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Abstract: The drug release characteristics of Da Chuanxiong Fang multiunit drug delivery system (DCXFMDDS)
in vivo and in vitro were evaluated. Ferulic acid (FA) and senkyunolide I (SI) were used as marker components,
which were two of the effective components of Da Chuanxiong Fang. And their contents were determined by
HPLC. Drug release characteristics in vitro of DCXFMDDS and Da Chuanxiong pills and pharmacokinetics
characteristics of DCXFMDDS and Da Chuanxiong Fang active fraction (DCXFAF) in rats were compared. It
was obvious that FA released from the DCXFMDDS in a sustained fashion but SI in a fast fashion both in vitro
and in vivo. The releasing process and the releasing mechanism of FA and SI from DCXFMDDS were different,
but the AUC value indicated that compared with DCXFAF the extent of absorption of FA and SI from
DCXFMDDS was increased. Though from the same multiunit drug delivery system, FA an SI had different
drug release characteristics both in vitro and in vivo, and that may be one of the reason why DCXFMDDS has the
good properties such as rapid and long-lasting effect and high efficiency.
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KNNETTZ 025 24 (DCXFMDDS) & 7E 3L
255 75 2 o B2 RGPS G R ORI ik
I 100 28 L 7 00 DR N 25 J7 Sk B 2R 52 77 44 s 11 I 1) R4 30
RAPE T2 TR RS, % RIAME KN T E
FHAE SR 290R )1 5 JRBR T B2 IR 2850 . 4143 1)
AR ST, 43 N | 25 R S G B AOAL R JRRIARE
SRR AL, A ORI R A T A 2 B 21 2 1T
S A2 77 T L O R R R TOML © R BR G REAAL - )1
B =1:4.25:6.5, ARFEMREN, 5K
JiAR LG, R 2 2R G RE DR PR A A R il 2R e Sk
ALK R b — % b & (NO) &, MAEW R
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H@ANKF  DCXFMDDS ([ Hl); K1 T34
414y (DCXFAF, Hifil); KNSR OEE A H2
HIRAT); FA XM (5 0773-9910, H[E 254
A SR E ), ST IR (BRI, 2l > 96%); &
SRS (Sigma A HE] ), FIEE (4l Sigma
AF] AR, ARSI, AR o Al

28 SRR (% (LC-20AB B, H AR
AT, BT SPD-M20A 4 DAD il &%, — o
%, SIL-20A %4 [ ZhiEFE R4, LC Solution fil% T 4F
uli; RCZ-6C2 BU27Ws Hh BEAX (it st 2R 38 A
A HD.

¥ SPF 2t SD K, A 250 g Zidy, Mk
Fe, W BB 2R SR S AR, AR
SCXK () 2009-0018.

KINEAT R

kg R Cos O F: (250 mm x 4.6
mm, 5 um), WAAFEE (A) — 1%KEGR (B) FhIE
Ve, Ve 0~35 min, 5%~35% A; 35~50 min,
35%~80% A; 50~60 min, 80% A; 60~ 65 min,
80%~5% Ao Wi 1 mL-min', F:i 25 C, FA £
K 322 nm, ST AL 276 nm.

B R IEHE AN T (0.1 mol-L™" HCI)
(RIELH: R BRI 18.8 mL, IMALE /K 2L,
WA, RIS, N TRl kG 2% R R —
#138.01 g, ' 250 mL &, DA PR ITMRE
B, AR, 19 0.2 mol L BRI AN, HUi%

W 250 mL 5 0.1 mol-L ™' HCLIFW 750 mL B4, i##
FEIRA), B pH (N 6.8 (NN Til. # B 5
Il FH 88 75 B < 30 min.

BEIRESEY BL DCXEMDDS K K12 F R H)
HEWIEIAT RO MR UE 256, DCXFMDDS B 2 i []
B, W2 h LN THEBOVRR B, 25N T
F B M R A SR 3 BORE IS 1) £ B85 7 0.2510.54 1
2. 3. 4. 6. 8. 10, 12, 18 f124h; KJIZ KL 1h
WERRESE A iR, DAk, JOREBON Bk — M AL
B, BUCRER IR] A AE 0254 0.54 0.75. 1 f1 2 h,
T 0.22 um FUFLIEREIEIE, SR w808 (i
ACIE - FR bR o IR AR, VF SR IBUE, 22 IR
fEZ, WEImai .

BRI D ERR

kA&t SR Cig RAFE A (250 mm x 4.6
mm, 5 um), WA FEE (A)— 1% VKBS (B) BAE
Ve, YeligE: 0~10 min, 2.5% A; 10~20 min,
2.5%~28% A; 20~50 min, 28%~75% A; 50~60
min, 75%~80% A; 60~65 min, 80%~2.5% A. ik
1 mL-min', FA. ST K 5510 322 F1 276 nm,
FEL 25 C, JEAEEE 20 plo

PRAES A4 RS FRE FA X 4.21 mg,
SI XJ HE ik 20.60 mg FIlA & 256 LS 5.41 mg, 40 )&
10 mL ). FA F1 ST 23 5l I I BB 27K 52 4% 42 %)
FE, B, 1SR IE N 421 F12 060 ng-pL " [k 4%
W W IR BOE E, FBAKRRE, 35FANHE
W EE P IO FE AR . B L3 AT RE 0.3 mL
R G, INBAiKE R R R E, 5, HatikEh
541 ng-uL ' IF G R, BOZA S BOE R, LU
Al KR FE 20 1%, 79 27.05 ng-pL " (07 S ARAERC

R, AR ALTE  SD ORI, kRS,
BEHL4> ) DCXFMDDS #41f1 DCXFAF 4, &4 6 1,
SRYHIAE R 12 h, AEEK, R ESREER T (10
mg-kg ) R UL 30 min R AE S K A
0.3 mL, #%B4A25 35 gkg ' MFEDHHEE LT
DCXFMDDS f#, (0.94 g-kg ') M DCXFAF J& &K
W (10 mL-kg "), A T4Z5)5 5. 104 15, 30, 45,
60, 90. 120, 180. 240. 360. 480 1 600 min [
i 0.3 mL, BT ZRMIEE B0 T, BEIES,
4 000 r-min”' #5010 min, 48251023, B3 100 uL
B 1.5 mL B0, SN G RZARMER 10 pL,
WHERA, B 70%5 &R 20 uLl, iWiE 30 s,
12 000 r-min~" &0 10 min, 3R

ARALIE SO HE R 3P97 28 A AT
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AbFR, FA J ST 100 —H B, BCEAIEh 1/C/C, B
SPSS16.0 4i it # A% DCXFMDDS 4 & DCXFAF 4
W FA & ST W25 8)) % 2 50 AT X0 ¢ K56

#HR

1 KINERE

1.1 wRAEMZRSH SAEFEIE MR FA
55 ST IR SOE I, I FBE-1%0KBS R (35 © 65) A
Wk FAL ST 435004 0.12 F1 0.91 mg-mL ™" ({4
X HEOS T o K 25 IR ORS00 R 1S 4. 84 12,
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ZAFNE WA, DLHERERE (C, ng) AREARKR, (4%
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N A=64535C— 47729, HIKFRE r=1.0000, 2tk
TG 0.12~2.44 pug; STFIAJ R 4 = 5.07x10°C +
179 898.1, I RE r = 1.000 0, LMV K 0.91~
36.32 pg. MRl —IRE 0 R AR, % B IR A A
M e AR, EAIE 5 IR, FAVEIAI RSD 24 0.17%,
SI WAL RSD 4 0.04%, KT EREHERIF. &
S E KL, FA WA RSD & 0.83%, SI U
FURSD 4 1.51%, J5ikmE st Raf. WAs, e
48 h WA, 459K, FA 48 h WIEFL RSD 4
1.70%, SI 48 h WIETHI A RSD 4y 0.05%, & WHFE i %
WHAE 48 h NEEE . [T 45 K W, FA ~F3n
FERIE A 101.15% (RSD = 1.52%), ST P-4 hike 0|

WCE N 99.07% (RSD = 2.46%), AVEAERy. w4E, &
JE PR TS R, A LA sy 6 FA K ST
TENER LTI (E 1),

1.2 DCXFMDDS {K5MEZ54F{E DCXFMDDS 5
KN R FAL ST ARG Hh 28 DL 2.
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Figure 2 Drug release curve of Da Chuanxiong Fang multiunit
drug delivery system (DCXFMDDS) and Da Chuanxiong pills

(n=26). A:FArelease curve; B: Sl release curve

1.24 1 3.00

1A 275 B )

1.04 2.50

091 225

0.8] 2.00

07] 1.75

0.61 1.50

0 1.25

0 1.00

o 0.75

| 03 |
g 01 0 A I
< 0(1)- -0.25
o ‘ 0 10 20 30 40 50 60 70
= 0 10 20 30 40 50 60 70
<
E }% C 3.00 D
= U 275

. 2.50

0.9 2.25

0.8 2.00

0.7 1.75

0.6 1.50

0.5 1.25

04 1.00

03 0.75

0.2 0.50

0.1 0.25

0 0

-0.1 -0.25

0 1020 30 40 50 60 0 10 20 30 40 50 60 70

Figure 1 The HPLC chromatograms of ferulic acid (FA) and senkyunolide I (SI).

Blank at 322 nm; D: Blank at 276 nm. Peak 1: FA; Peak 2: SI
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A: Sample at 322 nm; B: Sample at 276 nm; C:
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1.3 DCXFMDDS i FA. SI {RSMNEHEERB S R
FEIAMBI AT AR 8RB B AT s Bt 2
Weibull 73 A #5714 . Higuchi %  F1 Ritger-Peppas #5714
AP, G L 1.

2 HHFERR

2.1 FEEBRM RS T VEEAE, B3
SEANFRERE S i 1 o 25 SR, S PR
FATHL FAL ST IS &EWE, A FAL SI
[EFIARY (8

22 LMTEESHAME  FA brvfEfi id g BOK
B EILE 100 pL, BIAAS[RIA FE (1) FA bR & &
&R FRMEW, Aol 4.5, 50.00 100.0. 500.0. 1 000.0+
2000.0 F12 760.7 ng-mL~" [] FA Il 3¢ FF 5, 4% B
FE S AR T AT AR, @ hsUEIiZE. DL FA 5P
PRIGUETALLL (V) X} FA WREE (X) 1ELEMDA, B

Table 1 Results of release curve fitting

BREHTEAN Y = 0.526X — 1.632, r = 0.999 8, 7
0.090~55.214 ng W& PEX R R 4T,

SI bk M4 () 45 VA ERAE, Pt SI
SRR E SR 5.00 50.1. 100.04 501.1. 1000.1.
2000.0. 4 000.5 F15999.6 ng'mL"'. LL SI 5 F5IK
WAL (Y) A STIREE (X) VEZPERNA, PrignliH
TiFEk Y =9x10°X + 0.004, = 0.999 5, 7F 0.100~
119.992 ng W &PER R R
23 RBEERBREM AN 100 pL, Hl#L%
PRGN s P AR 3 AN BRI ERESY (FA: 2 760.04
500.0.5.0 ng-mL"", SI: 6 000.0.3 000.0. 10.0 ng-mL "),
FAMLIRAE T AL BT VR R A, B EPAT A 5y, DU
5E FA. SI H WK% E, FA & . K H W RSD 4%
) 1.13%. 0.48%F1 4.73%, SI . . {KH N RSD
I 1.26% 3.93%F1 11.01%; [RliEHI%& . .

Index component Model

Fitting equation r

FA Single exponential model M,/ M,y=1- "% 0.997 7
Weibull model In[1/(1 =M, /100)]=1.376 7 Int — In11.542 8 0.997 4
Higuchi model M,/ M, =2646281"7-9.716 6 0.949 8
Ritger-Peppas equation M,/ M, =92758 "% +22274 0.974 6
SI Single exponential model M,/ M, =1-¢"7320! 0.8612
Weibull model In[1/(1 —M,/100)]=1.198 8 Int — In1.298 7 0.909 7
Higuchi model M,/ M, =13.865 8 ('* +34.844 3 0.636 6
Ritger-Peppas equation M,/ M,=44.7957 "' +3.802 1 0.788 1
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Figure 3 HPLC chromatograms of blank plasma (A: 322 nm, B: 276 nm), blank plasma spiked with FA (SI) and internal standard
coumarin (C: 322 nm (FA), D: 276 nm (SI)), rat plasma sample obtained after ig DCXFMDDS and Da Chuanxiong Fang active fraction

(DCXFAF) (E: 322 nm, F: 276 nm).

Peak 1: FA; Peak 2: Coumarin; Peak 3: SI
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I 3 ANTEIRERESN, 0~2 CICE 5 K, RERIE 1
W, FA iy . AKH ) RSD 20514 3.67%. 4.70% Al
13.96%, SI &+ H' ik H W RSD 2514 7.39%- 8.97%
1 6.52%. IMEAESAEELSS 2 CORAF, CE 5 R, i
S FRbR Y S A AR AR AR AL, THE AT FAL SI
L AR i AL ELAE i RSD 23504 9.10%. 4.27%;
AL A S SRR S Uk, HEREIN 58 B IR RS 5 H R b
oy S W BRI TR AR, THEAS FAL ST 5N FsY)
U AR LEAEL 9 RSD 23 514 5.72%1 5.20%, HF i Ea e
PER AT

24 [EE AN 100 pL, 6% v aE N
Eis s R 3 AN TIEIRERES (FA: 2 760.0. 500.0.
5.0 ng'-mL"", SI: 6 000.0. 3 000.0. 10.0 ng'mL"), 4%
SR R S AR B 7 V235, 42 BN E FAL ST i
TR, I 55 AH RV S T FRRL ot Y0 R L 0 e 13 g
AAH L, THE R, SEAMREEPATAL 5 4. FA
Fi AR 3 R BE RIS 92.64% (RSD =
10.19%). 102.71% (RSD = 6.52%) HI 80.41% (RSD =
6.04%), ST i1« WA 3 R BE[HDC A 730l 4 113.57%
(RSD = 2.38%). 109.93% (RSD = 1.56%) #1 100.86%
(RSD = 10.32%), [FIR R 1.

25 MPREENBERADTFSE HHEDR
DCXFMDDS 5 DCXFAF Jii FA 5 SI V-3 1l 259K J& -
I} i) 2k WL 4, B41 FA. SI Z530°: S35 LS00
Mrei Wk 2. £ 3.

Table 2 Pharmacokinetic parameters of FA after ig DCXFMDDS
and DCXFAF. P <0.05, P <0.01 vs DCXFAF group

FA
Parameter
DCXFMDDS DCXFAF
Ky/min™' 0.124 8 £ 0.069 4 0.1892+0.0852
t1/2(k,)/Min 7.3298+4.1437 3.6256+2.0800

AUC/ng-mL™"-min 13 823 £ 6 831.09 12 536 + 5 336.74

fpea/min 17262286111 7.6864+2.792 7
Crnax/ng-mL™" 76.920 6 + 4731717 382.76 +219.18
MRT/min 328.28 + 156.45™" 50.42 + 18.49

Table 3 Pharmacokinetic parameters of SI after ig DCXFMDDS
and DCXFAF

SI
Parameter
DCXFMDDS DCXFAF
Ki/min" 0.103 5+0.0717 0.1732+0.163 9
t1/2(k,)/min 8.924 8+4.537 1 6.768 4 +4.138 6

3.371 4¢* + 1.862 1¢*

16272 1+9.310 6
395.33 + 130.36

64.967 8 + 14.66

6.779 1e* +3.071 1¢*
21.723 3+ 11.001 6
508.42 + 125.44
157.87 + 81.09

AUC/ng'mL™"min
tpeak/MiN
Ciax/ng-mL™"
MRT/min
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Figure 4 Mean plasma concentration-time curves of FA and
SI in rats after ig DCXFMDDS and DCXFAF (n = 6). A: FA;
B: SI

it

DCXFMDDS 5 K11 Jrrh FA. ST ARSMEE 24FF
MEA M2 RN R AE 1 h WS if#, FA. SI
BIPHR I, TR RFAE . DCXFMDDS 1 FA 24t
[ Al 4ERF 12 h LB, 7612 h P 2BV E 5% > 90%,
AT B R RRAE, 110 STB IO Z A, 2 h A &
FUREICE 2 nik 98% LA I, 5 K11 F e ST B
LR . DCXFMDDS H' FA [RSNEEIURE &5 4R
BRI (r = 0.997 7), 1M ST [RIASNEEJTT A Weibull
B (r=0.909 7). Ritger-Peppas J7 FE X M, / M., = k",
M, | MRy o WETA) () SRR JECE 238, b RO 3
5, BETBERE n BRI RIESEL, 2045 <
n < 0.89 BFZyPIHIREBHLEINAE Fick ¥8 BRI
547, M n < 0.45 B4 Fick ¥, Y n > 0.89
IS A B 4 LRI, PR, DCXFMDDS i FA &
AV HLE] (n = 0.960 3), SI 4 Fick § BUHLAE] (n =
0.361 0).

2522 53], DCXFMDDS 45 DCXFAF 4+
FA /] AUC B2 LB # %R (P>0.05), {H DCXFMDDS
4 AUC 7T BB 3K, 18 DCXFMDDS H FA (1)
WCFEE 4 T DCXFAF, ifi DCXFMDDS 41 FA [ fyea
J MRT 5 DCXFAF 4UAH L B34 (P < 0.05, P <
0.01), Cpax & FEIK (P < 0.01), W5 DCXFAF #
tt, DCXFMDDS H* FA {4 A i B I 1] B W A8 G, 744



BT R T5 2 TR 2 AR G IR AR SRS 25 R AIE AN K B AR A 25 8 22 9

+ 1155 -

WHA B EMWER/ERH . DCXFMDDS 41 SI [ AUC
& T DCXFAF 41 (P < 0.05), ¥t DCXFMDDS
H ST [PURICRE B 2 2 4 T DCXFAF, 1M fpeaks Conax
J MRT ¥ B EME2R (P>0.05), %5 DCXFAF
AL, DCXFMDDS H' SR e PRI 24, LS RBERAIE

DCXFMDDS  H1 &7 R 70 B 25 R AiE 5 2 2004
2 A SR I &R, DRk, AN [R) Ak 2% 1 o A1
DCXFMDDS HBE 2R EA ], 1] fE & %R 2 R4
Btk 29l 2t dERRI TR K IR IR 2 o RBRER
Ji A DCXFMDDS [ 25809 kit 2 —, Rl Ti%9)
SN L5 i I A A, o8 R M, A S0 R0
R ARFEAE VY, W% R LC-MS" V4 ks
TR AU, CAUER = .
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