5535 B 4 1) B, = E BE K ¥ % Vol. 35, No. 4
2013 4E2 f1 28 H J Third Mil Med Univ Feb. 28 2013 325

g Y Ul -y
LG : 1000-5404 (2013 ) 04-0325-03 .Lb %

REWEMK S S MR 2 F0 £ W F 5

oW AR Bl REE REw (400016 T P<, 0 PR BERF A2 2454 s i TAAFT rhuly' ;401121 PG, Pk
A 25 A B )

[(FE] HM HISEREEWIKE S, HRHAERBERNA RS 2= MEm A RE. Hik  REABRNE
K R R E B, B8 RAR T Zeta A7, KT ENE B 45 T R BIIAIK B A ) R 28 9
JRAREZG MR JRC R AL , R FH YRR B Ak BRI 2R o5 , AR AN A PB4 5, RP-HPLC 0 R I 2% o5 vp SR B 19 75 &2,
DAS Bt 2ish #8085 WIS R AR E S W 3k 25 B RiAR N Zeta HL(7 43 31 (24.26 £0.97) % |
248.8 nm, —28.61 mV, ZACHIHHIA S A BN AN K B G W AE K BRAR I 1 25 3 2447 M A B — B BR 3h 7 2% S T s
A SEEBENES BARTE AR E S R RO I R B R 20 2. 16 fiF, &5 il & T R ROk E S
Yy, ST T — IR SR 2 o B T 24 v JBE A BRI B AT AT I I, SRS BB R B S A AR T SR A AR Y 1 M A

[EIR] R HORE G 28 1% AR H B

[HEHESES] R282.71;R944.9;R969. 1 [ XEAARERD] A

Pharmacokinetics and bioavailability of evodiamine nanocomplex

Liu Shan', Yang Lin’*, Liao Hong', Zhao Dezhang', Zhang Jingqing' (' Medicine Engineering Research Center, Chongging
Medical University, Chongging, 400016 ; >Chongging Institute for Food and Drug Control, Chongqing, 401121, China)

[ Abstract | Objective  To study the pharmacokinetic behavior and bioavailability of evodiamine
nanocomplex in rats. Methods  Evodiamine nanocomplex was prepared by solvent evaporation method, and
its loading efficiency, particle size and zeta potential were investigated by RP-HPLC and dynamic laser light
scattering. Rats were administrated with (i. g.) evodiamine solution and evodiamine nanocomplex (500 mg/kg),
respectively. Blood samples were collected from eye socket, and evodiamine in blood plasma was extracted by
liquid-liquid extraction and determined by RP-HPLC using honokiol as the internal standard (1S).
Compartmental pharmacokinetics was analyzed by DAS software. Results The loading efficiency, particle size
and zeta potential of evodiamine nanocomplex were (24.26 +0.97) % , 248.8 nm and —28.61 mV, respectively.
Mean plasma concentration-time curve of evodiamine after oral administration of evodiamine nanocomplex and
evodiamine solution in rats were both in accordance with open two-compartment mode. The bioavailability of
evodiamine after oral administration of evodiamine nanocomplex was 2. 16 times higher than that of evodiamine
solution. Conclusion Evodiamine nanocomplex is successfully prepared by solvent evaporation method. The
developed HPLC method is suitable for the determination of evodiamine in rat blood plasma. The bioavailability
of evodiamine in rats increases remarkably after oral administration of evodiamine nanocomplex as compared with
that of evodiamine solution.

[ Key words | evodiamine; nanocomplex; pharmacokinetics; bioavailability

Supported by the Chongqing Natural Science Foundation ( CSTC2012JJB10027). Corresponding author: Zhang Jingqing, E-mail: zjqrae01 @ 163. com

R PIHH (evodiamine, EDA) j2 NS FHEY R il A0 5L 5 55 25 BG M, B T 1 09 IF & Hin s, (3
BT A R B R 4 G TR AR S P R EDA B IR R 58 4, R R AR, Shyr 25
—F e E AR R I R AR R RO R R 0. 1% o [EAMIFST
Pk A s VEUR RIE R R PR LU 2GS S EERR TR U G R H O A W R

. . FAT LR 2 15 . AR AERI 4 EDA 90K E 4
Eigii} ig;ﬁz)\:ij fi:;;giﬁ;lijimoon) ¥ ( evodiamine nanocomplex , ENC) fy3Eal |, 22 T H
[fR%EHER]  hup://www. cnki. net/kems/detail/51. 1095, R. 20121128, 0910. 001. ERBEARN 25030 122, 315 EDA R Z5/E b,

himl(2012-11-28)




535 B 4 ¥O= K BE R ¥ ¥ OMR
Mil Med Univ

326 2013 42 A 28 H ] Third

Vol. 35, No. 4
Feb. 28 2013

1 #REFE

1.1 ##

1.1.1 {¥3  UV-2501PC B2 4h-1] AN 606 ( B A
HATD A HTHL TR FE (B Mettler Toledo {¥ #8737 , XP204,
220 ¢/0.1 mg) , Nano ZS Ej /R 3O 42 I 5 A (9% [ B /R SCA
A]) ,85-2 RUE R 4 1 B FEAR ( L R RSN B R A A]) |, RE-
52AA RUEREZERA ( MG W RAARANES ) , DZF-1 B izs T
WA (VBRI E T e h ) , TGL-16B &5 31 .0 AL ( i
GERFUER ) o

1.1.2 &2 EDA(ZLRE >99% , sNDGm RN & A R
) FIEFNG (SERE >99% , Pi e /N R A RA ) &
HEOPBENR (BR, 254 AL 2204 FRA AL it 5 :20091110) ,
BRI BT A RN (L B A 2E R A AL LS :080410) |, HYEE
(il 28 E KB A R R, HAYR R R 40 2l o 6o
PEaf,

1.1.3 s2bshdy WS SD KRR R ERRF 5285
42 4, 17 A]IE 5 SCXK- () 20090001 ], i M, 4 it
(250 £10) g, FEHFT AT A HA 259

1.2 F&%

1.2.1 ENC 94"~ FREAL D5 B AR AR A EDA (4T 1
2:1)7F 100 mL B H BB A, A DD (e (fF EDA 283k
FEH 2.5 mg/mL) 60 CAEHEFE 3 h J5 % BICH HLIE T, 58
YRR BRI U, DUk A BTV, TR S LW
A I JE R DO HLE R, A 1R B2 T4 5 RIS ENC,
1.2.2 ENCEAEME  FATARI3 {7 TS 1 ENC
10.50 mg, To/K L BEE R IF 45T 10 mL AR S, 76 &
20 f5JE HERE 10 L e Hg AU 82 &

1.2.3  ENC W45 A0 Fl Zeta HL AL AN E JENC 20 mg
TRET 3 mL WA T, 5 0.22 wm L UE B S W3 KR B
LA, 2 7R SR AR 0 2 {0 52 R A% RTERLAY

L.2.4  FFFrp 250 e B i 1 3% 2% {14 : Lichrospher
C18 (3% 4 (250 mm x 4.6 mm,5 pm) ;A 35 °C ;Wi
FEE: 7K =75: 25 (PRBLLL) , i 1 mL/min g 58400 Ky
225 nm, LUFUEANG R AR, ERE R 40 Lo 435 ik R
200 pwe/mL 1) EDA T AEW N 100 we/mL 1) 1 JE A B T 4E W
CPIFRTAEWR) o IR Ak B 7 3610 Sy o 5 5 TR R
150 L, INANAR TAEH (20 pg/mL) 10 wL, i%HE 30 s, i AZK
K75 L, iR fiE 30 s, I A Z Bk 750 pL, iR 5E 3 min, BUE T
600 pLEELOLAE 40 CORKBIET CBES , INAHEE 100 Wl i
BE 1 min, B.0>2FE42 10 em,12 000 v/min, B5.0> 10 min, B F 5K
40 pL JEREREIN . A DA B A (LR 150 L, RS ImA K
B TAEW (20 pg/mL) 10 wL %% 30 s &, LA 40 L A[RIVE
FE EDA T AR5 B, 75 3] EDA ¥ B 43 31124 0. 01.,0. 05,
0.075.0.1.0.5.1.5.2.0 pg/mL A9 Ifil 3% 75 0 (45 B i HF AR Y
WHER 0.1 pwg/mL) 4K 8 Il R b b By T A B AR AR 0 5
2B R EDA e AR Sd RIS AR A M T AR Sr, DL Sd 5 S i
FUABE X EDA (03 J i 47 28 [ml )5, s 57 [ml 09 7 A&, BRI g
il EDA #4124 0.05.0.5.2. 0 we/mlL B I 3K VA, % 5%
1 d PNEELLERERN 5 R H PRS2 B (n =3) , 4L 5 d ifF
FER Y H RSB (n =3) o BUCHTIRACTH 9 EDA ¥ B2 4351

0.05.0.5.2. 0 pg/mL [ Il 3 5 W (45 FF b P9 B3 B W B
0.1 wg/mL) , ¥ B8 Fi 348 1 2% 4 i b B 7 35 Ak LIS, 4 R U 52
EDA F N AR 04 T B Sd. S, SR HH 9 sl AH FE ] 5 000 25 R 5 45 ik
FER EDA FIP AR 75, SERER I EDA 1 P A A 1 11 AR Sd1
Srl,Sd/Sd1 . Sr/Srl B4l EDA AN FR G435 EIR R (n =3) .
TE25 I P I AR R k32 B EDA TAEW, 15 3 EDA #k i 43
128 0.05.0.5.2.0 pe/mL A4 IfiL 3K A, 442 W8I 1L 3 B A Ak
PO B AL PR , FEARRINE EDA FN PN AR Y 06 R 4 1 o 04 1 A
FEAR A S 5 B it B8 v AR 3 kR i R R S
EDA MR, DI ISR A A R 2 B BICR (n =3) .
1.2.5 ENC R NZish2 A g RHES 5 SRR Bk
UL K 12 2 SD KRE 4k 2 A:1 A% T EDA Uk 2
(500 mg/kg, #EH ) , 7 —H 4T ENC(AH ST EDA 500 mg/kg,
HEH) o HANIEEE 12 b, REK, 4051 F45245)5 10,2040 min,
1.2.4.6.8,10,12.24 h 7,k R e B R FH MR RS BB 1) 7 2%
SRAEIMFE 0.5 mL, B Z RS WE LB, B0 10 em,
3000 r/min &0 10 min J543 8 12 M3, 4% 10020 RE i AL 25
FEREIN AR [ E 7 AR, TS [ B i) o5 B9 20 25 ¢ B, 384T ENC
PN END DI 2T R
1.3 H¥EBESH

R DAS 3442 1. 1 JR) X 25 3h 508 17T — S8 bR sl
Ji2g— R —GOE R sl S SRS, DR E S
YE (AIC) FAL E 3% 22 705 A R, M 38 AR DA S804 808, e B
AIC Fl R BN R RN A

2 HR

2.1 ENC #%) &Fo bk i % %

M ENC [li4% o 248. 8 nm , 23 B35 80( PDL) 2K 0. 260,
Zeta Bl —28. 61 mV, Z5HR R HZ T2 1 %/ ENC
RIARBIN B A 5] . 8 3 R ENC 19225350510
24.53% 23.19% 25.07% , 3252 F7 (24.26 £0.97) % , 3 W]
Jriil 589 ENC I i@ 38 EDA,
2.2 Afsub S HRE A E

RS F T, EDA 55 01 JEE RN i ) £ 8 15 e) 43 50 R 5.7
8.2 min, WK K 4T L 100 2% P9 IR PR SRS T I 2 . LA Il 3K Hp
EDA FIP AR AU TR B L (V) XF EDA B (X) #EA b1,
A5 RN Y = 1. 130 6X +0.070 4(r =0.999 8) ,EDA &
0.01 ~2.0 pg/mL ¥ FEIEFE N5 EDA FIP 5 9 06 1f AR LE 28
KRR, B P K3 AR A MR RE & B IA A B RS %
J RSD 433114 3.26% 4. 21% .1.89% , H [A]K5 %5 BF RSD 43 3
13.80% \4.14% 2.70% , H PN FI H a4 2% B 35 A, 45507
VBRI 3 AR ROYE T EDA B4 X [l i R 4
Bk 107. 27% . 115. 17% . 98. 51% , P A7 9 46 it [a] i 2%
104. 03% ,106.20% ,103.30% , 453 W7 3 4~ B ¥ EDA Al
PR I8 246 %) [E0 i 3R L 2 30T, 38 7 AR EE AN X EDA. (4 I A Ak
A T, EL R 7R 103 R K BGR) 2,1k R A 4 AT R AR L,
Tt B 32 FELRREANER /E R PUARAGI EDA &3 o 5 P IR 3 AN
B R i B 7 1 DR 43531 101, 449% 99. 82% \96. 53%
WAy, PAIA SR %07 B AR HE EDA. [ A% SR A3
2.3 ENC #9tk A 2hsh Fe £ 44 A EAT R

EDA F1 ENC 78K BUR N 2582547 M5 & — S bk sh



535 544 1 ® =
2013 422 A 28 H

K VNI S
J Third Mil

ZO4R
Med Univ

Vol. 35, No. 4

Feb. 28 2013 327

F12% B IR LA S — RS 1SR E 1, B E
FERUFNARE P =R (G ) B BB A E S LR 2.3, R
FH 5 AR BN D S T 3 A1 245 Bl 22 50 i 45 45 SRR — B
e SHE N, R ARI R B 4T EDA (kR E (1,,,)
L ENC /N, B WSt , 4370 FIE B #R AL M, T ENC 9 3 W 5 (8]
(b ) MR BE (C,) FITHBR 2 3 1 1 45 J5URL 25 A1 HL Y A T 44
Jin, te# ENC 1 EDA () AUC,,,_,, , K31 ENC (AR 7 F B2 R
B2 2. 16 A5 (AR 5 SR AT ) 3 2. 44 15 (5 ST 504T)
25 AR i ) 4% ENC, 4278 T EDA B9 KB 0 IRA= DA

%1 KARZSF EDAFENC EH—RERIINESH

il 1 A a(h-h B B(h™H K(hYH Ka(h-h
EDA 9300.259  0.458  9033.988  0.407 0.084 31.411
ENC 6562.131  0.416  3304.224  0.223 3293.716 0.625

3 it

AW 5E R S & il 45 ENC, R T #2 ENG
M 42, AT B IS 5 EDA (4 254> 7 e h
201, %09 ENC Bk 25 249 0 25% . ARl s 4%
R ENC BPRAR BN, A F T HAE B 1 1 0 i
iz, B4 SHER ) Zeta B R HEE E R .

FURGAS I EDA {4 N 25 8l 2% 00 5 VA BB v 6
1 HPLC #:5) W A6 LC-MS-MS 3" | %] A1 4 B
LC-ESI-MS 310 &5 9 56350 3 2R 11 2 A3 T i
v AR 3 24 W R, LA B S BE 5 4 T4 s 112 Y
PRPE % 5 5 I AF 25 B0 v 20 AT 308 MR A R R i 1)
A T TRALRS , AR B 5 WO 2 L 70
4% 10025 P R 2 B TR B IR, B 4 AR TP A 25,
A L5 RE TP vk EE 25 W B E . LC-MS B
LC-MS-MS #6032 5 AR &5 , A BIF 5 2 15 W00 2 B 485 4
HPLC 305 EDA f i 5 v B , 7 v 17 28 viEmf ek
R, MNP PEZ B TE T, FRAT7E e g vh v
F RIS ANV S PIARKE I EDA (0 1 26 3¢ 55 | 1A die 2R 52
KR WIZ N BRI R A

ABFFELE W], EDA S5 BENE A5 O R H I
FE R IR B T 2. 16 4%, J5UPR T R T S vk A i N
AT T EDA TET LU B9 43 F0URE A A,
T EDA WIS I R 4R %632 , 31 B I J an
T 40 40 i e A R R NS LA T2, ENC i
AR AT E -5 20 MO v B B S L4312 04, (] I 4y

EDA 25t bl 40 Bt , AT 52 25 EDA (1% 55 iz 3 %
W, Kidd 20 R PSS T BRI A O 2%
RS TIRIAESE " . B 4h, Peng 251 HiiE 1}
T R 20 K 525 0 3 4 o P I R S W bk L s 1 ok
SR PR A 11 AR R T BE X AT RE L 2 EDA 44K
AR E EDA IRAE WA B i — AR

S

(1] w2 eI M]. dest. hEmEEZ L, 2002 278,

[2] Jiang J, Hu C. Evodiamine: a novel anti-cancer alkaloid from Evodia
rutaecarpal J]. Molecules, 2009, 14(5): 1852 —1859.

[3] Shyr MH, Lin LC, Lin TY, et al. Determination and pharmacokinet-
ics of evodiamine in the plasma and feces of conscious rats[ J|. Analyt-
ica Chimica Acta, 2006, 558(1/2) . 16 —21.

[4] Semalty A, Semalty M, Rawat M S, et al. Supramolecular phospholip-
ids-polyphenolics interactions: the PHYTOSOME strategy to improve
the bioavailability of phytochemicals[ J]. Fitoterapia, 2010, 81(5):
306 -314.

(5] B, Ew0. 25905 &9 T 2000 b i K N F B 98 i i
[J]. A= BAREIR, 2006, 17(5) @ 830 -833.

[6] Yue PF, Yuan HL, Li X Y, et al. Process optimization, character-
ization and evaluation in vivo of oxymatrine-phospholipid complex[ J].
Int ] Pharm, 2010, 387(1/2): 139 - 146.

[7] Qin X, Yang Y, Fan T T, et al. Preparation, characterization and in
vivo evaluation of bergenin-phospholipid complex[J]. Acta Pharmacol
Sin, 2010, 31(1): 127 - 136.

[8] Ruan J, LiuJ, Zhu D, et al. Preparation and evaluation of self-nanoe-
mulsified drug delivery systems (SNEDDSs) of matrine based on drug-
phospholipid complex technique[ J]. Int J Pharm , 2010, 386(1/2) .
282 -290.

[9] XuJH, Liu WY, Zheng F, et al. Determination of EVO by high per-
formance liquid chromatography-tandem mass pectrometry and pharma-
cokinetic studies in rats[ J]. Chin J Clin Pharmacol Ther, 2007, 12
427 -433.

[10] Wen D, Li C, Liu Y, et al. Determination of evodiamine and rute-
carpine in human serum by liquid chromatography-tandem mass spec-
trometry[ J]. Anal Bioanal Chem, 2006, 385(6) : 1075 - 1081.

[11] Kidd P M. Bioavailability and activity of phytosome complexes from
botanical polyphenols: the silymarin, curcumin, green tea, and grape
seed extracts[ J]. Altern Med Rev, 2009, 14(3): 226 —246.

[12] Lu Y, Zhang Y, Yang Z, et al. Formulation of an intravenous emul-
sion loaded with a clarithromycin-phospholipid complex and its phar-
macokinetics in rats[ J]. Int J Pharm, 2009, 366(1/2) : 160 - 169.

[13] Peng Q, Zhang Z R, Sun X, et al. Mechanisms of phospholipid com-
plex loaded nanoparticles enhancing the oral bioavailability[ J]. Mol
Pharm, 2010, 7(2) : 565 -575.

*2 KR4 T EDA Ml ENC EERBNTEATZESH

WAL tea(h) t/2p(h) Vi/F(L/ke) CL/F[L/(h-kg) ] AUC(o.y(pg - L) AUC(g.o)(pg - L)  tnun(h) Con(pg/L)
EDA 1.512 1.701 0.028 0.264 1 835. 156 1 893.011 4 352.01
ENC 1. 666 3.114 115. 642 108. 360 4 567.837 4 614.263 8 599. 66

*£3 AR T EDAMENC EEE=HANFELHZSH

HilF AUC .y (pg * h/L) AUC(_oy(pg - h/L)  MRT(_,y(h) MRT (g y(h)  #5(h)  t,,(h) Vz/F(1/kg) CLz/F[1/(h - kg) ] Crox(pg/L)
EDA 1762.05 1772.35 4.26 4.32 1.33 4 0.54 0.28 352.01
ENC 3 874.88 3 878.24 7.6 7.62 2.07 8 385.37 128.93 599. 66
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