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Abstract: Objective To explore the diagnostic value of combined detection of matrix metalloproteinase-9
(MMP9), superoxide dismutase (SOD) and neuron-specific enolase (NSE) levels in cerebral concussion.
Methods A total of 84 patients with cerebral concussion admitted to the Jiulongpo District People’s Hospital
from April 2018 to August 2020 were selected as the study group,and 72 healthy people undergoing the physi-
cal examination during the same period were selected as the control group. The enzyme-linked immunosorbent
assay was used to detect the levels of MMP9 and NSE in each group,and the SOD level was detected by the
automatic electrochemiluminescence analyzer. The receiver operating characteristic (ROC) curve was used to
analyze the diagnostic value of MMP9,SOD and NSE levels in cerebral concussion. Results Compared with
the control group,the levels of MMP9 and NSE in the study group were significantly increased, while the SOD
level was significantly decreased,and the differences were statistically significant (P<C0. 05). The receiver op-
erating characteristic(ROC) curve analysis showed that the area under the ROC curve, sensitivity and specific-
ity of the combined detection of MMP9,SOD and NSE were higher than those of the MMP9,SOD and NSE
single detection (P <C0. 05). Conclusion Compared with single item detection, the combined detection of
MMP9,SOD and NSE can significantly improve the sensitivity and specificity in diagnosing cerebral concus-
sion,and can be used as the clinical auxiliary diagnosis index in cerebral concussion.

Key words: cerebral concussion; matrix metalloproteinase-9; superoxide dismutase; neuron-specific

enolase

* BB .HKH DAMTRAETZE RS EERIR H (2016 MSXM138) ,
EBE A A0 2, BEHN, BENFIERKGAENR., © @EEEE.Email: (flangl011@126. com,
AXEIAERR KW, WA, FIWX, %, MMP9,SOD, NSE -4 6 It il 72 35 19 5 Bz Wi () . K30 B2 2% 5116 IR, 2022,19(4) 1 486-
488.



BB EF5IEK 20224 2 A% 194%% 48  Lab Med Clin, February 2022, Vol. 19, No. 4

* 487 -

i 72 5 2 A B P A 5 5 RS ) I PR £ B AIE L AE AR
AL R R R B RV T AT R R SR A
PALEZUSEE N CE-S R INC =Y DE SO Y P
7T 1 2 i R ) AL AR T I I DR X T 00 1912 W
A A AT TH JR) BRI R 12 W 5 T 6 2 AH 7 79 2 00 %l B A
AR AR MG I R LIS B Sl 4n i Ak 3k R
(ECMD) A4 18 o 7 26 51 4 J 2R 1 il -9 (MMP9) & — i fig
R ffe ECM [ 2R 11 . 76 58I B f ol %5 E 2R
IR T MMPY RE X H R R 28 22 8 38 1L S 55 1Y)
VR 2 T R R R . ATk B 8 Ak i
(SOD) & — Ff il 2 1150, SR S LR S 32 580 A FR 2R 1Y
PiEAEEAEN. AM5IE . SOD B B A A
3 R I A . AT R AL (NSE)
S 28 T A 22 PN 0 D6 A0 LR A T T TR SR T4
25 20 45 05 7 B R R KA W TS I U R AR . E AT
MMP9.SOD K NSE &4 )72 J FH il & 2 43 F1 H
by 22 o 5 1) T J B 15 VEA S (H 7 I 5% 3% R % g
fif WLARAE . AHIE ST X 84 9 i R 5 R IR AT A AR
M I43 A MMP9, SOD |, NSE 7K % fiki 5% 37 19 4 Bl
W E , R I K2 36 IR % B — 5 1 2 % IR 3
1 #RE5FHE
1.1 — %R WedkE 2018 4F 4 H & 2020 4E 8 H1E
PR IL IR B XN R B e A e 1) 84 181 G 7% 3% HB & 1B
HBEIEA . BEIEA R 56 I, 4o 28 ;AR 19~63
% -3 (40. 38 3. 62) % EA i 49 4, 4745 16
], i tids 12 ), 3z s f 7 115 B9 B A% BT A B
WA F(GC)TES 14 4> 21 #i],15 4> 63 i, W4l
A ABRHE - CFF A COAR R 51 407 2% (55 2 jO ) o
52 B A P M i A 05 (IR R ) 2 s 5 (2) 3 T a2
5 8 h IRBEREL s (3) 3K F oM WA # , f FE = i s
i, B 2K 1] <<30 min; (4) # 22 K 25 JC BH A A AE 5 (5)
SAR 2R A N TGS W5 (6) UE IR R W Rl s 2.
LA HEBR bR . (O E BB 45 P I 84 5 (2) B IF £
R R (3) X B 28 7R G 9 e S B I )
REBEAS2 5 (4) 7 7EKG Pl 2R P B I AN 2 . IR

[ 30 (ARG 1) 72 5] fa S 25 4 A o HELZHL L B 48 1] L e 24
Bl A 18 ~63 % 3 (40.44+3.59) % . XTHE4

AR UE : (DO ITDIREIE 7, HLAS A7 75 4% Fh 218 P

G 5 (2) PR K Wbt 52 3 5 (3) JG ki 3508 84 403 A G 3 i ik 54
B, X BELH HEBR AR UE . QO AFAE A B 5 P 9 B
BEIMBERE ; (2) B2 RS E k0 (3 A7
MR R s (O PR PR & RGP . A RBER & R
WL XN RS B 48 B2 L ofis [ 25 5 A 5% 6t
R A G RO 7] 7

1.2 ik WA B EIEABLS (Fi)G 8 h P IR
A AE A Y H A IS 1SR R K AR AR 5 mL, B
B 1hJ5,3000 r/min(BLFEHR 10 cm) FFEEE O
15 min B WML F A0 . SR A A (€ [ Bio-Rad
25 H] BIO-RAD 680) £ il MMP9 K NSE 7K, i 7
G Bl R A R A R R R T2 B S
b2 K 6 BT A (B % Cobas 6000) #:1ll SOD 7K ¥,
o 0 3 A 4™ e UGB B AT R .

1.3 Sit2gAb# SR SPSS20. 0 #E47 483t 40 #r .
EA AR R DL o s . 4 18] % ST Rk
At KR AN YR B AR A ¢ A5G 5 7109 R DL B
BOOH G RFIOR A HECR A XP R8s ok 32
TAEFFE(ROC) 1 & 43 #7448 b 46 U X6F il 5% 3 1912
Wi (B 43 BT 5 L P<<0. 05 RERH G2 L.

2 % R

2.1 W4 MMP9,SOD,NSE /Kb # S xfH4H
Fe#, WF5E 41 MMP9 K NSE /K F ] & T+ &, i SOD
IV R B AR, 22 57 ¥ Gt 238 (P <<0.05), ML

#1,

x1 M MMP9,SODNSE 7k E L8 (z+)
41531 n  MMP9(ng/mL)  SOD(U/mL) NSE(pg/L)
WHodl 84 39.15+14.24  88.94+12.81 14.01+1.08
XHRZH 72 21.06+5. 96 107.29+17.87 9.11+2. 34
t 10. 047 7.442 17.276
P <<0. 001 <<0. 001 <20.001

2.2 P4 MMP9.SOD Jz NSE & #6 i X i 7% 3
Bzl e ROC £ 43 #f 7 MMP9, SOD K&
NSE B¢-& s I 12 Wi i 52 3 19 ith & F 1l L (AUC) L R
fECRE % e 5 B 1 MMP9 . SOD K& NSE (1) 8351 46
WP<<0.05, WE2.H1,

x2 MMP9,SOD K NSE Bk & # il %t b 52 5% B 12 i 1 (B
& b7 R %) FERE D EAReE i AUC 95%CI P
MMP9 81.0 84.7 0.657 0.838 0.771~0. 905 <<0. 001
SOD 60. 7 87.5 0. 482 0.779 0.706~0. 852 <<0. 001
NSE 88.3 77.8 0.611 0.837 0.772~0.901 <<0. 001
MMP9+SOD+ NSE 88. 1 86. 1 0.742 0.925 0.883~0. 968 <<0. 001




e 488 BB EFE5EK 2022 4£ 2 A% 19 %% 43 Lab Med Clin,February 2022, Vol. 19, No. 4

HAL R
DMMPY
@s0D

@NSE
@MMP9+SOD+NSE
OsE%

0.0 0.2 04 06 0.8 1.0

1R
1 MMP9,.SODNSE IR K Bk & # 12 B % 255 1
ROC B %
3 4t ®

G 7 37 3 A SR PR 28 R G 0 BT R )
FEfit . A TE N S E AR 100 J7 AL b R i R
Vi RIS 9/10 Ti, N AERBEAE T BB 1%,
I AR 03 1 D DR 22 B0k B 9 A FLUR R EFT 5 B 52 3
P, AT F A A TR AY I 15 R
MR AR 150 A4, BT 35 (58%) , ™ H
I W A 2 H R I R T R 2 K
2 AR R DI () BB R A S A, (HL Ik T vk X R T
18 A% % W i T FR PO A RS Dy kb B
BE A — B0 R ik 7% 95 DA TR A 48 R G R
T RE BRI I T UL 2% 5 R B L AR PR A ) R
PR 2 I 4K ke B 22 L BT 3R B0 1Y) 2 — 2ok ki ) g
il L 3X AT RE 5 2 7 B 51 S B 06 40 B 5 25 AL L R AR
S BHL B v ) 28 00 32 B TR B R L HGE AR R
A FFTAR L RS % R 1 T 2R 40T 5 o b 58 45 S i
4 B AR T A A ZE L, DN 5 | RS il 20 20— 3R 30 4k k1
F. MR R B B 5T A A Az 45 i ik R
B R AR . PRI I A T A g A R 3 10 P Y
28 R G S R A TS T

ik 32 ¥ T VR R I 5 R L o L 3E O 1 B 0
Ji W A FH K 557, S50l — 6 B 1 B 4332 2ok 1 1 57 e e il
A MLECGE W . 1 NSE & H 13z 2 )1z 6 3 0 5 il
A S i o 20 0 S 0k M W bR B . A ST AR
NSE 5 /i i 451453 . 4% Bl i 2 48405 10 i B ™ o 78R %
WML, NSE & —Ff K4 FEAYR, HAEEW
JE B A b R D AR I A AUy A B £ . BT
AE R M ST 5 K B 1 0 4 28 A2 AU 3 o i 28 O 3R
HUAK T A i o 06 A 26 4 20 200 i 6 ) o o P O 31 R
SN 2 U NS ORE /1 NG | 1 o G
HhtE ARG R B, WF ST 4L NSE UK B 8 T IR
ZH (P <0. 05) , 1. WA 1l i B¢ Wi 32 #1 J5 - NSE 7K °F- 1l fifi
Z B B R AT NSE KT FH VAR R 5 .

MMP9 A #5 il ECM [ R i 1 55 48 , 5% ) 41 il 19
SER R RE T 2 55 Z2 Pl s (05 Bt B2 L i g 5

i 114) 56 3 M X M i 45 & OC E B, T MMPY AT i
Y R EAZE AL AN OV O X AR R &%
JBE 55 B IR ECM LSRG IS L [ i S5 %5 i 4 B W) i 4
FSCH A T A AN i Py 5 I i 0l A A 4, B A R B —
ZHNA T . AN A BRI R L MMPY #A o 2
S A Wb 3 H K A 40 e ek At
AWFSE K B, WF 98 41 MMP9 7K F B & & T 0 I 41
(P<C0.05), #/r MMP9 7] it 2 5 i = 1% W 9k FE iF
FE. AT S MMP9 B8 B 3K i i BF B | BB 15 5 ik
B3 )5 1 22 40 M BE T O B S B0k kPR A O

SOD W] ¥4 88 A Ak W BT 25+ F B b it 41k
A T2 5 AL SRR FH e 1 Sy ZKORT 4800 TG 3 Bk b
A ANRI B A e, BERE A EE R LR T
1AL B H0 55 B 25 48 5 J5 3 A A A S T 40 i 1Y)
PraEAL A VR R . IS BT L P 0 I A
B4 P B A4 B A 2 A i L T A AR B A AR BIL R R A T
TN S PN S OISl B (R TR S O Nl e
Azt Z L A AR Ak U Y R AR R B, AT g | R ™
F14) 0 240 L 8 051 AR F 5 R B, F ST 4L SOD K
R T A BB ZH (P <<0.05), 4278 SOD 5 K% % &
A R B — e AH A AT S I 52 3 BB I AR 12
Wi bR, HE AT AE 5 A B T B B S A R
1) 22 AN 0L 0 i 05 TR i A B JB ot 48 A s o 5 S50 4 L ) i
PELEAE 505 o DT 52 o) G 40 e P T A K

AR LI, 2 ROC 4538, MMP9 . SOD
NSE B4 #z 2 Wi fik 5235 1) AUC, 2 803 J 4 55 5 1
= T MMP9.,SOD J NSE Ayl il (P <<0. 05) , #& 7R
MMP9,SOD K NSE Bt & 6 Il XJ 15 7% 3 1912 W 0 1 48
o AHIEFE R T 98 A0 1 5, AT e 45 R AR TE — E i
R A R BRI RAEAS il — 2P UE S,

g b ik, 5 R U AE e, MMPY, SOD
NSE 3 I 48 fr 16 A K I i 8 3 42 55 12 W7 I 7 ¥ 9 R
BBORE R S B, B R I Al B2 e A0 1

2% 3k

(1] FEIFERL ER, & E 55 RS W27 At s e[ ]. 4
9 ] 7 B 2 4 7, 2018,32(2) 1 133-136.

[2] POWELL M A.BLACK R T,SMITH T L,et al. Matrix
metalloproteinase 9 and osteopontin interact to support
synaptogenesis in the olfactory bulb after mild traumatic
brain injury[J ]. ] Neurotrauma,2019,36(10):1615-1631.

[3] PETRONE A B.GIONIS V,GIERSCH R.et al. Immune
biomarkers for the diagnosis of mild traumatic brain inju-
ry[J]. Neuro Rehabilitation,2017,40(4) ;:501-508.

(4] Trfest, BRaE4E, 2/ 45, VIR B F T Ul 460 17 = R 3
B4 JRR R 80 RE B okt 1 i SOD, /il g = i s el [T . LA A 9
B= 2 R ,2020,20(14) :168-171. CRHEE 492 IO



e 492 -

HBEFS K 2022 F 2 A% 19 %% 4 I

Lab Med Clin,February 2022, Vol. 19, No. 4

[3] e, B K. RDW . NLR B & MPV Xt & 4F 20bk IR 42
FREEPES B R B B L) ], B AR % 28, 2020,
40(4) :785-788.

(4] MHBR=E 457 5. BRI AR . 45, LT CRP 5 PCT K I i
of B e TR A A A R e e TR R B 1 T [T .
HRAREE Bl Y 447, 2018, 28(11) : 1693-1696.

(5] 5 JIram , 44 s g I v v 0 W . C R 2R 1 B4 38 5 R
I 1 T DR OB O I G A 0 X 2 B R R 1 12 W fEL
L. v 38 1 2 i, 2018,27(3) : 377-381.

(6] #hZear, BrH 2, 207, 5% TEHAEBRRRIZIRIER:
2019 4, PLBHLT 1. W PR T I 955 4% 35, 2019, 35 (12) : 2706~
2711.

(7] CEBL, OGRS, SR8, 55, S0Pk AR 98 2 35 I v R e 1Y
FE I R 22 G B 2 4 BT LT, v A s B R % R 75, 2017,
27(10) :2282-2285.

[8] ZIE R, %K, K. PCSKO R bk b 42 Jo 38 O &
B BBUS SR a9 BN g L. Rl R B 2. 2019, 26
(3):413-419.

(9] FRMFE . U8, %) K, 4. MPV NLR.MLR 5 % 5 i
R DS [T, K 30 B8 % 5 I IR, 2020, 17 (13)
1819-1821.

[10] YU W Q,ZHANG S Y,FU S Q. et al. Dexamethasone
protects the glycocalyx on the kidney microvascular en-
dothelium during severe acute pancreatitis[J]. ] Zhejiang
Univ Sci B,2019,20(4) :355-362.

C11] Bh3i R, 2 #8, 5. MFRMEHE O Al MEMEED B/
AL LA X R S0P R 8 A T AN LT 0. i PR JHE I8
#475,2020,36(3) :631-635.

[12] ZHANG F X.L1 Z L.ZHANG Z D,et al. Prognostic val-

ue of red blood cell distribution width for severe acute
pancreatitis[ ] ]. World J Gastroenterol, 2019, 25 (32);
4739-4748.

[13] VAR, B W R, 1 K. 20 40 i 0 A 58 B 7 At 201k 06 R %6
FEEREN ML MO ER R ¥ M, 2017,37(7)
993-996.

[14] o, BhAS AL, 55, 349 1 /Nl R R 2 IR U5 P Al
JIFLYE A R A e B I PR N [T . & R B R A AR R
2017,52(9) :1388-1391.

L15] XUARM, T 05, I S B 9% ARk & CBP X 24 &
N AP R R AR B R Rk M vE DAOLAMY LPS 7K
ARz L) ], I e 4 2435 2019, 35(22) 1 2774~
2779.

[16] 2=, X A2, F H 2. RDW. MPV % & 4% 5F #5 #% PCT
K APACHE I $F43 T 2 M i B 42 95 1% A% T80 00 4 (L .
I A 0152 365 15 2 4 75,2019, 18(18) :1943-1947.

(177 Zemides . ok i 25 L B it L 5. 2ok I i 4 3F % Mo Jis A3 1 32
W PR A SE ()], R E £, 2019,22(18) : 2194-2199.

(18] I E M, KA. 2040 M 43 A6 56 B A D-— AR Bk
A R e 2P TR A AR R I W R B LT, e R
Rl 4R ,2018,46(5) :529-531.

(197 A5, ok M, 42 7T, 55, -39 1 /MR PR R A 2140 B 43 A3 5
FEXTHERE 2 M R R WS M E L) S BE A 4R AR,
2018,34(8):1294-1296.

[20] E—, MR %, 4%, 5. Ba /MM PCT. 1L-6,
CRP.AMY J LPS i 2 vk B 4 112 W (L LT . 5 34
E27,2019,31(12):1943-1947.

iR B 11 :2021-03-18 1 {1 .2021-11-29)

(L4257 488 1)

(5] VLEESE. A, & Hoh, AU B3 2 [M. 2 b b3
S PR R A AL L 2004,

[6] JACKSON W T,STARLING A J. Concussion evaluation
and management[ J]. Med Clin North Am,2019,103(2):
251-261.

[7] HON K L,LEUNG A K, TORRES A R. Concussion:a
global perspective [ J]. Semin Pediatr Neurol, 2019, 30
117-127.

[8] SILVERBERG N D,IACCARINO M A,PANENKA W
J. et al. American congress of rehabilitation medicine
brain injury interdisciplinary special interest group mild
TBI task force. Management of concussion and mild trau-
matic brain injury:a synthesis of practice guidelines[ J].
Arch Phys Med Rehabil,2020,101(2) :382-393.

[9] KAZL C, TORRES A. Definition, classification, and epi-
demiology of concussion[J]. Semin Pediatr Neurol,2019,
30:9-13.

[10] B MRS HHA 5. REREG 5 RS — A1k
RA TS B0 0T £ A R vk 2R 11 3R 5 L (B R 45 3 e 1) A Ak 1
KRS ] P ,2016,31(4):125-130.

(117 SRIT. SEH 40 7 Bl B AT RE 1 &0 550008 18 I IS iR 7

IR0 72 35 I 3RE 9T R % X LT S-100BNSE . GFAP 15 1
(1] B P BE 45 5 7% 3. 2019, 28 (1) : 63-65.

[12] Do s, Xz BA, 20, 55 DR BOK = A% A i 38 A4 Tk 48 AR
TE 2R i R SUR 6 TP g R I LT P AR gl 22 P B A
,2019,35(2):172-176.

[13] VEAHAE, T Aesm, B0, 5. 79 NG TR 0 ) 6 493 M i s 458 95
SR 4 280 v 4 J R AR -9 BoOKGE B AR T 4 FRIR IR
(7. BE 2B 53 26 24 . 2019, 32(8) :809-814.

[14] 6T, B, 2, 55, B R 0 X BLR f 14 1 4645 )7
B MMP9 & H R B L)1, [ B 20AE, 2018, 27
(1):90-93.

[15] R INEAE IME T, 25 S A0 RETE I BT o i 1
o 453 4% i AR R Al R LT S R 4 8 2R AR
2016,24(12) :727-730.

[16] QIN H, QIN J, HU J, et al. Malva sylvestris attenuates
cognitive deficits in a repetitive mild traumatic brain inju-
ry rat model by reducing neuronal degeneration and astro-
cytosis in the hippocampus[]]. Med Sci Monit, 2017, 25
(23):6099-6106.

s B 1 :2021-04-21 &I {1 .2021-12-15)



