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EE] a6 R4 aE D (CB) AN AY (CBHD ) HIKEERAMCRAE, HE40 i
2K P450 MHIFRIEREREME (KET ) X CB #l CBHD WAMIRIsZN . ek MEM: SD R 24 K, FfLF45h 4 41: CB 41,
CBHD 4|, KET+CB 41, KET+CBHD 41, &4l 6 N, #3r KEAM TSR, R T8 RE %58 CB M
CBHD 7£ K B& I BE W IACIE B, B KET X} CB Al CBHD MW USA T M BIRENA . DA s8GRAR (/28 SR % ( HPLC/
FLD ) il CB kB, GREHAMFIRF Cp 1 (250 mmX4.6 mm, 5um) ; WEIAANHELK (85115, (KFL) ;
WOE AR 231 nm, EHFEK R 385 nm; #EEEN 25 °C, HECN 1.0 mL/min; #ERERN 20 pL, 4 % fiTE HPLC/
FLD L% @k, UL CB WEE (4) X CB YWRE (C) #EATLMERIE, # b & il 4=106.7 C+41.861
(R*=0.999 08) , M CB 7£ 0.5~20.0 pg/mL yEFNLMERE . K. . 5 3 AHE (1.0, 5.0, 10.0 pg/mL) #
SRR H PRS2 BE 0 2.25% . 2.44%. 3.04%, HIRSRENHIN 4.22%. 2.00%. 2.50%, FF&ITEFEEK,
. . m R EERE AR B 50 R 99.08% . 98.24% . 97.25%, fAE T ER, A KET 5, CBHD 7
TTAR . . . S5mNRIGESRE AL (Ka) 4309008 CB 19 4.18, 5.05. 191, 2.85 f% (P<<0.05) , A&EE
K (Py) 70N CB94.92, 598, 2.19, 3241% (P<<0.05) ., #4+# KET nJ{£3f CB '5 CBHD 7&/if M
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Ketoconazole promotes in situ intestinal absorption of cyclovirobuxine D hydroxypropyl-#-cyclodextrin
inclusion complex in rats

LU Wen-juan, CHEN Jing, ZHANG Jing-qing, JIANG Xin-hui"
Chonggqing Research Center for Pharmaceutical Engineering, Chongqing Medical University, Chongqing 400016, China

[Abstract] Objective To study the in sifu intestinal absorption characteristics of cyclovirobuxine D (CB)
hydroxypropyl-S-cyclodextrin inclusion complex (CBHD) in rats, and to explore the effect of cytochrome P450 inhibitor
ketoconazole (KET) on CB and CBHD in sifu intestinal absorption. Methods Twenty-four male rats were randomized into
CB, CBHD, KET+CB and KET+CBHD groups, with 6 rats in each group. In situ intestinal absorption was adopted in a
rat model. One-way intestinal perfusion model was employed to investigate the absorption of CB and CBHD in the intestinal
segments of rats and the effects of KET on CB and CBHD absorption. The concentration of CB was determined by high-
performance liquid chromatography with fluorescence detector (HPLC/FLD; Lichrospher Cs column [250 mm X 4.6 mm,
5 pm]). The mobile phase was methanol-water with volume ratio being 85 : 15. The excitation wavelength was set at 231 nm,
and emission wavelength was set at 385 nm. The column temperature was 25 “C, and flow rate was 1.0 mL/min. The injection
volume was 20 pL. Results The specificity of HPLC/FLD method was good and the standard curve equation was
A=106.7 C+41.861 (R°=0.999 08) based on the linear regression of CB concentration (C) with CB peak area (4),
indicating that the CB mass concentration was linear in the range of 0.5 to 20.0 pg/mL. The intra-day precision of the
1.0, 5.0 and 10.0 pg/mL samples was 2.25%, 2.44% and 3.04%, and the inter-day precision was 4.22%, 2.00% and 2.50%,
respectively. The precision was good and the method was in accordance with the requirements of methodology. The recovery
rates of the 1.0, 5.0 and 10.0 pg/mL samples were 99.08%, 98.24% and 97.25%, respectively, which were also in accordance
with the requirements of methodology. The intestinal absorption rate constant (Ka) values of CBHD with KET were 4.18,
5.05, 1.91 and 2.85 times those of CB, and the effective permeability (P.;) values were 4.92, 5.98, 2.19 and 3.24 times those
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of CB in the duodenum, jejunum, ileum and colon, respectively (all 7<<0.05). Conclusion KET can improve the intestinal

absorption of CB and CBHD in rats.
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WoEE A2 D (cyclovirobuxine D, CB) &
AN R I BRSO, A RIS I,
2% IR ZERVE R, IR SR F IRy A s
RO . BRI SO . DR AER
A (02 P450 ( cytochrome P450, CYP450) f77E
FAEINE . iE g aEY, 252599 5 5N EHY)
JEACIHT . B (ketoconazole, KET ) Jy244)
RIS CYP450 il 5 1 B el ek
DU CB K HIFAAEA T W SRR A A 54
AWK CB 5N HE-A-IHE (hydroxypropyl-
B-cyclodextrin, HP-B-CD ) LIMFEELGI L CB ¥
H-B-HWIKS A% (CBHD) , KA i
1E%45T KET %} CBHD TEMAARNLsEm, Hist
T CB J¢ CBHD 7£ /i i S AR ALE], Rilm IR
Wit 2%

1 #MEFTE

1.1 ME  Agilent 1260 R E KA (43 (high-
performance liquid chromatography, HPLC ) % ( 3&
[E Agilent A% ) ; AB204S BRI T30 K (i
+ Mettler Toledo X #5/3F] ) ; HWCL-3 BIEEH
TEIRRE iR MR TRARAH )
HL-1 BUEA ( BIEHEM P PEGEE) ) 5 HHS-4S
T TR A (LIRS A TR
NHl ) 5 SHZ-D RIEF /KA T (L 748
IUESABRTAEAT] ) 5 VOS-30A BIELZS THRAE [
FIUNAR A (L) ARAF]; VM-02U AUjE
IR Ga (RERIARAR) 3 Gle AIEHE.C
PL b BT bl PR AR )

1.2 #H&L53K# CB 40 >99%, Tl
W E R A R AF] ;. HP-A-CD I TS T
AR A BRA AL 1-28 356 55 SRR S W T 55
[E Sigma Z2Adl; KET WFidb 2445 1L T 4
BT K& (CaCl,) | B L 4k
R (CMC-Na) 0T g4 i B e 4k 13 5
J7 B A M (KH,PO,) T HRA L2
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R TR AR Lo &4 (NaCl) |
IR A4 (NaHCO; ) | Hj&G 0 . LK B iR B
(MgSO, * TH,0 ) ¥l T L g 0B A A FR A
Al AARBR (KCL) « &M %E (CH,CL) | ok
LN FHE PN AR T AR A BRA ml2#A50)
FH S 5 [ R MR A BRA A

1.3 Sz HIESUEN: SD KR 24 B, KSR
oA (200£20) g, HIEPKERIR SR EhY)Hh
O RAE, FATIES . CQLA-2016-164.

1.4 CBHD @941 & RWHETL. K FREUL 7
# CB, HP-4-CD, EG%), CB 5 HP-4-CD %)
IRt 1 1, EE N EKARE 1 h, HAS
THE2h (EAE N 0.09 MPa, THRIEE 40 C)
T D1 O TERUK RS, SRIGEZ T 12h
(HEASEEN 0.09 MPa, TR 40 C) , HIFE
CBHD", CBHD [P35tk 95.31%",

1.5 CB4EMEH ik

151 @&t @i%L: Agilent 1260 %! HPLC
AL, ZEERIES (fluorescence detector, FLD); 4
TR MRAER Cg £ (250 mmX4.6 mm, 5 pm) ;
WEhAH: WEE-K (85 : 15, MKFL) ; 290K
W BEIEK R 231 nm, KHHEK N 385 nm;
WA 25 °C, WA 1.0 mL/min; #FFEREH 20 uL.

1.5.2 XEBEBERNH A& KBV CB 10 mg,
DL/b i s S R 2 100 mL &, FE
S E R 2218, Beflag 100 pg/mL 7Y CB X B i
W, T4 °C KA IRAE, .

153 1-ZEARARBARNES B 1-ZRERE
fRliE 5 mL & T 500 mL Z&MF, Jil CH.CL, #
B ERZRZIE, #4515 10 pL/mLAEY 1-Z558 57
FIRERIAW, T 4 °C vKAP A7, &

1.5.4 M &HAE BEAERK 100 uL, A
CH,Cl, 1 mL, BEiHE% 3 min, 9 100X g &.C>» 10 min,
WAE RS, MAMIES 10 uL/mL 1 1-Z54E
SRIRERIA W 50 uL, 40 'C [N 60 min, Z K
T, 1 mL BRSSO
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1.6 FixFHEE
1.6.1 HEM Es AR . & CB R
W ZPRERE RE SR, i 1.5.4 TR kA
B, BRI, BRI

1.6.2 AroEeh & A IR 100 pL, 43 50m
AZH] CB MR SIAW 100 uL, 5315 CB W E>
W05, 1. 3. 5, 8, 10, 20 pg/mL HIARERE S,
VWL, Hi2 1.5.4 TR IS 1.5.1 Wk sk
PR o3 HERE S BT, e SR EEEl . DL CB W
(A) X CB R (C) dFAT£M:RIA,

1.6.3 WEE  BCEHARER]K 100 pL, 5 0mA
241 CB XFHR S 100 pL, FECHIRAE. . & 3
AYEE (1.0, 5.0, 10.0 pg/mL ) AYFRAERE SHA T
%50, i 1.5.4 TR kRS R T, 4
P[] — R I E IS 5 d, 548 H NATH [H]
KL

1.6.4 [EE  HRASFVERIE 100 ul, Z35ilhn

£%) CB X R SHAW 100 pL, BCHIAAE, . &
3AMEE (1.0, 5.0, 10.0 pg/mL ) FIBRIERE S

¥

=T

5 y, & 1.5.4 BUR kA BUR R T, T
[

1.7 MRkt 4 Krebs-Ringer /N
WL . 43 MFREL NaCl 6.92 g, KC1 0.35 g,
KH,PO, 0.16 g. NaHCO, 2.1 g. #i#jH 2.0 g.
MgSO, * 7TH,0 0.29 g T T isdmyRpr, A
B ZRIK R, A1 000 mL 2RI FREC
CaCl, 0.35 g TR, IAGE #781%
IKEFRIE A EIRF— 1 000 mL AE5HARS), &
%%, HNf4 Krebs-Ringer ¥, A 4 C vKFET 2 H.

A PHER KL . KE% EH NaCl 9 g, A/
KIS, B 1000 mL AEH, A
AT e B A

3.5% KGARERMRICH] . AG B FRIBOK G &
0.35 g T 100 mL ZE &), IAZERKIEIfE
KEAE .

0.5% CMC-Na W IELH]: FREL 0.5 g CMC-
Na, SE/IA 50 mL ZEMR/K MG, FrdLR )
RS R 100 mL AEIRH E A B

CB TE¥Mf 2 M BC ] . K5 % FREL CB 25.25
mg, JEH 20 mL 0.5% CMC-Na %8R 215 5%
& 250 mL ZFmfffih, H Krebs-Ringer i B
ERZRZIE, B BREEREN 101 pg/mL [ CB

it 2

CBHD fEIMi# R FELH] . H(Z 10.1 mL CBHD
il (HeEE R 2.5 mg/mL ) , JIlA Krebs-Ringer ¥
FiB e R 2 250 mL, BIFSRERE N 101 ng/mL
A 25 WA

KET fifi s Be i : K5 FRHC KET 40 mg, fil
A Krebs-Ringer YA i 25 2 25 mL, Beil i
RN 1.6 mg/mL ) KET i #57

CB TP KACH] : A% PREL CB 25 mg, SefmA
20 mL 0.5 % CMC-Na iR in it . IRSIEHRBE
250 mL 55, JH Krebs-Ringer B EA R
ZIRE, B3 FERE A 100 pg/mL # CB PG

CBHD fEIMEACH] : B2y 6.25 mL ) CBHD
il (HE R 4 mg/mL) , H Krebs-Ringer J#5 &
JFEZASZE 250 mL, HSFTEEN 100 pg/mL 1Y
CBHD fEA

KET+CB ¥ Ml KET+CBHD 1 i fic
il s 3 BUKGE EEU KET £ 2.5 mL LA 250 mL
CB. CBHD fifiggifi, /iR AR KET+CB,
KET-+CBHD 7% ( CB Fl CBHD JFiif E 14 K
100 pg/mL, KET Fiaif/Eh 16 pg/mL) .
1.8 XEAMmi#ERER® LKA E 18 h,
B, 3.5% KA SN i 1 SRR B[ 1 o
o rh R FF IR Z) 3 em, FERFIN G BE0) b o 0
TuwsMe —A/NE, RS, 37 C A
AW N B kT, PR A AHE AR F AR
K, FEHABERZE 37 C 1945 H Krebs-Ringer i
PL 0.25 mL/min FiEEEA 15 min, HBUEE 2 mL 7ER
S H. FH2SHEH Krebs-Ringer ¥, e &% 2576
W (BB 15 mL) |, TERERRIE AR BT
0 min, FFPFEFFEEZE 0.25 mL/min, #E# 60 min,
WSO T VR I i S A B B A U R R,
W e R RSB KE (L) FNE
(r) , HEAYWPCHABEE (Ka) | AREE
& (P,) : Ka= 0+ (1—C, V., /C, V) | m’L;
Py =0+In (C,V,/CoulVou) 12rLo it v, F1 V,,,
A3 EE 60 min B8 BEA BRI R ARFR (R
BEHETEE R 1 g/mL) , C, il Cy, 43514 iE
TEANCFNF e B, O HUETTH I
1.9 %it5a3® ] SPSS 18.0 B4 i1+
ST BAELA X+ Fow, A HBER BN BEAR
FLasEi ke . KERKIE (o) SR 0.05.
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21 FEFERLER E 151 ALK R
4rHi. CB 9 HPLC j&EaNE 1 s, CB IEEXT
FR, AREABI N 8.5 min, KEMHE T 2SR T
Poillze, FrEsr TR ER . Er AR
AR A=106.7 C+41.861 (R*=0999 08 ) ,

FH CB 7E 0.5~20.0 pug/mL 70 [F N EA B IFHZ
P K. o w3 DUREERE SR H IS
IR 2.25% ., 2.44% . 3.04%, H AP 28 R 4350
g 4.22%. 2.00%. 2.50%, WA EHE
Ko KL L 3 SRR S RIS
99.08%. 98.24%. 97.25%, FFEITEEFER,

2.2 AEARBEBGEN  CB. CBHD LAMJINA KET

J5 ) CB 1 CBHD 7E45 Mz B gl an sl 2 fie
/No CBHD £+ 48, =W, [l . 450 Ka 4
B CB 4 2.77. 1.98., 1.02. 1.21 £, Py 4351H
CB % 3.01, 2.06. 1.02. 1.22 f%. hiA CYP450 i
#il7 KET 5, CBHD £+ 45, =M. W,
191, 2.85 4%

2570 Ka 435 CB #Y 4.18., 5.05.

Fa o
2 =0 *
Xﬁ X' —_—
T = 10
£ £
. « 8
£ g
Q Q
X SRR
A _
QCQ;?*&XQQQ,Q‘
X
€
&

& 2

-

(P<0.05) , P 50Jll°h CB Ay 4.92, 5.98.,
2,19, 3.24 f% (P<<0.05) . #I] CBHD "3 CB
A IRBIIE DL ; INA KET )5, CB ZE4 B
WS, U KET nl gt CB 7EMAIE .

— — N A
0 1 2 3 4 5 6 7 9 10
| e
| f'\
| I\
»‘ [ ‘\‘
— = AT —— B
0 1 2 3 4 5 6 7 8 9 10
| c
[ M\
| A
e iy Bl s i - C
0 1 2 3 4 5 6 7 8 9 10
ff 8] #/min

1 CB# HPLCitHE
A2 FVETUG B: 25 FIETUBON CB ARESh; C: HEFG REMR
. CB: M 4E it A D; HPLC: R #0kM (i

Ka (min~', X 107%)

2 . —~

S 1y —— =

X' Xﬁ

'g 10 o

£ £

.08 .

5 5

' e e

A A
& X < %
& v

REGEHWRBNEZEE (Ka, A ~D) MEREEE (Py E~H)

A, E: T —481; B, F: 2511; C, G: [BliF; D, H: &511%. CB: 48472 D; CBHD: M 4E#i4% 2 D BRINIE-B- MG 59, KET: R

FEmE. "P<<0.05. n=6,x+ts

3 3t i

TG R L m] I i % 5% CB TE KRS
B W AR O o B 1) E VA 2 A A i E A v Y —
A, 2 I R 25 2 B HE R R ) T

BAYNGE R ITE, HAURERIE, L6
A UE i T8 o 25 9 S8 B ME BRI, BT AR A
SFOMESL, XHARERAR RN,

LS5 A, CBHD 5 CB 76+ 48 . =5
W IS 4 S BA I, B CB &
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B ZEBE R 201845 H, 539 %

B CBHD JAfg#Em CB MWk, 75+ 48R
Hait2E L (P<0.05) , #HALBERZRT
it ¢, CBHD 5 CB 1y Ka ZIt5 Py 21t
#E T i8> > 45>, A CYP450
7 KET J5, CBHD 74517 B i CB $2
5 (P<0.05) , KET+CBHD {225 7 W i i 7
HRFT+ 48, BinMssln, BAE2S ko
Ka 5 P 505 MiiEES CB 1 5.05 F1 5.98 £i% .

fmA KET "% CB Al CBHD fE K 4%
BRI . CYP3A4 (573l P45S0 B R BB
70%, JeMmil it n PASO WEHAZ , i)
CYP3A4 nlfgt2g CB mfigh# %, T CYP3A4
FHMESI 67 KET AEZERH 1T CYP450 By g
PEUT D ONITE CB 7EM N T B CYP450 s 511 1
AR R, (k. R, KRN ) SRR e
fR3E T CB 7E45 A B

AT 5 FH R BRI FEAAR B ) R T i A 5 558
KET *I CB fERM WU B0, $27~ CYP3A4 fE
FFTRESE S50 CB 1 RA WA BRI B A . A
o X CB WM B WRICRHERIBESE, A AP
CB I RAYRIHBE R H 0 0570 B e v 3t 7 —
(R S BGARAR

[Z % x #f]

[1] WU J, TAN Z, CHEN J, DONG C. Cyclovirobuxine
D inhibits cell proliferation and induces mitochondria-
mediated apoptosis in human gastric cancer cells[J].
Molecules, 2015, 20: 20659-20668.

(2] VLB bR, AL T 5K S e RO (3 12
MERLET 2 D IRBAR &[] BotAek 2014,
35:112-113.

[11]

W, 5K S ah, Mol PF, 20 B 5 0 0 2L IR R
D Bfe AW RS T AN (D], O AR R
12,2016,37:17-21.

CHEN J, ZHANG J Q, HE D, WANG H, LEI T T, JIANG
X H. Pharmacokinetics evaluation of cyclovirobuxine
D phospholipid complex[J]. Acad J Sec Mil Med Uniyv,
2016, 37: 17-21.

I A RS BRRK, 5K 80, 25 R X B8 X A . S22 T8
SRFVRCFIE S i 3 308 X6 DR BT R A% i T 245 0 A it
CYP450 [F5ZMm[J]. Hh NG R 24 B4 24 75,2012,28:49-52.
P fd, MR, R BE A IR IR, T LA IR A
W CYP450 52y IFaE i oG AR [J].Hh | 25 7%
,2016,41:2774-2780.

THELTRAUE, R 2R 42 PAS0 filf RAAS 24
PIARIH A E ) VA D). Pl 259¢,2013,27:81-87.
Wi, sk ool X AR, 2T INe 5. MBI AL D
PR E-p- WIS G5 W BAR M BT 5 R B B IR AE R
FHEZ[]. HEPRERIR2#412,2017,42:200-204.

BB A bR, A A 1 5 D, S SR Al B i R UL 1% AT S T

Al E R ML Y R BTE AR I M (0], 38 4B R

#12,2014,35:419-422.

ZHONG M, YANG L, YANG M, HU X Y, ZHANG J Q.

Single-pass intestinal perfusion for studying intestinal

absorption of azithromycin niosomes in rats[J]. Acad J

Sec Mil Med Univ, 2014, 35: 419-422.

WAN K, SUN L, HU X, YAN Z, ZHANG Y, ZHANG

X, et al. Novel nanoemulsion based lipid nanosystems

for favorable in vitro and in vivo characteristics of

curcumin[J]. Int J Pharm, 2016, 504: 80-88.

W2 RS T, BT, =R 255 1E W)

WCHLHI 97 12 (1. M 2R R R A i (H SR B 7

}),2016,32:11-13.

KAl 2,30, T2 XTI (B3R PASO B 52 MR

FWEFETT LR ()). 4P 25,2013,17:1457-1461.
[AX4EE] I+ %%



