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CSa Z{RFEHUFIXT/NR F BE 15 (07 J5 Ja e Th e B 52 B AE R AL

A 2 REE AKE AT SR kA B AL e T (400038 HEEK, 5 — ZE I Ry Y g IS e
ZHNPE, REME RGPS LR L)

(HZE] HMY WEAMARSHE F C5a ZAAH5HI5H (C5a receptor antagonist, C5aRA) X /)N R 17 f5 2 I F i B
IR T IRCR IR C5a AEB BEB 055 PE FIBLEL . )51k FURSARMEM: C57BL/6J /)N U ST i Je A A, 72 R
7 45 min Z 5 A C5aRA AcF-[ OP(D-Cha) WR ] ( PMX53) |, [A] i & 37 FF 38 (9 44 & ( methylprednisolone, MP) {541 |
A PR K BT AN AR XN R . B ELISA \RT-PCR MEEARAER T TNF-a K IL-18 3K (A8 1k, 18 33 30 20 40 7 946
TINS5 A0 i E 4 e AR AR, R T/ BUS B4 T R 2% 743 (mouse scale for locomotion, BMS) , g5 AR K4/ FUE
BEF05)5 1 h B I AAE 71 BB T 85, TNF-o 75 1 h SKUE(H  IL-18 7% 12 h 35WE, 5 T B, 8 72 h 335 £ 8 54k
/N BT & /3 HeAE SCLJG 1 d REH BT ,3 d 508 7 d 1k04,14 d B F % B FIE® K P, 54k HM
B2, N C5aRA RS PEMIS CSa J5 , B0 54300 B9 9 iE DK 736 1R 7K S B 98 E 40 a3 48 15 IR S Bl i, BMS 43 I 3 0 F 4=
FEER KA (P <0.05) , {H S 207 B/ IS 55 T MP 4 (P <0.05) , &5 I H] C5aRA #5553 d:H540 CSa n] LU
TEBER 5 P 9T K TNF- JL-103 &35 K SERE A /NS 5 241 M 3% Ak 386 5, el 5 R A AT S 249743, $2 7R CSa dl il
HRA R e R RIE RN S5 T AR E 4k 2 i

[E@R]  BREH;C5a; Coa ZARFEHH M IRIER T o FINFE-18 5 /NIRRT AL ; A

[hEZESES] R392.11;R392.32;R651.2 [x#ktrEmE] A

Effect and mechanism of Complement 5a receptor antagonist on hindlimb function

after spinal cord injury in mice
Li Lan, Zhao Tianzhi, Xia Yongzhi, Chu Weihua, Zou Mingming, Zhu Haitao, Xue Xingsen, Feng Hua, Lin Jiangkai
(Department of Neurosurgery, Southwest Hospital, Third Military Medical University, Chongging, 400038, China)

[Abstract ] Objective To observe the effect of Complement 5a receptor antagonist (C5aRA) in the
early inflammatory reaction and outcome of hindlimb function after spinal cord injury (SCI) in mice, and to in-
vestigate the role of complement C5a after spinal cord injury. Methods Totally 173 female C57BL/6J mice
were randomly divided into sham operation, C5aRA group, methylprednisolone ( MP) group, and normal saline
group. Another 9 mice with no any treatment served as normal control. The mice of C5aRA group received an
intraperitoneal injection of C5aRA peptides (1.0 mg/kg) in 45 min before, and 24 h after SCI establishment.
MP (30 mg/kg) was given i. p. to the mice of this group followed by another 4 injections in every 6 h. Normal
saline group received an injection of normal saline. Tumor necrosis factor alpha (TNF-a) and interleukin 13
(TL-1B) in injured spinal cord were measured by ELISA and RT-PCR. Microglia was examined by flow cytome-
try, and hindlimb locomotion was observed the by Mouse Scale for Locomotion (BMS). Results TNF-a and
IL-1B were increased greatly at 1 h following SCI, with the peak at 1 h and 12 h respectively, and nearly re-
turned to the normal level at 72 h. The percentage of activated microglial cells was raised at 1 d after SCI, with
obvious increase at 3 d and the peak at 7. At 14 d it was decreased but still higher than the normal level. The
level of TNF-a, IL-1B and microglia percentage of the C5aRA group was obviously lower than that of the NS
group (P <0. 05), although significantly higher than the MP group (P <0.05). Conclusion C5aRA sup-
presses early inflammatory reaction and improves BMS score after SCI in mice. C5a may participate in the sec-
ondary damage process through up-regulating the early inflammation reaction after SCI.

[Key words ] spinal cord injury;C5a; C5a receptor antagonist; TNF-o; IL-1B; microglial cell; inflammation
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#4513 (spinal cord injury, SCT) & —FhEsk 4
15, B B A ST ARAE (R 7 A 5. SCI P 28 2= i
F R R PR R 2 AL B R , b gk & PR
fi 5 SCLFZ iR BB G 1 B2 0 JOAE S AE SCI
Je gk R MR bt G B AR R 3 R Y S B A
THOHMES, Ml BE i 90T B g 23 I s 5 47, 5% SCI
JEHITHREIRE D . WFFE R B, MRS ST N O B
Y1, %M Be CSa A Ry 02 35048 AR T 5 0 1) A 1k
AR TR 28 R Ge AR i I, A AT 3 s A2 A
i J P A X Bl 22 R G, TR AR 28 R ST
N A G 2 5 T AR R o T L IR CSa
WA FTRES 50T T A BE 0 B 00 28 ) . CSa
5%k C5a 5Z & ( complement 5a receptors, C5aR)
C512 ZARMILE A, Hid XL C5aR K AF £ B A Y #1E
AT, C5aR 3 B4 A F 2 I8 % 11 40 ( polymorpho-
nuclear leukocytes, PMNs) | B 40 iy | 5 40 it & 7
I I 24 L 170N IS I 40 5 4% R 2 1% ML o S 3
GO R, N T AR BRI A B C5a SR 45 B
(C5a receptor antagonist, C5aRA) AcF-[ OP ( D-Cha)
WR ] (PMXS53 ), W] Ul 5 o V95 . P43 2 25 1R R o UL I
SiE HRANE W S 2 Fh S AL RSE VR, S T T
B EBRCR , IFE HT ARGRAE T 48 AR JE W Yl
PRRIFFE . ABFSE R CSTBL/6J /INEL SCT R 5 3t il
A C5aRA LIGKBIHEHT C5a, SEMTBHET C5a (1924: )
RN AE R, 5 35 89 48 JE ( methylprednisolone,,
MP) Ja7E A AR KR S 2 DA SR TR 4 b, W
113 400 5 B 9 R F- TNF-o IL-18 DL 5 90 241 g
AN BT AL AE AL R EE B AT 2 P, LB CSa
FEA R IS R AE B

1 RS

1.1 Ex%shoims it

AATMEYE C57BL/6) /NER 173 1,6 ~ 8 JEIWS , i & 18 ~
20 g, B = HER LTS Y b0 st . RS 2L
B4 AR AR T AR A AMA Coa ZRFE TR (C5aRA) FE 4SS
21 MP FESTA B A PR K TS, A 41 H 5 E 9 /NG
U TE 5 A R 8 AR o
1.2 AHBi4 Esh R &

/N 10% KA G-E (5 ml/kg) I8 6 R B 5 8 T 40 b
B, A Ty R s, £5 B, VRIS # R BUE S Erh bl b, K 24
2 om MRRBYIFRZ IR R AL, AR S . BLrEUIIFMESSE LT
W 53 B, R Ty ~ T A 28 BAMEAR , 00 /I 0 12
Ty ~ T, 2 KHEM . FA WA T % 0.5 mm (A 3h ke A2
T Ty, 15 B BEEL 0.2 mm, #4542 15 ™, ket
HHESEHE  BMS 743 0 43 Wi @A KT, AR5 35 5%, &
KRB BIHER 2 ¥k . CSaRA 2H : 74 BE I HT 45 min £
J§ P A CSa B2 R FEHTH AcF-[ OP ( D-Cha) WR ] ( PMX53)

(1.0 mg/kg, B RAEMABRAFAR),24 h J5H TS 1
W, 32 0 MP LA BRI S B2 TE A MP(30 mey/kg,
WERGA F A ), SR A B ST 4 Y [30 mg/(kg - 6 h) ], 4k
SR PR K A B e U S5 20 MK TE A 2 B R K
(10 ml/kg) s IRTF AR : RFTFHEMR , ASH5145 0 A 86 o

1.3 ELISA # TNF-o IL-1B %) & &

M I 4 /8 RS 4% S B 4/ R0 2,12 h 1.3 d B3
[ TNF-o IL-1B8 ik H, /NEUAL S5 B £ &b K 5 Bl 0. 5 mm
R BELHL, FREJE A 1 ml (1) PBS, I AL 2850 55 A
EP 4B 1 500 v/min, B.0> 5 min, B3, 2% T B s v 1 R
FEIMEE T LM E AW B EEARERE 1 py/ul
Jri 4% ELASA 350 £ 16 WA 5 $5 7E O AR A I 25 11 & B TL-1B8.,
TNF-o ELISA &5 £ 004 F LI 7Y FE A= MRk 45 BRA 7
1.4 RT-PCR #i] TNF-o \IL-1B #9 & &

R0 1 5 /I R B 45 92 B 4l /N R AR5 5 2.12.24 .72 h Y
TNF-o IL-18 mRNA /K F-3 3k, /N BUAL B8 5 B 45 Ak % J el
0.5 mm BHHEHL, 3% Trizol VLI BHREFRA L RNA, Il 2 RNA
WP K4 . R Primer Premier 5.0 {4 11514, 51 ¥ %
5. TNF-a | ¥ 5'-GGAGTCCGGGCAGGTCTACTT-3", F i 5'-
AGGTCACTGTCCCAGCATCTTGT-3",235 bp; IL-18 [ if 5'-TC-
CAGGATGAGGACATGAGCAC-3', F it 5'-GAACGTCACACCAG-
CAGGTTA-3", 105 bp; GAPDH I Ji# 5'-TGGGGTGATGCTGGT-
GCTGAGT-3', F I 5'-AGGTTTCTCCAGGCGGCATGTC-3’, 500 bp,
i Invitrogen AR A i, RT-PCR S 2544 S p™ 2 1 - #5387
UL AGKA 518 AR AS B RNA, BB R0 pl, B
10 Wl 847~ F 515Uk B8 1 1. 5% BifS s e i vk (80 V) ,
VRIS 4 6 B AR o U PEIAR 0 A 3 o0 B T A H B 2 X
GAPDH it i B ik 45715 % B2, L GAPDH fE i N &, L H
HFE 6 (A S GAPDH J62% BE(A 1 L E %R B H %
KFEREE ., RT-PCR X5 &~ TaKaRa {7 & .

1.5 mXmpatn R miea okt

L s S ARAG U IE /N B 45 S g /N AR s 1.3
714 d/NREANMEE 2 o BUNBIR 540 K JE R 0.5 cm 485
ALZNHEAT /N B B AN 43 b A, — T (R R/ R
CD11b,eBioscience, 1 : 100 ) , X} & 41 Jin 5 & PBS,4 C &
30 min, i (FITC FRICIIFEHR R 1eG, A2 e 4728wl adk 1143
% 1:100) ,4 CHEGIFE 30 min,2% LR PEE 4 CIEA7E, T3 ~
4.d AR,

1.6 J& B h sk A 8947 A S

THBEIe R, Jeth)/5 12 b1 37,14 28 d fi/hNRJF S
PE43(BMS) ) BMS 4 32 T R AR L /N BUS BE I 055 IS
TR VR SR, B BT 5 M O, R TR T A R LAY
PATEESY . /N RET AT A4 9 43, TG 0 3o
1.7 %it¥7k

BHELL & £5 Fon, R SPSS 13.0 St 4, ¥ %y He ks
35 5007 AT PR AT AR R 2240 # o

2 #R
2.1 ELISA A& &-28 3 45 4L A8 TNF-o TL-1B 49 4
= EA

B CSTBL/6J /INRUA i ) 28 A 200 0 PH 7 3 B A1, 2R
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FM 1 weg/wl B, TNF-o &4 (250 £ 10) pg/ml, IL-1B & (8 =
5)pg/ml, BHEHGGE 1 h 445 H JAE HF TNF-o IL-1B 3
A B, TNF-o 75 1 h BISkigs( , TL-18 7E 12 h 3504144,
B FALHBE /N AL L PR GO 5 25 I Tl i AR R AR S
HBHE K B EES T RFPARA, SAMEKEM L, 5
FOMP /N R Y TNF-o  TL-18 7K BT S g 30 (P < 0.05) 5
C5aRA /MR TNF-o 3% 35t 55 A2 SR /K 4 W St gl il (P <
0.05) , (HAMHFIFL R MP 40455 (P <0.05) ,IL-13 XA = W]
12 h B W E 30 (P <0.05) ARSI HEIAI B, 3R .2,

F1 SAMGLEBAL S TNF-a EEMNTN (pg/ml,n =3, X £5)

2151 fifg 1 h il 12 h Y5 24 h i 72 h
BFEARA 420.93+33.1  299.1£13.9  260.1%15.9  249.0+17.9
AEFRERUKZL 1312.9+£190.8%  758.1 £18.6°  430.5 £26.4°  291.1 x18.32
MP 4 638.8 £41.9%0  430.5 £26.4%> 2956 +19.82> 250.7 +20.7"
C5aRA 41 1056.2 £75.7%> 504.0 £26.22b 323.3 £11.5%c 254.3 £18.7"

a:P <0.05, 58 F K% ;b P <0.05,5 A 3 K40 45 ;¢ P <
0.05,%5 MP 41 tix

R2 BARGREBALAS IL1MEETN (py/ml,n=3, x+s)

215 fiJs1h i) 12 h i) 24 h )5 72 h
FAR4 11.8 1.1 16.6 +1.1 10.3 0.8 8.7+0.9
AR K 38.8 £7.7¢ 70.3 4.7 16.7 £2.5% 12.0£1.22
MP 4] 23.1%6.4®>  26.3£6.0"  12.9x1.6" 9.5+1.2b
C5aRA 41 34.4£5.6%  58.4+4.6%¢ 14.7+1.0 10.7 £1.1

a:P<0.05, 5 F K4k ;b: P <0.05, 5 A 22 3 K b4,
c:P<0.05,%5 MP 2 yb4x

2.2 &4 RARAE A A8 TNF-o \IL-18 mRNA 85 &
ik EA

TE# C57BL/6] /NG IL-18 mRNA ik /K A, TNF-o
mRNA A —E R EE R, A B K 4/ BB B8 B 40 /5 TNF-oc |
IL-18 mRNA 3% 3k W] 5 705, 14 & 8 OR 2R B K CF A L, B
TNF-o 1 h #8 , IL-1B 12 h #5572 h [ 2 348 K7, 54 34k
KA E, MP 41/ Y TNF-o IL-18 mRNA 36 3% 7K 7 B B 4%
(P <0.05) ,C5aRA ZH/NEL TNF-o g4 (P <0.05) ,{EH)
IR EEHE MP 20 955 (P <0.05) , IL-1B {XAE 12 h 8 b 2 #0 ]
(P <0.05) , JCAHTE SN R ., WE 1.2,

M1234567389101112B3141516

500 bp— <—GAPDH
250 bp— —IL-1p
1.59.13: 53 A F R 1.12.24 .72 h;2.6.10 14 5 3| 4 MP
201,12 .24 72 h;3 711 ,15: 5% 4 C5aR #2112 .24 72 h;4 8,

12 16: 551 h A28 2ok 1 .12 24 72 h; M. Ar
E 1 RT-PCR %l SCI /N & BEIR {7 A0 K FEEF TNF-o mRNA FjFRi%

M 123456738 910111213141516

100 bp— +INF-o

1.5.9.13: 5 5 A5 AR 1.12.24 .72 h;2 6,10 14 5 #) 4 MP

#11.12.24.72 h;3.7.11.15: 5 %) % C5aR 401,12.24 72 h;4 .8,

12.16: 5% A A M 3K 20 1,12.24 72 hs M AR

B2 RT-PCR & SCI/MNREBER 4L E R F IL-18 mRNA gyskix

2.3 B4 R A AR DI T AL AL

IE% CSTBL/G /N BUH /N 20 0 T 4 B (2.5
0.5)% . % SCI/INEJE S5 1 52 B AL 300 /0N i I3 40 0 1 43 e T
B PRIEALRRE 3 d IR LT d SKIEE L 14 d & R, BT
TR o A5 A IR TE] BT AR LA i B g v, MP 2/
T 5 40 L 49 9 5 1 B 4 K XE ) 8 0 ) (P < 0..05)
CSaRA T 52 /NI 4 M- 40 ) (P < 0,05 ) AR 4
FTE 3.7 d ] S IS 55 T MP 4H(P <0.05) . L33,

®3 BASCUNBRRGLAEENMNEIRAMBEILL [n=3,(x+5)%]

205 s 1d Hifi3 d Pif57d fif 14 d
BRFARA 2.67+0.2 3.12+0.3 3.21+0.2 2.77 +0.2
HBEER K4 3.46 £1.3° 6.45 £0.3° 9.19 £0.6° 3.80 £0.32
MP 4 3.07 0.1 4.02 +£0.3% 6.06 0,22 3.22 +£0.3%
C5aRA 21 3.33 £0.2¢ 5.83+£0.3%  7.86+0.3  3.26£0.1°

a:P<0.05, 5 F KM 4;b. P <0.05, 5 £ 38 3 KL ;. P <
0.05,5 MP 2114z

2.4 BRI REM AT A F LM 45 R

ARJE 12 h, BN TR, B4 41 BMS 343128 0
a5 MFARA ARG I RERAT . ARJ5 7 d B, MP /MU AT
P BTG Sh, T CSaRA A RMEROET TN 80, LR Rk 4
TeWKIZ ., AR 45201 R — e FR R A, 25 28 d, MP 41/)N
U B P A S A 57 (EAS D0, o 0BT S it 0 46 A B
%o T C5aRA 41 AT (/RIS ST, A R /K AR B 12 AUBRSE
FEEh, TR ITZMT R CSaRA 2/ BUS BEh eI & 58
TAHEEL KA, EBE 55 T MP 4, H A BG4 E5 (P <
0.05), W3,

— —s— [P ——(C5aRA ——

10

gm—e 3 i . i

8

7

6 ab ab

5 —

4 a_h e -1‘21})( _|dbc
22 L R i
E 3 ﬂb___--' 4 ___:z"l-l)-(l'- a a

2 ____-"g-})c--"d—. a g =

1F g T

EeE . .
005 7 14 21 28

t/d
a:P<0.05, 518 F R4, b: P <0.05, 5 A 3 KA e P <
0.05,5 MP ZA1bi
3 RENRIRGEREINGE BMS iS4 R

3 3t

SCI J7 , 3o BE SRR SN AR S A A7 v i 4 e A
F, DRt g A 280 sl ] SCI i Sk 393 SR A S
AR TAE SCLE R G R, 1 TAMATE PR ) CSa
X ARAE S AT B8 RS A P, T R e AR A Ak Y
MRS TARFIESE ™ R CSa S22 5 TH 4
e I RAE BN, 1 CSa 1E SCLJEAEHIBLEA T
R

TNF-o IL-18 SEEE R RAEN T, 75 SCI fi)5 7111
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BT, K BV TNF-o IL-18 7] 15 5 RAE 4N
FERL NO e PUIRTR AN 2R M A o ol B3 b 224
SR 42 & #E SCIJ5 Y 9 RE 5 405 oL A 5 17 BHLIBT TNF-oc |
IL-1B A SCI ML IR 48 o /N R 4n i
Pl R O AP N ab Lo 1) O £ 1 7] BN S|
PABE T AL, B O RAE 7, A S RO ™
PR T E OS2 ] C5aRA X RFS RS2 mfE R o

F R BA R BT RAE R, MP & H AT A
SCI JG AT AN 2 2 —. FRATHESZER gz 5],
MP BRI T /NER SCI U 9 5E g, 54 FEER /K
YIELAE, MP 21 /N B 477 A B B A1 20 R i ) F TNF-oc
IL-1B BZAFI/INEE 5 440 52 3 B S A1 1, BMS 243444
5.5% R 2B HEpi it 5% (national acute spinal
cord injury study, NASCIS)II g g R — Y sk
7, MP A5 38 gk A Pk T ALTE H i SRR

C5aRA JE—Fp AT A BUAYERAR CS5aR 5, T BH T
CSa A EBAEWAAN , ARV F 2 AR R g S ] L1 b
SVPEIA SRE S, 410 7] 9 AE 21 PR 138 R0 A E 4N At 1
B AR R E TS K. G Clark 257 JIESZ7E CSTBL/6)
INGUE I v | C5aRA R (453475 b 21 47 4% S5 40 g
[T TNF-ou IL-1B S50} HRZH B A, Pan 251 BFSE
KR AEEA 3 B B, G5 il C5aR ™~ /R
(A9 AE 20 L P F- TNF-o TL-18 (1) T 5 22 31 BH @ 900461
Conroy 45" BJF 5 i1 B C5aRA il {441 F7 () PMNs
e TNF- JL-1B 548 iEAIN T Sewell 257 ZE iR
DAL S C5aRA R Mk 40 M A2 T B 68%
SRINT , PEA BB T P i 20 DR C5aRA I 4 9 S
RFIAHSCHE . ARSI TRATTF SCI AT 45 min £ I
C5aRA [ A C57TBL/6) /INER, FE 45 177 Jm W5 31 A E X+
TNF-o JL-1B AR IS AT 4 /N2 S5 200 P 8 7 4
ik, e R DD RE PR R A A PR KRR T Ay R
7N C5a A5 7 SCI 5 R 4 SR A S o7 , 7 388 3 348 5 R A
FRITTHNEE SCI J5 5 7

ZE TR, ARG N /N A e A 7R O 5 )
CS5aRA AJHMIA BEUGE TNF-o JL-18 BIFEA /IS
AMATEALIESE , HR C5a 25 T #4015 B JRE SN, 1
T CSa DI A LA 5 22400 1) A B 0 0 A 1) i SR
N IR A R A R , S T E TR
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