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CAE] a& @y Haifid b HPLC/FLD Bl SD A Bl 3% i 36 48 4 & D(CB) ) & ik, 2548 SD KB IRVE 15
0T CBHEIEE A (CBPO 2B 1S4 IE . ik LAAFIE &5 H 4 CBPC, R ESBIHILH & T2, LIBIR/CB.
F LR BEEAE SR R, A G R TN R R . MM SD KRR 12 HL BEPLA D 2 41, 1T IREE B 457 CBPC Al CB (60 mg/ke, LA
CBIPJ& 44 15 min,30 min,1,2.3.4.5.6.8.,12.24 h &} [] 25 F K BRIk AU . DL HPLC/FLD 320 % i %+ CB
PIHEE o SR Cis 35 FE (250 mm X 4,6 mm,5 pm), DA EE-ZK (85 ¢ 15) A sAH . i 1. 0 mL « min~ ", Z2GRM R <
231 nm, % S P K 385 nm, H:{H 25°C, % CBPC 1 CB 1 EFE 2552 B840 F . AUC,, Jg (1 703. 81+ 549, 38)
pg e he LTUAIC619. 93575, 67) pg s he L7 5 Tou (6. 000D h FI(4, 330) hsCru (82, 3249, 55) pg « L7UFIC69. 27+
8.66) pg+ L1, CBPC BAHXTESIFIHIE Jy 274, 84 %, & WRISE AW T CB MR I IR .
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Pharmacokinetics evaluation of cyclovirobuxine D phospholipid complex

CHEN Jing, ZHANG Jing-qing, HE Dan, WANG Hong, LEI Ting-ting, JIANG Xin-hui*
Medicine Engineering Research Center in University, Chongqing Medical University, Chongqing 400016, China

[ Abstract |  Objective ~To develop a pre-column derivatization HPLC/FLD method for determining the content of
cyclovirobuxine D (CB) in rat plasma, and to evaluate the pharmacokinetics of cyclovirobuxine D phospholipid complex (CBPC)
and CB in SD rats by oral administration. Methods The solvent evaporation method was used to prepare CBPC. The
preparation protocol was optimized by central composite design, with the ratio of phospholipid and CB, concentration of
principal agent as the independent variables, and with the compound rate as the response variable. Twelve male rats were evenly
randomized into two groups with each containing 6 animals. Rats were orally given CBPC and CB (60 mg/kg, with CB count).
Blood samples were collected from the retinal venous plexus of SD rats after oral administration of CBPC and CB at 15 min, 30
min, 1, 2, 3, 4, 5, 6, 8, 12 and 24 h time points, and the blood concentrations of CB was determined by HPLC/FLD. The
HPLC method employed the Cis column (250 mm X 4. 6 mm,5 pm) with a mobile phase of methanol-water (85 : 15) at a flow

rate of 1. 0 mL * min *.

The excitation wavelength was set at 231 nm, emission at wavelength 385 nm, and the column
temperature was 25°C. Results The pharmacokinetic parameters of CBPC and CB were calculated as follows: AUC,,
(1703.814549.38) pg+he L " and (619.93475.67) pg+h+ L', T,x(6.00£0) h and (4.33%0) h, G, (82.3249.55)
pg e L' and (69.27+8.66) pug+ L', The relative bioavailability of CBPC was 274. 84%. Conclusion Phospholipid complex

can improve the oral bioavailability of CB in rats.

[Key words] cyclovirobuxine D; phospholipid complex; pharmacokinetics
[Acad J Sec Mil Med Univ,2016,37(1):17-21 ]

HYEFE M A D(cyclovirobuxine D, CB; @44 OHRF S, CB X Z R0 AP HA RAFT
T R TR A RO AN IR IR T A DRI 2Y % A FLIRWIRNE A RN » 2 g
TGS LT B MO BKES AR O — BRI A CB S T RAFRY AL . 2010 4FERR

(Wi HEA] 2015-08-08 [(#ZHHP] 2015-10-11

[BE£mB] EPEHHEHFZEASR ¥ AR H H (KJ120321). Supported by Science and Technology Research Project of Chongqing
Educational Committee (KJ120321).

[EE®mA] M #. Wit Email: 1170958306@qq. com

* W {E/E# (Corresponding author). Tel; 023-68485161, Email: jiangxinhui3@ hotmail. com



0180

BTEEIFR 2016 4R 1L H 3T

(e 24 i) e iRk i 790 ) 2 0 5 3 i) R K
T TR R R M YR £ 3 T 38 O
B LR PEZE . SCRRHRIE 1) & 5 E T A HPLC-
APCI-MS 3£V il LC/MS/MS 35807, B 1 J7 %Y
A AR REBE B R IR 5K, BRI 1 N . AR SE 8
HENT TSR AT 125 ik S SRUIR B A G AT A= Ak HPLC/
FLD 305 K R 2+ CB & i, Bl s g 3

CBAE R BV A ok, KV 1 22 - ORI T
HO A= F . #E i %2 & ) (phospholipid
complex, PC) J& 245 W) F i fig 4338 3 W A i A4
THE MBI E AL B YIS G Y. R UUE
LW T IRIERE » 1S 9 25 WU E B I i R S
WA RN L BRI 25 A RO 2 e 25 W0 B A )
FFHBENT O HLER FEA 4 17 50 ROAS ARl » I 45k
1EH 2 PC il 57 BT T B 1 85 22 B R e
NG G2 W . AR CB il £ B
PC. W 55 LA CB # g & & W (cyclovirobuxine D
phospholipid complex, CBPC) iy 451 5 25497 , 11 AR 45
2 JETE R BUA N B 3 AR ik, DB 25 770 BB T
i B BB FE R AN T vk

1 # #

1.1 E  Agilent 1260 B80R M €I, FLD %
JER M 5 (3 22 FE AR BB A IR DD 5 Hypersil
ODS 8, 3% £ R 3% R 45 3 A AL & A BR 23 ) D 5
TGL-16G Rl 5 2O HLC L SRR D
BT F K OF (AB204-E, i+ Mettler Toledo 24
F]) s DF-101S SR8 LI HA s 0 4 145 (IL i
THALERA BRA FD 5 TR IR A % (QL-901, g ]
PRIURALES N D) s RE-52AA Bl 2% S AX (L ¥ 5
FEAARALES) ) s Milli-Q Biocel A-10 i 4l K il 45 &
4t (3£ [# Millipore /A& .

L2 #Heb5iEM CBJERZ EE=>9900, iUE
Bt A= Py BB A BR 2 FDD 5 Lipoid S75 (PC, £ [ Lucas
Meyer 23 7)) ; 1- 285 55U BRI (36 [E Sigma 24 F]) 5 H
P (i, 55 [ R A PR FD 5 BB 41K

2 FEMER

2.1 CBPC # %) %&
2.1.1 #EAwWiFE FRECBS PCLH 1 : 1,00
NG AN TR] 2 D 0 A L IR B 50°C KR TR ik 3

h 43 B ERAE R L W TR . 28 & T8RS [R) 75 771
R BPIR DL . 45 3R W L) 2 A0S I I 0 B
fi 2 R B A F

2.1.2 RERBEMFL FRECCB 5 PCLA 1 :
Lm0 & B 43 5 AE Il BE Dy 40°C L 50°C
60°C . 70°C YK FE 3 h, B 58 S il B XS PC
AR, A5 R R RO 60°C i G
2.1.3 CBPC #y#| & T % ff 2 ZOF A MR 4E sk
iR, ePEx CBPC B &R &1 2 MR
YE % 548 bR, B PC 5 CB 1y4% 25 43 F Lt (molar
ratio, X;) .CB B W e (X, ,mg » mL 1), FFHE
P 5 AR (X,:0.50,0. 87, 1. 75,2, 63,35 X,: 1,
1.59.3.4.41.5), 3 DL CBPC & &3 (Y) Hy &k v it
A7 B BT 2500, AR S 5 o O % S g 45 A AT
PEE D, BERNITEALMTF: YN0 =
(M, —M,) /M, X 100, 2H M, H il & CBPC fin A
1) CB 1y ck e, My R S8R &1 CB .

®1 CBPCHIERIRITZHTHER

Tab 1 Composition of central composite design of CBPC

Molar Concentration of CB Complexation rate
Batch

ratio (X1) (X3) pp/(mg e« mL~1) (%) n=3, z+ts
1 0. 87 1. 59 81.30+0. 47
2 2.63 1. 59 95.48+1. 00
3 0. 87 4.41 88.17+0. 57
4 2.63 4.41 96. 96+1. 39
5 0.5 3 79.90+1. 34
6 3 3 94. 35+0. 96
7 1.75 1 89. 6240. 81
8 1.75 5 94, 22+1.68
9 1.75 3 94. 48+0. 82
10 1.75 3 93.75+1.02
11 1.75 3 94, 46+1. 28
12 1.75 3 93.64+0.78
13 1.75 3 93.94+0. 87

CBPC: Cyclovirobuxine D phospholipid complex; CB:

Cyclovirobuxine D

{#i F| Design-expert 8. 0. 6 314, LL¥EM 48 #5
(AR5 43 A £ 2R (A A2 1) i 47 2 o0 2Pk 1Rl 1
NI - IAHIE R B G FIEAF B2 (P) PP A
RIPIPLRE . 152 e PE mIH T #Eh : Y=76. 878 59+
6. 138 45X, + 1. 313 04X, (R* =0. 708 1, P =
0.000 9); — Iz FE N . Y=057. 334 60+23. 828 29
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X, +5. 687 29X, —1. 078 00X, X, —4. 130 24X,? —
0.414 63X,2(R*=0. 981 8,P=0.000 1), HLi I
TR AL, IS A R B - 1 P LT 200
LRAE RN BB I AP R Ry R R

HRYE LR LA e — 30X )5 72, 0 A Design-
expert 8. 0. 6 ALl H RPN Y 5 2 1 H
GO D EPR i v GIA L b T = L NS
Lo H = 4 3000; PR — 25 55 e 2k I W] 0« E— s 3
WHEE X0 I m. Y s g g X, nYHg
LY JerEhnE b, i = AR R N g e 2k
EI155) CBPC ML T2 ERE . PC 5 CB fy$% 24
A TFH(X ) K 0. 87~2. 63.CB IR M (X,) H
1.59~4.41 mg » mL ', ZEAH R TAb 74 & 4%
AT RS U i & T2 & PC 5 CB
FIE 254 FH (X)) S 2. 40, CB iy 50 e (X))
3.74 mg « mL7",

X3

0.87 1.06 1.26 1.46 1.65 1.85 2.04 2.24 2.44 2.63

AYl
1 X . X SYR=Z#@#yuEE (L) M HEFLE(T)
Fig 1 Predicted 3D response surface graph (upper)
and planar contour maps (lower) illustrating the

effect of X;, X; on the concentration of Y

2.2 CB4#mzey HPLC %

2.2.1 PR SEfEA AR E & I CB X
10 mg, FH AW il f5 7 # 2 25 mL 2
FEAY A% CB i85 W, WU LAt 45 VR ) o o vk 32

S 15.30,60,90, 150,300,600 ng » mLL™' fj CB &
H %k BRI T 4 CUKAE T ORAE . 2

2.2.2 1-REARARBARNHE WIEER
RN 20 pL 100 mL B I =S B 2 21
BELEEASTEDE] (0. 2 pl/mL), T 4°C yK4H o 45 4%
#H.

2.2.3 MmEFFSHMALE PUMK 150 pL. A
S % 1 mL, jJERIET 5 min, 2 417 X g B>
10 min, AR T2 W I 1-28 3 S5 50 R I 5 W
50 plL,40°C W 60 min, KT, i 150 L H
MRV, 9 562 X g B 10 min, B b 1F IR #E A
W

2.2.4 BELAE AR CakE(250 mm X 4.6
mm,5 pm) ; s : 7K (85 2 15,V/V) s 586k
B ORI 231 nm KGTIEK 385 nms A - 25°C
1. 0 mL » min ' FFFEE .20 pl,

2.3 AEMEFTHFHER

2.3.1 HREM A EHIMIK A L 0 B
RAEW. KRB E CBPC By I 3 £ 5 4> 9 %
2.2. 3N IE AL AE 2. 2. 4 WA g S 1T
AP E oS ATE R . S5 L& 2., i 3R b 4R it ek
PUUR A JB3AS TE I 5E  Jir  r  a B ik R
o T i

2.3.2 ARk W& RANR  HZS A 100 pL.
IIA RS CB X} B i 50 pL, 15305 CB R E 7
B4 5.10,20,30,50,100,200 ng « mL " fi¥ 475 HE Il
HAESh . #2. 2. 3 R AL, 7 2. 2. 4 T a3
ZAF NI . DL CB AR (V) X BE (O i 74
m L, AR & 7y Y=1. 326 9C+6. 722 9
(r*=0.999 4), 3£ W CB Il 3 i & W F1E 5~ 200
ng/mL Ju N EAA RIFHZE, CB MBSy 1
ng/mL(S/N=3) ;g &N 5 ng/mL(S/N=10),
2.3.3 BEEAZE WAEHIMK 100 pLmA R
51 CB X B S 50 pls B BRAG AL e 3 FAS
[ BE ( 5.30.200 ng » mL ") W45 o I35 AF 5
B S HE 2. 2. 3 Uy LA PR AE 2. 2. 4 S
WA N BRSBTS E 3 d PR HNLH
[RGB . DUASIK . L 3 FhOR TR vk BE A H N
K% B RSD 20 6. 53%.3.37% .1, 54%; H
)45 %5 BF RSD 43 51}y 5. 62%0.5. 60% ,1. 46%,
S A5 R R WK B A AR TR EOR
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Fig 2 HPLC chromatogram of plasma sample

A Blank rat plasma; B: Mixture of blank rat plasma and standard; C: Plasma sample. 1: Cyclovirobuxine D

2.3.4 REEURERfFEERE RFHIME
100 pLy A CB X B8 SR 43 590 S i AR s
W (5,30,200 ng » mL D) BUFRAE M AL T & 5
0y 4% 2. 2. 3 WU N A B 7 2. 2. 4 AR SRAF T
RGBT o A0 SR WA TR AR, T A Tk B ) T S8 g g AR
Ar. 55 LATE il A [ v B2 1) XoF B o ¥ T L 4 i 2 4k
JoHERE [RIE SRR SR Y AR As. DL T AR
Z W Ar/A)THEFR I ESCR . AK . o 3 F
VB2 A IR it P A BB T s 23 0 30 Ry 91, 77 24
95.66%0.94. 26 %, HLAS FIIMAK 100 pL, it A CB Xf
R U W 0 ol TG A BARR, Hh v R BE (5130,
200 ng s mL D) MFRAEML AR AL 2 5 . #% 2. 2.3
TR J5 kAL EE  FE 2. 2. 4 Wik S N bR AT . 5
FEARNT TSR AR rh o 3 P B2 A o o 1 2%
FE i 1 B 24350 k197, 5194 .99. 18%.98. 67 %, L)
RGP EOK,

2.4 B HHERFSBFE MM SD KRR
W7 JA B R BE R RS2 g sh Wy b s vF el ik
5 :CQLA ) 2012-1003 JfA fii g 200 g 247 12 H,
BEALST R 2 21 55— 2H IR B 457 4 mL 1) CBOH
MF4255 60 mg/kg) 5 M IRFEBE 4T 4 mL
(1) CBPCOHH Y T 25 25 & 60 mg/kg) . %3 24 i 4k
12 hy Rk, 7EH#EE 4525)5 15 min, 30 min, 1.2,
3.4.5.6.8.12.24.48.72.96.120 h RS Bk A B
0.3 mL FHFREHE S MRLE . 604 X g B 10
min, WH E 2 I 2K F 35§ EP &, A —20°C
TRAF . #5 Ml SR DAS 2. 1. 1 B0 il 24 e g - B[]
B TAR B BEAIA RS B F S

2.5 ik EAGS i Ll CB MM E N
DNABDR | Bof (1) Ay A A bR A P o A5 380 I 24 9 8- 1) oty
2 REFENR CBPC il CB YR A VR 125 1 24 R B - Bsf
[ R WL 3. 25828 R AT DAS2. 1. 1 87X e
19 S BEE I TR B A (D A IR« f
BEX S 4 R T g v AL B, CBPC A CB %224
GBS RO 2, B3R 2 W LIE H: (D¥ CB il 5 %

CBPC J5  H: AUC,, M\ (619. 93+75.67) pg+ h« L'
HENF] (1 703, 81+549.38) pg e he L1 4R T 2. 74
f5(P<<0. 01) 53¢ K G (69, 2718, 66) pg « L7114
JnF](82.3249.55) pg« LR T 119 /5 (P<
0.01), FRHIFRASER 1 2 M0 5 MR X 25 YK VI
HRRYBETEAE L S T 25 R 4R v T 25 g 1
HRAEWIRIFHEE s (2OMRT, M (13. 1540. 88) h #4/m3|
(23.80=£2.27) h, 42 7 1. 81 f%(P<C0. 01), %]
CBPC T S NREVELG Y R ATESESE T CB
PC [m] AP B9 HIL N ITAE R N R B T — 2 i 22
FEFFAL o

—
(=]
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Mean plasma concentration
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Time t/h
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Fig 3 Mean plasma concentration-time profiles of CBPC

and CB suspension after oral administration

CBPC:  Cyclovirobuxine D phospholipid  complex;  CB:

Cyclovirobuxine D. n=5, 7=+s

%2 SDARMOAR CBPC 71 CB R RMEEHZESH
Tab 2 Main pharmacokinetic parameters of SD rats after oral

administration of CBPC and CB suspensions

n=06, Tts
Parameter CBPC CB
Tonax t/h 6.00E0 4,334+0*
Crax o8/ (pg « LD 82.3249.55 69. 2748, 66 *
ti2 t/h 25.4145.17 11,126, 74

AUCy(pg+h-L°1) 1703.814549.38  619.93+75. 67" *
AUCy--(pg+h-LD 1953.94+670.12  657.954-82.93* *

MRTo t/h 23.8042. 27 13.15+0. 88" *
MRT¢--t/h 34,5545, 94 16.54+5. 00"~
CL(L+kg'+h™h 33.88+11. 61 92.46+12.09* *

CBPC: Cyclovirobuxine D phospholipid complex; CB:

Cyclovirobuxine D . * P<C0. 05, ** P<(0. 01 vs CBPC group
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CB hy §§ 28 Wk » 454 vh TG & (635 T A B
R AEEHMA] 43t 200~800 nm yi FE HEA T H 4 15
| CB 7 207 nm AbAG e R4, {FL 322 40 A S W AL
TC T AR N I 2 e BE A BT R oK . Bkt CB
0 ) R, 5 AT AR AL — e R
WEHR T, AR IR e 2R F 128 5 5 R i T
CB #EA7RERT AT A2 1k » I F§ HPLC/FLD R 47 5 i
SE LT IRRERS I L CB (A P i 249 5 0 7 K

ARSI FEHE TR CB il # 1 CBPC J5. 4
FRHE H W 05 72 SD K B 9 1 2548 8 0 2 1k
BT, B 253 1 2% 2 80R F, CBPC 1y AUG,.
AUC,.. & CB [ 2. 74 % .2. 96 1%, A= ) F A X T
JEURN 2 274. 84 %, F W] CBPC #¢ CB £ 4 P 1 W
WSCRR FE 3 T, HR R T 25 1 TR AR R R s T
CBPC f#§ MRT,,.MRT,..,CL 4> & CB ff 1. 81
f5.2.09 £5.0. 37 £%, 58] 5 CB A 1L . CBPC 7E K R
AR PR 82 R ST EE G S A i B 1) EF (i) 8 i B e e
A% A I T 250 FEAR 3 R

TERFSE F R B CBPC 1 CB B4R P9 7778 B 1 XL
WG, S H il e B TG IE A | B 1 18 22 W
S P-gp TEIATE AN 50 5 A3 B v B . Qu S0
WF5E RS 2 H e 24 ph 2 7 A R0 1 2 2 i A
eI 28 5 Schaiquevich S99 58 T 6 4 K B
HIRTE e T 5 25- I i 2 A iy 1AL S n] i e 1
B IE T AFAE 2 AW s A SCRRAE . i T 259
SN B R P-gp FE/IN I 2238 F1 40 A5 477 IX B
P2z 5 A 2GS [ A0 A 1 AR [) o VR LA ]
FIH A — 3, Fe e 30201 il e A7 AE A 5 22 U
bk T

(& % 3T k]

[1] BRSSO R R il AR I - A T 1 i 55
wA LI NV B B SR LT ] hE 2y
Rk ,1981,16:195-197.

[2] YuB, Ruan M, Zhou L, Xu L, Fang T. Influence of
cyclovirobuxine D on intracellular Ca*" regulation and
the expression of the calcium cycling proteins in rat
myocytes| ] ]. Fitoterapia, 2012, 83:1653-1665.

(3] BRPRSC. B0, AN I £ b, 1 0. IR 4E Ay A2
D X738 R B0 2 LR A Ca ™ A L A4S W 3 1) 52

W], 22244 . 2004 ,39:500-503.

(4] BSR4k 2.3 5. CBXhO RO WU & A
PR L) 1. s 251, 2014, 23 . 26-27.

(5] Apfon, AR XU, PR Y. v . B0h T RO WF 5T i
LI, HoR B~ B4, 2011, 28 71-73.

(6] HFHF.F 7. CB.O LA 5 G5 24 HA1 F iF 5% o e
(T, BtBHAPBE A B 2013, 35, 241-243.

(7] EZEHMEG L hEAGMS] —3. Juor hE Bz
B AL, 2010 382.

(8] MZEAMEI 2. PEZILS] —38. JLat. hEPEZY
P57 AL, 20101065,

[9] Ding L., Hu J, Jiang M, Xiong N. Sensitive HPLC-
APCI-MS  method

for the determination of
cyclovirobuxine D in human plasmal J]. J Chromatogr
B Analyt Technol Biomed Life Sci, 2006, 843.78-83.

[10] YuP, Zou L, Liu W, Wu C, Sun D, Xu J, et al
High performance liquid chromatography-tandem mass
spectrometric determination of cyclovirobuxine D in
human plasma[ J |. J Pharm Biomed Anal, 2006, 42.
488-493.

(112 . RSB B A 2550 o g B LT . BRI R
#4,2010,23:178-182.

[12] 2 wf.#E%E B AL e 4 X B8 WA
PN S B W il o S L] B X T IR IR MAE 4 5 i
[J]. 252424 - 2014, 49 1600-1606.

(18] T &M, skiRif o0 STk, h 25 Wk S 5 W
gt Rel)]. P2 44k 2013, 38 2046-2050.

(14 ] JSEGf . sk 5 WAL b 2435 P o) B i S 5 W i
WFFE kL) . B B2 [ 25, 2010, 21: 2107-2109.

[15] QuJ, Gao J. Sun J, Zhang L, Makino T, Yuan D.
Pharmacokinetics of conjugated metabolites in rat
plasma after oral adminis tration of tectoridin [ J]. J
Chromatogr B Analyt Technol Biomed Life Sci, 2012,
902:61-69.

[16] Schaiquevich P, Niselman A, Rubio M. Comparison of
two compartmental models for describing ranitidine” s
plasmatic profiles [ J]. Pharmacol Res, 2002, 45:399-
409.

[17] Wada S, Kano T, Mita S, Idota Y, Morimoto K,
Yamashita F, et al. The role of inter-segmental
differences in P-glycoprotein expression and activity
along the rat small intestine in causing the double-peak
phenomenon of substrate plasma concentration [ ] ].

Drug Metab Pharmacokinet, 2013, 28.98-103.
[(Axsmig] 7+ ¢



