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CQ LLEE 7 h BRI SERAXKEE MR

F & BRAR, ZAZ, B A, 2 F, KxE FEE IISEH, IAT
(o B o B S B 2 o, b 517 B 249 T R ¢ 4 550652, X 100700)

WE: #7147 CQILNE J5 (Chuanxiong Qingfengteng mixture, CQM) J&i K /)N it L 57 1o 21 23 J% 20 il v &5 A=
VIR R T R BRRD )15 R 1Y) UHPLC-UV & 5 M1 7 V2, FRRF 501X P Bl 4H 4 (I RE PE . 0 BT 7 IR e B L 2k ik
0 R RS R R A R R M S SR TE I A DA A R R T R IROR L R A o R BRI IS B T S
CQM, 5 min~2 h 7E i 6 ¥ A0 i 21 2R 35) e A 00 38 75 7 R )] 5 v, L o 26 2905 T V0 10 9 88 B A 2 ) A O
(Pearson's R>0.86, P<0.001); A, J11 25 W 1) o 28 23/100 3 43 e Z 850 T 5 e ist. 0L S 0 25 40 2075 R TR 78.92%,, )1
RN 34.07%, HAE S R P IR R 45 & SRR AR M . Caco-2 4THLIRE & CQM, 75 BEBHRT 1|5 1k 75 41 A
B R AIBE R (P,,,) 2 FIN 1.30 F13.64x10° em-s”, J& HHUE 3% R DB E AL S B P-REEE (1 (P-gp)
MHIFG, & H o P, BRI . R4 L0 CQM % 455 g Rodt i i s 7 e )11 75 V6 () i 38 3% 1k e T 75 R L
20 53 1) % JEL G 32 W] RE AN 52 P-gp SG AMHERG IS AR I FE R . AR 9T BTG B S 36 I R AN Bl W D% MR a0 e v 4 N IR
N E S50 B ) B AP, 15 2 b ] b B R B B 2 SR O AR B S At

BRI T RO, )11 R A M I B A Ak
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UHPLC quantification and brain permeability study of sinomenine
and ligustrazine in CQM after single intravenous administration
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(Beijing Key Laboratory of Traditional Chinese Medicine Basic Research on Prevention and Treatment of Major Diseases,
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Abstract: Chuanxiong Qingfengteng mixture (CQM) is an analgesic developed based on clinical evidence
and traditional Chinese medicine theory, which majorly consists of Ligusticum chuanxiong and Sinomenium
acutum extracts. The current study aims to establish an UHPLC-UV method for the quantification of sinomenine
and ligustrazine after CQM administration to rats, mice and cells, and to study the brain permeability of sinomenine
and ligustrazine. The selectivity, linearity, accuracy, precision and stability of the established method demonstrated
that it was suitable for the determination of sinomenine and ligustrazine in biological samples such as plasma,
brain tissue and cellular fluid. After CQM was intravenously administered to rats and mice, both sinomenine and
ligustrazine were detected in the brain from 5 min-2 h. The CSF/plasma partition coefficients (K, ) of each
component were higher than those of brain tissue/plasma partition coefficient (K, pp), the K, cp and K, 5 of
ligustrazine were higher than those of sinomenine. The concentrations between CSF and brain tissue were strongly
correlated (Pearson's R>0.86, P<0.001). The unbound fraction in plasma of sinomenine and ligustrazine was 78.92%

and 34.07%, respectively. The plasma protein binding rates displayed concentration-independent behavior within
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their respective in vivo concentration ranges. After CQM co-cultured with Caco-2 cell monolayers, the apparent
) of sinomenine and ligustrazine were 1.30x10° and 3.64x10° cm-s™, respectively,
app(basolateralﬂapical)/
P p(apicatsbasolaterary) OF sSinomenine and ligustrazine were 0.67 and 0.85, respectively. When combined with P-glycoprotein
inhibitor, the P,
applied for the brain permeability study of CQM, the components of CQM can be quickly distributed to cerebrospinal

permeability coefficient (P,

app
following into the range of the intermediate and high permeability compounds. The efflux ratio (P,

of each component did not increase. In conclusion, the UHPLC-UV assay was successfully

fluid and pass through the blood-brain barrier. The brain permeability of ligustrazine is higher than that of sinomenine.
The transmembrane transport of sinomenine and ligustrazine may not be affected by efflux transporters. All animal
care and use complied with the Regulations for the Administration of Affairs Concerning Experimental Animals
approved by the State Council of the People's Republic of China. All animal studies were implemented according
to protocols, which were reviewed and approved by the Institutional Animal Care and Use Committee at Experi-

mental Research Center, China Academy of Chinese Medical Sciences.
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CQ 198 & /7 (Chuanxiong Qingfengteng Mixture,
CQM), J& A VR 2 A AR 445 r 125 24 B0 K&l PR S i 4 5y
BCATL I 259, eR V5 20 2H 53 N1 &5 W R XU R A6 /4.
73 O S O AT T B, B T AT AR XURR R Gl 4%
1B 10 Th 250, BT A FE 2R B CQM Xt AL B #il 42 40
P = O 2 4540 ) SR B 41 1 1 5 | S 1Y) 22 v 2 0
FRPEPEIR, DAAY) FRE B R i R 28R S S )
R ) P47 9 B B AR L, FL AU ROR I el sl At
TSRS A T B SR, R I R I
CQM RETHTT AR #H 22 R GE N 2 -5 5 m AH G I AL 2
I 3 Joi /AR 5T B A AR A, W RE T 1 I 4L 24 40 i Ak
% ey M R R /AT ) e 2 3R TR s Jo 1Y~ A 1270, B P
I BOR R PR & &, BB ik
BRI R B- N HERK IR £ OG5SR 58 CQM AT — 8
R R PR 24 B T, (H H AT CQM I i a8 325 MR AIE i A
B VR E R MEAE B — M R S o i
[ (blood-brain barrier, BBB), F H. 7 v 2H 2114 31| & 1%
RfE, PWaEE Mt R . HTAMEEAY sk
P-FEEE A (P-gp) /£ BBB L RERIA, HAF 5 KK
Wz, ReA AR 7 230 A, 2 R ) 25 4 i
BBB i 37 P (1) 32 22 R R e — 1, JF Bt R A
TSR 2 22t BBB, B L2500 K & H 45 6
FAN PR 2 I EE R R . B, N TR
CQM & 217y e 7538 i BBB A 50 R 2%, A HF 52 1)
UHPLC-UV & 37 7] I 43 #r 3% < i 2 23 240 Jf vk =5 7
YR i )1 S TR AN R RO R U vk gy dr
CQM 7 K BRI /N B IfiL 2% i 2H. 2R A J% Caco-2 4 ff H
F o R PE 2 i AR B, A & A I K R
S 3, ARSI AN A0 ) T VA L e g e, A
9 CQM KA HAR PR AR AL ) B2 AR 3

MrIE5E%

2§ ACQUITY i i B M HH il R 4t (3%
Waters 2~ 7)), Bo A 70 i JE B0 5 72 L B sh i FE 38 LA
IR %6 - PDA £ 1 & 4t f1 Empower2 % 3 4b PR T 1 uf ;
Targin VX-II1 2 & i ek 37 &% (b B MR A R A
#]); Precellys Evolution 2E#J#¥: it 25 5T 2% A1 Precellys %
1 R B (25 [E Bertin 23 7]); Rotanta 460R 1%
A% B0 HL (4 [E Hetich 2 &1); N-EVAP 7K ¥ %0 W A
(3% [® Organomation 2 7); Millicell ERS-2 4H i #L FHLAX
(3% [ Millipore 2 7); Easyflow i 3738 K %8 H (B K H)
Tecniplast 24 7); Synergy2 % Dy g B #5 4% (3% [E BioTek
Ay, 22 FERRIE NG R 24 FLAd A\ X5 FR 1L (36 [H Corning
> )); Microcon@ 2 A I8 2 00 38 B (B R AT 4 T R
#: 30 000, 3 [E Millipore A ).

Hm 5 M (E R R, S
DT201803-19, 4 J%>98%). /Il & (LR )1 E ek, #t5:
DT201806-22, 41 J5>98%), 341 H Bk 78 K H A=)
HIRAF .. bt (5 217180801), VA Y ik A4
MR A R AR . HEE . SR RS Nt all, i
LRI A E . Caco-2 4N MK H1 B 2% S 56 41 i B JL =
FEfEtt. m/NEFIE R IR R A R [P &
8 7 - BEE R VIR 4 3 A B 22 v W (Hank's
Balanced Salt Solution, HBSS), 3£ [ Gibco A & . it
TR 7O R AR 0 R BE (HH X 43 5T & 40 000, FD4,
L5 S24J9166383) A4k Fr MK (4 i K 2h R £, ik
5:Y0516C2) 1 H IR AR AR A A .

SMUveny ) TR ERSIL Y B s U e Il /PSSP S
Ao N RSN [ (S 56 5h W0 8 PR 44 451)) (1988; http:/www.
gov. cn/gongbao/content/2017/content 5219148, htm), FF
53 21 v [5] o 2R R} A e IR 2 S O AR B R R 2 Itk
#E. M SD KR, SPF 4R, 6~7 Fli%, SLIGsh ¥l &
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F&AIE 5 114007003544 18; 114 Bal/be /)N B, SPF 4%, 6~
7 JE S, SLIG S0 AR IE S 11400700337318, 1
B b 5 4 18 R B S5 S W H R IR A\ (VA IE 5
SCXK (&%) 2016-0006). FT A sh Y01 3% T Jl 5738 < %8
B (Kx % x5 461 mm=274 mmx229 mm), {4 #5256
BT E N 22 °C, W N 50% Fo A, JE R TR IR
1~2 JE3& BRI FR A EE, B OK A& AL . 45
2500, SiAE B 12~16 h, HHRK. LR G, A
B EWiaAT % SR

ElE AR B R KGR B 12.5 mgrmL!
(5 5 T BRCRN 1) &5 2 35 9 12.5 mg-mL™") F12.5 mg-mL"!
(& 75 BEBIAN 1| 2 B2 108 2.5 mg-mL") ) CQM H F
SIS, FE ) 10 pg-mL (5 5 B 1| 25 B 2 ok
10 pg'mL") ) CQM H T 41 st . %2543 0.22 pm
JERERI1S

UHPLC-UV #& M 75 & i # v ACQUITY
UPLC HSS T3 &% (2.1 mmx50 mm, 1.8 um, Waters,
USA); BN A (K, 5 0.05% HER) B (HFEZ, £ 0.05%
HR), B B Ve A2 7 0~2.5 min, 85% A; 2.5~5 min,
85%~65% A; 5~6 min, 65%~20% A; 6~6.01 min,
20%~85%A; 6.01~7.5 min, 85% A; #ti# 0.2 mL'min';
FE# A 30 °C; #f i = AL N 4 °C; iFEFEE N S pL;
R K 8 B, BRI 263 nm A1 )1 296 nm.

RENRAEARMNRERES (QC) HMmMESH 7
AR B RS 20 20 mg, K30k g, 0 & I v AR
Jo B 2, T2 T TR BRURA )1 755 W ) VR T HER ot VAL
-80 °CUKFAHRAF & . BUR A IR SR, F 25 A i
IR i 2H 23 50 28 AN A B AR B 1S BMIRIR FE B % (LQC,
T EDR 0.29 pg-mL A1 #8011 pg-mL) H1 i B i
% (MQC, 5 B 2.92 pg-mL~' A1 1] #5182 4.22 pug-mL™")
AT R P 5 4% (HQC, 75 Bk 14.62 pg-mL Al 1| 25 1
21.12 pg-mL") B, —80 °CUKAE R - 774 FH .

& M mAY AL IR

EVIRE SIS BIITEL 2 BT AN SE 24 5 A IR B[]
AbAE, B BRI T R AL E L 4 °CL2 000 xg T
B0 15 min, BIE ALK MU KALEURCE K, 4 °C.
2000 xg | B0 15 min, 35 N IE WG B4, F 4 °C
Az B ER KPS B, WK A SRR, B AL B R
FIE T, SRFE N 4 15 ot & R R AR 3 R KR A1, TN AR
YIRE S AR, # DL R R R 21K 4 °CL8 000 r-min’!
PR 30 s, 1530 s, F 7% 8 000 r-min™' $E 3% 30 s, i % &
P ZH ER 50 2R A S 6 P 400 PR it 7 45 24 5 AN )
BT o 4% 3 80 °CHR AT -

AR T AR IR % I SR I R T i
1 2R 50 SR RR A O SR O 7E =R T Rk S, e e TR

5], KWL 100 uL, BT 0.6 mL & rh, 25 L5l n A\ H
B (%5 0.1% H ) 100 pL, 8 000 r-min™ % €4 % 5 min,
4°C.20 000 xg FE > 10 min, b3 4K (4 0.1%
TR Bk 2 fi5 JE LA

FEFER

TR B EH AR A 100 pL, $%“AE YRR
B AL T 7 AR, RS2 A AR b I R ]
P — 8 WP R A B O 2 AR R
MR HRAE, 15 (1% B B2 3 PR 4 il 45 25 CQM
() I 2R i 25 23 50 S v T A B TRE s, RV, R A
W, BT IR R R .

LMV LoE BN WA B R 100 pl, 0
NVRA R IRl 2R 9 R e, TG ) RS TR AT R
JEZ1910.5.2.1.0.5.0.2.0.1 F10.05 pg-mL! J2 )1 &8
R IR 241N 20.10.5.2.1.0.5.0.2 F10.1 pg-mL" ]
DL A R s B4 R 100 wL, I N JE & % R i &
B B, B RS T R IR LN 5.241.0.5,
0.2.0.1 #10.05 pg-mL" J2 )1 & i R FE L) N 5.2 1,
0.5.0.2.0.1.0.05 A110.02 pg-mL" [ #5400 4= R 5, 2R
J5 HE AR ST AR B TR D5 VAR, DA
Rl 25 W () B X 5 W T AR Y VR B2k [R1IE, SR A 1 (A1
VA 75 2 B A b o il 28, KR4 SIN=10 S #E W FE RS %5
H 2 5 1 2 = BR (limit of quantification, LOQ).

PRI W R R SR % U LOQ.LQC.
MQC K HQC Ff &, T — ¥R FEERCH 6 1y, $%“ A=W FE S B
Ab BRI R, HERE 2 BT 15 21 45 o €8 vk U T A
A; IR A EYIRE S, A YIRS AT AR IR T vk
AR, EAUUE G M EERINNS FIR A R SRR
TR BRSO, AR5 R, /3 8 Gk IE T A B, A
5B LG E R A HR R ZE . LOQ A M A QC i 1
H 2 PlSE 6 1k, LARGES: 3 RsE, tHE H W H I
5 o RN RfG

et HLQC.MQC K HQC ¥ i, & — ik AL
il 3 43, FEH AW S RT AR IR iR, &)
3RV (-80 °CUR A7 24 h, i Ahfb), 5 &1k ah i
PE; =R T CE 4 h, HEEE R EME; -80 °CH&MF A
5 6 m, 5 55K AR E 1 Ab B S I RE S TEERE = i
H 24 h, HE 5T E M

P E M SLIE T A S IBENL S 9 0.083 h45 2
. 05hE M AV hAEAM2 WA AH, BHNE
3HKEA3 RN . KB %2 mL-kg ! 44 5 &5 ik 59
25T CQM (12.5 mg-mL™"), /N 4% 10 mL kg 4 5 2 i
Jik A 525 T CQM (2.5 mg-mL-"), %5 24 71 & 75 BE G A ) 1|
HWE N 25 mg-kg R E . 45240.083.0.5.1 F12 h )5,
2 FREFHLRIE (B0 5% 15 SR 1.5%~2.5% 4 +F),
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SRR A ML T VRURN 4 i S5 4L 21, 4% FE AR b 4 T
V) % ML 3R R R DA SIS R . e R
H SN, 4% LR 75 3% 4% 2 A AE YD R TR L

W25 24 J5 B ISR 0 RN i 2L 24 50 SRR i, 4%
AR IR S T AL IR HEAT 4R A, 23 0 RSN I 3 o 2
WA E (Cpagma) ~ WV R 25 (C) TG ZH 2
DI TE (Corgin)s T Congsn FIMTAL L 50 JM 25 DR
VDAY=~ ATTE NN 5371 > N N/ W i 5L 7))
YR/ 2 W & L (CSF/plasma ratio, C/P ratio): C/P ratio =
Coat/ Cotasma™ 100%- ZiW i ZH LV HIK BE LE (brain/plasma
ratio, B/P ratio): B/P ratio = Cyp/Cppaema100% A1 2 2/
I %% 53 Bt % #4 (partition coefficient between tissues and
plasma, K;): K, = AUC 41500834 i/ AUC 152008541 < 100%,
B fi 5 98/ ML 5 3 P R BK, o VG AL 23/ 3 53 T 2R 2
K, s Hrh AUC R BEEE T

MBREFEALEEIW TR IR ST 259 1L
KEEEGFNED . WE TR 5 BIERE N
e 5 W B (non-specific binding, NSB), Bl Fj 22 i
W ] LQCMQC K HQC #% i, HL 0.5 mL Jin X\ 8 Ji&
BN, T 37 °CHE 14 000 xg 3 T B0 10 min,
—IWRIE3 . HUEST, LA PDRE S AT AL B TR U7k
A, 3 R E IV b 2R (Cp) AT IR T 24
YIREE (Cp)o TRYE VLN A FHZENSBINSB = (C;~Cp/
Cyx100%-.

HB“ f 368 35 1 S 58 R B 45 245 5 0.083.0.5 1 M1 2 h
FR IR b 0.5 mL, 4% IR 7R AE, 23 A I i
IR L (C,) FIR AL BT L3R T 250K B (C). 1R
P DLR 2 2TE 5 I R B 254 43 30 (unbound fraction
in plasma, £,): £, = C,/Cx100%

PRBEMEE B LI FEFLAE 0.4 pm 2 IRIRIR
i T F) 24 FLAE N 30RE 97 I 1 BL 1.0x10° eme /) 2
Fe A Caco-2 40 Y, £ 2 R B35 7R 1 IR, WL 4 i 2
KABIL . H5 97 21~24 dJ HIZH BRI & 5 T
fii B PH A (transepithelial electrical resistance, TEER).
H#HUTEER {H KT 400 Q-com [ 41 A5 2L F T i J i
PEMELIZSELS . O 40 T 40 5 = T (AP ) I
CQM (10 pg'mL™) 0.2 mL, Ji& ¥ (BL ) in A\ HBSS i
0.9 mL, 347 AP 2 BLMIM 52125580 . @ M Bk
J7 AT BLIE] AP M )iz sege . @ WS dEhim
KXF & CQM & 2H 4338832 1 (1 52 0, S FH 100 pmol-L!
YRR AE FH AN 2 h 5, W37, 7% 100 pmol L
AR KA CQM (10 pg-mL") Bk 77 k347 AP 1]
B BL M i) #2525 . #E37 °C R &, 1£5 0.083,
0.5.1 F12 h, iid A AP Il 2 BL {0/ HUEE 100 pL (54
B) RUHURE J, 500 4 N 2U8G 77 LG 7% 2200 1Y) 5 S5 AR

HBSS 1 FL IR H, n=4), 73 1 % 20 55 £ W18 iE &
(P,pp) FANEST 2 (efflux ratio, ER). 2 hilf [A] f{HL 45 24
MAE o, I 50500 2 4 o 2 5 R0 55 N 44 1 e s )
M ECAE, 20 BT &40 B IRl e . SEBR 45 3R f5 ] FD4 2%
SO A SE R, 1SR TE I 0.241.2.20 #1200 pg-mL!
(3 BXT R 0.1%40.5%- 1% 10% A1 100% F) FD4) ¥ FE )
FD4 2 37 bk th 2%, BIZE AP 0 4% ¥ J (1) FD4 V5 T,
BL N\ HBSS, & T} 72464597, 1 h 5 B BL Ul 44
FEEFRAC ARSI (R B K 488 nm, KT K 535 nm),
S AL bR AE R AT BB A . #5200 pgrmL
FD4 3 3% % /T 0.1%, W] 356 B B2 AH X 58 B 1)

P, tF AR N P,,=(d0/dD/(A4-C)M, H O 2
MRz &, ARME DR B S &, A7
N ng; dQ/de i FEUS i 2H 73 (1) 26 1 A B AR Ab R 2R, BT
& ugs AR Al N R IR LR R AR, BA7 2 em? (24
FLIRN 0.33 cm?); C, =2 146 S IR I 25 T W AR IR B2, 1
fing L' ERIFEARN PoppsLoap/PapparopLe

G FE o B A A2 B A4 Origin Pro
2016 (Ver.b9.3.226, OriginLab Corporation, Northampton,
MA 01060, USA), ¥4 Fl x + s %, 95 4125 5000 b4
K F ST A AR WU student's tRE 56, LA P<0.05 15 4o it 2%
B, P<0.01 HREGIT ¥ o

%R

1 FHEFWIE

1.1 FERNEEM AR EWRRELE, K
TRAE I R A3 W e i, 0L i £H 43 50 SR 0 % 40 P v
() PR A o AR = AN T A D R TR A, R
PEREF. &2 50 A A A Y0 U ) UHPLC 1% &
W 1 FroR, 5 BB & I 1] 294 3.00 min, 1] %55 H
U T[] £ 24 5.00 min.

1.2 FREMZ EMTEBEREER FAHASTEMLEK.
o 2H 235 J R % 240 LA S R 1) s oA i 2 ] S 5 AR
KRBT T7 (12) AR VG W3R 1R, S0 T
A E TR ROR BT N 2 KT 0.99, ZBME SRR R
Uf . 28 SIN=10 S #ERf B R % B 45 5 i 25 17 LOQ,
I 2 FII AL LOQ T HEHHCA 0.10 pg-mL 1| N
0.05 pg-mL"', A ML H LOQ 5 i 0.05 pg-mL. 1|
54 0.02 ugrmL ',

1.3 REERR BEEESERE RNEIKER
LQC.MQC HI HQC #¥ fit 7£ 69.88%~99.87% W ; #E i
FE 25 B LOQ K & A1 LQC FE dh 7E-12.34%~23.05% W,
MQC FI HQC 7E-11.94%~9.26% M ; H N Al H 7] §5 2%
25 B AE 10% LA, SR B 7 R HEff R 25, FF & A R
A WIRE b 43 BT 7 V6 IE [ R SR 02
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Sinomenine Ligustrazine 17 64 B HERf JE N -12.8%~15.6%, AbFE 5 (AL & 75 3
g . 55 9 1L 24 HE B - 13.9%~ 5.3%, U9 i
ML 0004 M ST RE SR, R AT R
g MRy MR GEPN TS LIENY N T AP
RN R Y T B0 AT T, TR 0T AT T
.&2 0000 el N 0,000 K O3 TR BIE, 45 AR T v 3 R KRR B AT /N R
= e e i e 158 RS 5T S8 5L M RE 1 CQM 75 BB |
o WLLL el i1 ek
omfne/minoms 2 BEIEM
Brain HLIR 25 T CQM J&, T i B8 A1 1| =5 18 e PR s 4y
g:ggi:J L s L A B o B AR B K R KT 5 CQM JE 5 min
- 0.000] 0.000 (0.083 h) R AJ 7 i B ¥ Fii 21 2450 J 3 A A o 7 e
j\;o.oog?"’ = e L v BN )11 2518 (J812). CQM AN IFIZH 23 F ok o 43 A 7L B RS
Fowd [\ ] e} P T 25U 25 me ke, (LI AMERE 1|25
= 0‘008(340 25 50 75 0‘0089.0 25 50 75 B (16.27 pg'mL") M 75 BERR (3.83 pg'mL") {1415 %,
omed [l eed) N ) 900 0L e 35 )11 25 9 A0 L 10 £
el e BA_L, C/P ratio B/P ratio % £ ({134 Sz AUC.K, 45 1|
C Cotlular fuid Fame/auin R T R (B3 A1 2). CQM Al — 4153
0.004 0.004 Fifi A3 00 i 2H 2393 A 1 B 77 2 B AN ), LT 2 R0 3,
e /L g A T RO A 8 0 EF V0 0.083 h B A U1, C/P ratio 7
% 00 25 50 75 00 25 50 75 0.5 h 51 ¢ = (36.59%), 75 26 2177 1 hik &, B/P ratio
g et L o \ SR SR, AN 6.61% (0.083 h) 4% 17.30% (2 h); J1]
e e 50 i YR AL L 842 0,083 h I, O/P
sk \ ey \ ratio 7E 0.5 h % f&1 (57.42%), B/P ratio £f 45 ¥ 3 i1, A
o.ooo-j_:'_:gL 0000y N A 19.14% (1 h) 34 % 37.53% (2 h). CQM & 4173 fixi 4 23
o e S A LI R BT SR ELI A S (Pearson's R>0.86),
Figure 1 Representative UHPLC chromatograms of sinomenine o TR T L SUR E ) 2~ 3 i (P<0.001), &5 R L

and ligustrazine in plasma (A), brain (B) and cellular fluid (C)
samples. a: Blank samples; b: Blank samples spiked with sinomenine
(0.10 pg'mL™! for plasma and brain, 0.05 pg'mL" for cellular fluid)
and ligustrazine (0.05 pg-mL"' for plasma and brain, 0.02 pg-mL"!
for cellular fluid); c: Samples obtained 5 min after administration
of Chuanxiong Qingfengteng mixture in rats (25 mg-kg') and
incubation with cells (10 pg-mL™"). The retention time of sinome-

nine and ligustrazine was 3.00 min and 5.00 min, respectively

14 FBEM LQC.MQC F1HQC ¥ i b 5 BE Bl AN 1|
HEEE R CE 4 h S N -12.8%~12.3%, £l
3 YRR B AE B T N -14.3%~0.2%, 1£-80 °C4& 14 T it

4. LALEFRBT T RRBEAN )1 %5k 2 e pRod e ok ifn - fi
V057 s A 1t oG 2HL 23 B B, BBB 3B 1 R 4F, H [ i E
T3 AT ) RE 0 S BR; S3 A, 1 R ) i M e T
T Bl o
3 MEEAHEE

NSB 5 BERHZI 4 3.03%, )| Z5 21K 8.24%, /T
10%, R b A S 56 176 FH 1) 8 226 B mT LU H 355 7 A
JE R M2 AR (45 G R TS . 45 LR 2, 5 R IIY
M3 £, 08 78.92% (MR BEJE FL: 0.61~4.98 pg-mL™), JII %
W IR L3R £, 9 34.07% (MR PETE [ 0.08~22.41 pgrmL™),
I HEAS SRR BIREZIEE N T B8 .

Table 1 Calibration curve parameters of sinomenine and ligustrazine in rat plasma, brain and cellular fluid samples

Biomatrix Component Regression equation r Linearity range/pg-mL™"'
Plasma Sinomenine Y=29289X-88.1 0.990 0.10-10
Ligustrazine Y=10120.0 X - 809.6 0.999 0.05-20
Brain Sinomenine Y=3210.0X-497.3 0.990 0.10-10
Ligustrazine Y=10400.0 X - 843.3 0.994 0.05-20
Cellular fluid Sinomenine Y=38664X+17.6 0.999 0.05-5
Ligustrazine Y=11521.0X+6.0 1.000 0.02-5
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E 3 6 were strongly correlated (Pearson's R>0.86, P<0.001). n =12
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Time / h of Chuanxiong Qingfengteng mixture (CQM) in Caco-2 cell mono-

Figure 2 Mean concentration-time profiles of cerebrospinal fluid
(Cy» ngrmL™Y), brain (i, pg'mg) and plasma (Cpyqy,,, g mL)
of sinomenine and ligustrazine after single intravenous adminis-
tration of Chuanxiong Qingfengteng mixture at the dosage of

25 mg-kg" in rats (A) and mice (B). n=3,x £

Sinomenine Ligustrazine
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<
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Figure 3 Mean C/P and B/P ratio profiles of sinomenine and
ligustrazine after single intravenous administration of Chuanxiong
Qingfengteng mixture at the dosage of 25 mg'kg' in rats. The
maximum B/P ratio of sinomenine and ligustrazine was 17.30%

and 37.53%, respectively. n=3,x + s

4 [REEME

CQM 1 75 B A1 1| 5 - £ Caco-2 41 a1 J= i _E
P, 7 5l 2 1.30x10° Fll 3.64x10¢ ems™ (3 3), #7 A
P,,,<0.2x10°.,0.2x10°~2.8x 10 fI>2.8x10° cm's ' £}y
B 368 375 PR - PR e O PR AR A v, D55 TR R -
BEIEACEY, TS8R T mimE L G, )15 R

Table 2

mixture at the dosage of 25 mg-kg' inrats. n =3, x £ s

layers. "P<0.01 vs CQM group. n =4, x £ s

P, (x10°cm-s™)

app

Component Apical—basolateral Basolateral—apical EfﬂPX
CQM Verapamil+CQM CQM rato

Sinomenine  1.30+0.19  1.19+0.15 0.87 +0.09 0.67

Ligustrazine 3.64+026  3.06+0.17" 3.08 £0.25 0.85

7 v T R, X N B4 S I G 3 5 4G R A B

7E Caco-2 41 i 5. /2 5 b XU Ie) B da i), 5 R il A ) 1|
ZE [ ER 7E 1 DL ; F1 P-gp 10081 771 448 iz g >k & 7] 3247
BN, TR IS e P, R N, DL AR
A LA B CQM 75 20 45 1) 185 L 5 12 W] G AN 52 P-gp 25 4k
HESZ IR M . A P-gp 470, )1 W1 P,,, S0
K21 15.9% (P<0.01), HHARYLHIF fr it — B 10 AE

TEREFR L | % 41 45 1) R N (95.03~101.1)%,
i B T TR BURT )| 25 5 % 9% I~ 35 AN R 2E NSB, JF
H7E Caco-2 41 A b A AR . 52 96 Wi 0 P A 24 o A
A TEER {241 KT 400 Q-cm?, SZI6 45 o 5 FD4 3 1% %
BI/NTF 0.1%, 156 W SI2 56 Fi A0 48 > S 96 o T2 A J2 R A4
X} SEREI

o

MiR55iL

AR ot P BRI |5 R A N 5 2 2 A SOk
B, # & HPLC-UV .HPLC-MS/MS 2503151 {H 7 Ji il Fl
5 0 9 2 ) I AT 5 B 00 V2 R RIS . AR 5T

AUC, K, and f, results of sinomenine and ligustrazine after single intravenous administration of Chuanxiong Qingfengteng

AUCc>f(O,083-4 h) AUCb!ain (0.083-4 h) AUC lasma(0.083-4 h) _
Component /hpg-mL /h-pg-mg’ /h*pug-mL" K, cwl% K, /% S/% (n=12)
Sinomenine 1.21 0.55 3.97 30.52 13.83 78.92 £3.44
Ligustrazine 6.67 3.26 13.25 50.35 24.59 34.07 +1.94
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R I TR ) €L B AT S B B R R R, R
E AN 2 FLE TR 22 B R )1 B RS
FHAE, 5 H R EEDUGE, 85 _LIEAH RS T, I &8
17 e A A% HLAR S5 K (BRI 7.31%~14.08%,
RSD>56.84%). [, AW 7t B 7F i S — P i 51 PR
FIRE 2 1 AR 0 B BT AR B D5 VA T CQM HR 7 TR L )1
R (A 52 B IOASI J7v . HRANE I & A DiiE
A5 B O 1% AR (45 0.1% PR, #F i pH 21 2.1) M
1 1% 6% 1 SR (FE & pH £ 0.5), 1ML 5% Ao 2 23 8¢ i 75
I B R 1] S R ) i B (e Wi R B AE 73% DA B (RSD<
5.37%), DK 353 T A Dy 75 A B RN )11 TR 19 B 1 DLTE
o B 8 BIASLIG 1 S A pH T 52 Y5 (pH 1~12)
FVR A K, f &L HE 165 H B (0.1% HR) 1E N T
A BRI FVHEAT 5 W7 22 0000 . 45 R, ARSI 4y
T 7 VR FF B A O RE B 4R 5 R0 G R0, BT T
S PR AP RE R R (0.11~4.98 pug-mL") F1J1| 2
I (0.02~22.41 pg-mL") [ A 5E & 43 7, iX 8 CQM
o 368 325 14 AT A B i W2 AR B D1 A AR T R
(ST

T TR R0 ) 1|5 T 4 24 J G N i 28 23+ 40 A7 R 5
CoA 3, W Liu S0 78 KB H IR BEHK 90 mg kg,
0.75 h 1 B/P ratio i=1i& 83.76%; Long S 50 K iR AE
Ji 3 5 5 R B 30 mg-kg!, K 414 0.25 hik Ug, iR B
2979 1.23 pg-mL', {H K AN 1.79%; Liang U 51 K
SR Bk T 5 )11 18R 10 mg-kg!, 0.25 h JE K R 2 4
1.45 pug g, B/P ratio £1 4 20.76%; Xu ZU R 78 A FUIE
JE 5 )11 B8 40 mg-kg!, 412N K, 2978 68.30%, LAk
T E 3 B 7 75 R BRI 5 e T LA sd ik ifin—fii 2H 23 5 e
ARHIE TR BRI B K S CQML (7 T R BRI 1| 55 1R
¥ 25 mg-kg), U SE T HERRAN )1 5 W 8 i ifn - 4H
25 e A I~ o B 5, LR P 2 1A LA R A ) A 5%
P (Pearson's R>0.86, P<0.001), 4R Ifi—fix 2H 2 3¢ e Al
L~ 65 5 I A7 7 45 M R0 Th g L 1) 22 5081, {H [ i oG
AT S50 R PR 32 e 7 1Y) 5 SRAS 1, o 8 YA Tt
0 2L 2R FE B ATY B S B S 3 S A L 95 TR A
JIE5 182 1) B/P ratio K, $U{EL 55 A1 _E 38 STHER A 48 AR
AR, 7 BF 55 4% BR 75 B B A0 )11 %5 15 RE B4 1K Claudin- 1.
Occludin Fl ZO-1 %5 58 % 3% 432 55 1 ) R IA1020, B [ IK
P-gp %5 2 2 24 %5 38 1A 1R 3R 0K G P22 55 40 )11
W& RE 12 =1 P-gp M2 AR CYP3A Y- A IR A
F 10 R 2B R R ), R i CQM 5 F BRI ) 1| 25 W R
A 7] B8R AL 25 - 25 W AR HAE F, 33k 1T R MR 45 20 4> B/P
ratio K, X i A2 . H CQM 24— 25 ¥k BLAE il /2
FLRTEAT A 3BAL Az DL Je FAA O s B B B A
2 ) 32 A 2 2 ) AR I A 1 3R BT R, X AR TR

BLE Ak — PR AR .

DNk — R CQM fivi i 28 H i 45 2R, EAT TR
I3 B 1 45 G R A SR8 E VR I E , o 75 B
R ML H £ KT 30%, X307 il B 1 W 28 2 se 1n)
I 2H 2353 A (R e 05 Forb )11 58RI 3R B 45 B AR B
T BRI = 3455 2, DR R FE AR Y 4 BRI ), AR T
JI R AUC 8 S 45 B o MRANAI I S B8 B, DA PR IIE A4
WA SEER AR G, 2% T CQM 1R 441 i #5551 & (1
1.25~40 pg-mL" 1715 Z 5 T 90%) S AR N 2 e 7K,
4 10 pg-mL i) CQM HEAT R 375 1 M5 i 7% iz Sk
B o 45 AT BRBRUR )1 5 R 1) JEE O 1 R A, O B
B35 ] BB AN 32 P-gp S5 AR RIS AR (1) 520, DRI £E i
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RAE IR TT O B AR . 3 A, AR P TG )
# %2 % B/P ratio K, LU TR, SR £, T BEB K T
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Y2k PR 10 95 5 45 2 5 W v 24 ) 5 iR A i T
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K2, ARG A ST (RS 43 B If 2R i 2H 23 0 4 P
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