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Cerebral protective effect of cinnamaldehyde and its influence on the Toll-like receptor 6/nu-

clear factor-kappa B signaling pathway in mice with cerebral ischemia

ZHAO Jing-Ru, DONG Li-Peng, LI Yao, YANG Bao-Ming, CHEN Jing-Hong, Huo Tian-Tian, LI Na, JIA Yan-Li, LI Li-Tao. De-
partment of Neurology, Hebei General Hospital, Shijiazhuang 050051, China

Corresponding author: LI Li-Tao, E-mail. zr840911@ 163. com

Abstract: Objective To investigate the cerebral protective effect of cinnamaldehyde (CA) in mice with focal cerebral ischemia and related
mechanism. Methods Male CD-1 mice were treated with intraperitoneal injection of CA, and the modified suture method was used to estab-
lish a mouse model of permanent right middle cerebral artery occlusion (MCAO). Healthy adult male CD-1 mice were randomly divided into
MCAO group and low-, middle-, and high-dose CA groups (CA25, CAS0, and CA 75 groups treated with intraperitoneal injection of CA at
concentrations of 25, 50, and 75 mg, respectively, in addition to the treatment in the MCAO group). At 24 hours after surgery, neurologic
impairment score, cerebral infarct volume, and brain water content were measured to evaluate the cerebral protective effect of CA. Western
blot and quantitative real-time PCR were used to measure the expression of Toll-like receptor 6 (TLR6) , tumor necrosis factor receptor-asso-
ciated factor 6 (TRAF6) , and nuclear factor-kappa B (NF-kB) in brain tissue. Results Compared with the MCAO group, the CASO group
had a significant improvement in median neurological score (2.0 vs 3.5, P <0.05) and significant reductions in brain water content

(83.72% +0.73% vs 85.09% +0.95% , P <0.05) and cerebral infarct volume (0.45 £0.06 vs 0.54 £0.02, P <0.05). Compared with
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the MCAO group, the CASO group had significant reductions in the mRNA expression of TLR6, TRAF6, and NF-kB (TLR6: 3.26 £0.03 vs
6.32+£0.07, P<0.05; TRAF6: 1.88 +0.21 vs 3.33 £0.48, P <0.05; NF-kB: 1.47 +0.33 vs 4.21 £0.57, P<0.05), as well as signifi-
cant reductions in the protein expression of TLR6, TRAF6, and nuclear NF-kB (TLR6: 0.12 £0.01 vs 0. 19 £0.03, P <0.05; TRAF6: 0.45
+0.09 vs 0.67 £0.07, P <0.05; NF-kB: 0.32 +0.06 vs 0.46 +0.06, P <0.05). Conclusions CA exerts a cerebral protective effect in
mice with focal cerebral ischemia, possibly by inhibiting the TLR6/TRAF6/NF-«kB signaling pathway.

Key words: cerebral ischemia; inflammatory response; cinnamaldehyde; Toll-like receptor; tumor necrosis receptor-associated factor

6; nuclear factor-kappa B; mouse

5 1L 1 I A F JS A i A5 A e A e 1R
4 o D DAL, HC AT o) 3 S S AR A
ORI A T2 55, G b BE RAE B N S I R 4k ke 1 M A
P i) 2 2 R 22—, PR 580 400 3 A TR 7 Bk 1
i 2 Y T i AR 2 L Toll B2 4 (toll-like re-
ceptors , TLRs ) 41 5 ) #% A T «B ( nuclear factor-kappa
B, NF-«B) #E 7R 42 R S b A 45 G HEAVE T, O 45 sk
ML 2k 2V W 458 405 8 B0 A 5

i B2 B ( cinnamaldehyde , CA) 2B A SR JLHA
A1 AN T - SO L R I e A A R B 7 R
P A o 24 B8 A, A B B 0 Wik 9 5 3 41 ) TLR6
EREBEN I NITELN RS B RN I3 S S S
i Ak, Xk B i 0 LK 5 DR L (R R R R
o F A 5 TR 1k B0 PR AP A T AT A A 1

AW B A TR PR HE B 5 X Rk P N
e 1L/ BRCEA PR A A L O R AT RE B £ AL
il , Ay A BT 8 T 2 B i PR L P 4 4 A 40
1 #MBE5H&
1.1 A =5

BB (R R E DR B IR A A s Rt
TLR6 4t Jif 988 I8 BE A - 52 1K A 56 43 ¥ 6 ( TRAF6 )
FIPL NF-kB 2 50 B HT 4K ( Bioworld 24 7], & [ ) 5 2
fi5i £ 3 ¥ A8 A W ) 4% VMS-LDF ( Moor Instruments
Lid 22w, £ H ) 5 £ 5 6E B A5 AL ( Bio-Tek 24 W), £
) 5 B UK, HL UK (b st oS —AX &%) s PCR 371
X ( Eppendorf 2% 7], f8[H ) .
1.2 HUMBPARBHAR

SCI B Wy R PG R AEPE CD-1 N R, R 27
~30 g, g B AL st 4 R RN ] . BEHLRE CD-1 /)
LA oh 4 21 K v Bl ik P 2E 41 ( MCAO) = /) Bl R
Jigi v gl ok P4 26 I B 20 R M U S SE 0. 2% DMSO 5
FE R BEAG . ) 4l (CA25 CAS0 K CA75)
ANEROR v 3l Bk P ZE JE ORI 20 R T O RE R
25 mg/kg .50 mg/kg A 75 mg/keg,
1.3 ZhYEBWEL

SR I R 2 A 05 ) A /0 LA 00 O R Bl bk A

FERL RS (MCAO) ™ o TR i 2 v 17 4% 5 22 3% )
R K R S Bk L, 4 T B 70% ~
80 % i W KL AU 1R ) .
1.4 Zhy e B3 2 T g SRR IR

B H/NRAEAR G 24 h R A Bederson 1 43 1
T 5 /IS R 22 R e o E Sl W BRI RS 24 h
HEAT PR A 9 0 5 i 28 o Ak B 2 E IR L B 43 A o dn
T 20 40 (OB AR ) 51 0 (4R R i ekt

A B8 58 4= 1 FD) 52 40 (A7 & I 1) i e ] 4%
) 53 g3 Cla) i Ak X0 e f80) 54 20 (CNBE A K AT
E) o

1.5 MEARSKENE

KT E T, K R A BOE O AR 2
2 mm J5E % 4 4L, 6 I A 2L A SRR AR T (A) 1Y
B L BIFRE (B) , B-A RIAHR R, 2R )5 8 4K
MR, A 95 C R A WAL T 24 h )5 BCH K
EEER,RECC),C-ANGTE, REREZRE
Ho RANALATTHMAR T KE: (KALE
- AT E)/BE x100% , B (B-C)/(B-
A) x100% ,
1.6 MEXERE S LLNE

sk M 24 b s R /N BORR B S W Sk AR BE 3 T
RPUIK, UTBR AR, K Ok 2 2 V0 R YD o i
FiZA2% TTC W ,37 CHHE 1S min, FFT
4% Z KW REPIEE 24 h R B AT AR L (Im-
age-Pro Plus 5. 1 B{F 47 BB o0 #r) o I %€ Jiki A
B T FR A i A A A B (2L 68 DX IR Ok T R i 2 45
F 0 XU BEBEIX ) |, K i 8 IE 5 BEBE (A BR 23 B

(% ): =10 BAEIEARF — (AL BR K TR - 18
FEXT O 2 2R A L) 1/ BE BB XF M of Bk fA B x
100%™,

1.7 Western Blot 5 RT-qPCR % il & 7/ R K %

R R% M X TLR6 . TRAF6 1 NF-kB 3% i%

5 52 I A B Wy BUOR: T A 4L, E - 80 °C il A7 A%
i, % B Western Blot #; il TLR6 . TRAF6 F1 NF-kB
M ARIE L0 Ah 900 1 1 AR & S8 3 4, TLR6/

- 66 -



[ B b 225 2 22 40 B 2 i

2018 4F  #H 45 % 1

GAPDH , TRAF6/GAPDH #i1 il % NF-«xB/GAPDH [t
(ELAR 2 AR X 32 3K K P SR A S8 I %¢ 6 E & PCR
( RT-qPCR) #:7lll TLR6 , TRAF6 J NF-xB mRNA %
ki . LU GAPDH fEN N S S, 5 % LAt , 13
B R R CT (B I 17 Bl 2 & 43 o
1.8 Zit=ZEH&*
KT SPSS 13.0 GE it 3k AT e it 24 40 07, &
2 H L BRI 7 22 70 it (one-way ANOVA ) | 2477
ZHFIEAREEEZSN, #F LB S-N-K k&
06 T LA, M 22 AN SR, SR AR S 500 BR ORI K
By o A2 Ty Rl AR P 4 8 chi-square (x* ) & 5 3F
17 2 B 3, I 3#F — 22 F Mann-Whitney U 5 45
PO LA, B T PR 28 1) B S 4 24 0T 43, B B LYY
B bR (2 2s) Fom , BB KHER o =0. 05,24
P<0.05 mERAEAGIYE X,
2 BR
2.1 #EREBEXEI R DR BEZI R R
1 MCAO 4 [ #, CATS Fl CASO 4 1y #ft 42 T g
B BB, 2R AR E XL (P <
0.05) ,CA25 M LD RETT 70 5 MCAO 41t 4 o
BN, ZFEEITFEX(P>0.05), WHE1,

F1 EEREEERT R k1 Rk I /) R A 42 T BE B9 22 T
207 14 2% 3% 44 Fihs 5% TRERNE
MCAO %1 0 0 4 4 3.5 3.05 ~3.50
CA25 21 0 1 6 1 3.0 2.55~3.45
CAS0 1 0 6 2 0 2.0% 1.86~2.64
CA75 4 4 4 0 0 1.5*  1.05~1.95

E A RERF S ) =84.4, d. [ =16, P <0.001;
% 5 MCAO #81tb 48, P <0.05 ( Mann-Whitney U #4235 )

2.2 HEBMEMAMERBROLNERBALSKEN
=AY

MCAO £H /Iy B 728 M Al 21 29 4% K i B 8 T+
i 5 MCAO 41[ (85.09 +0.95)% | # It , CASO &%
CA75 24 24 h 5 42 M G 20 21 & K & W] & B% K
[(83.72+0.7)3%, (81.69 £0.93)% |, H
HEI#8E X (P <0.05), CA25 445 A% I 1% 4 22
FrKEAE 24 h 5 MCAO 41 % TG W 8 AR [ (85.42
+0.86)% |, ZF LG I¥EL(P>0.05),iX
FIFE Bz WX M 2 DI RE M VE R B A — S (1) o 2k
T Bl s o A e 1t ) R 22 Ty e i K b A el 3 R
ATTHEWTEE e 18 b |38 0] 5 (50 mg/ kg FIT75 mg/kg) fE
% 57 B ) I R B VR L BRI, 482 T Ok A F 9 3R AT
T O T R Y B AR A 04 2450 550 mg/ kg o

87 87
fini 86 It 86
i , .
o .
3% ¢k :
~81 =81
280 280
79 7
MCAO CA25 CAS0 CA75 MCAO CA25 CA50 CA75

B1 HEBstmassKEedda
E:#% 15 MCAO £1r % , P <0.05,

2.3 HEREE XS JE k1 o i i /) BR AR AR FE 145 AR A4 22 M

MCAO 25 &k ifi fixi 20 21 TTC Je a3 B K [l & |
{REFE X I . 5 MCAO 20 At , 45 T B S B T Bls
(50 mg/kg) , /> B M A5 B 44 B BH & 46 /), CAS0 4
MCAO #1:0.45 + 0.06 vs. 0.54 + 0.02,P <

Vs.

0.05, ZRAZIT#EX (WLK2),

«
€
&
&

MCAO CAS50

MCAO
B2 A BT ST AR AR e
EATIC & FBARRKA LG E ;B 724 AT IR
AR #45 MCAO 4k 4, P <0.05,

CA50

2.4 HEREEI TLR6,TRAF6 & NF-xB E {1 &

ESE By A
2.4.1 # &k B¥%I% TLR6 . TRAF6 % f6 4 NF-kB

Ea&FE NBNE 24 h, 5 MCAO 41 (TLR6: 0.19
+0.03; TRAF6: 0.67 +0.07; ffif% NF-kB: 0.46 =
0.06) #f L., CAS0 4 TLR6 , TRAF6 J% Jifi % NF-«B &
725 B FRE(TLR6: 0. 12 +0.01; TRAF6; 0. 45
+0.09; Jfit% NF-xB: 0.32 +0.06) , 2% 5 H A4 % if
B PP <0.05, LK 3A-K3C,

2.4.2 Ak K EEHAK TLR6 . TRAF6 % NF-kB # mR-
NA & F 5 MCAO 4 (TLR6: 6. 32 = 0. 07;
TRAF6: 3.33 £0.48; NF-xB: 4.21 +0.57) k[t
CAS50 41 TLR6 ,TRAF6 }% NF-«B mRNA 7K °F- B & I
fE(TLR6: 3.26 =0.03; TRAF6: 1.88 +0.21;
NF-kB: 1.47 £0.33) , 29 A% it¥E X, P<
0.05, WK 4A-F 4C,

.67 -



Journal of International Neurology and Neurosurgery 2018 ,45(1)

A

B 0] ) —
TLRG W S TRAFC s— 0 S —
A
GAPDH S W . pDH -. - carpn (D D
0.8 0.67
~ ~ 07 = .
= z 07 Z 05 ] .
a = | +
#s 55 o5 w0 i
B S 04 B E 03f
k£ £ 03 ¥ oo}
= = 02 =
- = 0.1 % 0.1r
0 ol
MCAO  CAS0 MCAO  CA50 MCAO  CA50

Bl 3 AL @t st TLR6 . TRAF6 Z i NF-kB & & & ik 69 % v
#.A:TLR6 & & % 7 B % 5 GAPDH % & 1t ; B. TRAF6 & & &, 7k § & %5 GAPDH % f b ; C. f 4% NF-«B
F @ Wik B AL GAPDH % & 3k ;#4 5 MCAO #4134 P <0.05,

A B
8 5
%7{ V4
6
i95{ iffj';
%4{ # %—j
3 il
I i
iﬂll # 1
0 0
MCAO CA50

B 4 A& #sf TLR6 ,TRAF6 % NF-«B &

MCAO

CA50

CA50 MCAO

3 S AL

E:A. %40 TLR6 mRNA F 3% £ 5454 ;B . % 41 TRAF6 mRNA F3§ £ F 45 4% ;C . 7 48 NF-«kB mRNA -} 34 £

FAEH # A5 MCAO 42tk 48 ,P <0.05,

3 e

TLRs 1 45 XU 52 4, 3l 2 B TLRs {5 5
B T R ORE A R R, & AR R A A
TIRs [ 54 FE M E XM FRAGE S FBRR

A5 BERE 43 AL IH T 88 ((myeloid differentiation protein
88, MyD88) i 1 i 12 & MyD88 d # i Al i 42 .
200 0 I TG B TLRs i A1 B 9 AR I A T5C AR 80T O
TLRs i PN B0 55 M 2% 9 1 322 3k 25 1 MyD88 , MyD88
0 2=k R I B T 45 M B B A R 32 RO G B
IRAK') By 4L 7= 45 14
A E AR, 5 20 IRAK B9 BB AL . I #% 10 55 b o8
WA T % K %2> T 6 (TNF receptor associated
factor6 , TRAF6 ) JE il 54 . TRAF6 ?)%‘(fﬁ i 1 4 T
1 (activated kinase 1, TAK1) , TAK1 #f— & & 7% IkB
P (1cB kinase, IKK) & A1$$ﬂ{ﬁfh7ﬁffﬁ§“)?{§i
1% 25 B % ¥ ( mitogen-activated protein kinase , MAPK ) ,
Wng KK &2 4 7R 5 80 IkBoo W R Ak [ A, 90 A7 B 70 76
1 4% S D] 7 NF-kB % 07 A%, DT B 28 5 5 A E
A B K R 423K (40 TNF-o 1 IL-18) o #(7G MAPK
A DL B8ORS T AP-1 1936 A, I 5 L R
A BRI B (A MMPs ) 7 e TLRs 4 5 19 {5 5

(IL-1 receptor-associated kinase ,

ik ARh  TRAFG6 [F B /3 T MyD88 i Al JE 4K
M5 5l B, 7 T NF-«B Fil MAPKs {5 5 #% i 58 X
&, H TRAF6 4 3 1Y 48 F 15 5 38 [ 5 1 45 PA 28 1k o
R-R7I K 1 S

B 4 #F 55 3F 52 TLRs/ TRAF6/ NF -kB {3 53 % 5
e At J5 2k % A NG AR 05 B 4 o N 8 B A 5020
A It , TLRs/ TRAF6/ NF-xB 4 ¥ {5 5 3 % 5k 5%y W
BRI i A R T Y S A

TEC LR I 7 2l 4 A5 R e, A g o B R R 4R
ADHEG%'?FVEFH”: HE Bz I 34 BE A% 3 2 310 1] TLR6 {55

A 25 O 7T 417 1) SR A A B 8 90 2 7 B 41 AL

AWESE R FE B I AR % G O B0 & ) bﬂi
a3, VR i A 2R B K T e/ i R R AR R T X
S kP i ke it /)N BRI DR AR T AE o T AR 2
I o % B0 i B A IK TLR6 \ TRAF6 Jz NF-«kB (1)
mRNA 7K F |, [ B F #% TLR6 . TRAF6 J% jifi % NF-«B
%Eﬂﬁ%iﬁ PRI, AT 0 A e I A e R B 4

fE 5 H: 41 1 TLR6/ TRAF6/NF-kB 3 [ +H 5 & [
%%ajaaé MR, FRATT AN 7 AR B AT AR A A
FH T HoAt 58 4 A 6] 0 15 5 38 i & 45 40 R S i f
U, UL, A7 8K T B 6 L AR 4 4 AL A

- 68 -



[ B b 225 2 22 40 B 2 i

2018 4F  #H 45 % 1

HONTEA M BF ST, TRAFG6 £ 28 3iF 52 46 i St 1 9
o5 B A LA P HE A R A F S O R
JZ W AR T M Bk 1M 5 TRAF6 75 il 2 41 1 % 3%, X
#t— 2 4878 TRAF6 Fl if o4 i #8145 A 5 BB R,

o

FE I8 2 57 9 A P B s 7 ot A I A 5 v

HH AR, A kT TRAF6 A1k I P il A< B &
RAE M FEFIR KR, IR B IRA BIBETE

(1]

[2]

[3]

[4]

(6]

2 £ X W
Kleinig TJ, Vink R. Suppression of inflammation in ischemic
and hemorrhagic stroke : therapeutic options[ J ]. Curr Opinion
Neurol, 2009, 22 (3): 294-301.
Dong L, Qiao H, Zhang X, et al. Parthenolide is neuropro-
tective in rat experimental stroke model ; down-regulating NF-
kB, phospho-p38 MAPK,
BBB permeability [ J ]. Mediators Inflamm, 2013, 2013
370804.
TR, RS BN, S (R SRR N 1 i A 3T 5
BRIk R AR R PR RO ] E bR &
WA A AR AR, 2017, 44 (3) @ 280-284.
ST B, R RUE, SRR, SF . I e I I A OB R AR K -3
Xt K B Bz B bel-2 | BAX K caspase-3 3 ik 1Y 5 i
[J]. PRt A a R4, 2017, 44 (4) .
375-378.

and caspase-1 and ameliorating

Medzhitov R. Toll-like receptors and innate immunity. Nat
Rev, 2001, 1(2) . 135-145.

Zhang J, Fu B, Zhang X, et al. Neuroprotective effect of bi-
cyclol in rat ischemic stroke: Down-regulates TLR6, TLRO ,
TRAF6, NF-kB, MMP-9 and up-regulates claudin-5 expres-
sion[ J]. Brain Res, 2013, 1528 80-88.

Hwa JS, Jin YC, Lee YS, et al. 2-methoxycinnamaldehyde
from Cinnamomum cassia reduces rat myocardial ischemia and
reperfusion injury in vivo due to HO-1 induction[ J]. J Eth-
nopharmacol , 2012, 139 (2) . 605-615.

Kang LL, Zhang DM, Ma CH, et al. Cinnamaldehyde and
allopurinol reduce fructose-induced cardiac inflammation and fi-
brosis by attenuating CD36 -mediated TLR4/6-IRAK4/1 sig-
naling to suppress NLRP3 inflammasome activation [ J ]. Seci

Rep, 2016, 6. 27460.

[9] Longa EZ, Weinstein PR, Carlson S, et al. Reversible middle

[10]

cerebral artery occlusion without craniectomy in rats [ J ].
Stroke , 1989, 20(1) : 84-91.

Cheatwood JL, Emerick AJ, Schwab ME, et al. Nogo-A ex-
pression after focal ischemic stroke in the adult rat [ J].
Stroke , 2008, 39(7) : 2091-2098.

Bederson JB, Pitts LH, Tsuji M, et al. Rat middle cerebral ar-

tery occlusion ; evaluation of the model and development of a neu-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

- 69 -

Stroke , 1986, 17(3) ; 472-476.
Hatashita S, Hoff JT, Salamat SM. Ischemic brain edema and

rologic examination [ J ] .

the osmotic gradient between blood and brain [ J ]. J Cereb
Blood Flow Metab, 1988, 8(4): 552-559.

Mizukami Y , Yoshioka K , Morimoto S, et al. A novel mech-
anism of JNK1 activation. Nuclear translocation and activation
of JNK1 during ischemia and reperfusion[ J ]. J Biol Chem,
1997, 272(26) : 16657-16662.

Akira S. TLR signaling [ J ].
2006, 311 1-16.

Lin SC, Lo YC, Wu H. Helical assembly in the MyD88-1-
RAK4-TRAK2 complex in TLR/IL-1R signaling [ J ]. Na-
ture, 2010, 465(7300) . 885-890.

Huxford T, Hoffmann A, Ghosh G. Understanding the logic of
Curr Top Mi-

Curr Top Microbiol Immunol ,

IkB : NF-«B regulation in structural terms[ J].
crobiol Immunol , 2011, 349, 1-24.

Aderem A, Ulevitch RJ. Toll like receptors in the induction of
2000, 406

the innate immune response [ J ].

(6797) : 782-787.

Nature ,

Miyahara T, Koyama H, Miyata T, et al. Inflammatory signa-
ling pathway containing TRAF6 contributes to neointimal forma-
tion via diverse mechanisms[ J]. Cardiovasc Res, 2004, 64
(1): 154-164.

Liu X, Cao H, LiJ, et al. Autophagy induced by DAMPs fa-
cilitates the inflammation response in lungs undergoingischemia-
reperfusion injury through promoting TRAF6 ubiquitination
[J]. Cell Death Differ, 2017, 24(4) . 683-693.

Fan H, Li L, Zhang X, et al. Oxymatrine downregulates
TLR6, TLR2, MyD88, and NF-kappaB and protects rat
brains against focal ischemia [ J ].
2009, 2009: 704706.

Qiao H, Zhang X, Zhu C, et al. Luteolin downregulates
TLR4, TLR6, NF-kB and p-p38 MAPK expression, upregu-

Mediators of Inflamm ,

lates the p-ERK expression, and protects rat brains against fo-
Brain Res, 2012, 1448 . 71-81.
JUWERR, Fe . Toll 432 A% 5 i B 55 B o 7k vh XU 58 4T
B e MU B BIF 5 e [ ] T B b 2 05 2 i 22 R B 22 Ok
i, 2014, 41(2): 138-141.

cal ischemial[ J].

Li M, Li H, Fang F, et al. Astragaloside IV attenuates cog-
nitive impairments induced by transient cerebral ischemia and
reperfusion in mice via anti-inflammatory mechanisms [ J ].
Neurosci Lett, 2017, 639 114-119.

Chen G, Ye X, Zhang J, et al. Limb Remote Ischemic Post-
conditioning Reduces Ischemia-Reperfusion Injury by Inhibiting
NADPH Oxidase Activation and MyD88-TRAF6-P38 MAP-
Kinase Pathway of Neutrophils[ J]. Int J Mol Sci, 2016, 17
(12): pii: E1971.





