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Screening of effective ingredients of total salvianolic acids components based on
in vitro blood-brain barrier model
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Abstract: Objective To establish a blood-brain barrier (BBB) model for screening the effective ingredients of total salvianolic acids
components probably effecting central nervous system (CNS), so as to provide basis for the rapid high throughput screening of CNS
drugs. Methods The permeability parameters and transendothelial electrical resistance (TEER) values showed that the co-cultured
human brain microvascular endothelial cells (HBMEC)/HA (human astrocytes) model was of integrity and vitality. The active components
in total salvianolic acids were screened with this in vitro BBB model, and then analyzed by HPLC-MS. Results HA induced HBMEC to
produce higher TEER in the first 10 d up to 300 ©/cm’, sodium fluorescein was used to detect the formation of tight junctions of
endothelial cells, and the permeability coefficient of its cross-vitro BBB model was (2.659 = 0.730) x 10~ cn/min. We found that six
compounds at least from total salvianolic acids could permeate across BBB model, in which danshensu, protocatechuic acid, caffeic acid,
isoferulic acid, lithospermic acid, and rosmarinicacid were identified. Conclusion The co-cultured HBMEC/HA model combined with
HPLC-MS analysis is a potential tool for screening of BBB permeable drug candidates from plant-derived materials.

Key words: total salvianolic acids components; blood-brain barrier; danshensu; protocatechuic acid; caffeic acid; isoferulic acid;

lithospermic acid; rosmarinicacid

ks BE: 2016-04-17

HEEWA: FHRARFFESHIIH (81573620, 81473394); FRJMHEIT S 5 HTEE 25 E 0 (ZXY2013022)
TEHEN: 850, &, WL, E-mail: hanxj1030@163.com

«@EEE wWhoRk, B, Ui, AT, Tel: (025)85608672  E-mail: jiaxiaobin2005@hotmail.com



* 3640 - $E%

Chinese Traditional and Herbal Drugs 3% 47 % 3520 3 2016 £ 10 B

P& MRS EHW TS Salviae miltiorrhiza
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FHRBRAL 73 G R H 17697 CNS Zli e L4 ah .
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Y AR M A M B 531 A STERIE ST 2 ) BRI L A, 1
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W R . DR, ST (R R AR S 2 ) i
FBEROHFAF 5T T 25%F BBB (11704 H A1 43 bids ik
BBB () 243G M e s HAT B R e ANSEER A
AL P 2 4 (HBMEC) A TR 41 i
(HA) R 7R R EALAE T CONS #2454 1) BBB
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AR B FEM (Thermo Electrom 24 7))
Labconco Purifier Class II 424444 (Biosafety
Cabinet); XDS-1B {35 Bt (PSR AR
AT ZW-A BE Rz 4 HH-4 B SR K
By CHEINEEBISAR AR LDZX-50K #5375
N ZFOKR A (Rl 2RIy i) D: LC-MS
VAR (- U] R 40 (Agilent1100, S[H Agilent
/v 7)) ; Bruke Q6000MS (f# [F Bruke 23] );
METTLERAL204 )543 2 — KV CHEREE)-FEF1 2
ISR AT EidA R B 0L (36[E Beckman
] Milli-Q ikl (3E[E Millipore A ]); HL
PR TERAE CRI R AR AR 1
HBWAE (Thermo A #], FEMED; 41 M vh 548
(XB-K-25, 1/400 mm®); 24 FLARALIE 40 o
B (PET i, 1 um, Millipore 72 ]); Millicell-ERS
s HAY (32 [ Millipore A H] ).

1.2 HHpaskiR

NG P 41 i (HBMEC, 525 1000)-
NEBEER AN (HA, 3% 1800) I H/) M #
PeBR AR A R 2w o
1.3 #m5iH

FHARR A 5y CRAT IR T & 77 1 =80%, b5
140714, PH2 B YR ARA R AT X S
Z 24 (L5 14030108 ). KiEFHFR (S
14020115) AR (L5 14052702) J7 ) LAHR (4t
5 14030209). MiHERR (Hk5 140305100, SF#L
iz (45 14072308), AT Rl 2 SRR AE DR
HIRAF], RS54 =98%. RPMI 1640 B 755
DMEM };FR3:, JHEE FING-EDTA WAL (R atdl
FAEMREAT]D; MTT (GE[H Sigma 7)) G4
My (Gibco 2 w], E£E); DMSO (3£ [H Sigma 2
#]); NaCl. KCI. Na,HPO,. Na,HPO,-H,0. KH,PO,
Crg A 2R PR 2 D
2 HESHER
2.1 K5 BBB #&EB T
2.1.1  ZfukE3E HBMEC [R5 S400, A
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RPMI 1640 5E 435753 (57 10% A2 03 « A2 B
0.8 g/L. T % 80 U/mL. #% % 0.08 mg/mL),
37 C. 5% CO, W5 F-M R REFE, o 2 R, LUESE
2 d ¥, EHRKE 90%%E L. HA [59:: 5
i, A DMEM {83770 (5 10%016 44 1M
e % 0.584 /L. HHi% 80 UmL. Bid#
0.08 mg/mL), ‘& 37 C. 5% CO, BiFEffih g%, o
2 R, LUGEE 2 d 3, 24K S 90% LA,
2.1.2 HBMEC/HA JL3:5% B ilALIec B4 it
CE 1-ADBIE T 24 LB, BUE KRS R 47 HA,
JH B B L Ak I AR AN 3 5 5 10° A/mL,
P T8 B 00 40 MU AR 1 22 SRR L, RE LR 80
uL, # 37 C. 5% CO, AHXRAE 90%[1 3G 740
WEER K R 7%, WE 1-B Pios. 4 h f5fF HA
I M5 2 22 SRR S i K 4 PR A Al A 1 A T
24 ALYNHEE IR, RN EAMIINN 400 uL
DMEM 5E4 R 7751575, Wil 1-C s, 2 d il
1. Kigf 2d Ja, BUEKARE LI HBMEC, H
JE BRI AL T A A B FE 2 1 X 10° AN /mL, %
Bl an b ) B2, RALINA RPMI 1640 564255
FRHE 400 pL, CRAFAH MR P9 AP R AR S5,
K 1-D s, 2 d 4 1 WK B RAE R 5 1 B )
Hanks ~F- i & %W (HBSS) 12w, M
Millicell-ERS HLBEASCIN i JL 35 7244 2R (155 1A 1 4 it
FBPH (transendothelial electrical resistance, TEER)
B, RIS A5 AT 2 A B 5 2 P B e
R K SO LN HBSS W 4 VA A K40 e i)
Millicell BAE/NENEN AN, PAT 3 N5
2.1.3 BIWSER  IEPEET T AN SE R A IR B A
SREGAL, [ G B AT (R AR 25 TR

HA
LI '
\ /:?Hi}}@féﬁm 2448
A PET i B
\ ﬂd—HBMEC
_E—i%?%iﬁﬁﬁ = e B 1]
L HA E{_ L HA
C D

1 HBMEC/HA #i5F5#HTEE
Fig.1 Schematic diagram of coculturing HBMEC/HA

SIS U I 1) 0 PRAF A R AN RG29S
BB AR 24 0.5 cm, B 37 ‘C. 5% CO,. AHX}
VI 90% 1T FEAE SR 4 h 5 ST AR 1 L,
WA AN 22 C I B, i HBMEC
HA A& mribt, nTLOKHAEA BBB RS
B, BRI A RN T, ez B B
214 GibeEab R SEEG R R b AT BoE 4R
SPSS 16.0 HEATALEE, FH H %21 £ds LR A ¢
Kim, Hx+s £om.

2.1.5 TEER WillE 5L TR AL dPz i
S BHPE AR AT IR . B 5 IR 35 774
AR PR 1 h, MNR#% M Millicell-ERS
{F ¥ HG, %244k BBB # % i) TEER. LABHA
TEER W AR AE Ay ) BT P B 4 i 5 % 3 42 TV i 1) A
#E. TEER i =TEER s:5—TEER =, % & [IA5Z0
N, KIEJG A8 TEER=TEER wu/S, S At
JEE BT AN (24 FLARBUR EAZE 03 em®) . ]
Millicell-ERS HLFHAS & )L 559744 & TEER [45
BULE 2. TEER AH IR A2 /N 8 110 B Y B 5 e
IFLRHAT, AU E BBB 588 M Sk ff Al
B A FR AR e I TEER 5 5 e 41 i 5] 5% 3%
%4l BBB BALEIEMER AT, 2 TEER {Hik £
—EFEREY, RISR A4 MR R OB .t 2 AT,
TEER 7567 3 d $INARF 2208 . IX I 40 i 7 24 H 1w
RIL BG4 d JabEAE 0 TT 4G/, TEER 20d
B, FE 9 KiLF] 300 Qem® At TG OEEHG
s BUHE 12 RIEA A4k 7E 300 Q/em® 2247114,
WOEPRILREFE 10 d A R AE N BBB 254 i AR .
2.1.6 IGFNEB RN E R R EEARI
ME 96 AN 0.004. 0.02. 0.1, 0.5, 1.0 mg/L 4}
SIFE R P 420 nm AU 545 nm AR 158
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Fig. 2 Variation curve of TEER with time in co-cultured

system (X *s,n =28)
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BRI, REMERINE 3 R, BCOPRAMELZ I E
Bk 2k o AR SCHRIRAE ORI S I O
PiASNE R BBB B . EH TEER WllE(EAS
SRR, RRAE 37 CA&M FMT. WSEE4im
FE IR P AR 4D, AR 3 A
ITHEMR . T seE et in N 800 uL Hanks ¥, 7
fEghibrhin AN 300 pL A9 EE 10 mg/L 11
Hanks ¥, & 37 C. 5% CO,. HIXHZEE 90%115s
FEFATRRRSE L h 5, ABaBGHPE 300 pL W, 7E
[FRE RIS e B N I g, P
O EMbREM L, THEYOLREMEL BBB #E
R ok 2R S TN M) B2 i i % AR 2 it
FERRAAR GEBRIATI=CAX VA/CL, Ca JyFRMHE
SRR Va NEOBAARRL Co b i)in i
IS . UEBRAABUNPARFR (YD, LARHRE] (X
HRARRPER, HARIZE R RERRZ (ul/min), id
VEAIN FEIENE (P XRIHFL (8. FIeEMA
AhiZ Tt BBB BAS I IEE X KA (PS,) W] L
TAREAF]: 1/PS,=1/PS,—1/PS; b PS %
71N SE 6 21 P I X SR THAR,  PSe F7n o i Ml (1 41
ARG REZH (R0 0 1 X BT, S AL I 4
LA AR R S T AR

N IRRAE LT, P AR IR
(X)) H3HmE () MR R, BT/~
h Y=14 417 X+153.25, R*=0.999 9. LLH& £
7E BBB A8 R B ARG I ] (min) 7EIE, 15
BTN Y=0.516 7 X, 70 &L IRk
ZH 60 min [FEFRAABUA (31.01£5.38) pl; %
2 B AE T 4 R T A b B AR ) 1 [ U5
TFEN Y=1.466 7 X, PCERMMETCAM ML R
60 min [FG AR (88.2048.59) uL, B AR
1/PS.=1/PS,— 1/PS; Rl A T+ G 2= M5 451 BBB
R B5 R BN (2.65940.730) X107 cm/min,
5 ORI O PR AR
2.1.7 BBB BAMRETEFSE BBB B8
PEVEIN B85, 240 A AR N ARG IR 3, 7EdG
BRI A AR 5N 300, 800 uL ff) HBSS Wi, &1
37 C+ 5% COyv HIXEEE 90%I 5 T4 T 855
804 24 4. 8h INllE TEER fH. 455 (K& 3)
7x, BBB #RAU7E HBSS #i'[' 4 h P TEER {347
340 Qlem’® iAT, RUIZA MBI E HBSS Hl
Z/DRERE 4 h, BT LA A 2% I 1 S I 41
PR B LK

340 -

320 A
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TEER/(Q-cm %)

260 T T T T T
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3 HBMEC/HA HIEFAERREN (X Ls,n=6)
Fig.3 Stability of co-cultured HBMEC/HA system (X L,
n=06)

2.2 FEAERE S HEMAYHIF

KRR BR A1 5 2.0 mg, BT 50 mL =)l
H, F HBSS il E 7, WA, i 0.22 um ffLIE
J,  BIAF P BRZH 20 A b T o
23 WEREARHH &

YR RIS R JRULATR . WNHERR |
FEPTERIR . RIETIR . BERRA RS R, BT 10
mL &, HHESE AR ZIE, #25, H0.45 um
TUFLIEREIEIE, MBI, RIASXS B v
2.4 FIERERLE 5 TE R 9 R T IE

HBMEC/HA :553% 10 d J5, HU TEER i &
FOR BRI AT S, A 37 C Tk HBSS S
ERVEOTAT IR SR A £ 30 min!'Th (N2 300 pL,
Pl 800 uL) J&, WA PN AR HBSS ¥
] I 2453t N 23 I NI R 2H 73 B (il 300 L,
Il OB A AN 2590 (1) 2% 1 HBSS ¥ 800 uL,
TR FFFEAR N AN — 5 B NI 25 W T 25 A
HBSS % 1) 24 FLHR 3L Ie BE 40 Bl i -5
50 r/min [¥) 37 CHERZEART . 7E 60 min IFIRIEE
WL 300 pL, [RIIT AR 2 AH R 1) HBSS il 5K
Uil I8 =N I O | 33V & T = Y T R
15 min (15 000 r/min), HY F3f, HE4T HPLC &k
I3 HTAI LC-MS 23 #7
2.5 HPLC &ifH4h
251 {6344t Hedera ODS-2 {44 (250 mmX
4.6 mm, 5 pm); VAN LG (A -1.5%HRIK
W (B), BAEEVERAET: 0~6 min, 5%~13% A;
6~13 min, 13%~15%A; 13~25min, 15%~18%
A; 25~34 min, 18%~21% A; 34~50 min, 21%~
25% A; 50~60 min, 25%~62% A; AR E 1.0
mL/min; KK 286 nm; HEAEE 10 pL.
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srifiid BBB AERUREROE R, fE “2.5.17 ik
PEREREIE, 34T HPLC 437, 153 HPLC K3,

DL 4, (ko] WPHR R 2 43 il ik BBB R i i
Jii £ 30 1 R A R R B SR ek b, S5 RN 6 A
FHB Ry AT L BBB B, FHBRAL /b &
BRI i JFU LA IR o] LLUE I A4 BBB £28,

Yoy R R RO P R B HIAEEELL BBB
R, X% Ui BBB R AT AL A )
BA @Mk sett, HEREAR TSR T)
mfiKe 2 RE G PESIRAT BIAH R IRk 45 28, 10
A RS BBB R B AT [’ G I A I R 1

2.6 EMERDETE
2.6.1 JIEScAE HEMIZESFALYE (ESI P A

TEA, FEAON N, AR E 8.0 L/min, 45
URSE 325 C, KL 4 000 V, FAEAHEIE N
241.325 kPa (35 psi), FHE K m/z 100~1 085,
2.6.2 % BBB s %E H ESUMS {E6 1
PR X RE % 27 1 BBB AT (R FF Ty R 2H 40 1% 1
ST S, UKL S R 6. KRR TR g
T LR RE R G 5 AT RE S T8, OF 5 SRR
()53 S5 R EAT 6, U 6 AN Rar, a3 Bk P
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S-rosmarinicacid  6-lithospermic acid

E4 FERRESHRIZR (A). FFEIEZZE5) 85T BBB 122
kR (B) FxIRMEAR (C) B HPLC ik

Fig. 4 HPLC of total salvianolic acids components (A),
drug candidates transfering across BBB (B), and reference

substances (C)
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Fig. 5 Product ion mass spectra of [M—H]  of active components of total salvianolic acids
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Fig. 6 Product ion mass spectra of [M—H] of active components of total salvianolic acids

Z%. BULKRE . WIHERR . FPIaLie . Rk w .
KR,

6 NIRRT R i 1 IR B I TR Cep)
i 8.112 min, THIANFFZE, m/z197.04 1) [M—
H] 1§ (K 5), 178.61 4 [M—H—18] # ', 152.70
H [M—H—44] 1 (K 6); (il 2 1) 1 49 8.907
min, HIANIEILEIR, m/z 152.96 & [M—H] 1%
(& 5), 109.02 & [M—H—44] #H (K 6); {4
W 3 1) A 15.106 min, FHIAKINHERR, m/z
179.12 24 [M—H] W (& 5), 15122 4 [M—H—
281 WE ST, 13517 4 [M—H—44] ) (& 6);
Oi8IE 4 (F) 1 4 29.860 min, AN SR EEES,
m/z193.02 4 [M—H] & (K 5), 174.89 & [M—
H—18] # 7, 165.51 2 [M—H—28] # }1, 149.06
J IM—H—441 1R (B 6); (ailill 5 (1 b
40.914 min, BHIARIRIERR, m/z359.01 4 [M—
H] W (] 5), 340.90 ) [M—H—18] %}, 314.19
J [M—H—44] W F, 249.17 4 [M—H—110]
Wh (K 6): thifkilg 6 1) i 4 43.013 min, FfiIA
HRER, m/z 536.80 &y [M—H] 1§ (& 5), 519.20
) [M—H—18] 1§, 493.00 Jy [M—H—44] %,
446.36 ) [M—H—91] 1% (& 6).

2.7 IEFEE-KERSEREENE

AT 20 WS 0 UE Py R 4 53 33 i A
4t BBB R HEAT I PR Ry TR IR W] SE Ik, SR U
A A AE IE S RE- KR R R AL, H e S g
VRN, At n] DAYIE T 2% R 4y 6 75 3% 1 BBB.
F2 R SCHRARIE P L0526 MBS IE - BE-/K
RR IR (logP). 1 RIRTT CNS B M 214
T IEVEE-KIER logP AN T2, AT 512,
i S HOR P2 2 BULRIR S WNHERR . Sl
BRI DRIk B TR RIS TR 1) IE B KA R logP 4%
5h—-0.312. 1.101. 1.310. 1.321. 1.487. 1.758,
B)75E CNS 259155 1 IIHFAE .
3 itie

H BT 254038 58 BBB (77 1k e JL Sz 86 o)
REBI R 4RI BNWTEAART I B A fiv 41 21
Rl Ak4h BBB RERRI 7 B R OR kAU
fiiik. A4 BBB BAAEAR 2 5250 U 143
Y, BEA D), HReWBHAN AR BDRES, R4
WKW 5% 254 43 1 1k BBB (R I« AR5 AN %
BRLRE, WS 25l BBB (K3 2% )7 143 2
J N

ALK HBMEC/HA JLRE 9R 7 TR 2y
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WIR N RS TR IR R A4 257 18 BBB A
IR 2 BERAE LA 1 [R 40 S 9,
A LME HA 1) 2 5808 i AL 5 HBMEC B2 78 43 i B
Eo7 o7y LM b IE /S IRAER LN Ei LR (7oA ) ]
ik BBB H#fE. [AI, L4224 1 um 1] Millicell £
SRR s A0 R AR 22 DA T RIBVPRAS,
ATLATE TS 2 PET JBE B R p i i ik AE KR4
R )ZMTE R 5 RN BBB iz 2545
AR, SRS BBB BLAERAE S A5 T,
BARIFsEGEmIrE, HEm, PJul. &5, &
CNS 259y (1 - 3 vy 38 52 0 B F 5 T A T2 1)
N FTSe. (HRS BBB BB AT G, & HREAE
i EE s BBB WML Tk, BTG YE
it BBB Ja AR AN, FE A AR S
BN 2SR B0 TE

TZLEIRYT CNS B 7 T AT FARF AR
WIERAHEA . BIER NG R 2d i 3 () 2 s
P2 Ay T HE N CUI A = 1) CNS,  RAEIRTTVER
S ARG, ST Rk4h BBB BRI LY
TP AR R D IR TTEER T CNS BE Tk
SRR PR ARSI, ARSI AXT CNS BIE IR
YER 697 CNS 2800 vh 2 ik — P P R AR LA
FORE o TEVET TR K Eafs b 254
W) LRl 4%, k4 BBB 41 f i 84 45 &
LC-MS 3 HrHe RAT B A vh 25IACA I 7 v i 45
BAEH.
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