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Abstract: Objective To explore the trans-blood-brain barrier (BBB) transport mechanism of different medicinal components of
Yuanhu Zhitong Prescription: tetrahydropalmatine, palmatine, fumarine, imperatorin and isoimperatorin based on drug transporter.
Methods A bilayer cell model of hCMEC/D3-U87 was developed to study the cross-BBB absorption of different components of the
drug. The mRNA expression levels of related transporter proteins multidrug resistance protein 1 (MDRI), breast cancer resistance
protein (BCRP), organic cation transporter 1 (OCTI), OCT2, OCT3, organic anion transporter 1 (OCTNI), OCTN2, OATP1A2,
OATP2B1 in hCMEC/D3 cells were measured by real-time fluorescence quantitative PCR. Six cell lines overexpressing human
transporters (S2-OCT1, S2-OCT3, S2-OCTN1, S2-OCTN2, HEK293-OATP1A2, HEK293-OATP2B1) were used for the uptake test
to determine whether the drug components were substrates of transporter protein. Results All components could cross the blood-
brain barrier to a certain extent, tetrahydropalmatine, imperatorin and isoimperatorin had better characteristics of crossing the blood-
brain barrier, while palmatine and protoopiate had weaker ability of crossing the blood-brain barrier. The efflux transporter MDRI,
BCRP and the uptake transporter OCTNI, OATP2B1, OATP1A42 had relatively high mRNA expression levels in hCMECD/3 cells.
Tetrahydropalmatine was the substrate of OCT1, OCTN1 and OATP1A2. Palmatine was the substrate of OCT1, OCT3, OCTNI,
OCTN2 and OATP2BI1. Protopine was the substrate of OCT1, OCTN1 and OCTN2. Imperatorin and isoimperatorin were the
substrates of OCT3. Conclusion Tetrahydropalmatine enters the BBB via OATP1A2, OCT1, and OCTNI1. Palmatine enters the BBB
via OATP2B1, OCT1, OCT3, OCTNI1, and OCTN2. Protopine enters the BBB via OCT1, OCTNI1, and OCTN2. Imperatorin and
isoimperatorin enters the BBB via OCT3.

Key words: Yuanhu Zhitong Prescription; blood-brain barrier; drug transporter; tetrahydropalmatine; palmatine; fumarine;

imperatorin; isoimperatorin
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Table 1 HPLC conditions and standard curves of different components
D% B A PWkmm  kEiR/eC EEWipE r

HEHR Z.J5-0.34% KH,P0O,(25:75) 280 30 y=12.9854 x—0.124 0 0.998 3
e yT 2 -0.34% KH,PO,(30:70) 345 30 y=111.085 6 x+2.730 0 0.998 9
Jir BTy T Z.J5-0.34% KH,P0O,(25:75) 280 30 y=15.9819x—0.210 4 0.999 1
NG Z5-H,0(60:40) 248 30 y=70.023 9 x+1.298 9 0.998 8
S RRRT 2 ZJE-H,0060:40) 248 30 y=53.2259 x+0.199 1 0.998 6
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FE 6 U, AR 3 8tk 2% 24 ) 0k T AR Uk i B2 T A
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TEUWER P K2 AT
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WS P A RS 4 100 ng'mL ™o FE 54T 6 473, #ERE
S VA THT AL, AR 40 s o4 1 2 T 15 25 25 9 B o 1 T
WIE TR R . BRI S5 R B, 5 B (]
U5 % 1 95.24%~100.97%, RSD N 1.42%~5.29%,



$F46% FE3H 2023F3 8 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 46 No.3 March 2023 + 555 -

[T 2R )G

FoE M5 5% U “2.47 T5 H Ab B4 1 [R) — b ok sk
S FE W, 20 0 T =R & 0.4.6.8.12.24 h
J& SRR A A AR W RE A% A3 T H U
] 5 U AR o B S PEAS TR 2% 2R T % B4 H U (]
TC B 5 AR A, , U T AR ) RSD 241/ T 12%, 45 5 3% Bl
FEREW R &R e R LA FZ Y
5 I HPLC 43 By J5 15, 4 07 1322 % 5% Jm M ik 3 4
VIRE S TR
2.2 EZHYIA S ARINE BBBARIZ LI
221 R4S BBBELBI S, PET 5 I 4R
SR, BL1.0X 10%em™ [ % FE I B 0.1 mL U87
S B B A T PET BRI, R S0 50 0 B 3 AL,
A I DA R 3 SR TR B PET i 25 1 o R 4, 51 B T
R FR LN K% 5% 14 h 5 B0 HE Transwell N =, $% 158 A
BE T RAFKEFERS, MAFERBZE 1S mL,
2RI IR £ UST AlA 1A 80% Ja 3 2~ 5
2 JFAREE % 5 B hCMEC/D3 408 (1.0X 10°- ecm ™)
T PET B (1) 1E [ , 0 K% 72K 0.5 mL, JALA 37 °C.
5% CO,~ HH Xt 12 FE 90% [ 8% 75 46 i 8285 9% 10 d,
TR 1 IR

K FH B B A 22 BB N W% hCMEC/D3 5
U7 7E PET I - 1 A5 K155 (0 3 FH 125 6 v, BEL Az 0l 450l
SE SL 8% 77 21 RN 25 [ % R 4 % S el BELE (CTEERD , A
KV K 4 % BBB BB . Il 5 TEER {H : 77 1% 9%
W, PBS ¥t 3 3 , ¥ Transwell /N = B T PBS 22
I HL PEAE

8] & A8 T W %2, h\CMEC/D3 41 g & %8 4R
T Wt 2 A s UST Al B A Vr 2 r XL, &
BIY. 2P gH B IL R 7% 5 Re e AR M bR O IR AR
K. TEER{H A& F T4 0 40 g 55 BF B i P 1 A2 4k
PRI M 5 A 2 ) S5 i e e M e . LR R 10 d
Je I 755 PN B2 440 A 1) H B AT IA 31 200 Q - em?, 7] )
5 # I hCMEC/D3 F1US7 41 B 1] Y B0 vk B 47, &
SRS BBB R L A SEUR ER .
222 KWK 5 R4 BBB B RS EG A
Hank's - 25 7 W (HBSS) e il 52 1R 2540 , XK FE N
100 pmol-L™", # &85 7288 h (55 7= 3L, N 37 °C il
) HBSS 22 /il , 37 °CF- 45 20 min, # & HBSS 2%
M. EJEIE TR CAP) I 0.5 mL T & AN H 24
YIS i HBSS , 2 i (BL) il 1.5 mL HBSS; 2 )57
TEME IR #8 H 37 °CHE 7% 1.5 h, %53 60 r min™' s £
I AP—BL %3z it B BL ) % 12 W, 5 B (1 3% 38
SERP N 100 pL fA B% B OEE , S 10 min, T

4 °C.10 000 r-min™' &> 5 min, B_E & W8 HPLC
R E B WP 23 o IR I R WIBIE R
).

P, =d0/dt/(AX Cy
dQ/de RO B AL IS [R) 2 W) 5 18 5 s A IS I B e T AR
CyNZIMVIIRIRE

JGHA 198 7 A A [F] H 24 1 4 %5 BBB S 56 45 1
W2, HFP,,>1.0X107° cm-s™ [ 5 5 5%
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Table 2 In vitro transport results of different components

across blood-brain barrier

(D% AP-BLP,,/(X10" cm-s™)
HEHR L FH 12.98+0.24
BT 8.42+0.54
JE B Tk 6.21+0.80
IS 10.83+1.88
SERCHT A& 11.5142.39
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LA cDNA A B4, ¥ 1 = % | GAPDH 4 5l 5
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hCMECD/3 21 g o 8 73 % 342 1 1 i R 3 ik 4
R . g RRW, MR IZ 8 I MDRI\BCRP
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hCMECD/3 41 fd /A A X i [ 3R 8 . %45 R W
{8 H 1% hCMECD/3 28 il 52 #4) 8 24 ) e 18 44 1) 4 b
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%3 qRT-PCR3|#FF
Table 3 Primers for qRT-PCR
Gk - 51(5>3"
GAPDH 1E#]  GTCTCCTCTGACTTCAACAGCG
2] ACCACCCTGTTGCTGTAGCCAA
OCTI £l CGCACCTTCATCCTGATGTACC
] GAGCGGAGTAAAGGAAATCCAGG
OCT2  IE[M]  GAGATAGTCTGCCTGGTCAATGC
K GTAGACCAGGAATGGCGTGATG
OCT3 1EM CCTTGTCTGTGTCAATGCGTGG
A CCAACACCAAGGCAGGATAGCA
OCTNI  IEf  TGGACCTGTTCAGGACTCGGAA
& TAGGAGCATCCAGAGACAGAGC
OCTN2  IEf]  GCTACATGGTGCTGCCACTGTT
i~ CTGCCTCTTCAAATCGTCCCTG
0ATP2BI  1E[il  GTTTCGGCGAAAGGTCTTAGCAG
K CCATCCTGCTTCTTCGTGGACT
0ATPI142  1ElA  GTGAGACATCCATTGGAACGGG
I GGAGCATCAAGGAACAGTCAGG
BCRP  IEfA  GTTCTCAGCAGCTCTTCGGCTT
& TCCTCCAGACACACCACGGATA
MDRI  1EF]  GCTGTCAAGGAAGCCAATGCCT
] — TGCAATGGCGATCCTCTGCTTC

50

40 -

mRNA H%FRIEKF

"MDRI BCRP OCTI OCT2 OCT3 OCTNI OCIN2 OATP- OATP-
2Bl 142

1 hCMECD/3 ZHRl % iZ (K B mRNA Rk 7k F
Fig.1 mRNA expression levels of different transporters in

hCMECDY/3 cells

iz 4K () 48 R (S2-OCT1.S2-0CT3.S2-OCTN 1. S2-
OCTN2.HEK293-OATP1A2 . HEK293-OATP2B1) }%
25 [ 3R AR 5 YL 41 s (HEK293-Mock « S2-Mock) i3 47
o B N is AR B A0 PR I SR BR . diRA T B
TR ARKE 75 5 o FH R A ¥ e A L 70 30 B 4 i Ak
W, R SR FERRBE 22 1.5 X 10° - mL™" Ji& 4 4 i B LA

501 mL 2 4R 2 24 FLAN A 8BS R 4R, 7 37 °C..
5% CO, MR 255 15 B (95%) ) 5% 9% 46 N 8% 9%
2~3 d A M K5 %L

B8 2515 FRAR N B 72, I PBS 22 iR Uk 1 IR
J& » BALIIA 37 °C PBS MWK E 10 min, LAF
100 pmol-L™" %% j% 43 ¥ PBS & #: IH PBS JF 4 4
24 (AL 500 pb) , AL W E 3N EFL. 2 min
J o Fi 1 mL ¥4 PBS 2% il 2% 1k e 87, F37 e 41 e 3
W, 30 B3 F 40 & &) 40, & FLE N 200 pL &
T I, #9710 min, T4 °C.10 000 rmin ' B.(» 5 min, $2
B2 W R B N A6 &, 43 B S0 wL b e i By
57 B HPLC ¥EM E B i & B B

SRWME2R, SR RHEHR LR
OCTI1.OCTNI1 fl OATPIA2 L s N, BN &=
43 5l J& Mock 41119 9.25.3.51 Fi1 4.58 1% , iX 3 W 4E #]
% (. % /£ OCT1.OCTN1 fl OATP1A2 [ 4 , 7] 1E
A B R 5 B PR %02 5 L5 VT RERE OCT1.0CT3,
OCTN1.OCTN2 #il OATP2B1 ¥ 54BN, A
B0 7 & Mock 41 /1) 14.0.2.4.9.1.5.5 #1 13.8 1%, &
B 5T & 25 9) ¥ 32 & OCT1. OCT3. OCTNI.
OCTN2 #1 OATP2B1 )61z J& 4, vl H 4 By F 58 ik
5 L 02 5 JE BT R B E B OCT1.OCTN1 1 OCTN2
F BN N E 7 Al Mock 21 1) 8.7.2.8 Fll
10.8 1% , & W J5L B i A2 24 M) % 35 ¥ OCT1.OCTN1
A OCTN2 {532 Ji W , v AE H ¥ By T 56 5% i 3%
1z WORT A 2 L 7 BRORT A 22 BE Bk OCT3 F:3h e s £
N BN &5 il Mock 4114 2.7.2.4 % , 2% BH BR AT
R ERAT#H 2 OCT3 fJE Y, 7 7E OCT3 1) ¥ Bl
NI s . S5 R R U R T i 32
25 1 o) A5 AR B B s AR B B 3 B T 58 OB
BBB iz
2.5 BURALIE

$E I UL w s R, B0 1) 25 53 5K ¢ 6 06 4
#r, i 3T GraphPad Prism 8.0 #1545 B
3 g

AR, X T 25 W) B 3 AR I RIE 9T RO G
2y s R Bh 25 s B Is B, SE IR I TE R A 1)
AR AT, R 2 B AR N B )14 72 il R
b AR CEHHARE R CEEZNIEH. B
BT 5 75 R J 1) 2 Bk A2 NI P9 B2 20 B 2 4 2 Ak b
BBB 5 o, 45 # i # hCMEC/D3 4 il % B A W &
FI A 2 ASHE 748 Ff hCMEC/D3 41 fitd 2 A5 7 it
T IR T AR AT B R R B
T D BT B KRR A 2% 5 RKCRTT A 3% 1) %5 BBB iz 4
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Fig.2 Uptake of different components into transporter cell strains
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