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FoARk EMATED R, R KB 12h, 5RFRAR T QUL AR A K HATAHEN> BTN ERRSA RIS,
kA At A B FF AT E G ATA (P <0.01) , 8RB 4 F %K, Clu - IR & & Kk 44K, GFAP  fi3g s F AR 3 %,
HEP B st fe R ACAR T 3 m ERK1/2 £ RABE R FIM(P<0.05), SHEEA Ak, B B & il 5 7 KA =
PR T, HAFMASREAEI M, Glu - IR & & &Kk & ,GFAP 4 i3 78 % A2 4K, ERK1/2 S 98 % 2 B
RAAR, HAZTHEAXRAR(P<0.05), RETd, 5BFRALT QLML AER WK HATH T 5 Fo 5 10 LB M
HE,RREBHER, KA SEBFFAT AN K(P>0.05) , 5884 F %K, Clu - IR & & KA BAK, GFAP 40038 78 7%
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B3, Clu - TR & & Kk %5 ,GFAP st 3% 74 7L A2 H K, ERK1/2 £ B A B E A AR, SHBFHEAERAE
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Yishen Huoxue Tonggiao Formula( 25515 IMiE %5 /) Modulates Glu - IR, GFAP and ERK1/2
in Vestibular Dysfunction Rats: Implications for Cerebellar Synaptic Remodeling

TIAN Yu',LENG Hui’ ,SHI Lei’, WANG Aiping’ ,ZHANG Qi* ,QU Rupeng’, QU Zhongyuan® ,MA Xiande'
(1. Liaoning University of Traditional Chinese Medicine,Shenyang 110847, Liaoning, China;
2. Affiliated Hospital of Liaoning University of Traditional Chinese Medicine, Shenyang 110032, Liaoning, China)

Abstract ; Objective To investigate the effects of Yishen Huoxue Tongqiao Formula( £5 ' 1§ Il %5 J5') on the expressions of
glutamate immunoreactivity(Glu —=IR) , glial fibrillar acidic protein (GFAP) and extracellular signal regulated kinases 1 and 2
(ERK1/2) in the affected cerebellar glomerulus area of rats with unilateral vestibular dysfunction as well as its mechanism of ac-
tion on synaptic remodeling. Methods In this experiment, 88 rats were selected as the research subjects and randomly divided in-
to six groups: blank group, sham operation group, model group, and low (0.92 mg/mL) , medium(1.83 g/mL) and high(3. 66
g/mL) dose groups of Yishen Huoxue Tonggiao Formula. A rat model of unilateral vestibular dysfunction was established by in-
jecting chloroform into the right ear tympanic cavity. After modeling, the vestibular function and the expressions of related bio-
markers of each group were evaluated by behavioral evaluation, glutamate content detection, immunohistochemistry, immunofluo-
rescence and Western blot methods. Results 12 h after operation,compared with the sham operation group and the blank group,
the imbalance behavior score and spatial posture reflex were significantly increased in the model group,and there were abnormal
nerve injury behaviors such as head deviation and rotation( P <0.01). The glutamic acid content and Glu - IR protein expression

were decreased , the proliferation and activation degree of GFAP cells were increased, the degree of cell fiber protration was in-
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creased and the ERK1/2 immunofluorescence intensity was significantly increased( P <0. 05). Compared with those in the model
group , the glutamate contents, Glu — IR protein expressions, proliferation and activation degree of GFAP cells and ERK1/2 immu-
nofluorescence brightness expressions were increased in Yishen Huoxue Tonggiao Formula low ,medium and high dose groups,and
the expression was most obvious in high dose group(P <0.05). After 7 days of operation, compared with those in the sham oper-
ation group and the blank group,the unbalanced behavior score and spatial posture reflex disappeared in the model group , the nor-
mal movement ,abnormal head deviation and turning behavior disappeared (P >0.05) ,the glutamic acid content decreased, the
Glu — IR protein expression decreased,the GFAP cell proliferation and activation increased ,and the ERK1/2 immunofluorescence
intensity was obvious( P <0.05). Compared with those in the model group,the glutamate contents,Glu — IR protein expressions,
proliferation and activation degree of GFAP cells and ERK1/2 immunofluorescence brightness expressions were increased in the
Yishen Huoxue Tonggiao Formula low, medium and high dose groups,and the expression was most obvious in the high dose group
(P <0.05). Compared with those in the model group 12 h after operation, the glutamic acid content and Glu — IR protein expres-
sion were increased ,the proliferation and activation degree of GFAP cells were decreased ,and the immunofluorescence brightness
expression of ERK1/2 was decreased in the model group (P <0.05). Conclusion By regulating the expressions of Glu - IR,
GFAP and ERK1/2 through multiple targets, Yishen Huoxue Tonggiao Formula promotes the synaptic remodeling mechanism, ac-

celerates the vestibular compensatory process,and provides a new direction for the treatment of vestibular dysfunction.

Keywords : tonifying kidney and promoting blood circulation and dredging orifices ; vestibule ; glutamic acid ; synaptic remode-

ling ; vestibular compensation
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1.2.1 WAl 25BN MEss T, 25 . POl #% 20 ¢, 12y
15 ¢, INZEBE 20 g, PHRZ 15 ¢, 895 15 g, MIAC 20 ¢, %548 15 ¢, Bk
{215 g, 217815 g KE 15 ¢, FF 5 15 g, A A 15 g, K HH 10
g, T P2 I T TR EZGRERIEER 12 .
1.2.2 RXA Atk 0.9% SALFNE TR (555 : H20083400, Y
JIBHMEZ5L B0 B BRA R ) s B AR & 'R R & (]S
BC1585, b R F AR AR A ) ;Glu - IR Hiik (175
AF6306, T35 R RHEY 7T DA R FD) s GRAP FLik (185
WL0836 , 1 FH T 2 A W R A BRZA 7)) s ERK1/2 Hifk (1585
A4782 RN M Z e A B AR A 7)) ; Z 9T Rabbit IgG — HRP
245 :ab6721 , BE[F abeam /A7) ) 5 3% i 7] (5545 KIT -

9710, f&MHF A W H AR B R 7)) \DAB B il H & (175
DAB - 0031, #5 M Hi A= P4 AR A BRA R ) 5 Go e o g it
& (185 :P0186 T HH = RAEYFHAFKRAF) ; TBST(17 5
BLI6B3 A, Z# H & A YIH AR FH R F]) s PBS (55 : GZ10010,
LA Rk FEEYREARA ) o
1.2.3 &4 WESIHAL(TIOBS25  IKA A F]) ; 42 i K EfpR
{X(MD sepectraMax i3, £85I LIEHRAR) ;& A3
fb25 KI5 WAL (4200SF, 1 ik RAERI A PR F]) 5 b2k Bl
5 B AR B34 (DM2000 \ DM18 , Leica 23 F] ) o
2 Ak
2.1 Hu5EH

ARG 88 LR A AR SD R BRIE W MR R 7 d, B L
312 41,0 EH 12 h2s (4l (4 H) 12 hBEFRA (8 H) 12
h ASERIZE (8 ) RAK 3 AN A9 12 h 35 53 I8 25 7 76
SITAL (8 H) o Td A4 H) 7 dEFRHB H) 7 d
BRI (8 H) LA 3 ASARFEFNE M 7 d 25 B3 38 75 57697
(A8 H).

TERRRRAS T, AR 2 367 4 A R o 1 A8 AR 85 1 2 )
EF AR BRI 5= A 0.2 mL WA A VAR . AL
TR, FEAR R B BRI A E T, A TR (R BR AR Re , ANad T A
0.2 mL 1 0. 9% SR . FSE 3 TF 12 h\7 d MEK
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Wi, 1 w/d,

2.3 HM

A BENLI 1 F R R B B A T R s SR , T
B OKm LWk B iR 4% 2R P REh, EREE, H
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80 CUKkAf o
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LUV 07 A3 12 h 7 d i) 0 K REA T SR 5 T R TS
B AmAHEE M 5, (2) 23 A1 U s 4 R BB 7E Vg 4 44
7550 em &b, iR HARTE T ARG ST HTE T 09 e ad BEREA T UL«
K ERARFRRAR , DU 2 % ok B , G SRS B A — 0 kS 2 s, 13
B PR . M RO BT O, B R I iy 1, AR 6 IR,
2.4.2 DEHFSRBASTEMN  BOCEA/NEEERA S,
FREE 0.1 g, MUFFRic, BGHHT EP &, I A A BRAH) , #177F
B REAZ B DA, 45 0FBEE 4 10 000 o/ min, $574E 10 min, 4
FRARFFE 4 CHMRRIASE b BES K588 i i Tk
b PRSI Z
2.4.3  FIRMBAF R E FAAN D RLIR GFAP 5 F 49 & ik
HAR T A LS ik bR IE S S, PBS 5
Ve, gz R b R 1 RO 2, FIR A B E 10
min, PBS %% 4 °C il E —3r GFAP(1:50) , ¥k H PBS &
Ve, I 3 B 4, R4 310 F 10 min, PBS ¥, A
DAB I (535, 8856 S 10 min, 38 53 i AU IS IR 4H TR
2.4.4  RIEFRFEEFEN D ELIR ERKL/2 5 F oy kA
R AT ARSI Y) B B B PR B R S, PBS Y,
FBOFEEASELT T h (P ALHE, PBS i3k, 4 CHREE
—H1 ERK1/2(1:200) , ¥k H = i # 6 0% F — i Rabbit IgG -
HRP(1:1000) , 52 H 1 DAPL BT v KA E A, in 55 3%
A BT A AR BB AR
2.4.5 Western blot sx#m] N imsk ik Glu - IR 4-F#9 £3i% B
KEAM/NESHER 0.1 g 22, vk FAEURIG BT 513K .4 C 3
L JE ISR i BCA 400 %8 28 LIV B, LK 43 25 )5 % & PVDF
JEE,5% e WM £ 1 h,4 CE I E —PL Glu — IR (1 :
1000) . Y& H TBST %%, ¥k H %2 JiL0F & — ¥ Rabbit IeG — HRP

(1:20 000) , TBST {3k, % i HCL & Y6 3 5 F ik 2% &
IR G , Imagel B3 AT 3K A4 20 BT 27 IR AL, 1R
% A5 GAPDH JKE{EZ th.
2.5 GitFE s

fdF SPSS 22. 0 JR 4R AT S 3G B8 , FKE AT A IE S 4 A
FIBUE LA + b2z (v =) $i38, AP <0.05 W2 R H G
2 . P Image] FiI GraphPadPrism 9. 0 #{4E4 1404 4
Mo
3 #7
3.1 BARBANFITFNER

TR PEM AR E EARE 12 h KARF 7 d, 55834
AHEL MR AR K FRIG K m AR S A i qk , 4 b 22 57 G
GiFEX(P>0.05), FEARJG 12 h, 525 AAUFRF- AR L4
L AR R A P R AR 2 R, S ARE R T A Sk R A
BRI B AR, ZREHITFEL(P<0.01), 5
MEFIATAR B A P L 700 2 R, 2 A6 R 43 Sk i A 2
WIA TR, HEm i N EE e, 2R A5 R
M(P<0.05), 7EARJG 7 d, 555 HHFBRTFRHEAM L, FHRIZH
PLRAR P A LGS IR SRR, 25 RS
X (P>0.05), 5AKJF 12 h (BIRIZIARLL, RJG 7 d BRIZL R
SRS A AR BE 0 R R IR R R, 2 R A ST E R L (P <0.01),
WFE1,
3.2 AMARRE LD RGHERE

S ERSHEEREW EARE 12 h KARF 7 d, 5% A
AR L, AR K RS (o) A R S B , 4 b 22 57 G
G E X (P>0.05), FERJG 12 h, 525 AAUFERF- AR L4
He  AERIL] A R R AR A R B, s R A R ST b, 2 5
B FREX(P<0.01), EERAM L AL RFEL R
B, 245 1) S 4 B M I 32 28 TR W, L v 70 R 4L e i 3 o Ay A
B, ERAFIFEX(P<0.01), FERE T d, 5% A4
FARAAM BRI LKA A w5 70 2 2 53 ) 2 3 i 5 2 B
P, ERILGEIFE L (P>0.05), 5ARF 12 h R4 L,
ARG T d BRI K R A RS B, 22 R A Sl X
(P<0.01), W2,
3.3 ZAUARNMARLERESEDNER

AR BN RER, FEARF 120 ERFT7 d, 55
HALAR L, B FARAR R RIS T, 2R AR L
(P>0.05), #EARJE 12 h ZARE 7 d, 555 A4 ARF AR AH
o R AR P R ALK R E R & R Y RG, 2 7
BHITH#RE N (P<0.05) , SEAAML, & F  mF =4 m
KRB R & sy 3om, Kb @ il 4 A /iR & 8 B8,
ZERAGIT BN (P <0.05), 5ARJF 12 h A4, RS
7 d BRI K RAER S BN R E , ER AR RE (P <

F 1 RBURITHIG KA RT3 Bk Am ARk D) e AR Al LU (o £ 5)

4151 n 12 h AR/ () 12 h A5/ (43) 7 d MR/ () 7 d RAGVEST/ (43)
A 8 0.00 £0.00 0.00 £0.00 0.00 £0.00 0.00 £0.00
BFARA 8 0.00 +0.00 0.00 £0.00 0.00 £0.00 0.00 £0.00
(T RIUEE] 8 84.96 £0.9622* " 6.89 £0.4152" 0.00 £0.00** 0.00 £0.00**
A 8 64.81 +1.4000%* 5.39+1.0300%* 0.00 +0.00 0.00 +0.00
L abnli=¢Z) 8 44.65 £1.4920 %+ 5.10+1.2844%* 0.00 +0.00 0.00 +0.00
i Al 8 34.50 £1.2480% < 3.00 £0. 5450 *# 0.00 +0.00 0.00 +0.00

E:AAGEHARE, P<0.0L; + « SETFARAE, P <0. 01 # 5 BRI AL, P <0. 05 ## 5 RIBIL LLAL, P <0. 015 % x HERIAT 12 h [E

# P<0.01,
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F2 ORBURTHIG 25 3 AR L (v £5) BT 5

- . 12 h 12 h z3)i] 7d 7 d =z

- P S ARSI P S ST
=kl 8 A 0.00+0.00 BA#:  0.00 +0.00
WFEARH 8 Btk 0.00+0.00 BH#:  0.00 +0.00
HERIZH 8 PHME  31.66+0.5722**  FAME  0.00+0.00**
fE7E4e 8 FHTE  29.33+1.15%42** AL 0.00 £0.00
R 8 BN 28.00+1.73%%**  [fPE  0.00£0.00
EREAE 8 FATE 21.66 £2.88244* **  [HH:  0.00 +0.00

T AAGEAALE, P<0.01; + « 5{RFARALE,P<0.01;
#HESG R LA, P <0. 01 ; % % SHIAIZ] 12 h F#, P <0. 01,
0.01), W#3,

F3  REUAYT R B SR A R AR (L AL (2 £ 5)

FLf7: pmol/g
215 n 12 h 7d

= 8 7.00 £0.39 7.43 +0.32
BTEALE 8 6.90 £0.36 7.24 £0.46

BRI L] 8 1.97 £0.5828%* 3.87 £0.945 %%
fKFlEe 8 3.07 £0.2200%* 5.10 £0.09%*
Ry 8 3.46 £0.26244 %+ 5.46 £0.26%"
EAEH 8 4.38 £0.44507 *# 6.09 £0.10%**

T AGZAAIE, P<0.05;AAGEAHILE, P<0.01; *
SEFARMLE, P <0.05; « = SEFARHLLE, P <0.01;## 54158
PSP <0. 015 % % SGHIAIL 12 b [b, P <0.01,

3.4 AAARDNWAKAZEALMFE LA GFAP £ R

GREALULFE BRI, EARF 12 h KRBT d, 558
AL, T AR A KR GFAP FiA LT, 257 LG T2 L
(P>0.05), #EARJG 12 h ARG 7 d, 525 A A F AR A
Eb AR L DL T ARG P R R AR B GFAP 21 it 448 4 7% R o
& HHE B R O ELAN 2T 4E 00 AR A RN, 2%
FRAGITFE (P <0.05), SHEBAH L, AR P il
KB GFAP Gy o % B A i AT, G v vy ) o 4 (8 3 e
R, ZRALGIFRE L (P<0.05), 5ARJE 12 h BRI AL,
AR5 7 d BRI K AT M GFAD 1) 41 Jif 38 78 75 1k A B 8 35
X, ZRAF#EX(P<0.05), WiHIXXXE 1.% 4,

3.5 BAKR/DRHKER R E K AL E ERKL/2 £ R

GIETCEREN ARG 12 h ARG 7 d, 55 AAR
KA B FARL KB ERKL/2 N Fb T, 27 43T
HREX(P>0.05), EARJE 12 h ARG T d, 55 AHMBTF
RAAA BRI DL JAIG P S 4 K R ERK1/2 985658 i

g

E 80~

<:

j}q 60

g

g 40+

=

S

2 20-
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m

=

o4

D) RO S S, S

;/ x_/ ?‘}// ‘@/ %}/v%&/
PE F@ S

W, ERARIT R (P<0.05) SHEBIAME, K. F

1 R 2K B ERKL/2 G658 A P eI, JHe b ) i 25

SRR R, E A ST (P <0.05) . 5ARJG 12 h £

TILHAALE AR 7 d BORIALR R ERKL/2 5 8 i 5 AR, 22

FAGIT AR (P <0.05) o DL s XN - 47 5T XXM 2 (&1 3
F£4 KBURIT IS B GPAP Z5 R LA (x +5)

215 n 12 h GFAP 7 d GFAP
=k 8 0.13 +0.01 0.15+0.02
BFEARH 8 0.15 £0.02 0.14 £0.02
TR 2H 8 0.32£0.0142*~ 0.25+0.03%***
A 8 0.30 £0.0242** 0.22+0.04%*
hlEg 8 0.28 £0.0282** 0.21 £0.0282*~
mAlEE 8 0.21 £0.0244 " *# 0.16 £0.01 2%

H: ASEAHLE, P<0.05; AN HAHLE, P<0.01; *
ERFARALLI, P <0.05; + + HEFARAVLE, P <0.01;# 5BIRIL
F#, P <0.05; ## S BER 2 L 4L, P < 0.01; % SAIIUL 12 h b,
P<0.05,

3.6 &4 KB /M4 EE Western blot #y Glu - IR & B k% &
&R

Western blot Z55REKH 7EARIG 12 h ARG 7 d, 5[4
AL MR TFARA K Glu - TR ik, 2R Lot ¥ R X
(P>0.05), 7EARJG 12 h XARJE 7 d, 5= AARBRTF R4
L TR DU RAR P R T 2K BR Glu - IR ik, 22 57
AYt#FE (P <0.05) , HEERAM W, L. P milEH R
B Glu — IR By FRIBIG N, Hovh w5 i 20 o 3 35 0, 22 R Se it
FREM(P<0.05), 5ARE 12 h BERIAML, AR5 7 d BARI4
KE Glu - IR HW B3GR F Hit# L (P<0.01), L
&l 4 & 5a ~ ] 5b,

4 itig

T DB PR AR AE P R 2y B T R
s, SISO F S B RIFAEEVRR, §I5 T
H,LHFHSTH, (EF)P R T NESEZE, 00 HE
R BEOR R AR, BRI TG, 5 A, E A R
R IREIE R ARA IR o 0 32 1 bk, 308 32 44 sl kA8 P9 I i
PEIR KB IR Ik B H S R B W T AR M BBl
it 17 O30 5 3 09 VA o B 0 = I 5 o kb g B R IO I
0 75 R AR R PR AT RE AR , R M A BE DD RE A IR . £ B0
M e 7 A ER L - &/ \ )R E G KA (R E AR
M) MRA 2T A6 B AL S A B Aok e T R

= *
H 0 o1
{=1
<:/
i 40
s o3
2 .
ﬁ a
= 20+ #
= *
3 a
&
@
o
=
DS SN’ S, S S8
A\‘&/ 2 XQ}/ ‘@/ ‘@/ ] 4‘/&/
O G

H:ASEAAE, P<0.05; A A S AUE, P<0.01; « 5EFARALE,P<0.05; + « S5HEFARULE,P<
0. 01 ; #5BIRIZH LLHE, P <0. 05 s ## S RIRIZH U4, P <0. 015 % 545712 12 h [b4%, P <0.01,
B3 KREIAITRIG B ERK1/2 635 LA (e 9 e, x200,n =8)
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12hGlu—1R|-- on an -IIOZkDa
Tty o] D - — .

U | -

B4 BT HTE S Clu — IR 28 1763k g
( Western blot £l 455 ,n =8)

RERSTE Z ML A M BEAl b, BIb R R FEAE T B 25 7 R AR &
Horh B g A 12 ML R 2, TG RN I 2 A
BE . RIZGRRBNEZE, HrhLr e FHS MR AT R R 2595
W, PRSI, 7T AR SRS AR 5 3R 2t 2 I, 32
GRS 2, TR, s D RE R AL B3 T S A R
O S L N 25T e S i 250 AL AP G~ 7 ISR k] e I
BEAEMNE, 2w E s gl =T, FH2 520
G A TR RSEIR M, AT KA K Z B, A I 158 25 0K AT e
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