0.97
H 70 2 2.80+0.40> 84.6240.58%
HHEMRE G EA 3.9 1.80+0.40" 82.07+0.92"
WM SR 7.8 1.40+0.49" 80.66+0.47"
AR I B 41 0.0312 1.60+0.48" 83.27+0.38"

51T AR L VP<0.05,2 P<0.01, 58 8 1 %Y P<0.05,
YP<0.01(F3-FE 10[H])

3.2 B I RE W 6B R /)N BRI BE BB TR (9 52 e

SR TR e, B 20 /)N BRI A AT 1 AR I 2 K
(P<0.01)., SHEIAIA LR, W& A #E AR m f) a4
NAR A B O A0S BN A A T AR B e/
(P<0.01), WKEl1.%3,

A B C D E
AT AR BRI A C. B I % 37 7 AR50 4k 2 D. B I% fi%
RV 0 2 S B AR MR IR
B 1 EHERESHEE/NRNEL IR

Fig.1 Effect of HLJDT on cerebral infarct area in model mice

3.3 I U AT 0N SR Vi B 2H 2 HEL AR 4

MR BT R AL/ B B CAT DX MR 22 T HE

B B R ST AR A R B A I, B 0 B

B, AR R S R o TR ZH /)N RN 4 4L A i e ik A2
. 72 .

R3 HERBFNERNRBEREROZMI (I£s,n=3)

Table 3 Effect of HLJDT on cerebral infarct area in model mice

(x+s,n=3)
4150 /g kg i A HE A B 24 /%
BFARH 0.00:£0.00
H 70 2 38.13+0.22%
BT il 2 1 A0 5 21 3.9 21.63+0.34"
BT 2 0 e ) 2 7.8 16.75+0.41"
AT I 4 IR 21 0.0312 20.65+1.05"

T, HE 51 25 L 40 1] B A 5, Hh B0 K a0 R [ 46
SRR AR . SR L, M SR
TR 2 /N BRI 28 T HE 5 )22 R A A TR A 40 ] A
INER AL R RS (AR EZST G R A R E |
PO . W2 K4,

HE AT AR B AR  C. 8 7 fif 57 17 i 77 k21 DA
PRI 20 (181 3-8 [A])
2 HEMBSINKENRBIFERGHFZNE (HE, <100)
Fig. 2 Effect of HLJDT on hippocampal pathological injury in
model mice (HE, x100)

x4 HEMSHIVEENRESHFEBRGHZN (+s,n=3)
Table 4 Effect of HLJDT on hippocampal pathological injury in

model mice (x+s5,n=3)

415 /g ke i 4 25 7K /%
i FAR 4 77.45+0.81
FELR 4] 85.20+1.21%
BT i 75 0 e 0 2 7.8 79.40+0.60"
FR A S I 41 0.0312 80.39+0.06"

3.4 B R MR/ BT S 2 N0 T RE Y 5
M) AR 2 PR, O A A v ) A B R
R R £ (P<0.01) . 1£ FC B 40 /N B Y
5 445 B[] LR AT A 2 % 1) ] 8 3 45 6 (P<0.01) , /=
7 ek 4RI A I R 4 /0N R O R TR R
() 5 2 8 (P<0.01) o B 3% i 75 1 % IBE B /N BRL 2%
YA VR 45 I TR 52 e D B R R BRI A R
K3 ESs.

3.5 B iR U R B/ B 2H 21 GFAP (1 5%
M 58T AR g, AR R AN BB 21 20 P GFAP 24
S R 5R (P<0.01) . SR 4 AR, B
B e ) i A AR A 4R IO A OO T R I 2 U5
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B3 EEREHEE/NRIY IR 5 R 0
Fig. 3 Effect of HLJDT on novel object recognition index in

model mice

x5 HEMSBFINEENR AL B RIRZEE A E SR
fig (x+s,n=10)
Table 5 Effect of HLJDT on freezing time, recognition index, and

time proportion in fear conditioning test of model mice (x+s,1n=10)

R PRESEEIE] 5 HT AR B AU

/g-kg! /% ERAGD IR /s
BF A4l 88.68+5.54 87.46+3.97 23.04+24.52
I 21 23.48+5.05 33.19+6.84% 26.01+26.61
W AR TR ) AL 7.8 77.57+3.80" 71.06+6.14” 9.51+4.97
R A I B O AL 0.031 2 53.65+4.09" 56.72+5.63" 44.52+27.48

(P<0.01), LK 4 %6,

B4 BHEBRFZZNREDMEX GFAPREMFN (IF,x100)
Fig. 4 Effect of HLJDT on expression of GFAP fluorescence

intensity in hippocampal region of mice in each group (IF, x100)

®6 BEMBAWMEENREBIME GFAPREHFM (X + 5,n=3)
Table 6 Effect of HLJDT on expression of GFAP fluorescence

intensity in hippocampal region of mice in each group (x + s,7=3)

2053 /g kg GFAP
BRFAR4U 33.63+1.28
RV 149.48+1.89”
T S R R e 7.8 67.80+1.88"
R A B U 20 0.0312 95.65+1.83%

3.6 i % iR 1 A AN BRI 5 4 4 c-Fos 5
GADG65 (s SRF AR L, AR /N RiE S
X c-Fos B9 FH M 40 ffd % & 2% 3% i (P<0.01) , 1M
GADG65 965 J& 1 & PR (P<0.01) . SR [
B, U R D R AL AR A R U A 5 X
GADG65 ) # ik i % I 18 (P<0.01) , c-Fos fH 14 15 5

5 HEMRBHMNEENRED c-Fos 1 GAD65 WL BERIKH
#I (IF,x100)
Fig. 5 Effect of HLJDT on expression of c-Fos and GADG65

fluorescence intensity in hippocampal region of model mice

(TF,x100)

x7 HEBBSFHWNRENRIED c-Fos M GAD65 W K IBERIEN
2l (X £ 5,n=3)
Table 7 Effect of HLJDT on expression of c-Fos and GADG65

fluorescence intensity in hippocampal region of model mice (x + s,

n=3)

25 51 F /g kg c-Fos GADG65
BT AR 50.7445.82  234.64+26.07
R TR 2] 245.92421.34”  66.67+5.41%
WM AR 7.8 59.89+2.13"  165.54+29.62"
A 4 TR 4 0.0312 66.47+4.64"  121.98+13.03Y

3.7 B R A N A N BROV T 4 4 rh 2 Y T
BEMEW  5HF AR LK, BALN G DA
21 1 cleaved Caspase-3, Bax £ & W & T &
(P<0.01),Bel-2 7K °F &8 35 [ {1k (P<0.01) , Bax/Bcl-2
BE WK (P<0.01), SEAIA i, 8% i 7 1 &
) =g AR A R B A/ BRI T 20 4 cleaved
Caspase-3 1 Bax 7 ik B i [% ik (P<0.05, P<0.01) ,
Bel-2 #2315 B & I 94 (P<0.05, P<0.01) , Bax/Bcl-2 H§
LN (P<0.05,P<0.01) ., WLFE 8.6,

3.8 B i VA N R AU /N BV T iR 2H 2UAH OC B 1
sz 5T ARH R, B N B NF-«B i8
P& MO L p-IkBa ik 3 T 5 (P<0.01) , IkBa fi 2
fi# (P<0.01) ,p-NF-«B p65 . % 4 (P<0.01), Fiif
HAE [ F IL-18 . TNF-a & Iba-1 25 4 ¢ ik ik 3 19 i
(P<0.01) ., H¥% fif 5 17 = 77 i 2 55 4R A - $2 0 41
BIT I IRE B2 3 p-IkBa Fl p-NF-kB p65 Y 7K F
(P<0.01) , BH 1k I«xBa 1 F% fi# (P<0.01) , B Ik IL-18.

. 73 .
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*8 HEMBFMERNRESEALAMATHEXEARENZM (¥ +5,0n=3)
Table 8 Effect of HLJDT on expression of apoptosis-related proteins in hippocampal tissue of model mice (x + s,7=3)
20 51 Fl /g kg cleaved Caspase-3/GAPDH Bcl-2/GAPDH Bax/GAPDH Bax/Bcl-2
P A 1.00£0.02 1.00£0.02 1.00+0.01 1.00+0.01
L2 1.98+0.02% 0.40+0.01% 2.14+0.01% 5.35+0.03%
L R V0 e R 2 7.8 1.55+0.04" 0.92+0.02" 1.74+0.03" 1.900.02"
A - B ) 2 0.0312 1.72+0.05" 0.45+0.01" 1.92+0.01% 4.29+0.02”
|
cleaved Caspase-3 30 kDa Iba-1 M 17 kDa
Bax 21 kDa L1 s D o @4 51 D:
Bel-2 26 kDa TNF-o - - A 70
GAPDH 36 kDa IxBa . . . ‘ 36 kDa
A B C D i
3 g N 3 -IxBa
o MAMRNDEAMNATAXESREEK P “ 36kDa
Fig. 6 Electrophoresis of apoptosis-related proteins expression in
hippocampal tissue of model mice Hrenes - - - . 65kDA
TNE-a & Tba-1 it Jif 3 35 . % 5 ELAT 40 3F 2 B X prcnes ey A - 0
(P<0.01). WLE7.%9. .
F-3CtD  c— — —— A 12 kDa

3.9 B T U XA R/ BN 2 41 mRNA Rk
B2 SR TR R, R 2 ) B Tba-1

A B C D

B7 #ENREBIRMXEXEBQRERK

TNF-a . IL-18.NF-kB p65 . cleaved Caspase-3 55 Bax
) mRNA 7K i 2 Tt 5 (P<0.01) , Bel-2 mRNA K
i E AR (P<0.01), SRIRIA AL, BE M
T R B 2 5 R A R O 2/ BRI 2 40 Tba-1 |
TNF-a.IL-18 K NF-«B p65 i mRNA % i& ¥ 4% 1 &
) (P<0.05, P<0.01) , cleaved Caspase-3 4 Bax

®9 BEMBHIWNERNREIMXEAXZTERENEM X = 5,n=3)

Fig. 7 Electrophoresis of related proteins in hippocampal region

of model mice

mRNA 7K i Z A% (P<0.01) , I 42 7 Bel-2 mRNA
K2 M T, 255 HA G F R X (P<0.01), W
%10,

Table 9 Effect of HLJDT on expression of related proteins in hippocampal region of model mice (x + s5,7=3)

27 FMit/g-kg'  Iba-1/B-actin  IL-1B/B-actin TNF-a/B-actin p-IkBa/IkBa p-NF-«B p65/NF-kB p65
BFARH 1.00£0.01 1.00+0.01 1.00+0.01 1.00+0.02 1.00+0.01
TR 2] 3.71£0.06 2.39+0.04” 2.11£0.05% 2.21+0.03” 1.54+0.03%
A iR R 1 1 R 7.8 1.41+0.02" 1.48+0.03" 1.20+0.02" 1.59+0.03" 1.13+0.03"
R A I B O 21 0.0312 2.41+0.02" 1.73+0.03" 1.42+0.01" 1.63+0.01" 1.16+0.01"

®10 EEMHFHINRBEANREDRMXEX mRNAREHZI (5 £ 5,n=3)
Table 10 Effect of HLJDT on mRNA expression of related proteins in hippocampal region of model group mice (x + 5,n=3)

20 5 Fl /g kg Iba-1 IL-18 TNF-a NF-kB p65 cleaved Caspase-3 Bax Bel-2
BT AR 0.86+0.11 1.42+0.11 1.29+0.23 1.26+0.06 0.92+0.03 1.31+0.08 5.78+0.13
H 0 241 2.60+0.16°  2.36+0.04  2.65+0.15  7.84+0.58% 3.66+0.07” 6.35+0.09”  0.96+0.02%
WM A ED 7.8 1.40+0.15Y  1.70£0.07"  1.73+0.2" 2.87+0.07" 1.65+0.05" 2.32+0.08"  4.39+0.09"
A I IR 21 0.0312 1.74+0.06"  2.10£0.11°  2.31+0.13  4.43+0.10" 2.36+0.04" 4.81+0.09”  2.53+0.12Y

.74.
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4 Itig fIR IL-18  TNF-o 55 R AE P 57K, TR Sk b 335 fie 4

IS EEEVEBNEEE MBSt FERERZ —, 1
Jig BRALHI B2 2, 5 K b 28 o0 2 MR SR B0 Ak 1 i 28 4%
iE S S AR R T AR R R A R EOA A D RE R 1S,
i 2 v JS DR B A R IS UL Y O R RE ™ R I AR
BTG R AR ST SR [ s e 0 R s A
iE 5 40 LR T T A I R o A R A O
INHIDIRE™ 33X R IS BAR YT $ 4L T B i 5 J7 ) .

e BRI IS & XU I Al S AL 2
AR BR S YEE A rh D T BE R A R A T
a5 FEWUNG LS R AL DR AL, 5 R HREE 9 U AH
Koo RACKIEZ 4 S 3B MR " 3 , TR AT
AR TR S R R KR R =2 B IR T R
e, AR S e B, IR R AL S R 2 R
SiE 2N e A OG5 B/ IN e S5 40 M 55 R O G 5T A4
1 32k B 1% AL NF-B 45 98 0 {7 5 6 0E SR 2% 4
Jf PR ik A A AR T L B R TS AR TR 2T
EAISJE TR Z L. G RBF5E C kS5 07
fE Bl 38 8 A0 T B 5 1 28 D e 4R A T T R
BRAR 245 B 7R 3R W L3 1 o B A 22 M A BT R A
P LR B VE Y . SR I% T SR A5 T I U 4 40 O
TIPSR AR UG RE " AR, i REIR A

A S5 SR P4 e v R AT R b 3 ik A 2 5 R
FARA i, B ZH /)N B 30 )™ S 104 ok 22 D e k4
TTC 4 {0, I 7 K10 AR A3 A, o 20 235 /K 6l 35 4
J. HE Y 458 7] WIE B CAT X 48 SEHE S 25, |
iy IR QN TN e N Y A G I A (3
M. WIEMED TG EAT AR, HE R
21 /N LAY Longa P43 i 35 BRAR , 8 2% B 18] 4 4 (5]
FEACHR = R Z B R) d 3 A R A RO T
AR V2= i CThRe . WIS A S CALIX
P 22 TC 45 48 50 B 1k B R A A I 4 A I T P A i
B DD AT RO T G K S T Il 5 B ) 3
P, TR ER e 0l J5 ph 28 T i 4 -

B il R 38 L B e 2 DD e VR ik 2 24
P B g b2 20040 Re 71 R AE T RURIHAL R 5 d LR
e TG E S St G B T T, O R R SR
554 B 0 T A Ak P A 40 TR S Bl O Ok B e, )
Bf 1 F06E T LT A R A RO L i — P
o, B IR IR LA AL S R E A G, b U R fi
RIFMEI M E T NIERTRF . X5 8 FE
DA Il i 6 7 A9 A% SEIN ORI A . — 5,
TEPU AR LG L, 8% i 35 1 he 5 =5 30 1 /) J5e 5T 448 i
15 1L, BHL KT IkBa/NF-«B p65 14 B8 b K 4% %% 7, B

/|

N

B, Ul R bl 2R ARORE MG 5 B R R L D5 — O T,
i 9 Bel-2 K # Bax - il Caspase-3 B9 1,
22 0 F 4k i T c-Fos PH M: 41 i 38 fin R B IE
THaToie e L ESTH T AR . B R IE L
i) S [] 9 2 P 28 AR SR 40, A A il A o B 5 A 2 0T
S S EEE T B NI DR o 3K — R AR
ZIGAC T T R IR A DR N R R
56 B iR AR B AR TR 0 RIS AR AT TR W
AW S UL S B 1 g 25 1% 7] 3 3o 70 1) NF-xB /i 3
(A 28 IR AE B0 7 R R AR BRL | A T A B T IS
PRAE T AR A= SR . A AR AR A — o R PR
PE, YRR 5 m R 25 5 T BRI A R 45 . Aok
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