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[ Abstract]
(TQHX) prepared by three methods against cerebral ischemia-reperfusion injury (CIRI), and to explore its

Objective: To observe and compare the protective effects of Tongqiao Huoxue decoction

mechanism through the glutamate (Glu) metabolic pathway in astrocytes. Method: The male SD rats of SPF
grade were subjected to CIRI model induction by the modified middle cerebral artery occlusion method. The
model rats were randomly divided into a model group, a sham operation group, and water-decocted, wine-
decocted, and alcohol-extracted TQHX (6.3 g-kg'-d") groups. The rats were treated correspondingly for 7 days.
Those in the sham operation group and the model group were treated with an equal volume of normal saline by
gavage. After the final treatment, the neurological function of rats was assessed by the modified neurological
severity score (mNSS). Hematoxylin-eosin (HE) staining was used to observe the morphological changes of
ischemic brain tissues in rats. High-performance liquid chromatography (HPLC) was used to detect glutamate
(Glu) in ischemic brain tissues. The expression of glutamate transporter-1 (GLT-1) and glial fibrillary acidic
protein (GFAP) and co-expression of glutamine synthetase (GS) and GFAP in ischemic brain tissues were
detected by immunofluorescence assay. Western blot was used to detect the protein expression of GFAP, GLT-1,
and GS. Result: Compared with the sham operation group, the model group showed increased mNSS (P<
0.01) , large necrosis of cerebral cortex in ischemic brain tissues with disordered cell arrangement, obscure
boundary, intracellular edema, and inflammatory infiltration, elevated Glu in ischemic brain tissues (P<0.01),
declining GLT-1-GFAP co-expression and GS-GFAP co-expression (P<0.01), up-regulated expression of GFAP
protein, and reduced protein expression of GLT-1 and GS(P<0.05, P<0.01). Compared with the model group,
the TQHX groups showed decreased mNSS (P<0.01), relieved injury in the cerebral cortex and hippocampal
nerve cells in ischemic brain tissues, reduced Glu expression(P<0.05,P<0.01), elevated co-expression of GLT-
1 and GFAP (P<0.05, P<0.01), and up-regulated protein expression of GFAP and GLT-1(P<0.05, P<0.01).
The co-expression of GS and GFAP (P<0.05, P<0.01)and the expression of GS (P<0.01)were increased in the
wine-decocted and alcohol-extracted TQHX groups. Compared with the water-decocted TQHX group, the
alcohol-extracted group showed increased GLT-1-GFAP and GS-GFAP co-expression (P<0.05) ; the wine-
decocted and alcohol-extracted TQHX groups exhibited elevated GS protein expression (P<0.05) ; the alcohol-
extracted TQHX group displayed declining Glu content (P<0.01) and increased protein expression of GFAP and
GLT-1 (P<0.05, P<0.01). Compared with the wine-decocted TQHX group, the alcohol-extracted TQHX group
showed increased protein expression of GFAP and GLT-1(P<0.05, P<0.01). Conclusion: TQHX prepared by
three methods can improve neurological deficits in CIRI rats. The effect is presumedly achieved by promoting the
further activation of astrocytes, increasing the expression of GLT-1 and GS, promoting the clearance of Glu
accumulated in the synaptic cleft by astrocytes through the Glu-glutamine (Gln) circulation, and reducing the
excitotoxicity of Glu. The alcohol-extracted TQHX group was superior to the water-decocted and wine-decocted
TQHX groups in reducing the content of Glu in ischemic brain tissues, promoting the activation of astrocytes,
and enhancing the protein expression of GLT-1 and GS.
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Table 1 Standard of mNSS neurofunction defect score
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Table 2 Effect of Tongqiao Huoxuetang on mNSS neurofunction

defect score in CIRI rats (x+s,n=6) in
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Fig. 1 Effect of Tongqiao Huoxuetang on CIRI cerebral cortex and hippocampus nerve cells (HE, x400)
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3.4 X CIRI K BUNZH 4 GLT-1 5 GFAP 3£ £ 31k, GS

5 GFAP LRI ST ARAH g, A4
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®3 BEFMZHX CIRIXKREARGluEEHHM (F+s5,1=6)
Table 3 Effect of Tongqiao Huoxuetang on expression of Glu in

brain tissues of CIRI rats (X+s,n=6)

215 /g kg Glu/pg- g’
BFA 1 643.29+143.11
[l 2118.35+143.19”
T8 75 1 0L KR 6.3 1 963.06+97.72%

T8 5 1 A0 R 6.3 1 905.40+96.89%
T8 75 1 I BE 6.3 1751.22+124.38*467

Bl 1fit i 2H 20 GLT-1 5 GFAP 3t 3 3k 8 2 0 /> (P<
0.01); 5HLAYZH P A, 3 5505 1l K R 4H GLT-1 5
GFAP I 36 35 B i 388 il (P<0.05) , 3 %5 74§ 1L 17 705 A
20 3 75 16 I 9 BE R 4 GLT-1 5 GFAP L33 B 3%
BN (P<0.01) . 538 75 3% 1L 77 /K B 41 H#K 38 55 76
M7 AL 40 GLT-1 5 GFAP L Rk £ R LG i # &
X, 3 75 % I BE 4 40 GLT-15 GFAP 3L K AW |
BN (P<0.05) ;538 25 15 1L 37104 A4 b4, 38 75 906 1M
74 GLT-1 5 GFAP 3Lk ik A T k%, (H 22
SEGI B, WE2, %4, SFRALE,
15 R 24 fiki 20 21 P GS 5 GFAP 3t 36 3k B g sl /0 (P<
0.01) ; 5B B 21 LY %, 38 55 16 I % K BT 41 GS &5
GFAP IR A F I (H2E R LG5 L,
i F5 T LV N BT 4L GS 5 GFAP 3t 3% K 1 i (P<
0.05) , i 75 % I 17 BE $2 41 GS &5 GFAP HL 3% ik W 3%
HEIM(P<0.01) . 53 75 3% 137 7K B4 b A, 3 55 006
M7 W AT ZH GS 5 GFAP I RIK L i 1k 25 = il 15
T IV B 42 20 GS 5 GFAP 2t 3¢ 3k B W 4% i (P<
0.05) ; 538 %5 1 IfiL 17 T8 B 41 HL %5, 38 55 305 1 i B 4R
1 GS 5 GFAP LR E A I m i tadh (B2 R 5it
FEN., WE3,ES,

3.5 X CIRI K Bl 414 GFAP, GLT-1,GS &K 1 %
KW 5FARH R, B4 GFAP & ik Bl
B Thm, GLT-1 23k W 3 R (P<0.01) , GS & ik W]
i FEAR (P<0.05) . SHEAA] b4, 38 5 35 1l 1 7K B
21 GFAP, GLT-1 ik Bl g FF+ & (P<0.05) , 38 %5 1% 1l
VKRGS RBAF @ HES LRI FE
SC ;3 75 I 0 6 AL ZH GFAP, GLT-1 %635 B 8 I
(P<0.05) , 3 75 1% IfL 7 10 AL 21 GS ik I & Fh i (P<
0.01) ;i %5 % 1l 17 BE $2 41 GFAP, GLT-1,GS £ ik
FTHE (P<0.01) . 53 %506 7 K AL L A, 7
6 I 17 7 R4 GFAP, GLT-1 Rk Z R LA % &
S, 38 15 15 37 WG BT ZH GS 2% 35 B S (P<0.05) 5
1 £ 5 077 B 4 40 GFAP 23k W 3% T & (P<0.01) ,
5T L A 20 GLT-1, GS % ik B 8 7+ &5 (P<

. 36 .

GFAP GLT-1 Merge
e Al 2 05 i 2 U GLT-1 2 20 (456, GFAP £ 2¢ (2 9¢ ), GLT-1
5 GFAP L IA MR 5 ¥ (4 5k
2 EEE MY CIRIARGRIMAKE LA GFAP 5 GLT-1 £ %
EEY R (L HEE, x100)
Fig. 2 Effect of Tongqiao Huoxuetang on colocalization of GLT-1
and GFAP in CIRI rats Ischemic brain tissue(IF,*x100)

F 4 BEEHIEMFHX CIRIK R &R M AN K H 2 B R AR GLT-1
PRI RIE R F M (X+s,n=6)
Table 4 Effect of Tongqiao Huoxuetang on positive expression of

GLT-1 astrocytes in ischemic brain tissue in CIRI rats (x+s,n=6)

215 F /g kg GLT-1 BHE R IA R
[EERZN 0.40+0.01
LT 0.34+0.02?
3 25 1 1019 7K J 6.3 0.36+0.01%
3 25 1 109730 6.3 0.36+0.01%
T 15 1 1097 B4R 6.3 0.38+0.02*%

0.05) . 53 55 I IV 0 BLZL L 45, 38 75 305 I i I 4
ZH GFAP K3k B 3 JH 5 (P<0.01) , 3t 75 1% 1M 17 B 42
20 GLT-1 %35 W B Th =5 (P<0.05) , 3 75 3 1Ml 7 B 4%
HESEIERLGITFE L., WE4,%6,
4 iTig

FE R 2E G CIRT A 44, AR 408 I A S TR 1
Ja B R R W b XU A7 FE B il SR e R
ZH L SRAETH 2 ] G U R T eh A4, IR A=
Yy fe I H IR AKE 1545 LAk FE 0 2 6E 1E W AT
fifi o 32 PR HR RSB AR 0 g IO, B W 48 45 I ik AN
30 Az Bl KD T B e 4 A5 R 22 T e 1 1Y
IR o KU B AL A AR R SE TR BN IR AL
KPR R AR TR B, B 2 AT S Bk S O I
TR 7 T 38 75 O v KUY R L
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Merge
e i 2F W B 4120 Th GS 2206 9k, GFAP 2 4 AU, GS 5
GFAP 3 15 Wi 52 3 (05t

B 3 & 5iEMiH 3 CIRIK R ER I i 20 41 1 GFAP 5 GS R KM
M (FRPEFOL, *x100)

Fig. 3 Effect of Tongqiao Huoxuetang on the colocalization of GS
and GFAP in CIRI rats Ischemic brain tissue CIRI rats (IF,x100)

R 5 WEHIEMAHIT CIRIK R R MK 2H R o 2 R R4 M GSFR
MRERPFM (X+s,1=6)
Table 5 Effect of Tongqiao Huoxuetang on positive expression of

GS astrocytes in ischemic brain tissue in CIRI rats (x+s,n=6)

21 5 Flit/g kg GS BHPER X
BT AR 0.47+0.01
BLRY 0.43+0.01%
T8 25 1% 197 7K JE 6.3 0.45+0.02
T 25 1% 1970 7T 6.3 0.46+0.019
T 25 1% 1M B AR 6.3 0.47+0.02*%

ML 37 49 % ML 38 55 (4 28 i 4% J7, O v B A R R R
WL Iv e AL, i 5E 05 I, o 2 7 R AR AT N
A LT AL, B AT £L AR 0 i i 2%, 0 2208 B, v aE
2 A VLR R RNOT B B 2 IR T A% OT

CIRIAF 3Nz W H o

BRA 2 B 2 0 5% 5 o 30 E 0 I R AL R 25
BT, HAA WO o B A W fE VR /D Glu #5351 & IR
a1 (EAACT) 1Y 3% [0 3% 42, [ B 98 45 i 9
Glu 1A ) 2 3 o %) ST A7, DT £ 0 Bt o i
4 G 2L 20005 IS A AR o3 N1 W T ) Glu 45
DL A L R 1 B RN, X CIRT LA B & i {5 4 4
RO AT B 5 R R AR AT A RO A RE S I
I BRI 2 21 GLT-1 85 11 19 3R 35, FEAIR Glu 2% Ay
PEFEPEY S B A 38 R AT A A ROR A P B AR K
AR TS B, W20 1 ER 3 A B, T A TR R R
Xt e 1ML G 5% 495 K #E DR A PR Y b T UL 3l S T
1197 2 35 i ke it 458 09 5 B AR Glu 1) 2% 4 1 2 VAR
% UIA 5& L T GLT-1 02 2 T8 B 5t 40 i K Glu i 40 i
(] B 2 35 A L PN ) OGS AR 1, LB S AR R R T
M B Glu K43 26 Glu-Gln FE IR, 7 LA HE I 38
75 1% ML 37 38 2ok 98 5 28 BT A L Glu-Gln 76 36, 1H
% 240 M 18] B 1ok 38 HE B A Glu, M TT Bl 3% 1 CIRI FF 8%
14 # 28 D) RE 8L 473

F 5% & /1 38 25 76 137 2% CIRT R 3 #h 22 U fig
SR P H I & O SO R A K B0 ok
T 328 OF FRCE PRSES ) 57 25 W Be AR b ) K 7T
Bk A @ BB MRS ) R 24 ) AR E
1], 228 W B, 7K R & 5 O R AR ) I 7 24
Wy e AL B A9, S B AR T L 2 M (O R
SR NS R B NI i e W SR R el 1
WIRIT A, W = IR YT CIRT BT 8, JF 3R H AL
il 22 5o 5 0 I3 G AT 2 e IR S bR R ) TR
25 )LL) G B B R T KT L R R — B, &
OB R A P, R B e AL AR A )
o 55 T I B DR SRS 5 38 75 9 1009 /K BE2H T 38
2506 ML 37 VR 25 W e AR H AR, 25 B0, 48 K B £
T8, 5 PEASE AL BRI R N P o 388 55 17 1L 37 T 4 21

505 AR SR Ak ORI B AR ST A 2 4 2 s T fR B S K A A ) H 2
GFAP e s ww W W0 23102 GLT-1 i 0 I B 62102 GS www v oo v w45 1,

75 kDa
60 kDa

45 kDa
35 kDa

A B
B4 SHAKRRMAL GFAP,GLT-1,GSEARIKEIK
Fig. 4 Electrophoresis of GFAP, GLT-1 and GS protein expression in brain tissues of each group rats
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F 6 EEEHEMFAHN CIRIKRKALR GFAP,GLT-1,GS B ARIEMFN (r+s,n=6)
Table 6 Effect of Tongqiao Huoxuetang on expression of GFAP, GLT-1 and GS protein in brain tissues of CIRI rats (x+s,n=6)

20 51 il /g ke GFAP/HEH GLT-1/E%EH GS/HIEH
BFAR 0.08+0.02 0.51+0.17 0.37+0.11
[l 0.23+0.04% 0.18+0.06 0.25+0.05"
38 75 1 1% 7K B 6.3 0.29+0.04% 0.34+0.01% 0.29+0.08
3 75 1 117 10 B 6.3 0.30+0.04% 0.35+0.13% 0.40+0.08*%
T I R 6.3 0.38+0.08*°% 0.50+0.11%>"7 0.41+0.12%

75% I £ T AL 300 4 10, i B R R 0L B AR I PR
H R 2804 07 19 — O R Bt — e B SR A

AR S R B R 4R 1k 8 57 R AR M CIRT A K
BB, mNSS # 2 T e 45 403 1T 43 I HE Y& £ 00 4558
75 195 117 %F CIRL K By A 28 R 97 /E FH . mNSS 3F
Sy LANE R 8 gl e R U Kb 2 R A
A5 T RN R B Rl D BE B L . AN 0~
18 43, M 28 ) fig B4 A B 55 97 43 e AR S E [L L T 4
M UL R G T R B E L AR R
mNSS P43 76 11~14 43 19 K B4 A 52 50 10 W | A5 A
A2 4 A T Y CIRT A B HE PR fi o £ %238 30 i 1) A5
VB ORGP 25 BE T RE S S R 59 B Ok BN R A
S A R R P 2R S 0 S AR IR . 28 3 R Oy U
B 38 75 35 10373 97 J5 L CIRT K LAY mNSS 343 [
745377, mNSS PF o BB AL 2 (13 43 ) B b 5 BRI,
KA i A2 3h ESE L P R RE T BORS MR ES S
T A5 T B3, M e T RE B WK &2 o VA S R 1
mNSS ¥4 W42 T 38 75 1 1L 7 X CIRT K B9 #if 28
DIfe B E L a5 R S A S0 — 5

A 5T HE Y2 (0 25 31 R, 3 Fh oy 30 45 103 25
I I3 8 T/ S PRI AR A R A £H 2 40 i T
AWK, v P 4R T BT AL W R4 AR T K
Ri .

Glu 2% 77 P 3 M J2 #i 26 Ty Ak s 15 ) 3 ZE AL .
i e L IS, Glu 7 5 fik 8] Bt R ME AR, 51 S — &R 51 g
B A RN, B 25 BOM 2 T A 45 R 42 ) g R
327, Glu Bl (1 B 5 4 26 o 481 43 i 4 U0 A
SEE L R S ST 4 A TE 2 ) 40 M Ah Glu & L
it 25 58 T R 8 R A RS L% Mk R O R A
A Bk X4 R P AE S T Th RS B R
A GLT-1 F A & Bk M 45 I8 (GS) &
B Y RS 03 20 B Glu-GIn fig FR 33 #2 rp iy 2 A SCHERR 1,
GLT-1 11 53 K 28 firh [B] B 9 1 Glu % B8 #F A BT i o
Yi i, 7 GS M9 T ZE 1 Gln, Gln 587 9] 5] 58 fih
A2 e A RE R . 9T B s GLT-1 i 53 28 it |] B

. 38 .

11k 90% Glu 9 ¥ B>, i A2 T2 I o 4 it /5 90%~
95% . I 7% 5k Bk G5k i 453 495 55/ B I, GFAP 3%
I UIRTR: DI | W=y v Ok E R T i O e N
AR,

AW 45 L %, CIRT K LBk 1M i 4 21 Glu
o TS GFAP YR I ¥ £ K BT I AL
Jist i 3y 2o & 14 3 75 0 I B T 803 CIRI K
BB 1l 22 T B TG B 1M i 4 40 Glu & 3k i, TR A |
5 GFAP, GLT-1 #& [ 1y 2 ik , Ho v 38 75 7% 1l 37 B 4
A A FH e Sk BH S 3 5 36 1TV T B A 5 5 O I
VIKRUA LR TGt 5 22 5 . oAb, 3 75 1% il 7 i
P A RLAL A v 1 E GS B Ry 3R 3k, H#E D Al BB
5 T T RS A 00 5 O I, A ROR 6y
PRI A 00 o B I A% 138 55 0 I R
75% 1 £ T L3 ok g B TR, W] LA il A 0 e L K
PR o3 B g Vs M Ay, IR A L KR R
T35 VR ek W G, A R 43 T g i g —
oA 3E B T 20 S A 3G 5% Glu-Gln 6 26 5 2
o GLT-1 % Glu By #5358 , GS XF Glu (9 1k , FEAIK Glu
() 2% M T R T R B AR AL 3 AT R R P A 0
A A B I I 3 A O G 4 2 4N e B S K B T
WG RITE KB B W R 2 — T R A Y
5 I, BE K RE I IR A AT 0 R TR s
B IR R PS8 K, AT 25 ] 2 LA e BT AR
FE 358 GS B 1146 3K 7 T K BT Ol B i, [R] B
K538 75 75 137 /K BE LA L, A B AIR Glu 2% Ay v 2 1k
(Y21

P UL A5 4598 3 5 TG IV 3 R T R T R R
i il Glu-Gln 75 2 B Ik Glu 24 47 P 7 1% , 2038 CIRI
R B 2 D) R, 20 B 4 1 11 & 138 75 0 I 1 76 %
B 4 A F AR 30 R ROK BT . AR BF 5% A B
PR RS T KBTS I AT R A 1 5
I3 % CIRT B AE ORI R T HoAE AL,
2B X 3E F5 T A 0 24 A0 0 b A A Gy

fic (A FE 3R 43 T MK 4 -
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