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Study on transport mechanism of brucine and strychnine in MDCK-MDR1 cell
monolayer model
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Abstract: Objective To study the bi-direction transport behavior of brucine and strychnine in the MDCK-MDRI1 cell monolayer model.
Methods MTT method was employed to confirm the safe concentration of brucine and strychnine towards MDCK-MDRI cells. The
effects of transport time, drug concentration, and P-glycoprotein inhibitor verapamil on cumulative absorption concentration (Ccum) and
apparent permeability coefficient (Papp) of brucine and strychnine in MDCK-MDR 1 monolayer cells were studied. Results The Papp value of
brucine and strychnine was larger than 1 x 107> cm/s and the ratio of PappBL—aP) vs Pappap—BL) was less than 2. Brucine/ strychnine combined
with verapamil decreased the ratio of PappBL—AP) VS Pappap—BL). Conclusion The absorption of brucine and strychnine in MDCK-MDR1 cell
monolayer model was well and the passive transference was its main intestinal absorption mechanism. The P-gp inhibitor verapamil has a
significant inhibitory effect on brucine and strychnine absorption. Brucine and strychnine may be a substrate of P-glycoprotein.
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MTT. FELFHEILRL . 0.25%EDTA-HEF . Hank’s
Balanced Salt Solution (HBSS). &% DMEM £%3%
W R AL ZERFEARARD: Mg
(Excell Bio A#]); HERIMK o [ 6 5 25 A e it
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210 FHEAARIGECH] RS AR S Do R
miEE, BT 10mL &, WEER; WEKE
T RS R, BT 10 mL 20F, FEEE.
2.1.2 @it KFiEs @ik ACE UltraCore

Super Cis 100A (100 mmX2.1 mm, 2.5 um), izl
AH4 10 mmol/L B FR#% 4-0.04% H R (A)-ZJE (B),
B BE B : 0~0.01 min, 95% A; 0.01~1 min, 95%~
87% A; 1.0~2.5 min, 87%~85% A; 2.5~4.1 min,
85% A; 4.1~5.0 min, 85%~60% A; 5.0~5.1 min,
60%~40% A; 5.1~7.1 min, 40% A; 7.1~7.2 min,
40%~95% A; KRR 0.35 mL/min, #EFEE 5 ul,
FEIR 30 Co IEE RN, MRM #:0, HF e &R
BPA N AR T0E m/z 395.3/324.4, DP N 130V,
CE N 43 eV; L7 m/z 335.2/184.2, DP 4 140V,
CE N 51 eV; %508 m/z 249.3/148.3, DP A 140 V,
CE N 48eV. i ILE 1,

2.1.3 FESMACEETTIE LE 150 pl FEaHTEES
BN 30 uL 7 Z 08 BRI (40 ng/mL, PWhR),
BN 120 pL HEE, JRJE 2 min, LL 16 000 r/min %%
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AR TB: Y=0.062 3 X+0.012, »=0.995 1; -L:(K)7*:
Y=0.146 X+0.094 5, »=0.997 9.
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BILE
Fig. 1 LC-MS/MS chromatograms of internal standard matrinein blank HBSS solution (A), brucine and internal standard
matrine in blank HBSS solution (B), strychnine and internal standard matrine in blank HBSS solution (C), blank transporter
sample (D), brucine and Verapamil in samples (E), and strychnine and Verapamil in samples (F)
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Table 1 Accuracy and precision for analysis of brucine and strychnine samples

/(ng'mL"! RSD/%
R4y plngml. ) — — B —r—— RE/%
PN el H PR % H [R) K %5 B
R 3.88 3.93+0.08 2.01 7.50 1.29
15.50 14.95+0.71 4.72 5.54 -3.55
62.00 63.27+1.30 2.05 6.04 -2.05
R 3.88 3.93+0.06 1.56 7.89 1.29
15.50 16.0440.64 4.00 7.72 3.48
62.00 58.43+0.79 1.35 5.85 -5.76

H 30 d MERENE, BEIREE 6 MEA, %
“2.1.37 U BIAE S AL R 5 2 A B S HEAT VRS o
RIS ST, LT EEACE 48h, 20 C
E 30 d ¥FRE, AR AT ER . S5
* 2.

2.1.8 BN FEHEFRECS T LT
i, A BRSO R . L R
(62.00. 15.50. 3.88 ng/mL) M4k Th. LT
Xof R SRV, HR 2,137 T (RRE S AL FE DT VAL
TS HAT ORI, LSRR Ay “2.1.17 TR
Fic 10 P B ks P e 6 R BRI, B 25 1 HBSS
IR N R BRI 62.00. 1550, 3.88 ng/mL [

LERAB. LT IR, 4% 92137 TR
AR i AL B 7 V2 A B S AT OB R, 1 S U T AR
N Bo VA EERAEREAN ISR PATHIAE 6 . FEBTAK
M=A/B, 4% 3.88. 15.50. 62.00 ng/mL &% FHuf1)
FEFBN 3 HIN 95.44% 101.22%. 107.44%, 3.88.
15.50 . 62.00 ng/mL [ 5= ¥ 3 53 R 43 5
106.66%- 93.78%- 107.02%, & AEVIFE S T ER
2.1.9 [HE ks SRS LR T
HEHVAT, 23 1 HBSS WM B A i IR 62.00
15.50. 3.88 ng/mL -8 7-Hi [ 7 0k B VAT
A FRIREE TATINE 6 Ik, AR bRk ih 281+ 55
BEIRAL . DA ot Sk P 5 e ) o 2R B2 1 B AR o
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2 DEFH. THTHREMERER (XLs,n=6)
Table 2 Stability data of brucine and strychnine samples (X *s, n = 6)

. . p/(ng'mL™")
B %A % NG TR RSD/% RE/%
25 CJiE 48 h TR T 3.88 3.88+0.07 1.79 -0.26
15.50 14.10+0.37 2.65 -9.03
62.00 58.43+0.39 0.67 -5.80
+m 3.88 3.3940.05 1.50 -12.68
15.50 14.834+0.43 2.88 —4.32
62.00 59.75+1.88 3.14 -3.63
—-20 CJE 30d HE T 3.88 4.06+0.11 2.79 438
15.50 16.704+0.19 1.14 7.74
62.00 63.50+1.55 243 2.42
RNy 3.88 3.76+0.16 4.14 -3.09
15.50 15.154+0.34 2.24 -2.26
62.00 62.35+0.80 1.28 0.56

HITE R o 25 51 TR P AT IR N 96.77%~
101.93%, RSD A 1.21%~4.69%; )T EIER
N 94.19%~103.87%, RSD A 0.66%~4.36%.
2.1.10 EERSENE HEER &0 Dk
T T, HIHORGRRE, 4IlE ME R
10 BF, 2t et 14D ol 3R 88 R e {1 o PR
10 5E B R Ly 3 B, JHOF VR 0 HER i 1) o
W RN RARA PR . S5 RKRH, BETice &R
0.24 ng/mL, LR TEEMRN 0.06 ng/mL, Gk
B AS BE A 0.03 ng/mL, TR A 0.03
ng/mL.

2.2 MDCK-MDRI1 ¢Bpf 8 B35 niR B E S ST
221 SGuitsEabs HdERHA SPSS 21.0 AT
BRI ZE T

222 MTT o EN e B4 7. £ 0T Xt
MDCK-MDR1 ZHff i) 22 aTE el B E A&
1Y) MDCK-MDRI 4fiff1, i 0.25% EDTA-JEEH
W, FEAEFEFEWRIEEEC (1000 r/min, 5 min), 1

BAMMEER SX10* ML, HEMT 96 FLAHMIRE %
B, BFLFIIN 200 pL 40AEER, H59% 24 h{E
RS EE J5 , 23 0N 200 pL AS[R] o 2k B 1) S8 1
B () T 25 (2GR , FR DO B0 HE L
IINAEF 5> 08T 0.1% DMSO, H = #% % DMEM
R FRRRE) o TR 6 N E L. RS 4HiA
IR EE FRIAE N R ZH, AN 4l i 1) 55 R TR AE
RNEAXNMH. 5253558 4 h J5, BIIAE 5
mg/mL MTT B TAE# 20 pL; 53 4 h 5, Bk
MTT LAEW, 4L DMSO 150 pL, $##K#E2],
FiR. EBEEIFE 10 min, 7EVEK 490 nm 4 EERR
CAEWRIEEE (4D fH. THEAIMAAE

UG R = (A s5—A we)/(A nw—A 211)

MTT e EEE 45 R WK 3, DAk hoxt
MDCK-MDR1 4 i Jo 8 i & WK 8 0~ 0.10
ng/mL, 5% MDCK-MDR1 40 g i) 675 i =70
I 0~0.04 pg/mL, #5377 75 J6 85 i S A FE Y L Y
HATHIZ S5

#3 DHTFHATHTI MDCK-MDRI1 ff7EERAEN (X L5, n=6)
Table 3 Toxic influence of brucine and strychnine on MDCK-MDR1 cell line (X %5, n = 6)

ERl pl(ugrmL1) A1fH Y AT/ % 2531 pl(ug-mL™1) A1 AU IATIE /%

7= X R — 0.0721+0.008 — =P ARG — 0.097+0.013 —

pagicl — 0.34540.020 100.00 pagii — 0.5601+0.048 100.00

e TR 0.10 0.32140.039* 91.21 +m7 0.04 0.553+0.033 98.49
0.20 0.31540.034* 89.09 0.06 0.47140.038" 80.78
0.40 0.30240.020* 84.24 0.08 0.50240.019" 87.47
0.60 0.29440.010* 81.32 0.10 0.49340.022" 85.53
0.80 0.29340.015* 80.95 0.20 0.47740.016" 82.07
1.00 0.281+0.023 76.56 0.40 0.470+0.017" 80.56

ExRA R "P<0.05

“P < 0.05 vs control group
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0 ) % R S B RO, 4 PRSI A ST D)
MDCK-MDR1 .24} () TEER {115 AU T -
TEER=(R—Rpy) X A4, Hw R RNEF 740N
Transwell FLIU & HLFHAE , Ry WA BRI 2 A
Transwell FLI & BB, A A% BRI T
o ASZIGMIESE BRI 2. 3. EERFEId A,
TEER KT 500 Q-cm?, %¥H Transwell LA G
NIz B AE 150 min I RALE L R R 52.45%, R
MDCK-MDR1 40 )% 6 ZANAE 150 min i RS
ZN 0.68%, /INT 1%, UMM K5
ARV R4F, v H TP A is i

224 Xniiasels A TRIZSCEET, H 37 C
7 HBSS WIS VA 5 208 3 Ik, BN CO,
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AP—BL ll[)#4iz: # 0.5 mL &5 8K FE R
CHER I RC LA, FRECE f0T R, I ARE 2 5
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Fig. 2 TEER changes of MDCK-MDR1 monolayer cell at
Different growth stages
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Fig. 3 Fluorescein sodium permeation percentage through
blank polycarbonate membrane and 9 d MDCK-MDRI1 cell

monolayers

/NT0.1%H) DMSO, 7% HBSS ¥ M) iz
AP MIENAEZEH, R BL A 1.5 mL =4
HBSS &R AE A . FEEURERT7E BL IECEE 0.3
mL FEOE S, BFEETE BLIMA 0.3 mL = A
HBSS, iz i FEEDIE S A5 H T LC-MS &
M. (2) BL—AP I {J#%5iz: 4 1.5 mL &R EKE
I HER N2 BL MRy tesits, [FEF AP MDA
0.5 mL ¥ HBSS A NECH . U 7
AP UHCFE 0.3 mL TELEF, BFEETE AP il
A 0.3 mL 75 HBSS, #iattiH e EA S
T LC-MS &, (3) H LC-MS/MS il 5 254 1)
WS . o BB RIS A . IR LK P-gp
En Pl 2 A Eb SRR A < R VA 23 e T e
iijAI
225 HAEAEE BT RRREURE G EANE, 04
VIR IE =R T RRRE R, R 2T SR AR
WRFE (Coum) HHATIEIE. #EARIH Cams AW
FREE . RBEIER, RWBERE (Pyp)~
AhHEZR (ERD.
Vm n—1

Com=A, + 73 (4,)

25 BRRFEIZ T = Coum X Vin

SRR IZ =120 min BREIE R/SERA 2R

Papp=AQ/(AtX A X Co)

ER = PappBL-AP)/ Papp(AP-BL)
Ceum NZYIHI BERRBGRIE, A, NEE n NMERBERIE,
Vea N n MR FIREMRTR, v AR AR, AQ Fr
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BB Ar 2GR, Co NBUREITE T AIVIAG T
EIREE, A4 NRBREREIR A

22.6 iR m. b RAFRBERER
AR TR A1 1T AP—BL fill. BL—AP ) 2 fH%%
iz e o A RTINS (R PR s, 25 SR L 4.
RRFIE R LR WK 4, 78 120 min B E 708, -
(15 7E AP—~BL J7 [ RFF iz 5 BL—~AP J7 ]
R EAL LT —2, B4 120 min B S+
Bl 172 AP—BL J5 1A ) SRFFRIE 35 KT 33%,
BL—AP 77 MR FRFEIEHI KT 11%, AP—~BL.
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0 A 1 A 1 A 1 A )
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BL—AP 75 M BRI BAFE £ R W R H v e 5
AP—BL. BL—AP Jj R 2 AR, Wik 5
N, DA, R TE AP—BL J5 H 52 B
55T BL—AP JiAW#5i2, Coum (AP—~BL. BL—
AP) BE TR T IR ) T IE I A] ) 2 K 1T 2 T
¥hn. Wk 6 fran, I P-gp MHIFI4ERIMAK )G,
X F AR MY R M KA, 5 T W
PappBLoap) & 5 W8 /N, ER B FH N LT
PappAp—BL)E B, Papp@L—ap) & /), ER K
/N R BT LI T3 B2 P-gp IR0,
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25+ .
=4 0.05 pg-mL™" ST
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ﬂl\Eﬂ 154
19
ﬁg 10-
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0 A A A A
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g % 0.03pgmL” ERiiEN
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w67
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Fig. 4 Accumulated transport amount of brucine and strychnine direction of in AP—BL and BL—AP

4 120 min M3 FH. £HTE AP~BL 5 M BL~AP S A RREEEMRAEEE
Table4 Accumulated transport amount and rate of brucine and strychnine in AP—BL and BL—AP at different concentrations at 120 min

S IE R /ng FREIE %
53 p/(ug-mL™1)
AP—BL BL—AP AP—BL BL—AP
R0 0.05 10.01 9.96 40.04 13.28
0.08 13.21 13.66 33.03 11.38
0.10 19.97 20.54 39.94 13.69
ERiiEy 0.02 4.09 3.78 40.90 12.60
0.03 5.10 5.14 34.00 11.42
0.04 7.96 7.68 39.80 12.80
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x5 DHETFHE. THT CamPERTEMERER (X £5,n=3)

Table 5 Cumulative absorption concentration of strychnine and brucine with time (X *s, n = 3)

Ccum/(ng'mLil)

D%y p/(ugmL™) 71

30 min 60 min 90 min 120 min
LTI 0.10 AP—BL 2.90+0.50 5.731+0.12 7.61+0.34 10.06+0.66
0.10 BL—AP 12.93+1.15 14.37+0.15 14.50+0.20 16.00+1.06
Ry 0.04 AP—BL 1.35£0.29 2.28+0.35 3.24+0.22 3.9440.02
0.04 BL—AP 2.68+0.03 5.5040.16 5.594+0.35 7.11%+0.29

®6 HERMARI DR FRE. TETAE MDCK-MDR1 a8 RRAPIFTHIFM (X +5,n=3)
Table 6 Effect of Verapamil on MDCK-MDRI1 cell monolayer transport of brucine and strychnine (X £s, n = 3)

H Pappar—sL)/(X 1078 cm's™)  PappL-ary/(X 1070 cms™) ER
% TH% 0.10 pgrmL™! 24.76+1.14 25.47%0.67 1.03£0.02
+HI7 0.04 pgmL™! 24.6940.87 23.8240.39 0.95+0.06
TERFH5 0.10 pgemL ™'+ 4EF7 052K 100 pmol-L™! 24.731+0.30 19.950.40" 0.81£0.01
7 0.04 pgmL '+ 4K 100 pmol-L! 31.28+2.08" 21.9340.03" 0.6940.05

5 DR i T L P<<0.05
“P < 0.05 vs brucine or strychnine group
3 Wig

AR KW, SEFWHE LK T X
MDCK-MDR 1 41 fifd {25 14 #1527 Sk AR i e,
BT IR 40 P C EEVE ] 0~0.10 pg/mL, T 4
M HETEE 0~0.04 pg/mL. EJREWEAN 0.10.
0.20. 0.40 pg/mL i, 7% MDCK-MDR1 4f /i
(FE MK T B4 T MDCK-MDR 1 40 g ft 75 14
W g S VIR AT ) B R T 4 40 PN HaCaT 4
BEVEAE B, Soe 25 AR B B T AR i A
43 ¥0%F HaCaT A MIAFEAN MU BE EAE T, BRI &K
SR, (AT A E M BN TR T
ASEEGH) MTT SEE6 45 SR 5 SOk i@ ! 7 e ) S 46
SRR G .

AR AT Lin 2608006 8T UG AR A
ATHRELY) P-gp WTALHIEAT 1B FT, B TR R B ok
TR 1 T AT B2 P-gp IR, AATHREUBC (1
L TIREIMWIRE il P-gp 3Rk, WEAL T P-gp ThAE,
BT ST AMEE . A SIS AR BUR AT SR |
LTI L) T B — i AR 4, ik
] B By B TS T R B L

AR S ZE I 245505 B Papp /T 1X 1078 cm/s;
RIS R R 25, L 1X107° em/s <Ppp<<1 X
107 cm/s; FUIRMI REFEIZGH, o Papp KT 1X
107 cnyst™l. #£ MDCK-MDR1 f&4Mi# 1, 45 ER
INT 2, WGBS IR e A BT IR, Al

B0, A S P B T Ak R L 10 A A A A i
 MDCK-MDRI1 [#iaitE, W78 ST +
H T UM R e LE], SRR, SETiR. £/
TH) Papp KT 1X1075 em/s, 80 B4R 70
LR T DR R AP ST, LT ER 3
ANT 2, BREHEERTIR. 0T EE S
Y. ST, LHTE AP—BL | R E
FHKT 33%H BL—~AP flll 120 min i} R iz %
HWART 11%, KGO LR TR REF, H
JR AR FH B R e o R K BE 4] P-gp X E5EK
T LT HIAME, LR ERNA, R ST
TR TR REF, T ERE T A ah T i H T RE
HHMEEA p-gp 5.

SE 3k

[11 P EZ [S]. —#&6. 2015.

[2] Pastan I, Gottesman M M, Ueda K, et al. A retrovirus
carrying an MDR1 cDNA confers multidrug resistance
and polarized expression of p-glycoprotrin in MDCK
cells [J]. Proc Natl Acad Sci USA, 1998, 85(12):
4486-4490.

[3] Horio M, Chin K V, Currier S J, et al. Transepithelial
transport of drugs by the mulitidrug transporter in
cultured Madin-Darby canine kidney cell epithelia [J]. J
Biol Chem, 1989, 264(25): 14880-14884.

[4] Hong L, Xu C, O’Neal S, et al. Roles of P-glycoprotein

and multidrug resistance protein in transporting



¢ £#% Chinese Traditional and Herbal Drugs

H50% E128 201946 B + 2883 -

(5]

(7]

(8]

[12]

para-aminosalicylic acid and its N-acetylated metabolite
in mice brain [J]. Acta Pharmacol Sin, 2014, 35(12):
1577-1585.

Hu P Y, Liu D, Qing Q Z, et al. Elucidation of transport
mechanism of paeoniflorin and the influence of
ligustilide,
paeoniflorin transport through MDCK-MDRI1 cells as
blood-brain barrier in vitro model [J]. Molecules, 2016,
doi: 10.3390/molecules21030300.

Xu D H, Yan M, Li H D, et al
P-glycoprotein on brucine transport at the in vitro
Europ J Pharmacol, 2012,

senkyunolide I and senkyunolide A on

Influence of

blood-brain barrier [J].
690(1/3): 68-76.

Ren T K, Li M L, Zheng H, et al. Microdialysis combined
with RRLC-MS/MS for the pharmacokinetics of two
major alkaloids of Bi qi capsule and the potential roles of
P-gp and BCRP on their penetration [J]. J Chromatogr B,
2018, 1092(15): 72-81.

Lécuyer M A, Kebir H, Prat A, et al. Glial influences on
BBB functions and molecular players in immune cell
trafticking [J]. Biochim Biophys Acta Mol Basis Disease,
2016, 1862(3): 472-482.

Candela P, Saint-Pol J, Kuntz M, et al. In vitro
discrimination of the role of LRP1 at the BBB cellular
level: Focus on brain capillary endothelial cells and brain
pericytes [J]. Brain Res, 2015, 1594(12): 15-26.

KK, PSR RATUEAE Caco-2 ZHMIBIR hiEiE 1
WET [D]. HiM: #ITT K2, 2006.

Boouk, Rk, BOE, % MAXNERERAA
MDCK-MDR1 41l ffl {32 5 0 S HLRI BT (1], e
74,2018, 49(12): 2890-2896.

AooHE, mANE, SeikiE, FLO AWM ST E
MDCK-MDRI1 40/l 5 o {55 I 12 WL (], 252 1

[13]

[16]

[19]

(21]

% 5HF59%, 2012, 12(1): 34-37.
Mariline G, Renata S, Carolina R P, et al. Cellular models
and in vitro assays for the screening of modulators of
P-gp, MRP1 and BCRP [J]. Molecules, 2017, doi:
10.3390/molecules22040600.

Yang B, Du S Y, et al. Influence of paeoniflorin and
menthol on puerarin transport across MDCK and
MDCK-MDRU1 cells as blood-brain barrier in vitro model
[J]. J Pharm Pharmacol, 2018, 70(3): 349-360.

FRR, BB, i 8, 5. Caco-2 HEHMIMEA -
BT AR SR A B I 5 B Y R S A LA
[J]. Z5%%4R, 2010, 45(9): 1160-1164.

MR ERER B T SR AR S I SO A B L ARAT]
o3l 5 H R RS A AT (D] KNG HiE
K2, 2012,

MRifgne, SR, 7815, & SHTH X A HaCaT
M AR EAE LR [7]. " EkZd, 2015, 37(1): 16-21.
Liu L L, Guan Y M, Lu X P, et al. Mechanisms of
P-glycoprotein modulation by Semen Strychni combined
with Radix Paeoniae Alba [J]. Evidence-Based Compl
Altern Med, 2017, doi: 10.1155/2017/1743870.

Li H, Jin H E, Kim W, et al

P-glycoprotein, multidrug resistance protein 2 and breast

Involvement of

cancer resistance protein in the transport of belotecan and
topotecan in Caco-2 and MDCKII cells [J]. Res Paper,
2008, 25(11): 2601-2612.

ChenZ Z, Lu Y, Du S Y, et al. Influence of borneol and
muscone on geniposide transport through MDCK and
MDCK-MDRI cells as blood-brain barrier in vitro model
[J]. Int J Pharm, 2013, 456(1): 73-79.

WOE, AR, BB, . DRBRAE Caco-2 iR
B EMEZAT N 0] hES T AR, 2014,
20(20): 121-124.



