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BE B s Bk R Ke T /A T IR R 5% £ X & (collagen induced arthritis ,
CIA) ¥ E R B R digim E e, ik 55 Rk SD K Rtk T o &, ALEIR O RAE A £ «F R4,
K446 ARAFIRIBFHFER &R AT AR, AR R (40 R), 4% 2 BEAF IR 5 &AL % 4
HAEEA(CIA) 40, F R B (MTX) 28 B8N B oA (TMP) 20 % 32 A (MTX + TMP) 48, 54110 R, & %4 T
RN T AT 4 B - MTX 284-F MTX 1.2 mg/kg, %A 1 & ,#%4:4 J&;TMP 215 TMP 40 mg/kg,# B
1R, EESLH10 X155 7 X, BUYLEL 10 X ;MTX +TMP A5 314 T 57 S HmAr 2540, Bp 42 7 25 47 4
Tt , 4T F 2 e FH TIRA Y £ MTX 4225 88 R4 TMP, 0] 35 B8 TMP 4875 k4524 ; S 2T PR 20 % CIA 41
STEFTAREK, 2ATFLHEE04.11.18.26 XA X AMEREFRLEN AR, 4 BJEFRBM, WK
BAAR KKV REEAL; KA ELISA 75 kA ZB-40 K R iF 2 JL B F IL-1B8.1L-6 & IL-17A T AL, 48] o e
REFRATUAEZGR(FIB) 2 Z A DMK F(PAG) TL, SR 5 EFHRAE,CIA LK AMNTF
JESREY AZA B M(P <0.01),FIB 4% % PAg ¥75 (P <0.05, P <0.01) ; f2#% IL-1B.IL-6 & IL-
17A KT R EFZH (P <0.01) ; 25 7 Bk IL0A R4 dm o3 A& K s ieiZ 8 L1278 7 fn KA, fn 8 B9 A% N
BE CRAARNRL, 5 CIABRER, S TRAXKMERE SR AT AZH M (P <0.05,
P<0.01),2 % MTX 42z F 4% F TMP /A% MTX + TMP 41 (P <0.05, P <0.01) ; MTX 41 FIB 4% 1%
(P <0.05), f2i% IL-1B.IL-6 K -F 7R 44%(P <0.05) ; TMP 242 MTX + TMP 4 FIB 4% foi% IL-1B.IL-6 K -F
BAK, L MTX + TMP 48 FIB #= IL-6 K -F 8 4% T MTX 28 & TMP 41, 2 F A %it & L (P <0.01) ; £ A%
PAg A= ik IL-17A K-F 7 @, TMP 2848 F MTX 28%& MTX + TMP 48; &-25 439 77 2 5 5 & % ¥ J% 32, B4 A 2k
Bk, Gt TMP A MTX TR F K ERRFFET X XK IR B A A FIB 48,
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Effect of Combination Therapy of Tetramethylpyrazine with Methotrexate on Inflammatory Reac-
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ABSTRACT  Objective To explore the effect of combination therapy of tetramethylpyrazine
(TMP) with methotrexate (MTX) on collagen induced arthritis (CIA) rats. Methods Totally 55 male SD
rats were stratified by body weight. Nine of them were randomly recruited as the normal control group.
The rest 46 were immunized with type Il bovine collagen (C Il ) for establishing rheumatoid arthritis (RA)
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model. Forty successfully modeled rats were randomly divided into 4 groups according to swollen toe de-
gree, i.e., the CIA group, the TMP group, the MTX group, and the TMP plus MTX group, 10 in each group.
Rats in the MTX group were administered with MTX (1.2 mg/kg), once per week for 4 continuous weeks.
Those in the TMP group were administered with 40 mg/kg TMP, once per day for 10 continuous days, and
then discontinued for 7 successive days, and continued for another 10 successive days. Rats in the TMP
plus MTX group were administered with a mixture of equal dose MTX and TMP, and when MTX was dis-
continue, TMP was administered according to the way in the TMP group. Equal volume of saline solution
was given to rats in the normal control group and the CIA group. Clinical parameters including ankle width
(mediolateral diameter) and hindpaw swelling were measured at day 0, 4, 11, 18, and 26 after treat-
ment. Rats were sacrificed 28 days after treatment, their knee joints and ankle joints were collected for
pathological analyses. Serum levels of IL-1B3, IL-6, and IL-17A were detected by ELISA. Changes of fibrin-
ogen (FIB) and platelet aggregation rate (PAg) were detected. Results Compared with the normal con-
trol group, the ankle width and hindpaw swelling increased significantly (P <0.01), contents of FIB and
PAg increased obviously (P <0.05, P <0.01), serum levels of IL-1B, IL-6, and IL-17 increased remark-
ably (P <0.01) in the CIA group. Obvious cell proliferation, inflammatory cell infiltration, hyperemia and
edema of synovial tissues could be seen. Pannus formed and immerged in cartilages, resulting in necro-
sis. Compared with the model group, changes of ankle width and hindpaw swelling were all alleviated in
each medicated group (P <0.05, P <0.01). Of them, the effect was superior in the MTX group to that of
the TMP group and the MTX plus TMP group (P <0.05, P <0.01). Contents of FIB, serum levels of IL-18
and IL-6 decreased significantly in the MTX group (P <0.05). Contents of FIB, serum levels of IL-13 and
IL-6 decreased significantly in the TMP group and the MTX plus TMP group (P <0.05). Besides, serum
levels of FIB and IL-6 were obviously lower in the MTX plus TMP group than in the TMP group and the MTX
group (P <0.01). Levels of PAg and IL-17A were more significantly lowered in the TMP group than in the
MTX plus TMP group and the MTX group. Pathological changes could be alleviated in each medicated
group, with the optimal effect obtained in the MTX plus TMP group. Conclusion Combination of TMP with
MTX could significantly ameliorate inflammatory reactions and FIB contents of CIA rats.

KEYWORDS rheumatoid arthritis ; collagen induced arthritis ; tetramethylpyrazine; methotrexate

F R T 48 (rheumatoid arthritis, RA) J&—
TP BRI A T O RS F BRI ZH 2, DS i I
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(nonsteroidal anti-inflammatory drug, NSAID) .
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AT v [ v B R 2 e S ik B VS AF 5 B sh 4 s, M
WA R EE, B ARk, PR ATHIE S SYXK (50)
2010 -0032,

2 2 alHSIEE MTX: R 2.5 mg, g4
LB (R AR A R EE S 25 8 (5
040603 ) ; TMP: 4§ 1 50 mg, I [ e 50 245 A PR )
(#t5:090912); I # & J (type I collagen,
CIl) AsEa 8 IR (IFA) ¥l 3 35 [E Chondrex
A (4145:070347 ;080073 ) 5 K L IL-1B.IL-6 #
IL-17A ELISA 5% &, ¥ B 32 & eBioscience 7
Al. MK3 B ( Thermo /A ) ; PRECILC2000 -4
M EEAL (LT R A ER A F]) 5 PA-3210 I /N 3R
AL HZAR DIC A H]) s LML YT HHLL R F AL
% LY Thermo 23w 7 i

3 BALH&  SMESCERLT ], Hl& CIA KRR
R, SCER A 1 R &4 T AR R, K HE T
0.1 mollL &R, BBk B o 2 mg/mL T B i %%
W4 CRbi . AR5 %A e 20 A TR &
o FUALE LA I F K PR BON . BRI E TR
AWtk 200 wg IR/ R KRR, TR N %k,
1 )54 100 wg I B s/ 3 F R AR B B2 ik g
1o IEH R AL DLS5 B A R K T AR UEAT 2
BRRE. IERGeRE 7 K, 2401 AR BB A
21 Tk B A R, B S A R 2

4 SIS FAREREPLIER 9 HREER
IEH T IR, HAR K B TP r A, 5 8 455 52 1 5 6 B
JRAE R EL 40 () $2 2 kb K AR B2 4 2 BE AL 0
BRL (CIA) 41, F 2 B0 (MTX) 41, 85 R )1l 25 %
(TMP) ZH R (MTX + TMP) 40, 554 10 2, Jinss
BREG 7 RIFIA4 25, MTX 1.2 mglkg, 55 1 1%
CREY Tl R & 12 mg/w) ; TMP 40 mg/kg (K24 T
I R A 9 390 mg/d) , K 1 IR, Sa i 445 2 10
RAFHT R, FRIRE4525 10 K;MTX + TMP 2843 5]
TR PR 259 (BIFE R 2GR 4A T8, 4 TR 21
SRR A 2590 A MTX 425 H25 3 TMP, W4 ]
TMP 4545 25) o 4 259l A 2 3R K AR B

T A Y IEH AL B Jy CIA 4l
B 1 IEWAS CIA 2R EOCT Ik o

PL10 mL/kg K B T 0 7 S 25 2, 3k 4
IEH X IRZL A CIA 4145 T4 A FER K.

5 FEACRIESAHE THZHEH 28 K, FAK
FUH 3% SR 2448 (2 mL/kg 7R ) 7145 18 s i 5 g
P I, SR I = s BRI F) 3 , 38 43 B 4 afi FH - 1t 97
ALK, 55— 434 2 000 r/min Z5.0 10 min 5
M3, FHF ELISA K 7K PR A7 5 F o BOBUIN g ¢
TN 22 3R B [ A T AR

6 WLEEAR A Ty vk

6.1 KRB EANE  FHATG
RI%5 0 .4 .11.18 .26 K, R Hibn R R K R A A5
JE T TR R RO AR AT IR I e SR

6.2 IMEMA AN LFHEEEE(FIB) & &
DE R Clauss B [ 32 J5 B, $ie 38 50) & 3 0 45 5 7k
#£ PRECILC2000 -4 Ifi BEAY I . i/l R 4 R
(PAg) &R A IPA ki .

6.3 LI RAE P TR
R B UL B A

6.4 JRCATHSAMEE  BURRMERCT F£
R E 36 h J5 A 10% EDTA 45 , T8 k546 1 i
K, THIREW, A YA R R B
(HE) Jefa, DB N LT RIS A= il 45 55 1 26 1, R
YRR B B B R AR 5

7 SiteEgrik R SPSS 19.0 St ik
PEIEATEE b7 T R L x s R, LA F AR
SRR T 22501, I EL R g K5, P <0.05
HEFHGEIFRE L,

# =X

1 BUREUAE R RBOCTT AR R (£1,2)
L IE 6 R H A, CIA 21K BB 42 2 8 5 6T |
FH BN (P <0.01) ;5 CIA 20, TELG 255 4
R, 8 25 25 20 R BRI 52 T8 8 R BRSOG43RV s R
/NP <0.05, P <0.01),% 4 .11 K, MTX 41
VEFRHE A s s R 25 2550 26 I, 3 4l K U3 SR 1 e
BRSET AR /T CIA 4H(P <0.05, P <0.01),

2 BUKRFIB 8K PAQ K TFHE(F#£3) 5
IEHXTIEAL HL 8, CIA 40K FIB 5 2 )2 PAg H 75
(P <0.05, P <0.01);5 CIA £ %, MTX 41, TMP 41
FMTX + TMP 2 K Kl FIB & & 2 f%& (% (P <0.05,
P'<0.01) ,TMP 41 PAg 7KK (P <0.01) ;.5 MTX 41
e, TMP 41 PAg {E R (P <0.05) , MTX + TMP 41
FIB &l (P <0.01); 5 TMP 4 Lb#, MTX + TMP
41 FIB oy sf%(P <0.01) .

Z A5 ELISA 5
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1 HFARBMEEEHK (cm,x=s)
AR B
21 51 n
dO d4 d11 d18 d26
1E K% R 9 0.59 +0.01 0.59 +0.01 0.61 +0.01 0.60=0.00 0.60 +0.00
CIA 10 0.80+0.03" 0.90+0.03* 0.88+0.03" 0.84 +0.03* 0.78 +0.02*
MTX 10 0.79 +0.04 0.79+0.04%4% 0.77 +0.04%4% 0.80 £0.03% 0.73+0.03%
T™MP 10 0.79 +0.04 0.85+0.04°4 0.83+0.04°4 0.81 +0.04 0.73+0.03%
MTX+TMP 10 0.80 +0.04 0.86 +0.04°4 0.82+0.04°4 0.83 +0.04 0.74 =0.03%
e 5IEHX IR L, P <0.01;5 CIA 411LE:, 2P <0.05,22P <0.01;5 MTX 41 1t%:, 4P <0. 05
F2 HARBEXTHAWKEK (cm,xs)
BROCTT HAR
ZH 5 n
dO d4 d11 d18 d26
E % R 9 0.96 +0.01 0.96 +0.01 0.99 +0.02 0.96 +0.01 0.99 +0.01
CIA 10 1.09 £0.03 " 1.23+0.05"* 1.17 20.03" 1.09£0.02* 1.07 £0.01"*
MTX 10 1.06 +0.03 1.08 +0.03%%4 1.08 +0.03%%4 1.01+0.024% 1.03 +0.02%
T™MP 10 1.09+0.03 1.19£0.0544 1.13+0.0324 1.04 £0.02% 1.01£0.02%
MTX+TMP 10 1.08 +0.03 1.16 £0.04°4 1.13 £0.0424 1.00 +0.022% 0.98 +0.022%
e SIEF X R4 LE, *P <0.01;5 CIA 41168, 2P <0.05,22P <0.01;5 MTX 4 1t#;,4P <0.05,44P <0. 01
#®3 KAKRFIB gl PAg KFHE (xts) 4 BEARFBOCTHEAZM(E 2)  EH XA

215 n FIB(g/L) PAg(%)
1EF ) HE 9 2.79 £0.27 49.42 +2.92
CIA 10 3.10+0.21* 66.58 +3.7*"
MTX 10 2.77 £0.392 65.02 +14.03
TMP 10 2.61£0.28% 56.65 +8.68244
MTX +TMP 10 2.13+0.3222440 64,96 +6.56

IR E, P <0.05,"*P <0.01; 5 CIA 41t
#%,%P<0.05,%2P <0.01;5 MTX 41 .45, 4P <0.05,44P <0.01;
5 TMP 4] k%, ©P <0. 01

3 KAHIMTE IL1B.IL-6 K IL-17A & & L
(F£4) HIEw X4 HE, CIA 41K BUmiE IL-18.
IL-6 % IL-17A &3 (P <0.01), 5 CIA 411
WA A KR IL1B,IL-6 & & ¥ &K
(P<0.05,P <0.01); TMP 4 K IL-17A & 5 &A%
(P<0.05), 5 MTX 4 lb#, MTX + TMP 25 K B i
IL-18 A1 IL-6 & H MK (P <0.05,P <0.01); TMP 4]
KEIL17A EHEEMK(P <0.05), 5 TMP 4 b #4,
MTX + TMP 41K BRI IL-6 & SFFK(P <0.01),

x4 BARBMIAEN TR (pg/ml, x£s )

A n IL-1B IL-6 IL-17A

EHXE 9 38.00+2.10 64.53 +9.27 3.00£0.15
CIA 10 84.33:+16.88"  279.24 +29.59* 5.11+0.48
MTX 10 52.89:4.11%  214.16 +14.70% 4.78 0.65
TMP 10 49.05+1.50%%  214.68 £21.85% 3.67 +0.3124

MTX +TMP 10 142.96 £2.79°4 167.85=20.872244°  4.06 +0.25

W H IR W R s, * P <0.01; 45 CIA 41 %s, 2P <0.05,
S0P <0.01;5 MTX 41 H.#,4 P <0.05,44P <0.01; 5 TMP I
i,9P <0. 01

KNG IE R, T L ZICTE ML/ l,  HRE 240 DG4 A
G, JC A BTN, 56 1 B0 R DG 1B R
B, RANHE T E/NRRN HFIER . CIA 413
A 0 T MBS M 98 A, HES 2L, O R DL A A i dR T
T LR T K i, 54 AR TP B A 585 5 A B R
LB AR n] DL R IRAE, SCTT  N l LR IR

prvcs i : ! BT

5 FE: ANIERXEAL: BY
 CIA4l; CHMTX4L; DATMP
Y1, EAMTX+TMP4L; ik
R AR AL

B2 SAAKRNERTHRESE (HE e, x100)
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HEF G 1 200 T B AL 2, S i B i AR A, MTX
20 TMP 4 &% MTX + TMP 413 UL I 26 i A6 1, o
HEEZE 27 1 7K e B S Dl i R 384 A AN B S, R 4
3 3 e S U /D I A A R I A B KL, ST
J AT L 7 e SR I 2HL 0, 57 s BH S AR 5
5

RA 197 PR A1 & 9 AL 22 4 i ANTE 48, KOs UE 4
FHARAE R F- 1030 B R 1E RA I B AR AE S B IR
H E A HEAEN, & RA M RRELAATE TR HE JE 1 ¢
SR AR IE & B, /MBSO RS P S RA
SR BT S NE S AR 5100 Ak T LAAE S ) e
RA 156 31 5 8 Bor i 221 /N E e 3
22 55T PR R T SO R O [ R B 22 18 Y
BRE ., FIB Fl PAg J2 K B I/ N B0 518 I
AR S I T AR AR

IAFTE S PR I A 7 A W s L Y 908 s T 3807 — &R 97
R, —2 2 R G4 2 N s B el AR 7R R (R R AE |
AR ") BT DA ITE I I 78 2 S I
PRBERE | o6 266 W0 ML AR TS G 4% 4 4 43 A 2
RA Jg& =2 SEIE” Y G , I PR R IR PR ik Ry
S5 B IR S B & T P R I S IE . A5
5ok L CIA KRB BRI TIFSE , K AR
M FIB Fl PAg ¥ T 1E 5 % B4, K WIFE CIA
KB A 2R MR 4 v B A LT

JNERAAREETE AR P22 — I E 5
BN E g3 8 ) — PR A= ik . IR 5 &
P, B hEE T MY SDF-1/CXCR4 22 [a] i A , 411 1t
BRI A TN R (LPS)
1 LXR-RXR i #7541 — AL A & W (INOS) 1y
FEk M AR RS S 2 ) 5 e S /MR 2 T GP
Ib/Ma 454,870 GP I b/l a %&& i i i/ 8
H KBRS R B, TMP fE B 3% A% FIB & &t Al
PAg, H TMP 5 MTX BX HIZJ5 , F#AIX FIB & /E
WA, (2, AL A K MTX B A FEAR
PAg fI/EH, MTX + TMP 20t TG 5 35 1941 PAg 1
YRR, HL R AT RBJE I 25 365 2 05 7 AR B R A AL
AR w25/ F i sy S

LU R B AR RE SV RA B A R SRR
I B L IL-1B AT IL-6 B ETE RA &
R EREEAMRE T L1 FEETIE
JRITS 9 RE LN, (58 1 401 R MRS o, 5 05 4
T I B i T LA e R A
T RR A 20 L, AR o2 20k R A2 . IL-6 S

FIRFRE RA I HTUEFIE . IL-6 X RA MEBURIE
5 IL-18 AN, B R 1 il 35 omg vtk 4 i 12 4% ik
B 41 A R AN I 45 P B 4 M A K T (vascular en-
dothelial growth factor, VEGF) |3 Ifil & 5% 7 i, 12
PV SRE FN 15 PR IR 2 IL-6 R IR T B 4
KE — 5B EEE A ANIE P 7, Bl A s S A Bk R
MRSz AR A0 C 2 o 2K P B2 400 o) It 35 P9 Bz 200 i 1
INOS, 3 3P Bz 1M & 451 473 , 412 S 93 8 B B A ot A2 T
BB ARG AP, TMP MTX L S — 2 1 Fi 44 ]
DI ZE R IL18 A IL-6 AR5, HIBE RO T30
FH TMP Fit MTX,, 3 3R BICH AT DL 4] CIA KR
14 &7 G RE S, 31X 5 HR 2 R — 2

IL-17 A JE VTR & B X — 3 B 4 I 7,
RRIJR —RARE Rl Th7 40w, H3E
W24 DI RE SR I S E SN, 551 2 S i A B
G PEVEBG I R AR A Ko IL1TA BT U S H0HE
T 440 B | B I 20 AR RN B 40 B 0 W TNF-a IL1B8 5
IL-6 %5 {2 98 i 20 L PR 7, 3% 2B 48 48 i 1 3 30 RA %
REAETFREM L IL17A 20 IL-6 {28 Th17 41
B G, TR B AE SR AAON, , AR50 1 1 1 R
FERAS o IL17A B Al 5 HAB AR T, 40 TNF-u,
IL-1B IFN-y SR A, 555 58 1 4t M, fofF v 1 s 240
TR AR R SR A B T 40 A O T R R 4
PE— 9 R YSRE SR, 68 18 JE A0 i A K28, A
TR T HARIERN . AR TMP 1] DL 1
L IL-17 A B30, MTX Fil MTX + TMP 4 F&AK 3
SYWIERL,EHS CIA l#, 2R EHH¥E X
(P >0.05) . 3% 1] e/ Bk W0 25 36 FH O R R R S i 25
YERE . Xt FR2GB AR &, B FE2ZE— 20
&K,

ARSERG L, kB CIA BERLK B FIB & 4 &%
PAQ #2315 & % BEAL, (H 2 %k 21 40 A i A
HIAT sE e (B A R AL ) | v Al 2 IR 28 5 1 B Al
() CIA IR FRURSE Y T AN S L TR g I 38 78 56 45 R A AU AT
Ko IR EE AERSC B AR M 45 5 BR MTX &R
SRR, X 5 R E A 25 SRR — 2K, T RE S
TMP i ) & A & de A o6, i — s, & &
PR N5 0 S AR DL R 2 A R R Y
A 0 35 7 7
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