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Preparation and in vivo pharmacokinetics of tilianin-phosphatidylcholine complex
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ABSTRACT: AIM To prepare tilianin-phosphatidylcholine complex and to study its in vivo pharmacokinetics.
METHODS The complex was prepared by solvent evaporation method, after which soybean oil was added to
prepare oil-based formulation. X-ray powder diffraction (XRPD) was adopted in the crystalline form analysis of the
complex, whose apparent solubilities in water and n-octanol were determined, then the stability of oil-based
formulation was investigated. With phosphatidylcholine consumption, water bath temperature and stirring time as
influencing factors, recombination rate as an evaluation index, the preparation process was optimized by Box-
Behnken response surface method. Rats were randomly assigned into three groups and given intragastric
administration of tilianin and its complex’ s 0. 5% CMC-Na suspensions and oil-based formulation (50 mg/kg)
respectively, after which blood collection was made at 0.5, 1, 1.5, 2, 3, 4,5, 6, 8, 10, 12 h, HPLC was
adopted in the plasma concentration determination of tilianin, and main pharmacokinetic parameters were
calculated. RESULTS The complex existed in an amorphous state, whose apparent solubilities in water and n-
octanol were enhanced to 10.50 and 16. 66 times, respectively. The oil-based formulation demonstrated good
stability within 90 d without precipitation. The optimal conditions were determined to be 177 mg for
phosphatidylcholine consumption, 49 “C for water bath temperature, and 4. 6 h for stirring time, the recombination

rate was 99. 8% . Compared with raw medicine, the complex and its oil-based formulation displayed prolonged ¢

max ?
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t,,, (P<0.01) and increased C

max 9

AUC,,, AUC,. (P<0.01), especially for the oil-based formulation (P<

0.01), whose oral bioavailabilities were enhanced to 2.53 and 5.38 times, respectively. CONCLUSION

Phosphatidylcholine complex can effectively improve the solubility and oral absorption of tilianin, and the

bioavailability is higher after being prepared into oil-based formulation.

KEY WORDS: tilianin;

phosphatidylcholine

complex

oil-based formulation; preparation; in wvivo

pharmacokinetics; solvent evaporation method; Box-Behnken response surface method ; HPLC

H# i 2NEER &S 2 mEY &2
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2080 E 2 Jn A R R AL R
1.35% 7 AR T HZ R k1%, B, EMREE R
FEL 40 A S50 PR A T A A3 AR S gl Rl 45

SR (TR EREBIREING) BN E &
Ve, WUEOKEYE, REEY iR, WEeh ks
HA YR R B S R E R—MRA Y,
AL HE NS ANV i B G AR A
(L7 A AR IR A A LA o M S mIAE S, B
Tl R BN 2 A A AT REAE A — B L bR, Midkls
PEHEA 2 400 0 5 B B, ekt Wk,
ARG A FH A -BE IR BEAR A A, IR
SHAMRN 2y 2, DU R 5 S0 G F 5% B9 SE 56
SERl
1 W8
1.1 ALE  Agilent 1100 B ESORAH EIEAL (&
Agilent 23 H]) ; MYP13-2S BI@ i #k o8 (b4
PO AR A R T ) 5 EX125DZH B HL K-
[HRZEHES () AMRAF]; RE-3000 #IjE
g AL (B RA AR ) 5 IXDC-10 B A
WAL (HRBALFE RN LA RRAF) 3 XPert-3 A X
PFLRATIAL (HIR SR AT])

1.2 KA L5y HEFREZ (5 191015P,
40 97.1% , WS IER YR ARAFR); H
B XTHE AL (S E-1170, 4fBF 98.0% , I i
FHEFRER AR MRS A RAF ) ; BEASBEIRG (5
200519, 47 >98% , I i i b A% = 25 BB A FR
YNEIDIN

1.3 #4 W% SD KR, MEMEIEE, KRR
180~220 g, HHVMTFIE LR sy o, syt
PEYFATIES SCXK () 2016-0012, T 5256 2 1A
F: 1 JRJE,
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2 FHik

2.1 AevHE& RABRERLE, FREL40 CI
235 TR 4 L& 100 mg FIBAE B ok JIE o5 42,
BHTRERSRS, A 50 mL PYS WM VE A7),
TEKTEHRE ST FE B, 40 C EASTEZE PR 251
WA, B (MR R PR .

2.2 hEARE WRESWIEE, INAKGHE
FANFE 30 s, RIS (MR NS S AR,
o

2.3 HPLC #m 2 | F4%

2.3.1 (il&M  Agilent SB-C (A4 (250 mmx
4.6 mm, 5 pm); Vi 3R H EE-0. 2% BEFER (70 -
30, BAIRA)); MBI E 1.0 mL/min; # &
30 °C; R K 328 nm; #EFEE 10 pL,

2.3.2 fEAREEHE WEAEYW 10 mg, BT
100 mL sffiHr,  FH P PS5 i O 25 2 100 mL,
WERER I oL £ 10 mL 2T, PTEERE
10 mL, %21, BifS,

2.3.3 ZMEXFREE BUHEH R 2 20 mg,
FE&EME, BT 50 mL &P, A 10 mL PUEIE
WA, WREAREZIE, A, HASX ISR
(51 mL % 0.4 mg HETF), WAAERHFEZE 10.0,
5.0, 1.0, 0.5, 0.1, 0.05 wg/mL, 7E “2.3.1”
T (0% R UEREINE AR H S I R 3 g e Ak
e (X)), WRBCMH AL (V) #HATIEIE, 897
FEH Y=16.814 2 X+0.397 5 (r=0.999 9), 7F
0.05~10. 0 wg/mL JE N LMK R BRI,

2.3.4 JEES WEEWIERE, # “2.3.27
WUR Ik ATl & 6 R W, fE <2.3.17
T S A T SRR I, A5 G & RSD
1.67% , RINZITIEEE MR A, B S RGE
i, T0.3.6.9, 12, 24h7 “2.3.1” WL
ZUF N SR RED s, DU AT Y 0% AL RSD R
0.64% , FAFWAE 24 h WEEME R4, HL0.05,
1.0, 10.0 pg/mL ¥ BB W, 7 “2.3.17 Tt
TSR HEREI E 6 Yk, DNAS FH 6 4 1 AL RSD
3R 0.52% | 0.28% . 0.32% , FHIAL gk 25 ir
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Rif, IO MEEY, B M) 5 mg, BT 100 mL
ﬁ}ﬂfﬁj, 3R 21, %%Ubﬂ/\o.4mg/m[‘ papiist
AT 3. 4.5, 6mL, 7E “2.3.17 WEGELMHT
HERE I 2, DU A5 PSP 35 R i S g ) Sy
99.36% . 99.17% . 100.82%, RSD 4% % K
0.93% . 1.14% . 0.80% .

2.4 A&FEMNE KEKRREASY 10 mg, MA
255 mL IE TR, it 0. 22 pm fHFLIEMR DS 25
RSB AW HEET, WERIEWR, WREZERLIE
TEE, 4% <2.3.27 TRk dl A, TE
“2.3.17 TAGE S AE T SERE I E S0 A 1 H i
TR X, ; DHERREGY 10 mg, #% “2.3.27
TUR il & AU A, fE 923017 TEGER
PEFHEREI E HE A= X, EEAR, &
RANEER= (X,/X,) x100%

2.5 Box-Behnken 2 & & % fERTIIUFIR AL -,
PEBEBENREEA B B (X,) . KRB (X,) . Bt
FERFE] (X)) EARMEE, E6% (V) fERT
Wrigtr, HEKEREL,

z1 EEKE

Tab.1 Factors and levels

KT
Hx -1 (J)( * 1
X Wi 1k B 42/ g 150 175 200
X, KL BEE/°C 25 40 55
X BT /h 2 4 6

2.6 @AESH R X WL AN (XRPD),
ZMh Cu-Ka H; HHHTEE (260) 4°~43°; 4
A 8°/min, W& 8BNS BEALGE . PR &
Y (W& H+BEIRBER) . AV E, BT
R BEES R R, TR

2.7 AMEfgEaE BudaHEE | YRS
Yy, W, IMAZREK, AR 15 min (R
BRAT AT WA T il 1) IR 24 ), 25 C G S FE 48 h,
B EEIREW, 8 000 r/min &.0> 20 min, B ¥
W, TE “2.3.17 TGS S F T SRR e
IR AR TR R I R % B AE E S BE P R
fRRE

2.8 AR MEF R BUMEHGE R, BT RE
30 °C. AHXREBE 65% RYfEIREIRAE H, T 0. 1,
3.6.9, 12, 18, 24,30, 45, 60, 75. 90 d %
B 1 mL, #80.22 wm GAFLIERE, #E “2.3.17 i
IS MR, A EiT Ak,

2.9 HFHFHR

2.9.1 REWHIE  BHE & HE A YR,
FIA 0.5% CMC-Na ¥ ¥, #7543 30 s, HP7%
( B 290 10 mg/mL) .

2.9.2 Sy, HARCRIML BEEE 12 h KR 18
H, BN 3 41, A6 1, Fi B E R4 v
BT “2.9.17 TR 2 MR EBCAIm I, 75
#1950 mg/kg, 0.5, 1, 1.5, 2,3, 4,5,6.
8. 10, 12 h BEIEEANE (JFRENE) HRHER M4
290.2 mL, & FHRMZHELHELE R, B
J&i 3000 t/min .0 2 min, B EJZI0FE, RAETUK
R RIE T

2.9.3 IMIRALEE  ZFESCEK [6, 17] HiiE, B
100 pL IM3EFRES, BT 1.5 mL O %, WA
0.5 mL ZJiff, #E51HE 3 min, 8 000 r/min Z5.0>
10 min, B EWEW, 40 CASWKT, A 100 wL
O, HEAEALER 10 s, BUE 8 A R bR
AN AR

2.9.4 LMEXRFHE PHEXIESIGER, &
R RS & 3 000, 1500, 500, 100, 50,
20 ng/mL, 3 #H 100 pL, & F 1.5 mL &0,
40 CHEARTAFRIE, A 100 L 25 (I3, i
Ji€ 2 min S5 AL 1 min, 153000, 1500, 500,
100, 50, 20 ng/mL I3 T AR SA W, % “2.9.37
TR 7R, 78 “2.3.17 Wik & SerE
FE o VIO RGBT i vk B O R AR AR (X)), TR
YPAebr (Y) HEATEIE, SRR Y=1.305 6X+
0.687 3 (r=0.9919), 7£20~3 000 ng/mL 3 Fl 4
LMEXRRRIL,

2.9.5 JrikEEE WUNKMRERE, ERNT
0.3,.6,9, 12, 24 hfE “2.3.17 WEEKHET
PRI, A5 & I TR AR RSD 2 7. 13% , 3%
WIAE L 7E 24 h AR M R &, HL 20, 500,
3 000 ng/mL Ifil 3% X B8 & i W08 &, [/ — R N TE
“2.3.17 WARE ST HEREIE 6 Yk, A H
W T AR RSD 4351 4 4. 89% 5. 06% 3. 17% , % 1%
T H KGR R Rl R 11k, 3E2E 6 d,
WA 1 AL RSD 435014 9. 04% (4. 71% 6. 94% ,
FWIZITIE H ARG 2 B R AF . Bk 3 Fh BT vk i
I 6} R S VA WO B $62. 9. 37 IR ik Ab R A
“2.3. 17T AR SRR E T4 T8
JIVEE A1 iz 2843 91 K 89. 10% 94. 44% 91. 67% , RSD
A3 7.01% 8. 17% 6. 43% .
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2.9.6 HAEAE G oA RITSEME T
s s Croax s BB AUC, Lo 20 7] He A SR AR
SHREFRRRS; C,, . AUC ZXPHU S, 201
FEBER BT HEAS ¢ K3, P<0.05 RoR = mHA

510 =

3 R

3.1 #H&ET LR HIEE I HZKCERHEES
Y, s s A, 17, g5RNE2,

F2 REETHTEER (n=3)
Tab.2 Design and results of tests (n=3)

g5 X, N MEAH B 42/ mg X, KR/ C X, Bl /h Y BEF/%
1 175 40 4 99.3
2 150 55 4 75. 4
3 175 55 6 9. 1
4 200 40 2 87.2
5 175 25 2 66.7
6 175 40 4 98.3
7 150 40 6 88. 1
8 175 40 4 100. 0
9 175 25 6 75.3
10 150 25 4 60. 6
11 200 25 4 71.8
12 150 40 2 67.3
13 175 40 4 98. 4
14 200 40 6 96. 3
15 175 40 4 99. 4
16 175 55 2 72.6
17 200 55 4 88.3

X3 2 BRI TG, R E TR
Y=99.08 + 6. 53X, +7.25X, +7.75X, + 0. 42X X, -
2.93X,X, +3.73X,X, - 9. 00X7 - 16. 05X; — 5. 35X>,
RERE R N 0.99% 7, IERB Ad] R® K
0.994 5, MEHE, RWE AR HMAE S 5L M(E
WIS BRI s RUE P ol 0. 134 8>0.05, FHIR

SR RN SRR A5 R TO I T, R AT B AR
W, AT AR 3, AT AL, XL X, X
XXy, XX, XT. X5, X3 90 2 b B
(P<0.05, P<0.01),

=3 HAESW

Tab.3 Analysis of variance

RIR EBEEIM HmE W5 FiH PMA

FELH 3019.12 9 335.46  320.88  <0.000 1
X, 340. 61 1 340. 61 325.83  <0.000 1
X, 420. 50 1 420.50  402.23  <0.000 1
X, 480. 51 1 480.51  459.62  <0.000 1

XX, 0.72 1 0.72 0. 69 0.433 2

X, X, 34.22 1 34.22 32.74 0. 000 7

X, X, 55.57 1 55.57 53.09 0. 000 2
X2 341.24 1 341.24  326.41 <0.000 1
X2 1 084. 98 1 1084.98 1037.83  <0.000 1
X3 120. 63 1 120. 63 115.39  <0.000 1

5k 2% 7.32 7 1.05 — —

AU 5.25 3 1.75 3.38 0.134 8
alif 2= 2.07 4 0.52 — —
MEZ 30264 16 — — —
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M) 17 67 43 A7 DL T 1, AT 26 2 i S e — R R
Hopth 2 A~ R TG A 0 52 w35 12 S8 TH S B
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5 60.6% , 153 fx At T 25 >0 W i AE 1t el )
176. 6 mg, KGR 49.06 °C, FEFEME 4.59 h,
HARN 99.9% , MRYESLPR Al e, AR
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Fig. 1 Response surface plots for various factors
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Fig. 2 XRPD patterns for various samples

FEiTEEY.
3.4 AR K3 B, Rk ELE
90 d PNJCHA AR Ak, 2 B v R RRUE 1 R AF, JF
HICATAIIE

x4 BHERRUBHEEMNESER (pg/mL, ¥x5, n=6)
Tab.4  Results of apparent solubility determination of

various samples ( pg/mL, x+s, n=6)

B e IEERE R
LR 1.92+0.07 36.43+0. 23
YR AW 2.68+0. 13 45.94+0. 32

HH# 1 -BEAR WL A& 9 607. 06+3. 60

. SRS, ™ P<0.01,

10.5
10 w—!——i\i\,_,
9.5 4
9 4
8.5
8
7.5 4
7 4
6.5 1
6

20.17+0.17™

JREWRE (mg-mL")

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90
t/d
B3 FENESHEHFRERE (n=3)
Fig.3  Concentrations of tilianin at different

time points (rn=3)

3.5 HEHFMR K4, K5 B, SEEZ
i, EEWEIHEIF ¢, . 1, K (P<0.01),
C._. AUC, ,. AUC, , JF& (P<0.01), LAl
FIEHIE (P<0.01), FRAWyHIH EE 23 ) 4 s 2
2.53, 5.38 1%,

3000 - —— EE
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2000 1T§ }
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0 14 =
112

(/h
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Fig. 4 Plasma concentration-time curves for tilianin (n=6)
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W N VAR T T2, 455, IR E G E S
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FE 6 1 - B IR PO R0l 2 5 0 TR B AR a0E T 259
W, PRI BTG LS AR TR R B
R AR YR, AT REE B 250 i s T T
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x5 HEBFIEHAHZESH (xxs, n=6)

Tab.5 Main pharmacokinetic parameters for tilianin (x+s, n=6)

S8 Hfy FH 40 1 FH 26 - N AR Ik B 22 15 ) P 6 -l i L I i 22 25 420 3l o 5910

foa h 1. 44%0.27 1. 56+0. 36 2.22+0.58 " #

ts h 3.15+0.21 4.42+0.37™ 5.41£0.52 "%

C ng-mL~! 354.75£61.28 1 143.67+164.07 ™ 2 473.69+593. 01 ™
AUC,_, ng-mL™' +h 1 039. 13+159. 97 2 631.46+410.30 ™ 5593. 81+768. 44 ***
AUC,_,, ng-mL”' -h 1 156.08+182. 34 2 756. 72+449. 64 ™ 5 734.47+841.36 %

. SHEA R, 7 P<0.01; 5 H#H-BSABE A4 ik, ™ P<0. 01,

Z I AVE I Hedsesss, Kb Sy dopnii e, R
TR, T R LS Rl A S sz K
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A0 OB AR 2, S3Ah, e,
FHEAS, AT RE DA Ay it 0 X g R B 2
A — B AR

£R L, A S BT ) A ) - T
T 5 905 TS T 53 18R PLGA 4K
R AR Y A, A AR R R S v R B T A
—EMLH, I HHAN Iy X T 255, [y, &
AIEE A MIRINRTE R, WRE D B AR A 4K )
s B B 2
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