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Abstract: Objective To study the transmembrane transport mechanism of carnitine / organic cation transporters 1 and 2 (OCTN1
and OCTN2) on the main medicinal components of Yuanhu Zhitong Prescription (JG#H 18 77), and predict the role of OCTN1 and
The OCTN1, OCTN2 highly expressed cell
lines S2-OCTNI1, S2-OCTN2 were used to detect the inhibitory effects and half inhibitory concentrations (ICsy) of main bitter

OCTN2 in the transmembrane transport of various medicinal components. Methods

medicinal components tetrahydropalmatine, palmatine, protopine and pungent medicinal components imperatorin and isoimperatorin
on OCTNI1 and OCTN2 in Yuanhu Zhitong Prescription. By measuring the uptake ability of OCTN1, OCTN2 and blank vector
transfected cell Mock to different drug components, it was judged whether the drug components were the substrate of OCTN1 and
OCTN2. The michaelis constant (K,) and the maximum transport rate (V) of the substrate uptake by the cell of
tetrahydropalmatine in OCTN1 and OCTN2 were further determined. Results Bitter medicinal components tetrahydropalmatine,
palmatine, and protopine and pungent medicinal components imperatorin and isoimperatorin significantly inhibited the transport
activity of OCTN1 and OCTN2, the ICs, of inhibitory effect of which on OCTN1 was 15.43, 14.06, 21.23, 4.91, and 23.29 umol/L,
respectively; And the ICsq of inhibitory effect on OCTN2 was 19.08, 14.24, 8.90, 17.06, and 13.98 umol/L, respectively. The uptake
activity of OCTNI to tetrahydropalmatine, palmatine and protopine was 3.46, 8.72, and 2.88 times higher than that of Mock, and the
uptake activity of OCTN2 to tetrahydropalmatine, palmatine and protopine was 2.58, 5.86, and 9.75 times higher than that of Mock,
respectively. The uptake activity of OCTN1 and OCTN2 on imperatorin and isoimperatorin was not significantly different from
Mock. The K, and V,,,, of tetrahydropalmatine on OCTN1 were 6.39 pmol/L and 120.92 pmol/mg protein/min, on OCTN1 were
25.66 pumol/L and 637.03 pmol/mg protein/min. Conclusion Tetrahydropalmatine, palmatine, protopine, imperatorin, and
isoimperatorin in Yuanhu Zhitong Prescription have strong inhibitory effects on the transport activity of OCTN1 and OCTN?2, in
which tetrahydropalmatine, palmatine and protopine are the substrates of OCTN1 and OCTN2, so there is drug-drug interaction
mediated by OCTN1 and OCTN2 in the process of transmembrane transport of different medicinal components.

Key words: Yuanhu Zhitong Prescription; OCTN1; OCTN2; drug-drug interaction; drug transport; tetrahydropalmatine; palmatine;

protopine; imperatorin; isoimperatorin
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OCT) 1 2 NEEH A OCTNI fl OCTN2, 4
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OCTN2 AN fziath, fEARN SR 2, 5/
BRI B RIS, IS NIEEY) N SNE
PRI BT 43 AR EE YY), ARS8 OCTNT AN
OCTN2 %t 7t 1k 98 77 AN [F) 25 P i o i i e s v e
FIRFFE, B OCTN1 A1 OCTN2 5AS [R 245 543 i
KZR, R TG IR 7 A R 25V o AR M 3 7
20, UL 23 iE 4 OCTNIT Fil OCTN2 5]z
(254 AH ELAE SR AR R4
1 #H
1.1 “ARf

Yiiris R m R Ik B oE FE AR (S2-OCTNI .
S2-OCTN2). 7¥ H &k G4t ffd S2-Mock, 3K
EEZGIT TR A PR W AE R RO R
1.2 #M5RH

DMEM ($it5 8120029). fifi 2 i (fetal bovine
serum, FBS, #it5 1966174C), Gibco AF]; 100X
HHERIBAW (IS 20200429), Solarbio 24 #;
T H WA (dimethyl sulfoxide, DMSO, fit5
WXBD2695V), VETEC A#]; EHHERLE (FiE
N =98%, L5 1140303), iR RARFIA R A
Al BT (R R4 $=98%, b5 110732-200506),
o L 2 R e B AR s TRRT i (R =
99.46%, b5 MUST-15032410). BRATHHE (&
E=98%, #t'5 MUST-15030910). FERHTHI R
(B $=98%, fit'5 MUST-15040214), J&#RE
B AR AR AR “C- Rk 2 (M-
tetracthylammonium bromide , '*C-TEA , it 5
130311 ) . "C- # #& /2 i€ A B ( "“C-carnitine
hydrochloride, '*C-Car, #it'5 685178), ARC A#l;
8T ESH=98%, fit'5 10138583), Sigma
vFl; Watsons i B0 IRZEMK, BEIRAF; 40/
i H ¥ (uptake buffer, UpB, & NaCl 125 mmol/L.
KCI 4.8 mmol/L. #ij%j¥# 5.6 mmol/L. KH,PO, 1.2
mmol/L. CaCl, 1.2 mmol/L. MgSO4 1.2 mmol/L.
HEPEs 25 mmol/L, KOH % pH 7.4) WISzt
ELB

1.3 EENEH

BS124S 4 #1 k¥, B+ Sartorius A A ;
HERAcell 1501 & b5 354, EE Thermo
Scientific A #]; Tri-Carb 2910 TR I It A4 A 4k
1%, [ PerKin Elmer A #]; TMK-2K 7K, H
A GERE R 24t Acquity H-Class i# & 206 AH
WA, Xevo TQD —HVULLAT i, [E Waters
A7) ; ZORBAX Eclipse XDB-Cg S AH A1 4,
Agilent A #]; BNBFAEY AN, FHEE/REY
EIrERARA R ZHWY- B HIER R %,
BB A R A s 20578, Corning
Costar ‘A ).
2 HiE
2.1 RS ERERIZERKRE (LC-MS/MS) &
i p7 N OF= A
211 Bk Ak 9 Agilent ZORBAX
Eclipse XDB-Cjg (150 mmX 4.6 mm, 5 um); Jish
A 0.1%F IR I CREHER (A -0.1% FF R /KIE W
(B); BAEEBEME: 0~1 min, 10% A; 1~4 min, 10%~
35% A; 4~7 min, 35%~80% A; 7~8 min, 80% A.
AR 0.3 mL/min; #EFEE S pl; AR 35 C.
2.1.2 UM RAHEBIE BT, DL RN
WA S, BRI, T E RS
Bt X420 58 miz 356.50—192.20 (JERAZ 2
)\ m/z352.2-336.1 (ET), mz354.2—188.1
CIE R 8D mvz 271.1—202.9 (BRETE ). mvz
271.1-203.0 CREXATEHED M mz 256.2—167.10
(AR ZRIGRI D . BAHE R 3000 V, #EFLHE 30
V, EBEFMLIERE 350 C, JEEEE 150 C.
2.1.3 0TRSO N BRI S RS R AR EUE
AR CF . EEIT JERATR. BRATEZER . 5 /KT
BHE XTI S S AR R R R IE &, 40 il FH P BV A
HERT 10mL i, f&EHRIR. BBIT.
JRBT B BRETEAZR . S BRAT A 23 A AR R &
WEEN 100 pg/mL FIfi & AN MR I AR id 278 o
214  AESAmIER RIS B 50 uL 4HMORE S B
W TN 150 pul PR R (10 ng/mL) RTER ST,
12 000 r/min &50» 10 min, HX_E3ERCAAER SR -
2.1.5 HikEHEER

(1) LMERRFEL: FWERDNEHARIER, &
YT JERT B BRETEHER . e BT 5H 2 A R L
i A I B, R I PR R R B % 2 1
(IR A X IR VBRI 10 ng/mL (R 2KHEHz B A AR T
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VEWR, For B S VTN JERT Bk ) 24 Rk E N 5.
10. 50. 200. 1000. 4000. 5000 ng/mL, #EHHZE L
. BRATHA R A S RRAT AR A RN 104 20,
100. 400. 2000. 8000. 10 000 ng/mL. Hid& &R
A 0TI AT, HEIE 2117 M 92,127 TR A,

MERIEA R 3R BT TR A Bl RCRTHIER -
SRR B AN A AR AT AR . DA I 735 P i
AR ELAE A b (YD, A I 73 it B AR J3E D R A1
bR OO ZeffilbrrE e, BEAT R4, 13 20E05
Jike, SERWE 1.

F1 THILEADEEAMEMSIEEATTE

Table 1 Linear regression equation of main medicinal components in Yuanhu Zhitong Prescription

El Ap % AL E/ (ng-mL ™) [B] )= 75 AR R EL
EHER LR 10~10 000 Y=0.873 3 X+327.147 0.999 2
BT 5~5000 Y=0.571 4 X+243.725 0.998 1
JERT 5 5~5000 Y=0.107 6 X+174.358 0.995 3
RKATHH 2= 10~10 000 Y=0.197 1 X+113.649 0.997 3
ST R 10~10 000 Y=0.138 1 X-+62.713 0.996 8

(2) HERAFEAKEE R RSB AUEH R L5
BT JRFTA IR, BRATEHZ . SRRATEH R AR
PO G &, FH R SRR B 5 2 A
SRR AW . UK. Py mERE (BD
YT RAJE R FBscA 12,54 150 3750 ng/mL, FEHIER 2
- BRHT A 3 RCET B 2Ry 253004 7500 ng/mL)
A RE S, SRR 6 Ik, M 3 . SR ER,
REAR R BT SRR AR WA 2R AR ER
T BT FEAE—3.52%~6.17%, JILIAHE 35 & RSD
N 2.16%~8.57%, HLAHKEEE RSD A 0.12%~
5.63%. SERFIHIZTIRMERE . WKEERLE, &
G o T TR K

(3) SRR UK. . SRERE (2
T AR A58 12,51 1504 3750 ng/mL, JERAZER
LFE WRETHHZRE A SFERATEH R N 254 300, 7500
ng/mL) PIFRAERE S, BANREPAT 6 4, HEFEI
SEVETHIAR, AR bR e il 2R TH 515 25 25 1 1 o ) o
WRE, TR ECE. FIGRIGSE R, K251k
SEARS L 3 NIRIE AT B RICRLE 98.24% ~
100.87%, RSD A 1.36%~5.37%, [BISR K,

(4) FasrE ME 8L K A PR (A [R]—HERE S V70
A KIAELE (=20 C, 30d). [REER 3 KM
FEIE 12 h WE & 2R I TAR , AR5
T & A ETR ALK RSD /0T 12%, 45 EVIRE
A VAV % L R E I R A
2.2 AREZHMR S OCTNI 1 OCTN2 453z & 1%
op=A10)

S2-OCTN1. S2-OCTN2 J& S2-Mock 4iiffi&tit
S AEAREE TR, b T35 B AR K I I P JR v T A

HOBON RSN, HRFEREE 2X10° 4
mL, T 24 FLAMIRT IR 1 mL/AL, 33 C. 5%
CO K577 2~3 d B MK &AL AP E T 37 C
KIGHER, FEREEFRE, H 37 CH UpB ig b4l
2 ¥ N 1 mL UpB, 37 ‘CIE# 10 min. %3+ UpB,
RGN LL UpB ¥ 77 e il 1) 35 i A e (1)
EH R “C-TEA (OCTN1). '“C-Car (OCTN2)
A1 100 pmol/L & 25PER s GEHR L3 BT,
Jir AT ek« BRI #H 25 A0 7 BR AT 2O TR 5 pmol/L
TRA 500 uLo LA 100 pmol/L ZEJE T A FH X}
T, SHEREHRYA I o XFHRZH A S2-Mock 4 i,
FEAIIH R4 25408 S2-OCTN1 Al S2-OCTN2 4H iy,
XTHEZH L A ZH AN N B TR AR E IR ET R
FH B E 3 5 fL. A 25 [A] S2-OCTN1 A1 S2-OCTN2
A5 50N 3 min A1 5 min, AHMN FINHEZ] S2-Mock
I U 25 2515 (8] 45518 3 min A0 5 min. "RF TAEW,
BN 1 mL UK UpB Peigdiiffa 2 i, 21k M.
SRJGEEFLIR N 400 L 0.1 mol/L NaOH Z4fiR 41 il ; B
Y AR T BRI, W 3 mL ISR, JF
FH Tri-Carb 2910 TR JEUH 14 3 1A R ARSI 5 A it H
(I TBCES P 8 R

EAR R Z5PE 7 % OCTNT AT OCTN2 (#5351
PEPREANHIAREE (ICse) W, 23 5l A [F
FE (0. 1. 3. 10+ 30 A1 100 pmol/L) %2514y,

AR RE 3 Z1L.
2.3 S2-OCTN1 FA S2-OCTN2 ZHBAXT A [E 251
SENIE

YHPEE TR, MOTIERG N R E “2.27 T,
SEES Y S2-Mock 4. S2-OCTN1 4. S2-OCTN2 4,
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A3 AIIIN 500 uL FHE 10 umol/L & 251 4385 10
umol/L % Zj 14 %4 +100 pmol/L Z=JE T #J UpB &
W MHRE 3 EFl. W TAE®R, A 1 mL ik
TR UpB VR4 2 6, &1k FZnEE T 40
M, BEFLANIN 200 uL HEE, 5 10 min, $REL4HHE
RIS ;4 °C. 10 000 r/min 250> 5 min,
I E3 50 pL ddsd “2.17 W7 V200 % A i Hh 25 245 1
BT . LA BCA VI E (AR IR P I LR IE
2.4 HEHHEZTEE S2-OCTN1 #1 S2-OCTN2 ZAff
FhHEEIEE N F

(R EZGL) 2020 FRRV O E ST IR T AR
FRPERC RIEHER %, BRIkt —2 a5t OCTN1
F OCTN2 WAETHER LR LB I 5 . 41
BigR BeMOr Mg 2t “2.2” Wi AT EA
FWE (0.3, 1. 3. 10+ 30, 100 pmol/L) ZEHHZ
ZE ) UpB ¥ 500 pL, FESHACFER “2.37 T,
KR “2.17 TU7ENERE R EAR RS &S
25 HIBAES S

H A 25 TG AR D B IR AT IR YC-TEA A
"C-Car 19 S2-OCTN1 F1 S2-OCTN2 4 fit {13814
WA Ue (BAALA DPM), FHIRAJR4LRI S2-Mock
M IEME (Up)s # Uc—Ug E LN 100%. LA
PENPREETE S, XPRRZH . BERUAH . A2 IE
WA U, MM =(U —Ug)/(Uc —Up). A
HAEARR —ALIH I FIIME, H Microsoft Excel
2013 At giit 2 A~ it 5. @i GraphPad Prism
8.0 WK A it 5 A [ Zj M i 4r ¥F S2-OCTN1 F
S2-OCTN2 L8 G ERT ICso. - HUMH ] £ 57
PESHT R t k50

BRHUR Y S5 oK LC-MS/MS 72 5E 1) 41 i
120
100 f
80
60

40}

OCTNI1 ¥IZ31%/%

20}

0
X A ZRTEAR BOIT RER BT R RKET
V4% 3 B WE S WIR

SR HP A I A PR R PR U A5 P R R B AT AR
1E. 43 3iH 5 S2-OCTN1 1 S2-OCTN2 4 g $R B &=
5 32-Mock BRI LAE, HHEKT 2 B, AlA
NE EBhEE R IS 1 F S ECR KR TT R
HATIAE TR

V =Via/ (Ke/[S])

V REPIHEAE TR, Koy AR EH B Ve JH I HEIR

MR KIEZER, SRR

3 #R

3.1 ARZAMH S X OCTN1 1 OCTN2 355
RO HI1E B

JG A 1R 7 A IR 25 1% B F OCTNIL A
OCTN2 [ B2 5 A AN R R B (R A 4 DL
B 1. gREREREDEAR LK. BEIT. R
o] v BB R < I B 23 BR AT B 2R S BR AT A # % OCTNI
() e 3z v 1 LA R R AR S 23 0 BB OCTNL
AT MC-TEA BEREIEIE NI A (48.5942.17) %.
(38.7540.54) %. (43.35+0.87) %. (3645+2.03) %
A (3325+£1.89) %. MEHROEK. BT, R A
Bk BRI 5H 28 A0 S BR T A 2260 OCTN2 By %% ia id
AAESRMIHAIER, 20l 68K OCTN2 /v T
HC-Car BBRFIZIHEINHIE (39.13+£2.87) %,
(36.332.28) %. (3525%+1.46) %. (15.09+1.38) %
A (2521+124) %.

TRZGPERR A R R BT TR i
I=ER 25 PR R BRATEIZR . FRRATEIZE XS OCTNI
g g A HIE I 1Cse 432 15.43. 14.06+
21.23. 491, 2329 umol/L; #EFHZR Z &, BT,
JERBAT By RRET A 2R AN SR BT R XS OCTN2 #%iz
T AR F B ICso 43 ) /2 19.08. 14.24. 8.90.
1201
100
80
601

40r

OCTN2 #3875 /%

20¢

0
X R ZRTEMNR BT R AT RRKHT
L& Fi MR IR

SRR TP<0.01
P <0.01 vsmodel group
E1 &GS OCTNI F1 OCTN2 33iEE MMM (x+s,n=3)
Fig. 1 Effects of different medicinal components on transport activity of OCTN1 and OCTN2 (x +s,n=3)
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17.06. 13.98 pumol/L. SZiRKHEMRRLE. B
VT~ BB A RRCFT A 2 A0 53 R AT HH =% OCTN1
FTOCTN2 [z 1% 1 354 0 E -
3.2 S2-OCTN1 1 S2-OCTN2 #ABa*t A [E 2514 X
SHUREUE R

S2-OCTN1 1 S2-OCTN2 4 g % 25 1% 5523
B s R 2 fros. 4559388 OCTNI1 F1 OCTN2
R IEM ST TR R TR L8 BTGy A e
JFrE AR ERE 715 S2-Mock i B 2R (P<
0.05. 0.01), HAE# OCTNI A OCTN2 frH0 i 77143
BT BEME . EHERLER. BT A5
S2-OCTNI1 4 i £5% HX & 43 77l /& 44 ffl S2-Mock (1)
3.46. 8.72 1 2.88 fi%, S2-OCTN2 4 HL & 73 5
#& S2-Mock A 2.58.5.86 A1 9.75 £%.S2-OCTN1
FT S2-OCTN2 4H g % R Aif #§H 25 A1 57 BR AT 5 25 1 H Y
&5 S2-Mock UM ELAE I /INT 20 R BIEEBR R 2

ek

SERAR 23 B YT JE B s 2 OCTNT A1 OCTN2
BRI, Al #E OCTN1 A1 OCTN2 Wt T 58 s i

g8,
3.3 S2-OCTN1 #A S2-OCTN2 M IE IR =
RIS E I N E

S2-OCTN1 1 S2-OCTN2 4H s 4 #% 2 &%
B SRR 3. 4. ZEREIR S2-OCTN1 Al
S2-OCTN2 4 Mo X} ZE #H 2 £, 3 1) $e X A2 77 & 4H %
P, FFE kKT, OCTN1 Al OCTN2 MHEHZ 2
R I8 BN 715 B K P Vinax 739729 6.39 pmol/L
120.92 pmol/(mg-min) A1 25.66 umol/L « 637.03
pmol/(mg-min).
4 g

A SR G T 2 G iE R 5| S 1 25 - 25 W0 A L
VEFH B Q& oM 20, s iR AU B i 5
W ZjPk N 23k RE, R S AW R AE A HAE H

AA

1 101 oy 2,2 1 10 # e BEyT g 100 | -
ROF : A B B

& sl semzozwrT 5 g EHTERT R ol s iaese T
;g‘ 6 o 36 == ;5 6 .
5 4 id ** é 4 a4 #
o [l Ll £l |0 I 2 [
= lmm. | mm | M = i H - w N
= S2-Mock  S2-OCTN1 S2-OCTN2 23 S2-Mock S2-OCTN1 S2-OCTN2 H S2-Mock  S2-OCTN1 S2-OCTN2

1 107 o ol VT

B sl miimseeT 2 s sruimzeERT

g6 g6

] ]

=, =,
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