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Shikonin exerts neuroprotective effects by anti-oxidative stress and inhibiting inflammation

after brain trauma
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[Abstract] Objective: To explore the neuroprotective effects and the underlying mechanisms of shikonin (SK) after traumatic brain
injury (TBI). Methods: Forty C57BL/6 mice were randomly assigned to 4 groups as follows: sham operation group (Sham group) , TBI
group, TBI + 1 mg/kg shikonin group (TBI+SK 1 mg/kg) , TBI + 5 mg/kg shikonin group (TBI+SK 5 mg/kg). The modified neurological
severity scores (mNSS) and the apoptosis of neurons after TBI (Neuron/TUNEL ) was observed, the integrity of the blood brain barrier
(BBB)was detected by Evans blue staining. Moreover, we used Western blot and RT-PCR to determine the expression of NLRP3/ASC/
IL-1B/Caspasel and detected the changes in the levels of oxidative stress markers including ROS, LPO, MDA and antioxidant enzymes
which includes SOD and GPx in the edema zone around the cortical injury. The Neuro-2a cell line and BV2 cell line were cultured in

vitro, stimulated by LPS to establish the inflammatory environment. We used Western blot to observe the inflammatory response of BV2
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cells and observed that the changes of neuronal apoptosis by flow cytometry. Results: Shikonin treatment improved mNSS after TBI

and exerted neuroprotective effects. Shikonin could inhibit the level of ROS, LPO, MDA, and promoted the increase of SOD, GPx,

alleviating the oxidative damage after TBI. Moreover, shikonin significantly inhibited the inflammatory activation of NF-«B/NLRP3

after TBI, and inhibited the activation of microglia and astrocytes in the penumbra around the injury. Conclusion : Shikonin may play a

neuroprotective effect after TBI via inhibiting the activation of NF-k B/NLRP3 and alleviating oxidative stress.
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A R LU B (B AE TBLS /NI 45
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mutase, SOD) FIA M H kT E4e ) ﬁ@(glutathione per-
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MDA) K-, I8 S A RO A R DA T TE ik
MAFE A R S v | SRR AT a4 ] NF-
kB A5 PE S [3AK p38MAPK (1 i Ak 1 e 8] 425 A Jed
IRFE A F-a(tumor necrosis factor-oo, TNF-a) S 38 i 4
J& 8 F 1 9 (matrix metallopeptidase 9, MMP9) i35,
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NE), FEE) s GAPDH FUAAR S — bt , R bt (R ot
Bioworld 23 7] ) ; Bax $iL1& , Bel2 Hi 44, Caspase3 {4
(4t 5% Protein tech 23 w) ) 5 7 ST Y4 (Sigma-Al-
drich 23wl , £ E) 5 /)N BRI it 28 A6 4 (lipid perox-
ides, LPO)ELISA 125 & , /N KL SOD 1 ¥ ELISA 12{5
&, GSH-Px/GPx {5 P A A% £, /)N B ROS ELISA
A (R 3 RE YR A A ; B i E Ak
TR &, A T S IRFER I & (L3R =~
RADEHEFBRAFD .
12 F#&
1.2.1 SHhHRAMEAR LI 54

F/ N BB 4R TR ZH (Sham 21 ) , TBIAR Y
ZH(TBI4H), TBI+1 mg/kg 2B R 4 (TBI+SK 1 mg/kg
4), TBI+5 mg/kg %8 H 2 241 (TBI+SK 5 mg/kg 41) o
X Rl M AR | BT SE T A RIS SR BCHE
R Y o KN RUE T e A L, B TSk
B e Ve B AE WL 3.5 mm BYEREL 1L A5 0] 55
B JZIEAT I, LR A ) e e e . B
HER R 3 mm B9 M A 255 L 4.5 m/s (30 B 7= A4
1.2 mm A M1 B , 455 B3 15 6] 20 ms, 38 B3 EE 464
TR AE A3k 7 e R /N RO 8 7o TR TRR
AEFHE TSN, 2 T R FAR . Ira /NI TE
EZFARE 1 hNIRE SR, BRSTE, SR
JE s 1 A, B4R 2 T
1.2.2 474540

K FH Beamwalk Vi A S 56k /)N B 32 3l )
R, W R KB 2 |, 32718 Bl D) REA ™

K FH A 22 Dy g S5 3 43 (modified neurological
severity score , mNSS) & PFAi /)N B A 2247 Ry Bk A
B E AR . 7R/ MG S 24 h ARG, B4 18
Gy o Mz gl R ST RN B S RE T AN Dy T A T
TEAl . mNSS AR/ , VLI 245 58 7™
123 FXEELEE

A A O SCREHE ANS S AR /I B L o o )
FEMERURK IR RS . 76/ DRSS 55 7 Rl T, e
kTS 100 L Y 2% 5 SO EE R (4 mL/kg) ,2 h
Jo WREE 3] /1N B U B R HIR 3k 3% e A3 s, B0 S
lo FF 1950 L2284 /)N BRURR B , 2500 I VEE 1
2420 mL P BERRER 2% Mk . BUARER , 411 1R, RO E
FHBREA RTS8 )5 B 60 CIEIRKIBIFE
24 h,16 000 g #.0> 30 min, B 3% . 608
TR 135 7E 620 nm &b G35 BEA
1.24 %72 % A TUNEL 3 &

FH AR [RIRE 7 QO 1 U , T4 /R S PRI T

(90%7K , 10% W 5 )1 24 h, 7E 4 °C 30 %I EEWE
WESEM K 3 d, &5 24 h B8 A9 E VA T, PR UE AN
WA TSR o A SRR A TIAL 10 pom JREBE vk
HY R, RS 5 % BSA(JJALE I3 ) (1) PBST &t
11 h, ITA—Pi4 CHAEIEE, “PiERELHT
2 h &, i DAPL & Bl &, ST RIA R sl B T
4 CihE LR A7 . TUNEL % {4 56 3% FH Tunel Bright-
Green 8 T-F A F & (A112-01, B SLiG4EE AN F))
iRl AN W EZDTVe il v N e 79w on LIS e
17 TUNEL YL (05 FafbA 7] L e oo e o, 1)
(i AR A A3 (Zeiss , LSM800)FH#%
1.2.5 Western blot 4| 48 % & & & &

B/ R i 45 473 Bz Joi¢ DX ] PRl /K B s 41 8, 24
15 mg, B T 1.5 mL & 08 5 S T iA PR =
o FH RIPA 247 24/ 5138, P9 BCA B 2
J& , FH 10%F0 15% 1) 5 DN I R BE IS (SDS-PAGE ) 2
TRV, FE R, B SO0 RE Wy Vs W 1 8 A YR BT B
B bl Zhua, A &6 (ECL) A6 U 2 11 ot
. GAPDHAERNNZ: H] Image J 1 750H7 .
12.6 8% X2 % PCR(RT-PCR) 4|

/N B A 53 493 Bz Jo DX B K by 1 480, 1
1.5 mL B0 R E TR IGRE R . 1 TRIzol i
#(TaKaRa A Fl, H A )X FEA AT RNA 21, F:
FHI e 538570 £ (R 4 /A w1 7E 42 °C 60 min,
85 °C 5 s & F 4T cDNA & i, ] Light Cycler 96
SR B N (Roche A 7], B 1) 4T cDNA 3™
B, BRI 20 pLARR 2 pL54¥) .3 pLiB 4l
7K .5 wLeDNA | 10 pL qPCR Master Mix (Without
ROX) (R HU 5 4EHE /S 7] )£ 95 °C 105,60 C 10 s,
72 °C 20 s 514 N AT 40 MEFR . [AAE, GAPDH AR
JNSHEF, mRNA 7K R AR 2Rk 5 274 A T
L. 51 F - & #E (SYP), [ii#5'-TTCAAG-
GAGCTAACTAACGA-3", Fiif 3'- CGTCACGAAGT-
CCAGCAAGA -5’ ; Bax, I i 5" - TGAAGACAGGG -
GCCTTTTTG-3', F i 3’ - AATTCGCCGGAGACAC -
TCG-5';Bel2, 15 -GTCGCTACCGTCGTGACTTC-
3', F % 3'-CAGACATGCACCTACCCAGC-5'" ; Cas-
pase3 I ¥ 5" - ATGGAGAACAACAAAACCTCAGT -
3’ , T % 3’ - TTGCTCCCATGTATGGTCTTTAC - 5' ;
GAPDH F ¥ 5'-AGGTCGGTGTGAACGGATTTG-3',
T3’ -TGTAGACCATGTAGTTGAGGTCA-5'
1.2.7 R ROS.LPO #= SOD #& A&

/N SRR i 403493 1z o IX JE LK b 20 40, O &
T-100 pL 1 PBSIEWEFI . Kl 503 21K 5, 2 R
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/NELROS ELISA i 71 45 /N LPO ELISA 7] £ /N
R SOD 7% P ELISA 355 &5 1hd B 5 A dm vfE th 2k 1Y
2 DA SRR A o TEREAR I 450 nm KT I
WO RE (OD ) , B 5 ROS . LPO F1 SOD 1% 14 ity e
JE AR eI LA
1.2.8 g AMA D

SR FH NG J5 et 4 P A I 3 751 8 1 A /0 BRUAR
MDA &, BN S 3 100 pl, 5 MDA K
D TAEW 200 pLiRAT, 31F 100 CHIF 1S min, B H]
2EJE,H200 pL FiEMA R 96 FLAk H , 7E R
X532 nm P AR I 5 W (OD D) , AR 4 A v i
2R MDA &4,
1.2.9 Neuro-2a 2 il A2 4= BV2 t0 i, % 35 3R A AT TR

Neuro-2a 4fl Jifl Z J2& /N B U5 i 28988 B 41
BV2 4 g F 02 /N BRI PR 7k AR AR R /NS A M . 40
3% 25 10 % 09 iR 4 10038 A1 100 UmL i F 8 &K,
0.1 mg/mL A4 % 19 DMEM 35 35 JE 78 T75 40 Jf 15
TP E TR IR . $ IR 12 LA AL 1x10°, 6 FLAR
1x10° 1) 25 B A TRl AR o AR | B HL3 A Control
4, J§ Z i (lipopolysaccharide, LPS) 1 pg/mL 4 ,
LPS+SK(0.3.1.0 .3.0.10.0 wmol/L)%H ., LPS# :LPS
4 12 h; LPS+SK 41 : 7E LPS H3# 12 h 5 4 T A
[ e 5 1 42 2022 (0.3.1.0 .3.0.10.0 wmol/L) B3 &
30 min, ALPREE ARSI, HEAT G SR 05
1.2.10 A

SR FE 200 10 9 5 PR BB ARG 0 7 6 G 0 4o 22 e
A1 Neuro-2a A0 O T-1E 0 o 158 BIRAS R 47
()3 22 TCAT M Neuro-2a 21 i RAAL 2 12 FLH, 200
Control 21 , LPS 1 pg/mL 4, LPS+SK 3 wmol/L 4 ,
LPS+SK 10 wmol/L 2H , ZbFR5E 15 , Wt 48 20 i 28 v =X
1000 t/min, 5 min &0, 57 LG, TR PBS 1L
23, #EOEHIA 1 mL Annexin V -FITC ¥ TAEW ,
IR E 10 min J7 , 37 B 40 AR
13 %itEsE

R SIS R 3R LA ST SE 0 . TR B R
JH Graphpad prism 8.0 K {F #4748 1174007, #4534
DI E AR UE2E (3 = 5) R, AL LR B R Ry
ZEAT PR LR RS AR AR K2 36, P < 0.05
EREGIEE L,

2 # R

2.1 BEETEREDRIEIMG G Z 4L 14
TR 1A 7, SR FAE v R o die o R e A /)
SR LA REE 0 SR FH T 22325 85 ) i 50 24 R

SRR IRRE o TS /N B A3 DX sl B o 2
IR 7 e yd /0 (B 1B PR i AR Tl . Je 228
Ystm AR i 1C R o FRATA B, TBIS 1.3,
714 d, /NEHT R BT S 22 o TSR AR A3
7 dUA R 14 dJi AR (1 mg/kg) B BLE R A i
= E R (5 mg/kg) AT DL E D R TR,
PEn R R ] LIk /N U TBLS W2 s i fg (P <
0.05, 1 ID~E) . LAk, /N T mNSS PF43, AHXT
T 1 mg/kg IR & AR B8R, 5 mg/kg i 77 1
(58RI M 1 /N BRI P 84 T o R (P <
0.05, Bl 1F) . BEFEMFFERI, TBLG M & Kie &
A UM SR N Ris Sh T RE R Y R BRI
FTABRATIE— A T 20 B R BB, SXTRR
YRR G, TBI L5473 e 5 J LK Bty ) pe 28 0 B
FWD o [, ER SRR (5 me/kg) REFRT] DL i
FWiE X — 4 (P <0.05, 8 1G~H) ., 3Tk, LIF
XL E— 2B R 3T, YR FH 5 me/kg = 71
B . SYPVE NNk P9 5 fil i) e S PR AR i, E
TBIJ& H mRNA 7K 5 2 FRAIC, 1 4% 2 R b 3= T
T, R TSR B AT DU R 28 T 1 5 A o B
(P <0.05, K 11) o Myitb— R 5¢ SRR Z AT I i ¢
B A543 AR DR APV SR R P SRR 92 33 S 30 PP il
i Bt 1) 5 Mk, 45 SR R B, SR R AL BT L G
e TBI 5 -5 200 1M i B 5 39 1% 3R (P < 0.05, &
1J~K),
2.2 R EApH RIE MG G 09 AY 2L A T
BE— L WEST K& B, TBIJ /1N BB S5 468 405 &) el 7k
iy R T R 2o A R, TR R RRYTR
AT DLk — I (K 2A \B) ., N T iE— K5t 48
RN F W At 2 e R T s AR AT
T 2R S AP T AR OC R M, B Bax Fl Bel2 Y RIA
1L TBLJG Bax (3835 B35 1, Bel2 B3k 0
R, TR R AT LUESE Bel2 193635, I Bax 1Y
Fik (P <0.05,K2C~E) . [FI, TBLG et 19T
KR 45 B 1 Caspase3 DA S BT YIA p-Caspase3 )3
kTSR R AL PR S B E ] TBIE 511 Caspase3
BRI (P < 0.05, 1 2C . F) o “FA7H) mRNA 7K1
R 30 0E T IR 45 (P < 0.05, B 2G~1) . K
I B A M SEIEST , TBI 5 F7 2L 1Y S8 5E S S22k &
PRI SR 2R, FRATTR T LPS )z fifi I Y
P2 TCAN I 28 N2a B30 TBLJS AR N RAEFREE . A
AN 28 B o, LPS AR B AT L5 S N2a 40 i A4 I
THEN, (H R 2R B R b H AT )t 2 B0 LPS 55 1
MR T, £ A L AE S (P < 0.05, [ 2]~K) L 12
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Figure 1 The effect of shikonin on neurological function after traumatic brain injury in mice

TN R ARSI ] DR FER Y i 2o AR
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HERIE A B s . FRATAIL, TBLS G iy
ROS & 2 SR R AL ] DI X — o 28 (P <

0.05, Bl 3A) o i — 254G D A8 16 0 b 2 ) MDA |
LPO FHT A AL B 5 7 SOD . GPx [ 7K -, 1 &l 3B~C
Jii7s , TBLJG MDA \LPO 7K -8 2 45, B sa 4k
filf K RAIG, 2 R AL P | ik 2t i S AL )
FHE AR E L HH (P < 0.05) . MR, fEG T4 %
RITIG , TR L A TS PR 3 3 1 T (P < 0.035,
K 3D~E) . SOD. #i & i4 J5 25 [ 2 (Thioredoxin 2,
TRX2) 8 /KRB MR T ERE5 R (P < 0.05,
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Figure 2 The effect of shikonin on neuronal apoptosis after traumatic brain injury in mice



S4B S ARG R IE AR R AR A, S, SR B ] A R R 2 ST TE N S M5 AR R R I .

202248 H

P R RE AR (B SRR ) ,2022,42(08 ) : 1055-1064

+1061 -

KI3F~H) . LA EERFN, EH 0] et bi At
IR, AT 0 ROS, & FEHT A AL B 1
N2 T B A G

24 B3 EIpH % 9ME )& NF-xB/NLRP3 X & i %
W E
ABFIELE BRI, TBL)G S 5E K B THE , it

A 500 ~ B _ 400 - 61 D 200 4
—~ - =) —~
= ok E * = il 3 i
E 400 1 # 300 £ £ 150
= 300 4 £ “ Eha ¢z
b & 200 = = 100 e
42 200 - & 4, ] £
Z 100 4 é 100 g 2 50 -
= =
T 2, = T
P b) ) 1) b) ) ) ) U3
N B N B é\s‘fa%} A B AN % ‘é\zﬁ?}> N B Q%\/% %\s‘?o% 2@%‘% N R %\e‘?o’%
N v - A «
QQ,\X% Q,\"% Q,\"% Q,\X%
B g00- F N G 1o, Hoys
i )
EED # &%\x S ﬁ) 08 H#it ﬁ ##
S 600 ; & B o # = 104
E N Z06 B
— =
o CUEN B :
» il ¥ s
£ 2001 TRX2 e s men e |7 Da S | %
= GAPDH e s i 4 4 @8 = = = 37 kDa o & N
3 ) P ) 1) P ) ) b)
G B (B R RO W
¥ oo R oo * oo
X%‘& x%‘& x%‘(s
A o o

A~E: ELISA 8571 & 46 /N BB 07 B2 /K By ROS . MDA PO . SOD DA & GPx Ay 8 ; F~H : Western blot K /)s BB 07 Bz /K B bt e Ak
S SOD M TRX2 Uik, SXRHRZ LL#, P < 0.05,7P < 0.01; 5 TBIZH ILA:,"P < 0.05,"P < 0.01(n=3) ,
B3 LEEINNRRIMA B SN N SR E R &

Figure 3 The effect of shikonin on the level of oxidative stress after traumatic brain injury in mice
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