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(HWZE] HIY  HRE UK I 15 (severe traumatic brain injury, sTBL) J5 AN [ B ] 506 4 20 REJICIE 35 700 (S) -
4C3HPG i A 473 2 M 05 18 A s mm , A 8 19 8 S R B O AR A UM AR P W e AR R . i DU v A
P R AR B /N UM SRR, 43 A/ N BREG JE 15 min 1,36 h 4 B[] £ I s 3 3 (S) 4C3HPG 5 mg/kg, W
FT HN U A5 24 h B TR BT A S KSR R R A R MR R AE Rl T TNF-o IL-13 mRNA 2351
2, &EH BGE 24 h K (S) 4C3HPG 2544 15 min 4140 1 h 4100 & DhGES [ 435 A (1.70 £0.48) . (1.90 =
0.56) | ML T XS4 (2.80 £0.42) ,P <0.01 ], i &K [ 43514 (80. 14 £0.28) % (80.17 £0.52) % | BE(L T X IR
ZH[(82.55+0.34)% ,P <0.01 ], i W h A 2 BR Mk B2 [ 43701y (4. 24 £0.28) (6. 12 £0.23) pumol/L ] It I T XF IR 41
[(9.03 £0.32) pmol/L,P <0.01], 44K T TNF-o mRNA [ 335 [ 43518 (0.722 £0.160) . (0.793 0. 122) ] B &L F
SRR (1.006 +£0.125) ,P <0.01],IL-18 mRNA {3235 [ 433124 (0. 594 £0. 128) . (0. 651 £0. 111) ] & % F %] 1 41
[(1.012£0.088) ,P <0.01],iEMFEA)5 15 min f1 1 h 455 (S) 4C3HPG HE W .y 2 5 B foi i #5347 , T T 30453 )5 3 h 0
6 h 457 (8)-4C3HPG 5% 2 LA, M 2R D RE BT I &5 7K 2 A I P 4 S RV B 2 A8 i Rl F TNF-o IL-18 mRNA )%
RG22 D Re R E R IR . 8518 FHEMINAMG IS , R R (s) 4C3HPG 12l 4 2 B BRCK 8 31
TR S T A A
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Effect of (S)-4C3HPG on alleviating brain injury in severe traumatic brain injury

and the underlying mechanisms

Wang Hao', Dai Shuangshuang’, Yang Nan®, Zhou Yuanguo’, Xu Minhui' (' Department of Neurosurgery, *State Key Labora-
tory of Trauma, Burn and Combined Injury, Department 7, Research Institute of Surgery, Daping Hospital, Third Military Medical University,
Chongqing , 400042 ; *Department of Biochemistry and Molecular Biology, College of Basic Medical Sciences, Third Military Medical Univer-
sity, Chongqing, 400038, China)

[ Abstract | Objective To investigate the effect of (S)-4C3HPG ( S-4-carboxy-3-hydroxyphenylg-
lycine) on acute brain injury at different time points after severe traumatic brain injury (sTBI) in mice, and to
elucidate the possible mechanisms. Methods Mice model of sTBI was established by bumpiness of free
falling body, and the model mice were injected with (S)-4C3HPG, 5 mg/kg (i. p. n =10 per group), at
15 min, 1 h, 3 h and 6 h after sTBI, respectively. Neurological deficit scores, water content in injured brain
and glutamate concentration in cerebral spinal fluid (CSF) were measured, and mRNA expressions of tumor
necrosis factor-a (TNF-a) and interleukin-18 (IL-1B) in injured cortex were detected by Real-time PCR at 24 h
after TBI. Results  Neurological deficits[ (1.70 £0.48) and (1.90 £0.56) ], cerebral edema[ (80. 14 +
0.28)% and (80.17 £0.52)% | and glutamate concentration in CSF[ (4.24 £0.28) wmol/L and (6.12 +
0.23) wmol/L] were significantly attenuated or decreased in mice treated with (S)-4C3HPG at 15 min and
1 h post sTBI as compared with those in the control group[ (2.80 £0.42), (82.55 +£0.34)% and (9.03
0.32) pmol/L; P <0.01]. mRNA expressions of TNF-a[ (0.722 £0.160) and (0.793 £0.122) ] and
IL-1B[ (0.594 £ 0. 128) and (0. 651 +0. 111) ] significantly were decreased in mice treated with (S)-
4C3HPG at 15 min and 1 h post sTBI as compared with those in the control group[ (1.006 +0. 125) and
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(1.012 £0.088) ; P <0.01].

However, these changes were not significant in the groups of mice treated with

(S)4C3HPG at 3 h or 6 h post sSTBI as compared with those of the control group. Conclusion  (S)-

4C3HPG treatment at early stage alleviates acute brain injury in sTBI, and its mechanism is possibly related to

suppression of glutamate release.
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BRI B HES Y PRl 2 R G rp E 2R A
P23 5T, HANEAERE o 28 40 I 09 1 8 Dh g , 1 HLid AT
DAVRIT S Mo M S kRe , 2 5 2% S fc i #2 . 7
PR B 5 b T A 4 DX A 8 70 B i 28 5 Jo 24 i
AR IR, 3 AR 2 AT | BT e ot 240 R i
THCE) 240 L TR, VTS A R 2 A T R A3 % Ay M R AR
FH S BOGUIRI3 J5 B4k A, PROHGE 4 f5 4l
B AR RN B ml e A A RO IR R VR . AR
FH AT Y (S) 4C3HPG J2ik & AU IS 2R
RPN, R T AR A IR Z K (group |
glutamate metabotropic receptor, mGluR 1) 13155t
S AR A R 3Z A4 (group 1T glutamate metabo-
tropic receptor,mGluR 1) [ a0 . ZEFRATRTHI Y
RS v 2 B b R i 1] 4 5 Y o, BTG T4 3 (S) -
AC3HPG 1] LA 35 Wk 2 0] 45 ) 4k 5 M AR 53 19, T
15§ Sy U B ) B 1 i A1) 49 ( severe traumatic brain in-
jury , sTBI) HiZ 25 49 i A5 o A7 A5 W 3 19 i O B 1
FANTERE . R, ZERTIIOT 78 /Y 2l 1, 78 sTBT 5 5Y
/NERE S5 AN TR I (8] 5 25 T (S) 4C3HPG, W8 HOX
sTBI J5 2B 18 s, LU BB 78 sTBT w45 43
R B WO AT A R PR 7 4 B R RE P, T R T
(S)-4C3HPG )i FH FHIBT 2 2 R % Ay M 4 B R 7 A
B R P A i PRV T SR AR S AR

1 HR5HE

1.1 %Bshmnbaa

SPF 2% C57BL/6 HETE/NEL 60 H, fA ikt 22 ~25 g,2 ~3
F, (HIEE =08 K2 K IR e 7 R S MR 5% T 52 56 3l 1 vh
DAL o SERBEHL N BT ARLL: A 1. 5% 1% H 240
(50 mg/kg) JE Bas R 5 IR/ N BRUS AHEA T I PR 4 5 Ak 341 5 5% IR
YA, TATAT 25T 105 (S) 4C3HPG 25 Ab BT : 43 5
sTBIJ5 15 min 1.3 .6 h X 4 >8] & 7 DU B 3 5 4 R R Bk
WA 3 (s) 4c3HPG 5 me/ke'? , 3L 6 4, Fi4H 10 H.
1.2 XA 5 BEH

PG 2240 (35 [ TOCRIS A7) A ZBRBHENHIF (s)-
4c3HPG(JE[E TOCRIS A ] ) L-BE R (L-GLu) (_LiFREIXE
FEER )T LA — I % ( O-phthaldehyde, OPA) ( i 1 Fluka 23

A]) HIEE(HPLC 2%, RIS =R ) | U &k i ( HPLC
P, REDCEAEMC TR SRR (S3Hr 4, 5 pAb 75
J7) A s A R (A D R OB @5 (3E [ Beck-
man) ,ODS C18 (2.5 cm x4.6 mm,5 pm, 3& [ SUPELCO-
SIL) (157 5 Y6k &5 ( 35 1E Beckman) | %€ & PCR 4% ( Stratagene
Mx3000P, 5[ Stratagene 23] ) i 1155 &% (I VLA B JH 244
e
1.3 #RegEs

S IRATRALE S 1 7 AT o I LG SRR
ANBR TR/ B ZE A0 TR 11T X1 2S5 X TEL T 4 mm x4 mm 5%, fif
FH20 g WA 50 om S REVR N, W A MITROM AT o, i B
23 mm, IKE 3 mm, H )5 R IEE R, 885 KK
1.4 AV 2 fese Bt o

SR UGB J7 AE B )5 24 h BEAT M 45 ) AR B P
FEDT L VEMARUELN R 20 Gk IEH 5 1 G A B , A i A
REMNEL ;2 90 A MIBCRESE , B R ILA ;3 9. oIk 3, BHIE
SHA% o
1.5 A KeENE

FZETHREITRE 5 /)y BT Sk DR S0 88 s 4 ki, 1) 4 A
%252 mm AEHH 100 mg 2247 ik 2H 28, VB 20 A K- O
T 0.1 mg) FRIG IR J5 B A TR /NG G, 15 5 T A
110 “CHERE 24 h, 5 2 A4E & (2 WHRE 25 <0.2 mg) UK EH
A1 10 min [FHRT BT, 3% Eilliot 2330 HRRH LS 7K A

MR &K E = (R EE - THRE) ARFE x 100%
1.6 i ik P - ZUBR AR

SR PP P2 o 55 U AR 2 A5 00 24 h T R A AR
e,
1.7 A & & K E B F a2

TBI 5 )5 24 h B AR B I B2 J2 5 RNA, ¥ 5% 5% oy
c¢DNA Jii ] Real-time PCR J5 #4600 4 5iE [ F mRNA 3 ik /K 5F
54k, TNF-a 8| ¥ P1:5'-AATGGCCTCCCTCTCATCAG-3! , P2,
5'-CCACTTGGTGGTTTGCTACG-3', IL-18 5| ¥ Pl. 5'-GTGT-
GACGTTCCCATTAGAC-3', P2 5'-CATTGAGGTGGAGAGCTTTC-
3, sEdE PCR A Z 472 ul, 314 1 wl,SYBR primix EX
Taq 12.5 wl,H,0 9.5 pl. 5E &k PCR JZ 3 £&4F:95 C 10 min,
RIGHE AT BG40 ;95 °C 30 5,61 C 155,72 C 15 s,
1.8 %itso#r

SEGASRLL x £5 KR, R SigmaPlot 10. 0 AR fF #EAT LN
BT 203 S o K
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2.1 MEAREFIFH IR

1E/NEL STBI J5 24 h, (S) 4C3HPG 15 min.1 h 25440 P40
[4¥315(1.70 £0.48)  (1.90 0. 56) ] ) 2 2 RE e 51 14>
15 B 2T X R 41.(2.80 £0.42) (P <0.01), (S)-4C3HPG 3,
6 h 1Pl 2 T RE BRI 43 [ 43508 (2. 40 £0.51) . (2. 60 =
0.51) 15X BAIA L LG H 222 5% (P >0.05) ,
2.2 meKEHEN

I 5 7K R A B A — o R e 1] 455 J 5 A Xk
T 7K i 1 B o sTBI Ji5 24 h ARG I S005 20 9 i 35 /K BRI
AR EW S, ARG, 5X A L, (3)-4C3HPG
AL 3R 15 min 1 h 41475 )5 24 h i & K BEFEAG (P <
0.01) ;1M (S)4C3HPG Z5¥ALFE 3 .6 h 4 5%F B4 HL A B4 it
xR, WHEI,

%1 sTBISARRAELAZEY TBI 524 h &k ERKE Kb
BREBAKFEHFIME(n=10, x +s)

415 ki 5 7K 1 (% ) BRI (umol/ L)
RFARH 78.74 +0.55 1.82+0.13
Xif HR 41 82.55 £0.34% 9.03 +0.32¢
WAL T 15 min 21 80.14 +0. 284 4.24 +0.28
ZiAb 1 h 4 80.17 +0. 524 6.12 £0.23abe
Ziab 3 h 4 81.33 +0.30° 7.83 £0.312
2 Ab 6 h 4 80.98 +0. 342 8.16 £0.36%

a:P<0.01, 5B F RKAWE;b:P<0.01, 535 @BaEkE ;c: P<
0.01,5 254422 15 min 203045

2.3 ARG ABRESEH TR

1E sTBILJ5 24 b I B0 21/ BUR R h A 2 IR K L4
BRPARHE EHFH (P <0.01), H5X ALK, (S)-
4C3HPG 2544 ¥ 15 min 1 h Z17E45)5 24 h A5 049 i 4 8 b
B AR E B R EICT X IR (P <0.01) , {H3X S b 4]
[ AAAE 5 22 57 (P <0.01) , Tl (S)-4C3HPG 25 b2 3|
6 h 415X AL R S E 28 5. W&k 1,
2.4 KR KRR TR T

FEXTH I Bz 12 98 5 DXL - [ A6 D0 v i 7%, sTBI J5 24 h, (S) -
4C3HPG 24 BE 15 min 1 h Z{7E TNF-o \IL-18 mRNA 357K
- BRI AW AR (P <0.01), 1fi7E(S)-4C3HPG
25 AbFE 3 6 h 415 7 JZ TNF- IL-18 mRNA FE/KF |
XA TG F 2 5. WK 2,
%2 STBI5ARREN E4%%f sTBI 5 24 h {5l K E #E EF TNF-a,

IL-13 mRNA KFHFM(n =10, x £s)

Eibl]] TNF-o mRNA IL-13 mRNA

X HE 4 1.006 +0. 125 1.012 +0.088
24P hE B 15 min 41 0.722 +0. 160* 0.594 £0. 1282
ZiPAb R 1 h 4 0.793 £0.1222 0.651 0. 1112
AL 3 h 4] 0.936 +0.153 0.705 +0.098*

ZiAb I 6 h 41 0.955 +0.087 0.905 £0.110

a:P<0.01 Hafpnrbix

B P 5 5 2 A 8 SR B L, e
TR i 15405 1) 7 OB L BOAE kR T T b A S B A
PR AL 03 52 2%, B0 5 4t M A Sk R 1y 2ot
S AN B L0 TN N = B
B E AP T4 3k LR BRI B 2 A A S AR SRk
A B 8 I, e % ORI 28 A0 R 1) B T 11 o B 5
R BT G 45 405 14 S A LA o A A L 3
B AR, 3R A A RO B TS A I I R

BARNE NP S R G b & s SER )
12 WA PR R IEIR , 70 A PR A% X 445 40 i 1F 5 2
REEE T EZEMEN. BATC A KEHTIE 7 6
473 i 200 L7 R 5 R v A R 1) 2 R B
A et 2 BV E D, S B o g, MmN B 4%
BB E A2 BE B E 7 . Dai 2 BT & B
FE/INERFPRE TBI ASEIR rp 200 i &1 feg e B 7 R v 12 ok 46
SE P F TNF-o | IL-1B 35, FEAS 525 /N B sTBI
JEBAFTEMILS 76 STBI J5 24h /N RN E T HH 4 2R
W BERR IE /N BRI 1 =, O B3 S R A SRRV 1Y
W, RAEK F TNF-o [ IL-18 (3B B B s Ul
B T P 461475 5 T 00 A o s R i 2 2 1 D
P T S DI AT M IR, R R AR Y
ORI, S R A 5 RS i e 0 B e . Bl 4
AT T RIEHE TR, X 2L /B 3L F 52807 6145
e VI 0 5 30 37 e A | B i 3 35 AL L A K b
JCHET S5 — R BN I B4k K PR BRI sE T i s 463 495
JE 2N REIRE I A 1, SCUGTIE B 2 h e R
TR 132 B 7K ek (R 2 5 005 5 A S BR R B S AR TR - 2%
TRIKP- B = B VAR 5

TE PRI 495 5 1 A R 28 2R G D A R 1 R
T, BEAR S B M T A B A 5 1 R RN, %
PR3 R P T RE I R A R L., H
AT UESE (S) 4C3HPG Xl /R 2% 15 BRI | 71 4 A L 97
HIAE G P43 2808 00 AE SHE 1A I 2R B9 (R T 5
SR M L i 1 A8 kS50 1 05 B b 2 A Ty TR
A BAFECR T LR R AU A D A
5 TG 0 RN A% | G 4k A P 45 0 B ] e I
X EA e PR A o 38, X R A 4 405 1
&L E R, U S (24 b)) R 2
W S A B, A R AL A P R B A I I AR RIS
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B FRATRR A N A 105 2 B A R i T U s
PEAT 405 i B ) 7 9 4 ) e #4555 24 h P9 15 min,
1.3.6 h FLL(S)4CIHPG W ELHAE sTBI Ji5 X & 5 4%
FEBIF IR Z AR PR, SC B0 UE B sTBI J5 24 h i
T 7 2 R VR 1 A2 Ak K OF 5 & E A L (TNF-a
IL-18) (9 A8 fk /K - B AT [ 1) P, 7 sTBI L] (15 min
FIL h) 457 (S) 4C3HPG BEAL T 4 2R vk 5 Fl 4
TR, BEWEE T STBI S k7K i i peh 22 3 fig
B (P <0.01) , HAG AP AR5 VR, T 5 30 45
AR LRI 8, 5 X At e e T2 22
S TG P 7K B AAE BRI ik Mk — 25 T &y, 156HH
Y35 (3 h A6 h) 452558 6 B M e . R
TE PG A 5 5 S A (S) 4C3HPG S8 75 45 Z R 1Y
TR, T B S 0D DA PR B SRR S MV, AR R AE S
7 K R U T i T RE R | e 2 vk e
S04 19 R 2 T AT BB SE O, RV T 4
R HEEN, WARRRAE SO M & RGN E .
PEFFERW] ORI PERG 07 /5 mGluR T Rk it 2
S & iR Ea R, 35 mGluR T 23k, i
W ICAR A S . 2R (S) 4C3HPG 7E /5 ik
B JE A BB T B2 5 E R e fr 4l A R AR %
R (HEHT mGluR 1 43h mGluR 1) 3k & 5 H A= W22 54
MR o {H(S)-4C3HPG X mGluR T | I 4152 1R 74 1
Je AT 5 4 B R 32 VAR5 5 R HEAE PR LA A7 75 i
—H R .

L5 FRTIR ARy P A 1 %) E AL A R %
PEREMEAE 5 1 9 E SOR EL AR 1, DT i 2 7 %o e 22
IRERIBET o P A 1 )5 R R A A R
SERVE AT (S) -4C3HPG W] A5 R0 4% 4k 2 1 1 i it
3, XoF P48 473 K8 T R 5 i S B B R R T A
EeTE SR, T & s Bt 2 R AL 5 R 2
PRIE T B AL , HA H A S A BRI PR o
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