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Effect and mechanism of edaravone dexborneol on microglial polarization in rats

with brain injury caused by hydraulic shock
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[ ABSTRACT] Aim To investigate the effect of edaravone dexborneol (ED) on microglial polarization in rats with
brain injury caused by hydraulic shock, and explore its mechanism based on Toll-like receptor 4 (TLR4)/nuclear factor-kB
(NF-kB) signaling pathway. Methods 32 rats of 205 healthy male SD rats were randomly selected as sham group,
the remaining 173 rats were prepared with brain injury model by hydraulic shock method, and 160 model rats were random-
ly divided into model group, ED (7 mg/kg) group, TAK242 (ressatovir, TLR4 inhibitor, 2 mg/kg) group, ED (7 mg/kg)
+TAK242 (2 mg/kg) group and ED (7 mg/kg) +lipolyaccharide ( LPS, TLR4 agonist, 0.4 mg/kg) group, with 32 rats in

each group.  After 14 days of continuous intraperitoneal injection once a day, the nerve function, brain water content and
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blood-brain barrier (BBB) permeability were measured by modified neurological severity score ( mNSS), weightlessness
method or Evans blue (EB) penetration method, the brain histopathological changes was observed by HE and Nissl stai-
ning, the levels of interferon-y (IFN-y) , tumor necrosis factor-a ( TNF-a) , interleukin (IL) 1B, IL-4 and IL-10 in brain
tissue were detected by ELISA, the M1 polarization phenotype ( CD86/Iba-1) and M2 polarization phenotype ( CD206/
Iba-1) of microglia cells were detected by immunofluorescence double staining, the mRNA and protein expressions of
TLR4, NF-kB p65, NOD-like receptor protein 3 (NLRP3) , aquaporin 4 (AQP4) were detected by RT-PCR or Western
blot. Results
ED group, TAK242 group, ED+TAK242 group were significantly were decreased (P<0.05), the pathological changes

Compared with the model group, the mNSS score, brain water content, BBB permeability of the rats in

such as brain structure disorder, sparse and disordered neuronal arrangement, vacuole-like transformation, inflammatory
cell infiltration, decrease in the number of Nishi bodies were significantly improved, the levels of IFN-y, TNF-a, IL-1B in
brain tissue were significantly decreased, while the levels of IL-4, TL-10 were significantly increased ( P<0.05), the
mRNA and protein expressions of TLR4, NF-kB p65, NLRP3, AQP4 were significantly decreased (P<0.05). TAK242
could significantly enhance the regulatory effects of ED on nerve function, brain water content, BBB permeability, inflam-
matory response, microglia polarization, TLR4/NF-kB signaling pathway related mRNA and protein expression of the rats
with hydraulic shock brain injury (P<0.05), while LPS could significantly reverse the above regulatory effects of ED on
the rats with hydraulic shock brain injury (P<0.05). Conclusion ED may promote the polarization of microglia from

M1 phenotype to M2 phenotype by inhibiting TLR4/NF-kB signaling pathway, inhibit inflammatory response and BBB per-

meability increasing, and thus play a protective role in brain injury caused by hydraulic shock in rats.
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B3P ki #1405 ( traumatic brain injury , TBI) J&48
PRI A 30 i SR AR | 2% T B A T i 1S 1D G 4 A
Pl L2 DIfe AT, 4Bk TBI AE L6325 5 000
T, A TBI SR 5 JE T %6 1k 30% , JF Hod i
60% HY=AA7 77 T HH BUAS [R) R B8 1) B 1A B 2 A O 3L s
5, AR EE AL A R UTE 42 TBI A EEHL
TS 2%, B T IRiRE 2 ik 24405 | PPN I ik S5 46 4
b, JEAE i 7K e 45 7 JHE Ak T P i 458 4 L okl v
PR EEAR, Horh RIS AL DAL N
20 e i 2 B Y S e A, 2 5 R P AR R 22
RGLRIELIL, Toll ¥ESZAK 4 (Toll-like receptor 4,
TLR4 ) /#HF kB ( nuclear factor-kB , NF-«kB ) J& A4
S B AR 5 A% 3l e, O mT 75 SN e o 4 e e
M2 R (HR ) 1 M1 RA(f250) k™ . A3
ik 4R 40 ) TLR4/NF-kB {5 5 18 A2 i /)N
JRe B4 T M2 R A AL BE R U A% TBI /)N BRI %6
i SV

GBI F5 47 X B (edaravone dexbornol , ED) J&
I FIHI T30 7 20t ki ik A vh K s 39 0 2 2 g
BT —FP S 5 i R, A PRAESTZH BE AL A ST AIESE ED
ALIE LA TLR4/NF-kB 5530 B8 5% TBI K EL4¢
RE SN H ED 2 15 % /N e S5 40 e A% fh 7= 2 5
v A UL SCHRHIE o W il 2 i 45 TBI Zh iRl
w5, AW B ER T ED X K B vt ik
0 /NI T 40 TR AR 4K 9 52 Wi, 5 T TLR4/NF-

edaravone dexborneol; microglia;

TLR4/NF-kB signaling pathway ;

inflammatory

kB A5 58 B AR HA L]

1 #RFnTEE

KIEY
TEE R A SD KR 205 R ,7 B KR
B220~250 g, W B MG LW AL, P GE
2 .SCXK ( #)2022-001, 7 & 23 ~25 C . &
55% ~65% & 12 h 3 A 0y 35 ) 2R3 A Ok
BRIk K, RIFRREUE T O E KA E
Z R ME[ B Z . ZXYYLL(K)2021-013 ],
1.2 FEHYSIAF

ED £ S W B 58 = % b AR A E (A,
SmL, &Kk E 10 mg, &K E 2.5 mg, #5 K
181-220307) ; TLR4 41 %l 7| %7 ¥ 4£ 48 ( TAK242) |
TLR4 ¥ 2 #| g % # ( lipopolysaccharide , LPS) F1 {7
L B 1% (Evans blue,EB) \HE Nissl & X7 &1
bk k= A9 A A F (5 TR0580 112020
E8010 .G1120,G1434) ;y F 4 & (interferon-y, [FN-y) |
Ji 58 3R 3% B F o (tumor necrosis factor-o, TNF-at) | A
44 ji % 1B (interleukin-1B, IL-1B) . A 4 fi /> & 4
(interleukin-4,1L-4) | & %8 i,/ % 10 (interleukin-10,
IL-10) XA & 1 B L 7 & £ £ A A E (55 IM-
01605R2 ., JM-01587R2 , JM-01454R1 . JM-01598R2 , JM-
01602R2) ; RIPA % ## 7% . Western % & #f H & . BCA

1.1
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AR L E AR | & Fr CD86 (41 7% ) L CD206 [(Wy-W5)/W, [x100% |

(7 8) ba-1( 5 €75 %) Hifk FITC #4748 IgG 1.7 EB BEXRITEARM-REEE G

“Ha EEERRERHANE (KE PO0I3B, KR4H24h G, FHAMINIRS R AR, B

P0023B .P0010 . AF1447 . AG2660 . AF7143  A0562) ;
Trizol % RNA H#2 i # & ECL X # & W & m w2
%A A T AR A5 BT (B2 5 N065 , W028-2-1) ; TLR4 |
NF-kB p65 ,NOD # % & %& & 3 (NOD-like receptor
protein 3, NLRP3) | /K i & & & 4 (aquaporin 4,
AQP4) GAPDH #i/&Fn HRP 4718 1eG — 40 W B b3
TR AR & 4 50 AR A B (525 bs-1021R  bs-3485R | bs-
10021R \bs-39018R bs-41373R bs-0295G) ,
1.3 FENF

MODELO1-B AL A i % JE 4T # 1L ( % E Newsun
A8]) ;iMark680 % T #¢ B 47 L . CFX 96 # RT-PCR
BL( % & Bio-Rad /A 8] ) ; RM2245 A & #y) A AL (&
E Leica /A ) ;JB-P5 A 40 41 EAL (K WA A A
) ;801 A K T % (B AR EAF);PP-1150
AW kL, MP-3030 A % # A (b 8L T B 3 A
) ;21R B 5 # A KR #H S HL( £ E Thermo A ),
1.4 SDHEBEEEEH

205 RARFHEII32 R BEFAL, &

3RSE X B &R F R A B
Al M8 EE 4 40 mg/kg R B M 40 BEAT RREE B H
HFEMALEAFEE, A2 RERET, REx K44
Smm K4 E S mm XX E K FLEFERE 4 mm
B T AR R E 4T & OUH] & R R v AR A A
HAEA (B EE A 0.2 MPa) , T F R4 T4 F
MEFEAL 4 mm FH,EFLTREFH, AR
ALY YRR B A e R é@f)ﬂu% 4
Ilmin EREEHR, BT HEEHERAG®, £
R 162 R(EHELEPRT9 R EHEEK2 ),
160 2R A R AL 44 A 4 ED(7 mg/kg)
41 TAK242 (2 mg/kg) %41 . ED (7 mg/kg) +TAK242
(2 mg/kg) 41" F1 ED(7 mg/kg) +LPS(0. 4 mg/kg)
éﬂ“ JEAI32 R, AR R/ RS E A

H14 R(BFAAMBER AL TAEE LK),
1.5 KRMHZNEEFIRITES TG K RMZThEE

KKR%%24h 5, FAMPNETS A AR, ALK
R A 2 I ik B 3T 4 (modified neurological severity
score,mNSS) M3z & 5 T R4t AN 77 O A

KRMEG ",
1.6 KEZFMNEKRBRRSKE

BMAL, REMAEYWEE(W,), &
S CHTHEEE, WM TE(W,), MEAKE=

B WOE 4T 2% EB 75 % (4 mL/kg) ,2 h B RE BOE &t
40 mg/kg /& B L % g4 FEAT RREE, 0 JIE E 7 300 mL
AR KRB AL, FRE MM E, MU 0.3 mL/100
mg AN 50% = A LB Ja # B 41 2,3 500 r/min B
5 10 min, BX_E A, 1 4 B AR A I 620 nm AL R
. JE (absorbance, A) {8 , X B ARVE th & 1 & 5 41 4
EB 4 & ,EB 4 & 7 ¥ fn- i B [ ( blood-brain bar-
rie, BBB) 3 % M
1.8 HE 3 Nissl £ EBNEMALREZLT

MMALR, BT 10% FHEFEARYEES
R MELEEBRRAERECE 4 pm BEES
Wh B A e % B A &R ER AT HE L6
o Nissl %@ o i*ﬁﬁaﬁ}gl— BB T W E A4
REFHE,
1.9 ELISA # i fx 6 28
#01L-10 7k F

B o 4 4, BT R g e N 3E B 4 °C T4 RIPA
2, vk B 7 24,3 500 t/min %% 15 min, B
AR A B A R A & VA R L B AR OUR I o 4
4 IFN-y . TNF-o IL-1B IL-4 #1 IL-10 & F,
1.10 BEREIEEERN/NG BRI RE

BRI 42 H B, & B AL ¥ ot
P AR K E SR 5, 25 T 4 C#EOLIEH CD86,
Tha-1 LA F1 CD206 ,Iba-1 FLMR ( #4% 1 : 200 7 )
W, ke T 37 CHEHLIFEH FITC #4718 1gG =4t
(1:500 7 B)1.5 h,w % & T 37 C DAPI %%
2 min, #H F 5 KoL B AE T W E /DN iR R4 etk
A, its s (R ga & ek fr
il S Qo = ol =
1.11  RT-PCR # i TLR4,NF-kB p65.NLRP3 X
AQP4 mRNA Rix

MG 4 2% 100 mg, 3 3T Trizol % 32 B 41 41 K.
RNA, K # 3 & ¢DNA J& 4T RT-PCR # % (95 °C il
M3 ming95 °C10 s.60 °C 10 s.72 °C 30 s, 4 40
MNEF ), PL GAPDH &, % A 27 %Kit H
WEEMMNEALAE, PCREIVEEAEANIE (K
#E)HRAARITS AR, IDFIIE L,
1.12  Western blot %l TLR4 (NF-kB p65,NLRP3
AQP4 EHRIE

B4 41 100 mg, RIPA %R B E & & ,BCA &%
ME BEARERE 95 CABE M, 10% SDS-PAGE
Wk B & A, % PVDF JE,5% Western 2 & £ ] 7

IFN-yTNF-a IL-1B8,IL-4
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F W EH M 1.5 h,4 CHEF — 7 B K TLR4
(1:1000) NF-«B p65(1 : 1 000) .NLRP3(1 :500) .
AQP4(1 :500) .GAPDH(1 : 2 000) i 7, % i J5 37 C
T G B 1gG(1 : 3000)1 h, & E )G ECL 6,
& Jil Image J B 247 & A 4 R EAE,

1. 51957
Table 1. Primer sequences
P
519 gl K /bp

TLR4 b ¥% 5'-GGTGGTCAGTGTGCTTGTGGTAG-3' 149
Fii% 5"-CTCGTTTCTCACCCAGTCCTCATTC-3’

NPl ogs L7 5 “TGAACTTGTGGGGAAGGACT-3' 3
P> R 5-GGTCTCGCTTCTTCACACACT-3"

NLRP3 ¥ 5'-CCTGGATTTCTGCTAACGCC-3’ 120
U 5'-TTCATCAGCACCTCTTGCGA-3’

AQP4 T 5'-AGGCAATGTGTGCACTGCTCTAAC-3' 162
U7 5'-GAAGGTGTCAACGTCACACAACAA-3’

L3 5'-ACAGCAACAGGGTGGTGGAC-3’
APDH .. 128
¢ T 5 -TTTGAGGGTGCAGCGAACTT-3’

1.13  Sit=EaHm

15 fl SPSS 20. 0 AT HE LAt 247, i E
FRELEEADA U xes RF, LAB LKA 2
W& F =00, WA LR KA LSDt £ 8, P<
0.05 k mZrHHITFEX,

2 # B

2.1 ED & JE &R KR mNSS 45 K&

K= .BBB #iE K =200

SRFARAHM L B K mNSS PR3 il &
K EB & i 3 T (3 P<0.05) , S
HHEL,ED 41 TAK242 ZH il ED+TAK242 2 mNSS 345

G 7K B (EB & i i W R (3 P<0.05), 5
ED 45k TAK242 4 AL, ED+TAK242 4 mNSS
g3 S K& EB B i FEAR (B P<0.05)
5 ED 4140 kb, ED+LPS 4 mNSS #F43  fii & 7K & |
EB & i B EH TS ($ P<0.05;% 2) .

% 2. ED X JE A & RH 5K R mNSS 5 MEKE,
BBB #iEMERI R (n=8)
Table 2. Effects of ED on mNSS score, brain water
content and BBB permeability in rats with brain injury
by hydraulic shock(n=8)

4 mNSS W45r/49r W& K/ % EBBHE/ (pne/g)
BFAR4A 1.00£0.00  73.04x0.98 0.62+0.08
FIZ 12.07£1.42°  82.69+1.75° 2.44+0.29°
ED 4 6.43+0.79"  78.59x1.62" 1.40=0. 16"
TAK242 41 7.61+0.88"  79.24x1.68" 1.63+0. 17"
ED+TAK242 #H  4.85+0.60"" 76.12+1.34>  0.97+0. 11"
ED+LPS £ 9.72+1.04°  81.03x1.70° 1.91£0.21°

Ha b P<0.05, SEBFRAE b 2~ P<0.05, SR
¢ N P<0.05,5 ED 4 H#;d i P<0.05,5 TAK242 4 H#,

2.2 EDXMEEHRERBRGRKBRMALRFEFR
iz op=A|

HE L {81 Nissl JeA 451 WoR BT AR K B
G5 LA TTIE AR I 5 s BRI K RG22
EISEHEETL P EITHYI R B IO 25 RS RIE
YR e G/ IMARR D/ A g 32 ol AR 5 S AR
AL, ED 4 TAK242 ZHF1 ED+TAK242 41 fii 41 21
S B A A B OR [ R B 2% ED+TAK242 41 i35 5%
I BAET ED 41 TAK242 4H; 5 ED 4 Heds, ED+
LPS ZH 2 i b B e (&1 1 A 2)

ED+LPSA

E 1. HE 3 BURKRMARREFZHLE
Figure 1. The histopathological changes of brain tissue were observed by HE staining
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- wﬁ##zﬂ mEs EDA TAK24248 ED+TAK2424 ED+LPSZEI
v T VT 2N IARRIC e 1T T NPT G = 8 3 B u PY T )
NS Rl 2 R S R e S AN T CRR R e e Y
LSRR % PR R B S A O e L “QJ" ol v\-e'ow ] D g% 4
.'. . -p.'a 9“ \@;‘,:‘)5 '; ‘I l“ i ..". '@) :‘Q_O%’% 'é‘ .:%’.‘c' ’06'\%3 e ﬂ.’:éﬁg 2 60 0 0‘\ e o'dia’a ~..b’ é)f@ ot
yg_b ® % . “t 4 o 0 '-. '.‘6 HorSe ”,!);‘,.."5 fets .\e.:ié*q( X‘ﬁ‘g‘é 5 OQ Tenha '.‘ o R e, .'D‘:, S
P g0 dE A T Retima &g Qe SS-* = \;“-9- “smoo"o"d: B ‘90’
f-%quz"‘bﬁ"’ -2 c""‘%’ < FAGTRLR o T ,% Boattery «'1305: W A3 A8 P wv BT 0
FRR e Pooglh - SR x W0 um il o Toowin TR KT D ol «é_.’ 30 TN PR R
[& 2. Nissl ZENZARMAL rﬂ;ﬂig
Figure 2. The histopathological changes of brain tissue were observed by Nissl staining
2.3 ED XMiEEHREHEBGKEMAL IFN-y, 1%, TL-4 TL-10 7KF 42 3 FH& (3 P<0.05), 5 ED

TNF-a IL-1B IL-4 #0 IL-10 7K FE &Y S50
BT A LA e, AR 2K B 2H 20 TFN-y
TNF-o IL-1B /K B E T, IL-4 1L-10 /K i 35 [
(¥ P<0.05) , SHERIZIA I, ED 4 TAK242 41
Fl ED+TAK242 #H IFN-y ' TNF-a | IL-1B 7KV @ 2%

% 3. ED XfifkJE it o o #5345 K BRUAd 22 27

IFN-y. TNF-a IL-1B IL-4 71 IL-10 7k E

ZH BN TAK242 4 A Hb, ED+TAK242 4 TFN-y . TNF-a
TIL-1B 7K 3 PR A, TL-4 TL-10 7K 5 2 T+ (3
P<0.05), 5 ED 4 A, ED+LPS 4 IFN-y TNF-
o JL-1B /K i 2 Th 5, IL-4  TL-10 7K - 5 25 F& A%
(¥ P<0.05;%3)

2 (n=8)

Table 3. Effects of ED on levels of IFN-y, TNF-«, IL-13, IL-4 and IL-10 in brain tissue of rats with
brain injury caused by hydraulic shock(n=8)

il IFN-y/ ( pg/L) TNF-o/ ( pg/L) IL-1B/(ng/L) IL-4/ (ug/L) IL-10/( pg/L)
BFARA 12.54+1.38 1.39+0. 16 33.50+3.72 24.19+3.05 53.62+7.49
CRIUEE] 40.72+5.95° 2.76x0.35" 71.86+7.40° 8.25x1.12° 16.44£2.10"
ED 4 24.91+3.17" 2.18+0.27" 54.94+5.85" 14.06+1.73" 35.86+5.04"
TAK242 # 28.05+3. 64" 2.24+0.30" 59.28+6.09" 12.10+1.58" 31.54+4.79"
ED+TAK242 4 17.64£2. 07" 1.80+0. 22" 40.57+4. 63" 18.62£2. 25" 46.39+6. 18"
ED+LPS 4 32.51%3.80° 2.56+0.31° 66.89+6. 24 10.47+1.16° 24.70+2. 83°

W a ki P<0.05, ST RAE ;b B P<0.05, S5HERIL AL ;¢ i P<0.05,5 ED 413 ;d 2 P<0.05,5 TAK242 41 b3,

2.4 ED XFifJE 5 B 5 45 K BR A 48 4R /)N B R 4
R AR 4k 3= B A 22 M

ST AR AR E, AR 2 R /N 40 A M
I M 40 B R T, M2 26 28 B 400 i R AR (1
P<0.05), SR, ED 41, TAK242 40 F1 ED
+TAK242 2H/NBE 5t 40 M1 2 284 B 40 i 3 R ARG
M2 FRA AV LR T 5 (1 P<0.05) . 5 ED 43k
TAK242 410 L, ED+TAK242 2H /NG S 21 fits M1 2%
HUBEPE 20 i 2 BRI, M2 2 780 BH P 40t R T i (3
P<0.05), 5 ED AL, ED+LPS 21 /N i 5 40 g
M1 275 P40 R T v, M2 3 750 B 41 Jf SR R AIEK
(¥ P<0.05;F 3 FiFE4),
2.5 EDX@EH &G KRMELR TLR4  NF-
kB p65 NLRP3 % AQP4 mRNA FRixAHIZ00

SRFARAM L, BRI K FRMGZHZ! TLR4 NF-
kB p65 NLRP3 & AQP4 mRNA {35k & Jh 5 (3
P<0.05), SHEAILAH,ED 41 TAK242 21 fil ED+
TAK242 2 TLR4 NF-kB p65 NLRP3 & AQP4 mRNA
F R R ($5 P<0.05) . 5 ED 415k TAK242 4

A, ED+TAK242 24 TLR4  NF-kB p65 NLRP3 &
AQP4 mRNA MR ILFFEL () P<0.05), 5 ED 4
FIEL ,ED+LPS #1 TLR4 NF-kB p65 NLRP3 & AQP4
mRNA FRIE TR (P<0.05;3%5)

3 4. ED X JE i s KRR E 2R
R REEI I (n=8)
Table 4. Effects of ED on polarization phenotype of

N SR 4 A

microglia in brain tissue of rats with brain injury

caused by hydraulic shock(n=8) %

el M1 FRIHYEA S M2 F AP =
e FARU 7.02£1.14 15.29+2.01
FEAIZ 74.88£10. 65" 10.03=1.34"
ED 4 36.24+4.87" 34.31+4.67"
TAK242 44 45.00+5.61" 22.58+3.49"
ED+TAK242 41 21.57+2.90" 52.63+7. 17"
ED+LPS 4 52.38+5. 84 18.42+2.18°

T :a h P<0.05, S8 FARALE ;b %7 P<0.05, SR L
¢} P<0.05,5 ED 41 b4 ;d b P<0.05,5 TAK242 4 Lb#,
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Figure 3. The polarization phenotype of microglia in brain tissue of rats with brain injury caused by

hydraulic shock were observed by immunofluorescence double staining

ED+TAK24248

ED+LPS#A

% 5. ED X /E i & iR K AR A 4R TLR4 NF-kB p65 NLRP3 % AQP4 mRNA FKiX#I#M(n=8)
Table 5. Effects of ED on the mRNA expression of TLR4, NF-kB p65, NLRP3 and AQP4 in brain tissue of

rats with brain injury caused by hydraulic shock(n=8)

! TLR4 NF-kB p65 NLRP3 AQP4
BFARH 1.1620.20 1.0520. 17 1.08=0.21 1.3420.23
TR 3.47+0.56° 3.26+0.55° 3.19=20. 48" 4.07+0.61°
ED 4] 2.05+0.31" 2.14£0.29" 2.13£0.30" 2.51+0.37"
TAK242 4 2.130.34" 2.30+0. 35" 2.420.34" 2.63+0.40"
ED+TAK242 44 1.62+0.27" 1.47+0.21" 1.50+0. 24" 1.88+0.31"
ED+LPS 41 2.74+0.38° 2.69+0.37° 2.80+0. 36° 3.4220.43°

W a ly P<0.05, ST AR E ;b B P<0. 05, S5HERIL AL ;¢ i P<0.05,5 ED 413 ;d 2 P<0.05,5 TAK242 41 b3,
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a hy P<0.05, ST AREHLLE ;b H P<0.05, SHIBILH LE; ¢ S P<0.05,5 ED 4 L d hy P<0.05, 5 TAK242 HILH,
Figure 4. Effects of ED on the protein expression of TLR4, NF-kB p65, NLRP3 and AQP4 in brain tissue of

rats with brain injury caused by hydraulic shock(n=8)
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