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Abstract: Objective To explore the effect of Chuanxiong (Chuanxiong Rhizoma) on blood-brain barrier permeability, and explain
the mechanism of its effect on blood-brain barrier permeability from the point of view of the changes of tight junction protein, efflux
protein expression and ezrin/radixin/mesin (ERM) phosphorylation level. Methods After a single administration of Chuanxiong
Rhizoma extract (5.8 g/kg), different molecular weights (4 x 103, 4 x 104, 7 x 10, 1.5 x 105) fluorescein isothiocyanate-dextran (FITC-
dextran) were injected intravenously, the fluorescence intensity of FITC-dextran in brain tissue was measured at 0, 0.5, 1,2,4, 6,8 h
after administration, and the effect of Chuanxiong Rhizoma on blood-brain barrier permeability in vivo was quantitatively described.
The blood-brain barrier model was established by single culture of bEnd.3 cells, monomeric components (senkyunolide A,
senkyunolide H, ferulic acid, senkyunolide I, ligustilide, levistilide A, 4-hydroxy-3-butylphthalide) in Chuanxiong Rhizoma were given,
the apparent permeability coefficient (Papp) of fluorescein sodium (Na-F) in a blood-brain barrier model for the same duration of action
were compared, and the effect of each component on opening the blood-brain barrier was determined. Western blotting was used to
detect the expressions of zonula occluden-1 (ZO-1), Occludin, P-glycoprotein (P-gp), VE-cadherin, p-ERM/ERM protein in brain
After 0.5 h of

administration of Chuanxiong Rhizoma extract, it significantly increased the transmittance of FITC-dextran (molecular weight 4 x 10%)

tissue and bEnd.3 cells before and after administration of Chuanxiong Rhizoma and its components. Results

in brain tissue of mice (P < 0.001), and the intensity of action was weaken with prolonged administration time, but had no effect on
the transmittance of FITC-dextran (molecular weight of 4 x 104, 7 x 104, 1.5 x 10°). In brain tissue, after 0.5 h of administration of
Chuanxiong Rhizoma extract, the expressions of ZO-1 and Occludin protein were downregulated (P < 0.05), and the expression of P-
gp protein was upregulated; After 2 h of administration, ZO-1 and Occludin protein expressions were upregulated (P < 0.05, 0.01), and
P-gp protein expression was downregulation (P < 0.01); At 8 h of administration, there was no significant difference in the protein
expression levels of ZO-1, Occludin, and P-gp compared with control group. Within 8 h administration time of different concentrations
(1, 10, 100 pmol/L) of senkyunolide I, senkyunolide A, senkyunolide H and ferulic acid, Papp of Na-F penetration through the blood-
brain barrier model was significantly increased, with senkyunolide I had the strongest promoting effect. bEnd.3 cells were treated with
senkyunolide I (10 pmol/L) for 0.5 h, the protein expressions of Occludin, ZO-1 and p-ERM/ERM were downregulated (P < 0.01),
and the protein expressions of Occludin, ZO-1 and p-ERM/ERM were upregulated at 1 h of treatment (P < 0.01). At 8 h of treatment,
there was no significant difference in the protein expression levels of Occludin, ZO-1 and p-ERM/ERM compared with control group.
Conclusion Chuanxiong Rhizoma can increase the permeability of blood-brain barrier to a limited extent, and the effect is time-
dependent, and its mechanism is related to the change of protein expression level of Occludin, ZO-1, P-gp and ERM phosphorylation level.
Key words: Chuanxiong Rhizoma; blood-brain barrier permeability; Occludin; ZO-1; P-glycoprotein; ezrin/radixin/mesin;

senkyunolide A; senkyunolide H; ferulic acid; senkyunolide I; ligustilide; levistilide A; 4-hydroxy-3-butylphthalide
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JIE N H (LS Y-084-180408). FA N (b5
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22 JIISEBMIESENE
221 FEAIE JIE RIS 1 ug/mL, 0.22
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spray ionization, ESI), 1E. &1 2 W Il
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Table 1 Mass spectrometry parameters of seven compounds
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HENE N A 7.30 193.1>137.0 80 12 EET
43253 T HOREK 4.62 207.0>165.0 115 15 EET
R PG 7.84 191.0>173.0 75 12 EET
ETEINERN 9.27 381.2>191.1 65 14 EET

7H (n=10), Hrp 1 U854, HAh 6 H¥A
R, MR ig A FRERKE AR, A ig )|
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1. 2. 4. 6. 8h JGMkM, ivFITC-dextran (30 pg/g,
AR 2T B 4X10%), 53 5 min, MOIEHER A
PEER K 5 B ZH A

FEE ORI N 48 K, BENLIE FITC-
dextran A% F g (4X10%. 7X10*. 1.5X10%)
3 H (n=16), FFHFEH X IRAME 24
(n=8), XA ig ALK 0.5 h [, A4
ig JIEFEE) 0.5 h JGREE, iv ASFEFEX 77
] FITC-dextran (30 pg/g), ¥ 5 min, MO AT
AR ER K S B ZH 2
2.4 FNALRHERA IR

o L 400 N S 2 ) Tris-HCL (pH 7.6), 213
10 min, 4 500 r/min .00 EEWR, HEBRTIMA
SRR R A, 15000 r/min 0B EER. K
£ ThEEREFR Y (Ex=485nm, En=535nm, n=3)
M5 S H IR R B3SO EaRE, TR A i ZH
U F =5 ) FITC-dextran & & .
2.5 RSN REERBEAER)IS BERSED
Iin P 5% B 188 135 1 S 06
2.5.1 ZifulE%E  bEnd.3 A S 10%A6 4 M3
1%5HHR-BEH K (10 UmL) K= P DMEM £ 9%
e, T 37 C. 5%CO, KT R TE, %13 4%
R, 0.25%J#E (& 0.05%EDTA) WH1k. IEIEAN
JEA G- AT (9 1), HEMMmE=1X
106 N/mL. EIRHLE 37 CE&AF PRGBS
T GE ARG TRk, AT BSOS 37
2.5.2 L BE AR A B R P IR B 80%
") bEnd.3 0, JHALITEL, AR BN 2 X 10°
AS/mL . B 2R TH AN LR A 0E B a0
Transwell /N, 25NN 0.5 mL gHP0VS W, %
WO 1.5 mL 5E ARG 7208, AMUTRs JG ke 2 8%
Fefa . HEER AR R, BB R .

1 6 U B i A5 Y 65 PN B L RELASCRS I %5 P 2 P BEL
(transepithelial resistance, Teer), 115 41Z{HH Q,
Q s i HLAEFRFRR T DA A I i g B S AR T i

Q=(Q 95— Q 1) X S

Q s NN Teer 1, Q = WA HR/NE Teer H, S A
AINFJRIEEA (1.1 cm?)
253 SEEEY SR xR RUAS [F) IR B 1)
FENNE MBS Ay VENZNER Hy FIERER . )15 A
B I BEARER. BRCYIHAEE A 4-F20E-3- T R TK
2R 245 H S IR A I NN 5 2 IR N 1 pg/mL
Na-F [F)58 485755 0.5 mL, Bt in A28 1 58 44
FRHE 1.5 mL; 2RI A BN & 44 R Bk
A 1 pg/mL Na-F FURNFEAEE (1. 105 100 umol/L)
W e ARG 93 0.5 mL, BB T F 56 4
B3 1.5 mL.

YE25)E 0.5 1. 24 4. 6. 8h THENCHELEE 100
ul, HUREJEHD e AH R AR R 7 3 2 et . B SR
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5 Na-F [JRMZiE R % (apparent permeability
coefficient, Papp)o

Papp= (dQ/dt) X L/A X 1/Co
dQ/dt FIRFEIEMI ] dt A IZGPIFEIE RS (ngls) , A FoR
NE B ERRE (cm?) , CoFmWIMAS R NLIMR
WREE (1 pg/mL)

I i o P A5 28 s 2 55 75 SR - Teer!'*171 )% Na-
FUSIS Popy VP
2.6 Western blotting &M &E A &Ki&

B “2.37 TURN4 TSI 0. 0.5, 1. 2,
4. 8 h /NS, TN 1% PMSF. 2% R
P H A R R, (RIRSI R A, 4 °CL 12 000
t/min 50> 10 min, W& LiF. B “2.537 W NAT
10 umol/L ¥ )15 K 10+ 0.5+ 1.2+ 4. 8 h ) bEnd.3
YR, WCERAHMIYTIE , TN 1% PMSF. 2% iR
O]9 ) 2 AR v, AIRIRFFEL, 4 °C. 12 000 r/min
B0 10 min, Y L. R BCA A& e mE
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H, WK 10 min (R AR BEAFEME 4%~
15% 1 Z be L0 B AN - 58 A A I i s I P VK, % &2
PVDF J, B 5% 136 F & A = iR, gl
FE AR S Occludin (1 D2 500). VE-cadherin
(1:300). ZO-1 (1:6000). P-gp (1:800) —#i,
2 ff 25 I RE AL E p-ERM (12 1000). ERM (1 :
1200). ZO-1 (1:6000). Occludin (1 :6000).
P-gp (1:1250) —Pi, 4 CHEIR. Pk, A
=Pt (11100000, ZFIRFFE 1h, RAMFERIEHK
BAGTHTAE -
27 FITFES

SEEGHHE DL X £ s R, 4 SPSS 17.0 #fiidk
1T 5500, R SR E 7 22 53 B0 R B 6
t K556, ¥ A GraphPad Prism 6.02 #A4-AE K.
3 &R
3.1 IS HREUIXS /R X BRI 1 A
3.1 BRSSO &8 RS REN
SEAS ) SR EU v & 1873 o7 0 B el e BRI
FENENEE A7.1 mg/g. BANES 437 mg/g. Fi%k
FR 1.9 mg/g. FENIE AR 1.1 mg/g. WCHIHMEE A
0.71 mg/g. V)% NHE HO0.21 mg/g. 4-F83-3-T %
ZKBEK 0.057 mg/g.
3.2 IE i b R A e R
1 Fiw, SxTRRAE, 47 )53 0.5h )5,
BT G 5T & A 4y TR BN 4 X 10° (1) FITC-
dextran FETFEMIN (P<0.001), [E25Z50} R ZE
K, SEBHFREMBAKRT. 2R, 5
XTRELLLAL, 457 )1 E I 0.5h f5, FHXS 731 )i

2.0

kk

1.59

1.04

0.5
0 T T T
R 05 1 2 4 6 8
t/h

HXHRA S "P<0.05 P<0.01 P<0.001, FEME.
P<0.05 "P<0.01 *"P<0.001 vs control group, same as below

FITC-dextran/(ug-g ')

figures.

1 AF)ISEBIARERERE FITC-dextran (X147
FHRE4X10°) EHRERFHELTE (X£s,n=10)
Fig.1 Extravasation of FITC-dextran (molecular weight
4 x 10°) in brain tissue after Chuanxiong Rhizoma extract

treatment for different time ( X + s, n =10)

2.01 .
o we
an 1.54
=
E
::) 1.0 -

G T -
E 0.5
s
0 4 T T T
4% 10* 7 X 104 1.5X10°%
43 A

2 4BF)IEREE 0.5 h EAREHEN S FHRE FITC-
dextran ZERALHRETE (X+s,n=8)
Fig.2 Extravasation of FITC-dextran with different
molecular weight in brain tissue after treatment with

Chuanxiong Rhizoma extract for 0.5h (X £ s,n=28)

N 4X 104, 7X104% 1.5X105 ) FITC-dextran 7£
INRIEHAR SRR EEER .
313 I E R B A [\ 45 2 i [A] i 40 21
Occludin. ZO-1. VE-cadherin. P-gp ZR[3RIA U
Kl 3 FoR, 47 )IERIU 0.5, 1. 2. 4. 8h JF/I
B ZHZA % Occludin, ZO-1 AR ILE R IK)E
W0 S R RS 45255 0.5 h Occludin 25
FKILBIRC, A25)5 1. 2. 4h BEHIN (P<<0.05.
0.01), 4%5)5 8h FHEENRAIKT: 4425)5 0.5h
ZO-1 EHFRXEBEFIL (P<0.05), 4%jj52h
WEIN (P<0.05), %%5)5 8 h FEKEXTHEZ K
i 4545)5 0.5hP-gp EAXREESE, 425 2h
BERK (P<0.01), %4#j)5 4. 8h FHmZx A
KF; #5245 VE-cadherin £ [ RIE AT
3.2 JIE Bk 4 5t Ak 5 P 4R A AR 2L g9 1 R
3.2.1 B RERAT MBS RV SR 2 N B A
REAULIE HOIRAS I BB . bEnd.3 40 £ 230, 1T
G R R AR SR . BUBERE TR
5 REF, Teer fHFREN 60 Q-cm?, (HHIENIH
70 Q-cm? FEAR—F), Na-F ] Py [HN 0.5X 107
cm/s, (SRERIFHFEEE 4.9X107 cm/s JEA—
B0, Ui BH A T I i e AR A R R D, BT T
PRIT 0] 18 325 1 (R RE Ao
322 JI|E LA R A3 o ot i o e 4 A AR AL G 5
IFZIE 245F 0~100 pmol/L FIVE)IE A AL v
JUE AR Hy BOERRR . VRIS BRI SEARNES. KK
MANEE Ay 4-55E-3- T HORRRS, bEnd.3 41 A7
HERLRT 90%.

JNES 7 AR R 43 X6 100G B B 4 AR Na-
F RWSE R WL 4, 4525 0.5, 1. 2. 4.
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< 4] E
X 05 1 2 4 8 g 04 s 3
t/h & 021 g
o0 1 ]
W05 1 2 4 8 W05 1 2 4 8
t/h t/h
3 HBFIIEREBIA R EENRKELS T Occludin, ZO-1. P-gp. VE-cadherin EHRIEMTL (X£s,n=3)

Fig.3 Changes in Occludin, ZO-1, P-gp, and VE-cadherin protein expressions in brain tissue of mice after different

durations of administration of Chuanxiong Rhizoma extract (X £s,n=3)
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Fig. 4 Papp of Na-F at different times of action of seven active components (X + s, n=3)
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Table 2 Papp percentage at 0.5 h of drug administration with different concentrations (X £ s, n =3)
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Fig.5 Effect of senkyunolide I on P-gp, Occludin, ZO-1 and p-ERM/ERM protein expressions in bEnd.3 cells (X = s, n=3)
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