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Neuroprotective effect of Yigi Huoxue Tongluo Prescription on TGF-g/ERK signal
pathway in rats with subarachnoid hemorrhage
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Abstract: Objective To investigate the neuroprotective effect of Yigi Huoxue Tongluo Prescription on TGF-B/ERK signal pathway
in rats with subarachnoid hemorrhage. Methods SD rats were randomly divided into sham operation group, model group, Yiqi
Huoxue Tongluo Prescription Yigi Huoxue Tongluo Prescription 5, 10, and 15 g/kg groups, and nimodipine group. In addition to the
sham operation group, the other rats were established to establish subarachnoid hemorrhage model, after group treatment, the rats in
each group were assessed for neurological deficit. Evans blue extravasation test was used to detect the permeability of BBB. TUNEL
staining was used to detect the apoptosis of neurons. The levels of serum TNF-o and IL-6 were measured by enzyme-linked
immunosorbent assay (ELISA), and the expressions of TGF-B1 and p-ERK/ERK in the cortex of rats were detected by Western
blotting. Results Compared with the sham group, the neurological deficit score, seepage amount of Evans blue, proportion of TUNEL
positive cell, levels of serum IL-6 and TNF-a, expression of TGF-B1, and p-ERK/ERK of rats in the model group were significantly
increased (P < 0.05). Compared with the model group, the neurological deficit score, seepage amount of Evans blue, proportion of
TUNEL positive cell, levels of serum IL-6 and TNF-a, expression of TGF-B1 and p-ERK/ERK of rats in the Yigi Huoxue Tongluo
Prescription 5, 10, and 15 g/kg groups and nimodipine group were decreased (P < 0.05), and Yiqi Huoxue Tongluo Prescription groups
were dose-dependent, in addition, there was no significant difference in the indexes between Yiqgi Huoxue Tongluo Prescription 15 g/kg
group and nimodipine group. Conclusion Yigi Huoxue Tongluo Prescription can down regulate TGF-B/ERK signal and protect
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the nerve function of rats with subarachnoid hemorrhage.

Keywords: Yigi Huoxue Tongluo Prescription; subarachnoid hemorrhage; TGF-B/ERK signal; neuroprotection
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DRFRI-2, o1 28 JOE SRS ke DX 5 s+ L i 45 47
(B EHUR R R, K T7-BL (TGF-B1) 1]
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SR SCHRIY, o 5 S MO S 77 2457 1 77 (24
T A AR 25 B EARHED PN 30 4y,
10 mL, #SUEMIEZ K. . milEd 5 L
10, 20. 30 mL/kg 77 ig, e NAZ57) &N 5.
10. 15 g/kg, JEHLHLF-PL 0.2 mg/kg FIFIE ip, ¥
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W, AAIRMLIAIRIGR B2, 4 "CREL 1000
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A% TGF-Bl. ERK1/2. p-ERK1/2. GAPDH
—Hi, T 4 CUKFMTEER, TBST WREM 3
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WD 3 K, ARG 5 R B g &

ZidiE, LA Quantity One B HT EIMG, 3743 &
B AN RIA R .
1.9 ZItESH

K FH SPSS 22.0 3% SE 6 B AT Se vt bt
PL x+s FonitERE, ZAR AT RINE T %
Gy, AL — P AT LSD-t K56 .
2 #R
21 #HMSFEMBLES XN KBRFEINEERRITS B
=AU

SF AR, AR K B AP T RE B 1T
SrIETE (P<0.05), HEEAAMLL, #5500
TR L EFEAE FH 4K R A T
REB PR BB AT (P<<0.05), H.280% MM %%
TSR EA M, ARG MBS T S S
JEEHCPAHARLE, A ThREFRIA T2 2 R LG5
B, W1,
HEEMBES AR BEINEERIRIT S HE M

( X+s, n=12)
Table 1 Effect of Yigi Huoxue Tongluo Prescription on

=1

neurological deficit score in rats ( X +s, n=12)

15 FIENg-kg™) W& IREBATE 5
(EERZN — 0
gt — 3.78+0.63"
A MBS 5 2.56+0.52*
10 1.47+0.46"*
15 0.3540.21%4°
JEFEH P 2X107 0.3240.19%*

HEFARMELE: "P<0.05; SHBALLE: P<0.05 HiiF
iM% 75 5 g-kg T AL *P<<0.05; 538 0% MIE L 75 10 g-kg?
AL “P<0.05

*P < 0.05 vs sham group; *P < 0.05 vs model group; “P < 0.05 vs Yigi
Huoxue Tongluo Prescription low dose group; “P < 0.05 vs Yiqi
Huoxue Tongluo Prescription middle dose group

2.2 #SIEMIALE T XA R AN BRI 4 RS20
HHEFRMAME, BRARKRPCEESHE
BRIt (P<0.05). SHAYZHAALL, <0 dE
7% . AR JE BT 4K R SRR
BHEDERIK (P<0.05), H<UEMIE% T &4
BRI, AN MIEL T RS v T
HMLL, PCBEBHEERLSITFE N W& 2.
2.3 IWRIEMIBLETT XA R L4 pE TR 20
SBFARAAMEE, 158 4H R 5w B2 ot 20 23
TUNEL BH M40 bk B & v (P<<0.05). 5457
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2 @SBRI AR MAKFREEEMEAIRNE ( X s,
n=12)
Table 2 Effect of Yigi Huoxue Tongluo Prescription on blood-
brain barrier permeability in rats ( X +s,n=12)

el FlEN(gkg ™) BB B HE/(ng'mg )
(EERZN — 5.381+0.76
it — 22.93+3.98"
WARIGMELSF 5 17.02+2.41%

10 11.824+2.32*

15 5.9740.92#4"
J& 5 b~ 2X10 5.9240.96%4"

S5RFARALE: "P<0.05; SHEEALLE: P<0.05 HiSig
M3E%% 7 5 g-kg L A HLEL: *P<<0.05; 5253 M8 4% )7 10 g-kg?
A “P<0.05

*P < 0.05 vs sham group; #P < 0.05 vs model group; 4p<0.05vs Yiqi
Huoxue Tongluo Prescription 5 g-kg™ group; “P < 0.05 vs Yiqi
Huoxue Tongluo Prescription 10 g-kg™* group

ML, a UM R, T mR R e
M~ 2R BRI R BT ZH 23 TUNEL BH A4 471
FIFK (P<<0.05), H i U IMLid2% 7 & 4H 275

AHIEME, ARG MUEZE Ty & R4S e -4 A
He, iRz mgH 29 TUNEL BH 840 i B 5] 6 BY 5 AR
th, W& 3. K 1.

3 AREMBELG N ARMEMMAT N ( X +s,
n==6)
Table 3 Effect of Yigi Huoxue Tongluo Prescription on nerve
cell apoptosis in rats ( X +s,n=6)

45 FH/(g-kg ™) TUNEL BA:40 A L 5l/9%
BFER — 0
et — 86.72+19.65"
AR M8 7 5 62.05+10.76*
10 31.42+5.42%
15 2.024+0.28*°
JE B 2X107™ 1.94+0.26"°

H5EFARALE: "P<0.05; SEAALILE: *P<0.05; 50
MELE T 5 grkg L 4LELEL: 4P<<0.05; 1525 0% Md 45 )7 10 g-kg?
A “P<0.05

*P < 0.05 vs sham group; *P < 0.05 vs model group; “P < 0.05 vs Yigi
Huoxue Tongluo Prescription 5 g-kg™ group; “P < 0.05 vs Yiqi
Huoxue Tongluo Prescription 10 g-kg™ group
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Fig. 1 TUNEL staining in cortical tissue of rats (><200)

24 TWRIBMBLEHITKER IL-61 TNF-0 7K FHIF20

SRFARAMEL, AL AR % IL-6. TNF-a
AFIETHE (P<0.05). SHEEMAMEL, 2505
ML TR . B A S P 4K RS

IL-6. TNF-o /KF-RZER(K (P<0.05), H#a i
M%7 %20 2R EA M, 28 0 MLIB L% J7 =i
BH SR EMC ML, MiE IL-6. TNF-a K P2
RIS R, WK 4

F4 MEEMBLZSTARME IL-6. TNF-o KFEFME ( x+s, n=12)
Table 4 Effect of Yigi Huoxue Tongluo Prescription on I1L-6 and TNF-a levels in rats ( X #s,n=12)

2H ) il &E/(g-kg™) IL-6/(pg mL™) TNF-o/(pg mL™)
BFEAR — 29.76+2.08 33.47+2.56
R — 76.85+5.75" 83.75+6.83"
I MBS Ty 5 61.02+4.38" 66.92+5.04"
10 45574323 51.23+3.97#
15 30.46+2.13"" 34.02+2.72#4°
JEFLHF 2X 107 30.38+2.17%4 33.96+2.63"

SEFAMALE: "P<005: SHBANE: P<005; 5 USMIBATT 5 gkg 4l *P<0.05: 5k MLE44 )T 10 gkg L 4lHAE: “P<0.05
P < 0.05 vs sham group; #P < 0.05 vs model group; 4P <0.05vs Yigi Huoxue Tongluo Prescription 5 g-kg™ group; “P <0.05vs Yigi Huoxue Tongluo
Prescription 10 g-kg™ group
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TGF-B/ERK i&# ¥4 AH S Hx -1 TGF-B1. p-ERK/ERK B
ST (P<<0.05). SEMAMLL, A0S ML
i H s 2R JE S b~ 2H KRR K BRI R
HZ TGF-B/ERK HERMHCHEH TGF-pl. p-ERK/
ERK &K (P<<0.05), Hii 3L s %4
SRR, 2AOE MBSy R4S R R
AL, KR 2412 TGF-B/ERK 3 % AH 5%
#EH TGF-B1. p-ERK/ERK ZR LG 2¢m X, W
K2, %5.
3 it
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i ~]
ERK1/2 . 4.4x10*
4.2>10*
TGFPl v (D S S s e 500
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Fig. 2 Effect of Yigi Huoxue Tongluo Prescription on TGF-
B/ERK pathway related protein expression in cortical

tissue of rats ( X #s,n=12)

x5 FEFEMBLS T ARKERELS TGF-p/ERK BEBXELRIANEM ( x+s, n=12)
Table 5 Effect of Yigi Huoxue Tongluo Prescription on TGF-B/ERK pathway related protein expression in cortical tissue of

rats ( X s, n=12)

253 7/ (gkg ™) TGF-p1/GAPDH p-ERK/ERK
(EEN — 0.18+0.03 0.08+0.02
kit — 1.7440.29" 0.99+0.17"
2 MBS 5 1.0840.19* 0.67+0.13"
10 0.67+0.12%* 0.46+0.10**
15 0.28+0.05%4* 0.0940.02#4*
Je EE T 2X10™ 0.26+0.06*" 0.1040.03*4*

SEFARMLE: "P<0.05; SHEMAE: P<0.05; SaSIRMIBL FIRARALE: “P<0.05 S UGiu@ss s sl “P<0.05
P < 0.05 vs sham group; #P < 0.05 vs model group; 4P <0.05vs Yiqi Huoxue Tongluo Prescription low dose group; “P <0.05vs Yiqi Huoxue Tongluo

Prescription middle dose group
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HRIGTE, FIE—EAL, FEBE—BRAMI.

SE R

[1] Wang W Q, Han P, Xie R X, et al. TAT-mGIuR1 attenuates
neuronal apoptosis through preventing MGluR 1o truncation
after experimental subarachnoid hemorrhage [J]. ACS
Chem Neurosci, 2019, 10(1): 746-756.

[2] Bevers M B, Wolcott Z, Bache S, et al. Soluble ST2 links
inflammation to outcome after subarachnoid hemorrhage
[J]. Ann Neurol, 2019, 86(3): 384-394.

[3] Liu L, Fujimoto M, Nakano F, et al. Deficiency of
Tenascin-C alleviates neuronal apoptosis and neuroinflammation
after experimental subarachnoid hemorrhage in mice [J].
Mol Neurobiol, 2018, 55(11): 8346-8354.

[4] Huang X Y, He Y C, Chen Y F, et al. Baicalin attenuates
bleomycin-induced pulmonary fibrosis via adenosine A2a
receptor related TGF-Bl-induced ERKZ1/2 signaling
pathway [J]. BMC Pulm Med, 2016, 16(1): 132-142.

[5] LiuY, Wang T, Liu X, et al. Overexpression of zinc-a2-
glycoprotein  suppressed  seizures and  seizure-related
neuroflammation in pentylenetetrazol-kindled rats [J]. J
Neuroinflamm, 2018, 15(1): 92-101.

[6] Feng D Y, Wang B, Ma Y L, et al. The Ras/Raf/Erk

pathway mediates the subarachnoid hemorrhage-induced
apoptosis of hippocampal neurons through phosphorylation of
p53 [J]. Mol Neurobiol, 2015, 53(8): 5737-5748.

[7] &%, GEE4E, BEHER, & 05 MEs a7
RS REM AR AR 25 4] [9]. " EBF5E, 2019, 32(4):
18-21.

[8] ARk, Bzl A H I f s B AR Ak AR AR I I I
AR e P SR [3]. P AR R EE A,
2015, 13(5): 151-153, 164.

[0 % 8, %% 4, ek, % ad UG IMIES G UE
ML i I S IS A ThRe s [J]. T EARE,
2017, 44(2): 113-115.

[10] M8 K, XL, 9k 4, S8 SEARARTT S KB dk kA JiE
T M o M I A 2R R T AR AT T [0, BURAE
[BE2E33kE, 2017, 17(5): 815-819.

[11] & =5, B 5%, BKBHAE, 55 s USIMIE% GRS
PREE T R X A% P U if & i3 SOD. D-D.
CRP J T/ fm [J]. i 7 P EE 25 K224k, 2018,
20(2): 124-126.

[12] £ B, £ ¥, 0K, 5 JBEH-FX% M
AR R OK R R IR A IS R A s [J]. AR
15 4 RL T 44 78, 2017, 3(4): 226-229.

[13] Longa E Z, Weinstein P R, Carlson S R, et al. Reversible
middle cerebral artery occlusion without craniectomy in
rats [J]. Stroke, 1989, 20(1): 84-91.

[14] Venkatesulu K B, Nandhakumar A, Cherian M, et al.
Scalp block for management of subarachnoid hemorrhage
(SAH)-induced headache [J]. J Neurosurg Anesthesiol,
2019, 31(3): 356-357.

[15] Savarraj J, Parsha K, Hergenroeder G. Early brain injury
associated with systemic inflammation after subarachnoid
hemorrhage [J]. Neurocrit Care, 2018, 28(2): 203-211.

[16] Wu W, Guan Y, Zhao G, et al. Elevated IL-6 and TNF-a
levels in cerebrospinal fluid of subarachnoid hemorrhage
patients [J]. Mol neurobiol, 2016, 53(5): 3277-3285.

[17] Adami D, Berkefeld J, Platz J, et al. Complication rate of
intraarterial treatment of severe cerebral vasospasm after
subarachnoid hemorrhage with nimodipine and percutaneous
transluminal balloon angioplasty: worth the risk? [J]. J
Neuroradiology, 2018, 46(1): 15-24.

[18] TAERFE, AREAN, XIARYE. sAUE MBI BAERET
AT L I A Al R 8 LR B ) A B T
Refsemn [J]. BepidEE, 2019, 40(5): 125-128.

[19] Parsa R, Lund H, Tosevski I, et al. TGFB regulates
persistent neuroinflammation by controlling Thl polarization
and ROS production via monocyte-derived dendritic cells
[J]. Glia, 2016, 64(11): 1925-1937.

[20] Gu X, Zheng C Z, Zheng Q Y, et al. Salvianolic acid A
attenuates early brain injury after subarachnoid hemorrhage in
rats by regulating ERK/P38/Nrf2 signaling [J]. Am J
Transl Res, 2017, 9(12): 5643-5652.



