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Abstract; Objective
cinnamaldehyde in alleviating nerve injury in rats with traumatic brain
injury (TBI). Methods
(only craniotomy ), model group ( TBI model ), experimental — L. group

To explore the potential mechanism of
Rats were randomly divided into sham group

(TBI +25 mg + kg ™' cinnamaldehyde) , experimental — H group ( TBI +
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75 mg - kg~ cinnamaldehyde) , miR — NC group ( TBI + miR — NC lentivirus + 75 mg + kg ™' cinnamaldehyde )
and miR —27a —3p inhibitor group (TBI +miR —27a —3p inhibitor lentivirus + 75 mg « kg~ cinnamaldehyde ). After
treatment, real — time quantitative polymerase chain reaction ( RT — qPCR) was used to detect the expression of
miR —27a —3p; the Morris water maze test was used to assess memory function; immunofluorescence assay was used to
detect the expression of ionized calcium — binding adapter molecule 1 (Iba —1); Western blot was used to detect the
expression of related proteins in brain tissues; and the dual — luciferase reporter gene assay was used to verify the
binding of miR - 27a - 3p to BCL2/adenovirus EIB 19kDa interacting protein 3 — like ( BNIP3L). Results The
relative expression levels of miR —27a —3p in the sham group, model group, experimental — L group, experimental — H
group, miR = NC group and miR -27a - 3p inhibitor group were 1.00 =0.08, 0.40 +0.03, 0.52 +£0.08, 0.76 +0.08,
0.73 £0.09 and 0. 18 = 0.02, respectively; the escape latency times were (11.19 £0.75), (26.06 = 1.47),
(23.59+£1.39), (14.95£1.71), (15.37 £0.77) and (24.91 £1.96) s, respectively; the Iba — 1 fluorescence
intensities were (1 189.50 + 113.68), (2 958.70 +279.29), (2287.05+271.69), (1 916.55 +205.44),
(1935.57 £164.54) and (2 564.52 £333.05) a.u., respectively; the relative expression levels of autophagy —
related gene 5 ( ATGS5) protein were 0.32 +0.03, 0.94 £0.07, 0.71 £0.09, 0.50 +0.08, 0.53 £0.07 and
0. 85 +£0. 09, respectively; the relative expression levels of Beclin — 1 autophagy regulator ( Beclin — 1) protein were
0.35+0.03, 0.95 £0.13, 0.75 +£0.12, 0.49 £0.05, 0.48 £0.07 and 0.73 +0. 10, respectively; the relative
expression levels of Parkin RBR domain E3 ubiquitin protein ligase ( Parkin) protein were 0.29 +0. 04, 0. 64 £0. 08,
0.51+£0.09, 0.41 £0.04, 0.43 £0.05 and 0.62 £ 0. 07, respectively. For the above indicators, there were all
statistically significant differences when comparing the model group with the sham group, the experimental — L and
experimental — H groups with the model group, and the miR — 27a — 3p inhibitor group with the miR — NC group
(P<0.05,P <0.01,P <0.001). The dual — luciferase reporter gene assay confirmed the targeted binding of
miR —27a —3p to BNIP3L. Conclusion Cinnamaldehyde may regulate autophagy through the miR —27a - 3p/BNIP3L
axis, improve neurological function, alleviate neuroinflammation and exert neuroprotective effects on TBI — induced
brain injury.
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adaptor molecule 1,Iba — 1) . H M AH ¢ L K 5 (autophagy
related gene 5,ATG5) S HFZEH 1 $45E 3 (microtu-
bule associated protein 1 light chain 3,LC3) I/LC3 1 .
Beclin — 1 B WA K7 (Beclin 1 autophagy regulator,
Beclin — 1) . BB B £ 1 ( sequestosome 1, p62 ) . Parkin
RBR 45 4 5 F3 17 2 %6 {1 1% 2 i ( Parkin RBR E3
ubiquitin protein ligase, Parkin ) | PTEN 5 5 #% i 1
(PTEN induced kinase 1,PINK1) . B #KE 40 g - 2
FEH (B - cell lymphoma -2, Bel -2) #H¢ X 2B [
(Becl =2 associated X protein, Bax) , Bel — 2 24 )
M e KA H R E F N -3 (Cleaved cysteine aspartate
proteinase — 3, Cleaved caspase —3) B —actin —HL . .
P, ¥ [ Abcam 247 ;47,6 — Pk -2 — FREENS
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LHEHADBHECA R A 7] ;miR - NC miR -27a - 3p
inhibitor 189557 , W 5[5 B LR AP A F

X288 RT - 6100 FEFRAL, )™ MR E AL 2 & ™
al s CX =31 W5 \BXS3 26 WA, Y90 H A BAK
L0723 7] 7 il 5 PikoReal S92 5 ft PCR Y, 32 [
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2 KWHE
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KRB, 89 25 K B A JF 288k 5, M A
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JRE A EE GRS B, IS 3 d I &
F(2.0x10° U - kg™") B, Frd K B 5
6 h, B AT ok R p R R R T O, PE el
7 53 BRI TEASL S, AR AN 92 %o 5 BRI T8
AFFEIER RS , 482 10 H,
2.2 Yo AESRETE

HE R BUBERL I AR T AR 2 A A i 5
B KBRS E 4] miR — NC 41 fl miR - 27a — 3p
inhibitor 2, 720 10 2, HA R FARLH K AT /5 F T
TR, HARZH BRI 2. 17 vy ik s IR e 70
IR B A 5 A R M s 25 75 mg « kg™ A
R (L TE oK £ 1 Bl T, G A B R K
BALHRE R P W, R IR AR I A) 1 R
1S T dymiR — NC ZH IR BUSEE AR5 MR =
VESE miR - NC #2575 300 pg FFALIE AT 75 mg - ke
PRERS VA, miR —27a — 3p inhibitor 41 ¢ {45 K i
ZE ST miR —27a - 3p inhibitor 2557 300 pg FHIE B
TESF 75 mg - kg™ ARERE VTR, TR AL RIBE R 4 K

B TER S R AR BEER K . 1B9T 7 d, R AT &
FEARARIN 5, AR FER BB 2148
2.3 Mirris k¥ F LW EITE AR

BIT T dJE KR EUE TIEE K (B0 4 1%

B, TANRIRAEK T 2 em 278 1 ASEB) o, &
TR MA R R BR B A K ML, 32 5% 60 s J5 R AR
BB FAER I E],S d J5 10 5% K BUBCAK H 2R
R BRI 8], 30 e R, JFHGE ¥ & g R’ R
B 60 s PR3 Bl B I 0 SR BRUTET- 5 Fr I 42 IR A5
B A TR R 20 B F- 15 OB, 5 H ARG R 1 45 7 1 )
o bE CH ARG R4S B 1 (] 7 S0 3 ] x 100% )
24 IMRAEERAEHE KRN (real - time
quantitative polymerase chain reaction, RT — qPCR)
LI E M miR —27a -3p IL - 1B, TNF - o #01
BNIP3L mRNA %ix™

B R U ZH 2L, FH TRIzol 342 HUEL RNA, Jf
I5E RNA ¥ B | afi B2 5 150 &0fF RNA 96 5% 5% oy
cDNA SR J5 JEAT IR 5 W4 S, PCR 4504295 C i
£ 6 min,94 °C 7254 30 5,60 °CiE k 30 5,72 °C fEff
30 s, 3 40 AMEI, 4505, BL U6 5 GAPDH N %,
FI27% 5355 B 9 3 B mRNA #I X 3£ 3K K F-,
miR =27a =3p U6 51¥Y)¥ 5157 SCHR[9] 5 IL - 1B 5]
Y%k Forward (5’ —=3") ;: CAGCTTTCGACAGTGAG-
GAGA, Reverse (5’ = 3") ;: TTGTCGAGATGCTGCTGT-
GA;TNF - o 5% )7 % & Forward (5’ - 3") : GATCG-
GTCCCAACAAGGAGG, Reverse (5" - 3") : CTTGGTG-
GTTTGCTACGACG ; GAPDH 5|4y %5/ Forward (5’ —
3") : GCGAGATCCCGCTAACATCA, Reverse (5’ —3") .
ATTCG AGAGAAGGGAGGGCT; BNIP3L 5| %) 1% 5 Sl
Forward(5’ —=3") : TCTCACTTAGTCGAGCCGC, Reverse
(5" -3") ;CTCCACCCAGGAACTGTTGA,

2.5 HE $&50NMALAREERET"

WO R B 2H 21, P 22 5 W 1] 7 3 4, AN [
WIE SR HEATIOK I AR 1 h B RS
WIS YR U s 2K 5 TR AN G A5 min,
ZJE H BRAK e 2R 2R Mg O, FEHIFR IR O
A 10 s {75 200 A% SE A WA , 2% VR e R/ AP 1K)
Gett, 3 min, 0 HIA ] e BE 1 & B AT i K K i B
JEE R, BRI
2.6 HRBETEEWEQT ba -1 Fix'

BOKGRYI A AR T 20 1 h, R BRIR BT E
EREIT  EATPURE E, I A R 2L, T
Jil Trition X — 100 A% & AL Y] B 20 min, PBS ¥ ¥t
Je I BSA ] 1 h, SRS N ha - 1 —HifE 4 C H
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FARER, 5 2 RIBCHE R & Uk — U T I [ b e 1 2¢
JEZHUEMR TIEE 1 h, DAPLZ L 10 min J5 & 5, ]
PRI
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WA A 2H R B 2L 2L, i A 2R W5 B
O G R T BCA 3500 & A 48 1 ik 2, IR
30 pg HEH EFZME MRS LU 10 min
(100 °C) , 747 SDS — R NI ML BESHELIK , s % 2
PVDF JEIFAE 20 T £ 2 h (5% WA WS ¥ ) , I A
ATGS \LC3 NT/LC3 T .p62 . Beclin — 1 ,Parkin PINKI |
Bax ,Bcl —2 ,Cleaved caspase —3 —#i(1: 1 000)7£4 C
TIFE AR, VRS 5 =P (155 000) 7EE IR T
PEE 2 h, YRR IR N ECL W {036 5 MR O% A%,
Image J 84 H R ERBAKT
2.8 WHHEBREEELR"

18 1 Targetscan 7 2¢ 70 U B %4 ( https://www.
targetscan. org/vert_80/ ) Tijll miR —27a -3p 5 BCL2/
i g E1B 19kDa A HAE 4 1 3 H484 1 (BCL2/
adenovirus E1B 19kDa interacting protein 3 - like,
BNIP3L) HATHE [0 45 5 A i, HEAT XSG 2R Wi i 4k
PRI - #4 43 BNIP3L % 4= #4 ( BNIP3L — WT) F1 58 48
I ( BNIP3L — MUT) %¢ 5% it %7, A Lipofectamine 3000
FEYSR G BNIP3L — WT BNIP3L — MUT 4381 5 NC
mimic ,miR —27a - 35p mimic F:FEYL F 293T Zfifg
48 h J5 HIRCE ' Tl A 35 PR 5 30 X700 0 A6 I 2 S g
T
3 GritFAaE

FH SPSS 26. 0 et B A T i o b . 1Bkl
PLx +s 2o, 24 0] B 5 R 7 22 70 i, 418
WIS LU LSD — o #6155

& R

1 AEBXMXRMARSR mR -27a -3p RiEW
el

P AR BRI AR R SE I A e R R SL 0

Sham Model

Experimental-L

H.miR - NC 2 #1 miR - 27a - 3p inhibitor 2 )
miR =27a = 3p Al %F #& 1k 7K 43 % >4 1.00 £ 0. 08,
0.40 £0.03.0.52 £0.08.0.76 £0.08.0.73 0. 09 F0
0. 18 +0. 02, FERIZH 55T AR Ho AL AR i 7 5 5L 5
H 5 SR 2H L, miR - 27a - 3p inhibitor 4 5
miR - NCH LA, 7RGt B 2R WA SR XL
(¥ P<0.001),
2 PAEEREEE miR -27a -3p 3t TBI XK RMEIN#E
8 KR IR F 15 B F

AT A 2H 1 2H 23 J0 B 3 B 47, A B R TR
2, B A A AU ZH A 6 1) Bt 0 8 B A 1 4
A LA 20 M 32, A FE R 2 I v 7R e S g 2 M
miR — NC 415 B 453 45 2 i B2, 1 miR - 27a - 3p
inhibitor 15 41 /%% miR - NC 400, WE 1,

ST ARG AR, B A 5B & OB H b 42
IR P 5% B I ] o5 Ll 129 30 25 AR, ke s AR 0 1 25 T v
(¥ P <0.001) ; SHEERIA Lb 35, AR 8 70 4 5 06 20 %
-5 U, H ARG R 45 B IS 1) o L3 25 T
ek TR AR B2 B2 TR (P <0.01, P <0.001) ; AH L
miR — NC 41, miR - 27a - 3p inhibitor 4] Zf #% - & X
B EARGEBR 4 45 B I ] 7 Ll 2t 3 AT, 06 sk AR
WREFE(P<0.05,P<0.001), 31,
3 AEEEE miR -27a -3p 305 TBI X R Foi o 2
[EgREMHETET

ST AR e, AV RN ZH 2L Tha - 1 558
B IL - 18 mRNA | TNF - @« mRNA } Bax/Bel - 2,
Cleaved caspase —3 25 [ AHRXF 26k K -3 B 3 71 5 (34
P <0.001) ; SHRIZH HOA, MG i AR o SE B 2H 1Y Tha —
1 5658 IL — 18 mRNA | TNF — « mRNA } Bax/
Bel -2 Cleaved caspase —3 45 [ AN} IR K35 i 2
&K (P <0.01, P <0.001); 4 b miR - NC 4,
miR —27a -3p inhibitor 4 Y Iba — 1 %¢ J¢ 98 &,
IL-18 mRNA, TNF — o mRNA J Bax/Bel - 2,
Cleaved caspase — 3% [ #H % £ ik /K1 & 2 T+ 5
(P<0.01,P<0.001), L3k 2 f1K 2,

Experimental-H
g T

1 JRANS — YL (HE) B (35 L8R RUIKZH U0 B~ 304 (% 200)

Figure 1

The histopathological changes of rat brain tissue observed by hematoxyl — eosin( HE) staining( x200)
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4 RERIEIE miR -27a -3p #)H TBI KRHAR
]S

SEF AR g, AL Y ATG5 \LC3 IV/LC3 TH1
Beclin — 1 5 [ AH X £ ik K F ¥ W 2 7w (8

(P<0.001), 0032 4, #imI4] % BNIP3L mRNA A%}
PR IR Fe Parkin \PINK1 25 A X &35 /K- 15 18 3%
Fri (¥IP <0.001) ; SHIRIL P IG5 7 SE g 4
1) BNIP3L mRNA A X} 33k 7K J Parkin \PINK1 &

P<0.001), p62 # H AH X} & ik K F & F FE AL
(P <0.001) ; 55 807 2 Bb A, IG5 390 4 52 560 4 1)
ATG5 L.C3 T/LC3 T 1l Beclin — 1 55 F A% 3235 7K F-
i FREAR(P <0.01,P <0.001) ,p62 & [ AHN 3Rk TGS
P 2 F+ & (P < 0.001); A b miR - NC 41,

32 kDa

37 kDa
miR —27a - 3p inhibitor 41 1) ATG5.LC3 11 /LC3 [ 0 L:: .
Beclin — 1 & H M X} £k K F 3 8 F T & (3 LC3 11 16 kDa
P<0.001), p62 & [ A Xt 3% ik K F B F K Beclin-1 52kDa
(P<0.001), L& 2 Figk 3, -actin £2kDa

5 PIHEESE T miR - 27a -3p/BNIP3L /Y S & f
R E %

AELE I B9 35 WO B miR - 27a - 3p 5 BNIP3L,
$ISE 4 LI 355 NC 21 HLA  miR - 27a - 3p BEA
BNIP3L — WT 3£ 5 e 41 9 )6 % 1 i 15 5 % W 1%

2 EERENEERI A W E AR X R A KR
Figure 2 The relative expression levels of autophagy — related
proteins detected by Western blot

ATGS ; Autophagy related gene 5 ;1.C3 : Microtubule associated protein 1 light

chain 3 ;Beclin — 1 ; Beclin 1 autophagy regulator; p62 ; Sequestosome 1.

F1 FHARBUKE BRI (2 £5)

Table 1 Comparison of water maze data of rats in each group (x +s)

Group n Number of crossing platform Escape latency(s) Target quadrant dwell time ratio (% )
Sham 10 4.50 £0. 50 11.19 £0.75 48.25 +5. 12

Model 10 1.10£0.30* ** 26.06£1.47*** 12.38 £3.45* %~
Experimental — L 10 1.70 0. 46** 23.59 +1. 39" 28. 64 =4, 18"
Experimental — H 10 2.10 £0. 30" 14.95 +1. 71*## 42.71 4. 93%#*

miR - NC 10 2.20 £0.40 15.37 £0.77 13.52 +3.81

miR —27a - 3p inhibitor 10 1.80 +0. 40¢ 24.91 £ 1. 96%¢¢ 18.96 =4, 2788

Sham group: Only craniotomy was performed ; Model group: TBI model was established ; Experimental — L group: TBI model +25 mg - kg ™' cinnamaldehyde injection;

Experimental —H group: TBI model +75 mg - kg ™" cinnamaldehyde injection;miR - NC group: TBI model +75 mg - kg™

cinnamaldehyde + miR — NC lentivirus
injection ;miR —27a —3p inhibitor group: TBI model +75 mg « kg ™' cinnamaldehyde +miR —27a - 3p inhibitor lentivirus injection; Compared with the sham group,

*** P <0.001 ; Compared with the model group,* P <0.01,"*P <0. 001 ; Compared with the miR — NC group, %P <0.05,%¢P <0. 001.

F2 SHRBUKNHALNE TS GERGS T 1(ba - 1) \HAMA R - 1B(IL - 18) JEIAIEH T — a( TNF - o) mRNA F1JH
ARG 1 AR X F3k K7
Table 2  Comparison of the relative expression levels of ionized calcium — binding adapter molecule 1 (Iba — 1), interleukin — 18

(IL -1B) , tumor necrosis factor — alpha( TNF - o) mRNA and apoptosis — related proteins in the brain tissues of rats in each group

Fluorescence mRNA Proein
Group

Iba —1(a. u) IL-18 TNF -« Bax/Bel -2 Cleaved caspase —3
Sham 1189.50 £113. 68 1.00 £0. 12 1.00 0. 15 0.25 +0. 05 0.34 £0. 05
Model 2958.70 £279.29  * * 2.52£0.19*** 2.09 £0.10* ** 2.45£0.53** " 1.03 £0.08* * *
Experimental — L 2 287.05 +271. 69*# 2.15 £0.25% 1.85 £0. 10%# 1. 18 £0. 15%# 0.78 £0. 08*#
Experimental — H 1 916. 55 +205. 44 %% 1.56 £0. 179%# 1. 48 +0. 14 0.54 £0. 10" 0. 60 +0. 09
miR - NC 1 935.57 £164. 54 1.59 0. 14 1.45+0.19 0.49 +0. 07 0.57 £0. 10
miR —27a —3p inhibitor 2 564.52 +333, 0544« 2.24 £0.26%%¢ 1.79 0. 18%¢ 1.75 £0. 2488 0. 82 +0. 9%

*** P <0. 001 ; Compared with the model group,® P <0.01,**P <0.001 ; Compared with the

Dose and n refer to table 1; Compared with the sham group,

miR - NC group,¥¢P <0.01,%¢ P <0. 001.
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AHXT 3B K3 B FEREAR (P <0.01,P <0.001 ) 5 4
. miR - NC 4, miR -27a-3p inhibitor 2§
BNIP3L mRNAFH X} 3 ik 7K - f Parkin | PINK1 Z [ 4
X IR I8 3 T ($4P <0.001) , W3 5 FEl 4,

miR-27a-3p 3' CGCCUUGAAUCGGUGACACUU 5'

BNIP3L-WT 5' GGAAAUGCGUGUGACCUGUGAAG3'

BNIP3L-MUT 5' GGAAAUGCGUGUGACCUGUGAAG3'

B 3 miR-27a-3p 5 BCL2/J#5% 7 E1B 19kDa # HAE HE
F 3 KRS F (BNIP3L) 1945 G715 S AL A,

Figure 3  The binding sites and mutation sites of miR —27a —3p
and BCL2/adenovirus EIB 19kDa interacting protein 3 - like

(BNIP3L)

R4 POCRBHR HE R SLIAGI miR ~27a - 3p 5 BNIP3L
HRLia (v xs)

Table 4 The dual - luciferase reporter gene assay was used to
detect the targeted binding of miR —27a —3p to BNIP3L

Luciferase activity

Group n

BNIP3L - WT BNIP3L - MUT
NC 9 1.00 0. 14 0.98 +0.13
miR -27a -3p 9 0.20 £0.04 ** * 0.97 0. 17

Compared with NC group, *** P <0.001.

R3 SRR

Wi AR 5 R AR X BB 7K P A0 L (v £ 5)

Y
V-1
oA
o & Q\'&
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Figure 4  The relative expression levels of Parkin and PINKI

proteins in brain tissue detected by Western blot
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Table 5 The relative expression levels of BNIP3L mRNA, Parkin
RBR domain E3 ubiquitin protein ligase (Parkin) and PTEN induced

kinase 1 (PINK1) proteins in the brain tissues of rats in each group

Group BNIP3L mRNA Parkin PINK1
Sham 1.00 =0. 16 0.29 0. 04 0.32 0. 04
Model 3.87+0.21*** 0.64+0.08*** 0.70 +0.08* * *
Experimental - L 2.30 £0. 18%  0.51 £0.09%  0.59 +0. 08*
Experimental - H ~ 1.37 £0.09%*  0.41 £0. 04" 0. 46 +0. 06"
miR - NC 1.33 £0.09 0.43 £0. 05 0.44 £0.04

iR -27a-3 , ,
TR TIP3 18 20,3288 0,62 £0. 07888 0,66 £0. 0788
inhibitor

Dose and n refer to table 1; Compared with the sham group,
*** P <0. 001 ;Compared with the model group,* P <0.01,*#P <0.001;

Compared with the miR = NC group, **¥P <0. 001.

Table 3 Comparison of autophagy related protein relative expressions levels in the brain tissues of rats in each group

Group ATG5 p62 LC3 NM/LC3 1 Beclin - 1
Sham 0.32 £0.03 0.78 0. 07 0.24 £0.02 0.35 +0. 03
Model 0.94 £0.07*** 0.27 £0.02* ** 1.00£0.11*** 0.95£0.13***
Experimental — L. 0. 71 0. 09 0. 46 +0. 04" 0. 81 +0. 07" 0.75 0. 12%
Experimental - H 0.50 +0. 08" 0. 67 0. 05 0. 64 +0. 06" 0.49 £0. 05
miR - NC 0.53 £0.07 0. 64 +0. 07 0.61 0. 06 0.48 +0. 07

miR —27a - 3p inhibitor 0. 85 £0. 094&¢

0.43 +0. 1044

0.84 +0. 118 0.73 £0. 10%%

Dose and n refer to table 1; Compared with the sham group, * * * P <0. 001 ; Compared with the model group,* P <0. 01, P <0. 001 ; Compared with the

miR - NC group, ¥ P <0. 001.
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