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Study on pharmacokinetics of novel lung-targeted Docetaxel liposome in in-situ lung cancer model rabbit

WANG Lijuan', LI Rui*, CHE Keke®, YU Yu' (1. School of Pharmacy, Chongqing Medical and Pharmaceutical
College/Chongqing Engineering Research Center of Pharmaceutical Sciences, Chongqing 401331, China;
2. Yaopharma Co., Ltd., Chongqing 401121, China; 3. Dept. of Pharmacy, Chongqing General Hospital,
Chongging 400014, China;4. College of Pharmacy, Chongging Medical University, Chongging 400016, China)

ABSTRACT OBJECTIVE To study the pharmacokinetic behavior of novel lung-targeted Docetaxel liposome (DTX-LP) in in-
situ lung cancer model rabbit. METHODS The content of DTX in rabbit plasma was determined by UPLC-MS/MS, and
methodology investigation was conducted. in-situ lung cancer model rabbit was made by the ultra-minimal invasive percutaneous
puncture inoculation method. Model rabbits were randomly divided into Docetaxel injection (DTX-IN) group and DTX-LP group.
The rabbits were given relevant medicine via ear vein at a dose of 1.0 mg/kg (calculated by DTX) ; blood was taken at 5, 15, 30,
60, 90, 120, 240 and 480 minutes to measure the concentration of DTX in plasma. DAS 3.3 software was adopted for fitting and
analysis, and to calculate pharmacokinetic parameters. RESULTS UPLC-MS/MS method used in this study was accurate and
precise, which met the requirements of biological sample analysis. Compared with DTX-IN group, drug concentration-time curve of
DTX-LP was smoother, the blood concentration at each time point was lower, and Cwwx, i, AUCo.som and AUC,..were
significantly decreased (P<<0.05). CONCLUSIONS The drug exposure of DTX-LP in plasma is significantly reduced than DTX-
IN, indicating it can be rapidly distributed from systemic circulation to liver target organs.

KEYWORDS docetaxel; liposome; in-situ lung cancer model; pharmacokinetics

L1136 (docetaxel, DTX) JE S8 AR ALIF 258 . BIARbEH A4 TSR0, AT T % 7% DTX 057
R AT 20 2 — B BRI AR % WOFME R S U SRR . FRT LT DTX A
T P A R 0 BT R R R TR R, A S AR — AR AR SO T —
DTX {5 PR S 4R F AN R AL STYE R, 36 DTX BB, At R ™ 40K B IR pH SR
TR sk R4 | S A 3 A R AT 1O

A BEIRE WX AT T 55 B HOABETEIE No- om0 g e AR 388 99 985 90 0 26 0 30 0 1o 126 25 )
et alsts8 1. S5 sommmm g s e (ELEVEHUAAE L DTXIPA Bk b KGRI
E-mail : aywlj@126.com AL AR Tl AR A 7= 5 A A B B R 2, AN DTX 7

WPEZG 2023 4F5 34455 15 China Pharmacy 2023 Vol. 34 No. 15 - 1835 +



e ZEL 2R 5 R A A [P A o 43 AR 2 A P R Y
ARG ) RS AT i A AR . DRI, 2 A0 o) e 37 1)
BRI DTX il B 2

AR AL AR A 3200 A Y [ A BORUK A
i B AR TF % 7 58 AL il 48 1) DTX R AR (DTX-LP) , K
DTX B Z b AL 3 28 il K L Mbgg 2L 240, D 4 s o i
RORTFFEAR A B B RIE ] BoAC gk 1 il [n] DTX-
LP ()il 8 T 200 &5, (H i ) DTX-LP Al DTX %
WHIIR N B2 EA T R AR 225, MR WY . 5
FUb, AR SR A it g 452 80 G S IR 42, R R K
WA 0,33 - — 2% BRI i3 (UPLC-MS/MS ) v 2 ¢ L 4
[k 47 DTX-LP Fl DTX {3 5 (DTX-IN) J5 (4 1fiL 3 25 5
2247, LA DTX-LP il R 45 2% |
1 ##
L1 FEHRSKH

DTX-LP A TR [ il ; DTX-IN W F Br/N 3% dE
TR R AT 25 B A 5 SEAZ BEEhR o i (21 99.6%,
fit5 100382-201603 ) W [ H [ £ i 24 ik o B9 Bt 5 1
U b 2240 (L5 20171115) W [ 6] 24 4 1A Ak 23R A PR
o8 ) WEER R 2% vk (PBS, 4it*5- 180302) iy [ Jb 5t H A2
S EAA A A B ALEH (Na.S, #iE+520171208)
W E PR 2 Ak 50 A BR S 7 5 0.9% S Ak A TE ST
(L5 20180216 ) W) [ K31l 24 8 AR A BR 2 1 5 5
FHSL A1 5E (L5 171018, BUA% 1 g/ ) 4 [ A2 b i 2530
AR RZG A PR | HEE LA a4t
1.2 FEUF

UDI150L-30E #4447 H I LW A H 4 Shimadzu 2%
) 5 1290 AR S A50RAR (5 354X 6460 Y = H PUALFT BT
{0 1 3€ [ Agilent 23 7] s PB602-E 54 B 7347 K-
H Fii 1+ Mettler Toledo 2\ &) ; TGL-16G %! 5 20 5 3 55 .0
U 2 s B2 AR ) s DCY-16S B Z AL [ 75
B EMU AT R A ]
1.3 KIEENY

ARSI P 22 5k 4~5 H S K 2~3 kg, M
HEANPR , o 5 IR BE R R 22 S50 sh iy b 4L, s 2k 7
VFA[IESH SCXK-(H7)2017-0001, faf 83 Fh e 74 5236
= H A BRI B LUANRE R (09 5 242 R0 T8 78 =2 A
(NG
2 AEEER
2.1 JR{AEEER R AE

K HR AR 8% NaS B far 83 A S i Je He A i i
1B R M2, DL 3% G FZ 8 i (1 mL/kg) 4 B2

- 1836 - China Pharmacy 2023 Vol. 34 No. 15

KIS BRI, 7ETC B 26 1F T TR B % S i LA g 41
LU, KB JE RS54 2, DL 0.9% SEAL BRI S vk 2
U, OB IR 141 2538 73 A 1 HE RS Y £ A REZHL 2 i) i
RN T mm’ (R 2R, 330 T 0.9% AL S
H, . BOKES B9 18G 28R R AT TEATHE N
HAEHEA—ZK 2 0.5 om YRR T4 2%, PRI 34
1 mm’” [JiRs 2H SUBRAE A BHAE P, fie 5 FRTEAT B A
— 2K 0.5 cm BB AR 2%, [ERIT S AR AR 25 S
R ZH AL B =R AR, &

SR JH N PR B 2 O A 2 S S i e B 28 A o R
R A 8% NauS IFHBCKE S A7 W B A M 25 , JRRIFE , AN B[
TE TR B LUK L, BORCHAT g 2 25 27 )
BEEAT RN B E (L, 0 2 2 W AN RS A BE IR
22 M7 R A R 2 B 22 B 2 R il PRCE L
AL, W E FHRE LRI, SR HESh U iR 21 41
BRAE AR s 45 Hh 2 A, 2 A T8 275 90 s, T
AREH , BRGRA T L2 3 d LA S kB0 E (0.25
g/d) TP G  FRERR R, FLAJOK o 2B FoRIN ]
297y 15 min/H BRI G T RRERS 2~3 hop i, b &
W TG ShIEH, Jo U S BOET S A S 2yt
£ CTHE, FF25 5 CT A R AW R R, 45 R 5
71 SRR K AL R 4575 5 S b 2~3 A
CT ARG A BUAT ilf PN AT B0 bR 4515 AR, 4571 5 A 1
W BE R LR AT O AN AR IR FR B M A 2S5 FE s A
MR FRH R BRI A W N4 1 3 Y
A3, BRI 1,

B. it 3 e
VE LT (U Sk I KR 51
B JRECAEEER %R CTRNER

TEZED; 2023455 34 5 151



2.2 fM¥EHDTXHHAEREL
2.2.1 S EE &

4,38 4 ACQUITY UPLC* CSH™ Cis (3.0 mm X
75 mm, 1.7 wm) ; Ji s AN AL R-7K (1:1 000, V/V)]-
B[H -2 Jif5 (20: 80, V/V)1, Wi aliAH A B AR EL 40
60 ; 7L 1% A 0.5 mL/min; £ K 40 °C 5 #EFE = A 10 pL,
SR FH LT 257 88 1 (++) A 22 )y W I (multiple reaction
monitoring, MRM) #& 2 T i#F 47 465 I 5 1+ 8 <R FE 0
300 °C, TS 7 M 5 L/min; 254k 28 1% J1°4 45 psi; &
YA 4 000 V, BF 7 HLE R 90 Vs DTX iy bt (m/z)
h 807.9—526.9, 5 AZ BE (N b5 ) m/z 2y 853.8—286.0,
DTX FIEAZ IR — G & LI 2.,
2.2.2  HEYRER A BT

HURE A A 1M % 500 WL, A 100 pL A2 B (5
pg/mL) Fl1 '3 mL 8 T 3E I [ H BE-0.03% 2 /K 1 (4:
1, V/V)], € 5 min Ji5 , 15 000 r/min 250> 10 min; $f &
VRCAE AT A 174 [ A AE O/ INVEE 1 ARV 6 mL B2tk |3
mL FE-0.03% 2K 2(2:3, V/V) .3 mL FiE-0.03%
FUKEWE3(3:2, V/V) ihige s a5/, LA 2 mL
P B DR, AR I TR, T 40 °COKIB 414 F /UK
T, B 200 pL s E I, 220.22 pm 38kt 38 )5, oF
FERGI
2.2.3 ILHEER

(D) BBMEH S, B a8 A2 (b B A48 42

290

02 06 1.0 14 18 22 26 30 34 38 42 46
t/min

A. 25 L (m/z 853.8—286.0)

1400
1200
1000
800
600
400
200

R

0.2 0.6 1.0 1.4 1.8 2.2 2.6 3.0 3.4 3.8 4.2
t/min

C. 25 FILHEADTX (m/z 853.8—286.0)

1600
1400 ]
1200 \
1000
800
600
400
200
0

R

02 06 10 14 18 22 26 30 34 38 42 46
t/min

E. 452})5 30 min A I 2KFE S (m/z 853.8—286.0)

3.2X10"
2.8X10"
3.4X10* 11

2.0X10*
%LGXIO‘ a0
-
s
: lmg " l u
o O O 1O 1 W

1.2Xx10"
s
8.0X 10’

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
mlz

4.0X10°
A.DTX

s

5.2X10"
18%10*
14X 10"
1.0X 10!
3.6X 10"
3.2X10°
2 2.8% 10°
34X 10'
2.0X 10"
1.6 10*
12x104 =
8.0X10"{ 5 | T
10X 10°

s
s
s %8

0
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
mlz

B. M2
B2 DTXFEEEMN _FKRILE

BE) 25 LK +DTX . 45 25 5 30 min Y I 3 HE 5, 4%
“2.2.2" TR 7 EEAL R #2422, 17 TR (A3 5 i 4% 1 ik
FEAHT ISR S E (HLET 3) o S50 IR, 3% RS
FORTHIE

() ARHEMZ 22 . BUDTX X R 5 2 100 mg, K
WPRAE , FH P BV A O 72 25 28 100 mL, P AR B A
DTX Jii 5 #¢ B 43 %1 &y 0.004 56,0.022 8.,0.114,0.570,

TR
ol
=

02 06 1.0 14 18 22 26 30 34 38 42 46
t/min

B. 251113 (m/z 807.9—526.9)

80

I 70
==
=60

50

0.2 0.6 1.0 1.4 1.8 2.2 2.6 3.0 3.4 3.8 4.2
t/min

D. Z5 [ L3¢ +DTX (m/z 807.9—526.9)

75
70
65

)

" 5
50
15

02 06 10 14 18 22 26 30 34 38 42 46
#/min

F. #5255 30 min (1 M3 (m/z 807.9—526.9)

B3 UPLC-MS/MSERIEBMERER

TEZED; 2023455 34 5 151

China Pharmacy 2023 Vol. 34 No. 15 - 1837 -



1.14.2.85 pg/mL 1 R 5% GG, A ZS I 500
L, FC ) B 2R BV B AR TR ISR o 5 #2.2.27 U R
RALIRSE PR 2.2, 17 W0 J e RE 3. DL DTX T
TR ARG T AR LU AR () RN 24540 B vk B () A T4 7k o]
I, 5 bRAE 2R R Y=3.87X 10 °X+7X 10" (+=0.998 6) ,
DTX £ VEVE B A 0.004 56~2.85 pg/mL, LI{EMELL3:1
A B Jy 1.0 ng/mL, LAE M L 10 135575 5 &
FR A7 4.56 ng/mL.

(3) K52 Bl o o RS B IOy b BT R R
(2.85.0.570,0.004 56 pg/mL )i DTX X B SA R, JITA
25 F LS 500 L, BL il i | rh AR BT B ) DTX bR
HEMIRAE A #2°2.2.27 0 R I ik Ab B , B REFE 5 1K,
THA H RS R St RE 5 d, T H DR 3 . 4
SR, B R R VR R B DTX A H YRS 2 B RSD<
8.96%, H [} & RSD<9.13%(n=5),

(4) T g o h %5 5 IOy v IR BT R
(2.85,0.570,0.004 56 wg/mL) i DTX Xf B8 54, A
25 F LS 500 L, BL il i L AR BT B ) DTX bR
HEMLZEAE A 2 2.2.27 U R AN RS, TR IRE 8 h
J BERE AT, TC SR AT AR ; 7 ] 12 1 4 DTX s 1 2 AT
A, 48 SURSL RR , 452.2.27 1R 7 sk Ab B HERE 3
M, e s AL, 255 Wom  DTXFE 3K h A e 4%
U, ZE R ACE 8 h A 3 YRS S R il S R B2 AE 87.49% ~
102.99% ,RSD<9.66%

(5) FEHR PSRRI . K 2 R ey AR v
(2.85.0.570,0.004 56 wg/mL) Y DTX X B8 SR, INA
2% I3 500 pl, $% “2.2.27 W N 5 ¥ A B S %
“2.2.17 WU T IEHERE AT W BRIC R A 5 S L
W 500 pnLORIIDTX) , #2.2.27 W0 R J5 P hb B 1) 4R 45
149 FE B Y5 TS VR b I A TR AR B e L e AT T o R
(2.85,0.570,0.004 56 wg/mL) it DTX X I8 §h & W, T
40 CCHM T LLASIE TR, B0, b ik, ERE 0 i AR
CH Aoo VI AN A 1) PO TSR BR ORISR 5 A ] Ak
o S5REIR, m b AR VR B DTX I F2 B R 53
SR (82.76 +3.18)% . (87.44 +6.74)% . (66.67 +5.77) %,
BRI HR IR 4 (86.64 + 7.58) %

(6) L TRAAN o HUAS M SR A% “2.2.27 TR Jy i Ab 3
J& A DTX FUA R, il B b AR 5T vk B (2,85,
0.570.0.004 56 wg/mL) i) DTX ¥ W , HEFESB7 , I &
DTX 5 P bR I R AR (4) 5 55 FH R sh AR e ) ik 3
ol BT S R VS VL, EAE ST, U DTX 55 N AR 0 1T R
1 LLABL (B) 5 353 3 T AU (355 BT % = A/B X 100% )
SRR TSN =93.7%

- 1838 - China Pharmacy 2023 Vol. 34 No. 15

2.3 HAHMELR

T I A B ) 1) D Ao i 93 B TR G 6 1, B AL 43y
DTX-INZFIDTX-LP 4L, 541 3 H . BLH St H- 2k
HHH4A T DTX-INHIDTX-LP, 45 25540 1.0 mg/kg (L)
DTX i) , AR A MR R m BRI amifs . 5205,
43 9F 5.15.30.60,90 120,240,480 min i}, 75 25 24 %}
B35 kB 2 mL, DA 15 000 r/min 250> 10 min, B I
JZ KT —80 CCHRAM T ARAE . e B WA T i S 4
“2.2.27 W R )T AL B, P 42,217 IR SRR AT
THAR A I 1] R G Il DTX e, 40 24 - i 2%
K HIDAS 3.3 B il 2% v DTX W FE AT 805 5 45
B, 35 3 2 8% S B (L Coes iz AUCo 0 min
AUCo-.) o RHISPSS 13.0 54T S0 8T, 24 8127 5K
Pt F x + s 7, HLIRTELBER ST FEAS ¢ K 36 , A 30 7K 1
a=0.05,

P 1 4 A0, DTX-LP 41 A4 2 il 2t 4 - 22, 4%
I ] 506 I 24 9 I T DTX-IN 4, Wbl 571 1 24 31
AT ABIFF A = E R X AR DTX-LP 76 R 4 iy
Herh i) B e DTX-INZHAIC, (] s 2 W B 2 4518, 3
Al g2t DTX-LP (Wl 8 i/ S R . B2 1T,
5 DTX-IN 2H 48, DTX-LP ZH Y Coaes fr2 s AUC 150 min
AUC,-. 34 i F IR (P<<0.05)

09 7
0.8 1
07
06
051
04
031

1M 254 B/ (pg/mL)

0.2
0.1

t/min

B4 #BKES DTX-LP 1 DTX-IN [57E & B 4 K 15 1Y
25 BTk (n=3)

R1 DTX-LPHIDTX- INZEEREMFERHEEAT
S (x+s,n=3)

25 DTX-LP# DTX-IN4
Cond(ug/mL) 0684001 0.79:+0.06
fr/min 500 500
f1a/min 7188+ 1756° 177013899
AUC) /(g /L) 30.61+2.70° 8251457
AUC,.../(ugehimL) 30874258 95334814
a: 5DTX-IN4 b, P<<0.05,
3 itit

DTX-IN 4525 J5 RN oA )iz (B = # ) P, R fE
BB IRFOH LY, HB KA R 25 5 ke — R I3
BIVEH, inep MR A s> R B R AR

thEZ s 2023 4E55 34 4245 153



i AP RN IFREE B REVESE AT DTX-IN £E

I R L A PR, 4 5 DTX AR R 4 2Lk EE

X R AR R B B
RIAF 9 © 2R 52 , B2 R 4 45 T DTX-LP Fl DTX-

IN 0.5.1.5.4.8.12 h i , DTX-LP 41 # % 4 fili 20 21 v

DTX (¥R 2 5351 DTX-IN 414 12.1,10.2,7.5.3.3.7.2

5", i F DTX-LP B % #1078 T DTX-IN 7SR P 1

HBUIMGAT Iy, DR EE N2 B2 B2 LTI 22 ] £

2e5% , L WIH DTX-LP BN A2 At e, iy HAE I

IR b2l TS E it . AR SCASARIIESE , 55 DTX-IN

ZHLEHE , DTX-LP 2R G 45 o 1] 3 14 0 2453 B2 AP

X 1 T DTX-LP g 82 9 258 73 Ai (e iR A 4 2

I3 P 2549820 . DTX-LP 20 £12 . AUCs -ssomin

AUC-JEAR, P71 51 e PR M AAEER rh 23 A 1 il 4

A AL R 25 0 A AR, b A 2% A £

7 L ) SR A TR A P AT 4 B b

L Lk, DTX-LP 75 Ifi 3% v 1% 7 §2 4 8 DTX-IN

BEEAG, 412735 2 1 30 E DR st DA A8 v 3 A1 B RE RS

BB T TR AR R R A, 2 —Fh BAT s

PRI T S5 AR 1o 54

SE 3k

[1] SEMB K A,AAMDAL S, OIAN P. Capillary protein leak
syndrome appears to explain fluid retention in cancer pa-
tients who receive docetaxel treatment[J]. J Clin Oncol,
1998,16(10) : 3426-3432.

[2] BEHAR A, PUJADE-LAURAINE E, MAUREL A, et al.
The pathophysiological mechanism of fluid retention in
advanced cancer patients treated with docetaxel, but not
receiving corticosteroid comedication[J]. Br J Clin Phar-
macol, 1997,43(6) :653-658.

[3] PETROV R A,MEFEDOVA S R, YAMANSAROVEY,
et al. New small-molecule glycoconjugates of docetaxel
and GalNAc for targeted delivery to hepatocellular carci-
noma[J]. Mol Pharm,2021,18(1):461-468.

[4] LIU M R, KHAN A R, JI J B, et al. Crosslinked self-
assembled nanoparticles for chemo-sonodynamic combi-
nation therapy favoring antitumor, antimetastasis manage-
ment and immune responses[J]. J Control Release, 2018,
290:150-164.

[5] DUY Q, TIAN C T, WANG M L, et al. Dipeptide-
modified nanoparticles to facilitate oral docetaxel deli-
very: new insights into PepT1-mediated targeting strategy
[J]. Drug Deliv,2018,25(1):1403-1413.

TEZED; 2023455 34 5 151

[6]

(7]

[8]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

YADAV D K,PAWAR H, WANKHADE 8§, et al. Develop-
ment of novel docetaxel phospholipid nanoparticles for in-
travenous administration: quality by design approach[J].
AAPS PharmSciTech,2015,16(4) :855-864.
GU Z L,DA SILVA C G,HAO Y, et al. Effective combi-
nation of liposome-targeted chemotherapy and PD-L1
blockade of murine colon cancer[J]. J Control Release,
2023,353:490-506.
BRAAL C L, BRUIJN P D, ATRAFI F, et al. A new
method for the determination of total and released
docetaxel from docetaxel-entrapped core-crosslinked poly-
meric micelles (CriPec”) by LC-MS/MS and its clinical
application in plasma and tissues in patients with various
tumours[J]. J Pharm Biomed Anal,2018,161:168-174.
ZHU Y Q, JIANG Y, MENG F H, et al. Highly effica-
cious and specific anti-glioma chemotherapy by tandem
nanomicelles co-functionalized with brain tumor-targeting
and cell-penetrating peptides[J]. J Control Release, 2018,
278:1-8.
SONG C, GAO C,ZHAO J, et al. Construction of long-
circulation EpCAM targeted drug delivery system and its
application in the diagnosis and treatment of breast cancer
[7]. J Biomater Appl,2021,35(8):947-957.
PALIASHVILI K,POPOV A,KALBER T L, et al. Peritu-
moral delivery of docetaxel-TIPS microparticles for pro-
state cancer adjuvant therapy[J]. Adv Ther, 2021, 4(2) :
2000179.
AR RG2S L TR AT 1] 22 H AR A
A FH 5775 : CN101474155A[P]. 2009-07-08.
AR, AR T A L TR AR 1] 224 W AR A
H A5 : CN200910103135.X [P]. 2009-07-08.
RAROKAR N R, SAOJI S D, RAUT N A, et al. Nano-
structured cubosomes in a thermoresponsive depot sys-
tem: an alternative approach for the controlled delivery of
docetaxel[J]. AAPS PharmSciTech,2016,17(2) : 436-445.
WANG L J,LI R,CHE K K, et al. Enhanced antitumor ef-
fect on intrapulmonary tumors of docetaxel lung-targeted
liposomes in a rabbit model of VX2 orthotopic lung cancer
[J]. Sci Rep,2017,7(1):10069.
YANG J,LI X G,LI W J, et al. An improved LC-MS/MS
method for determination of docetaxel and its application
to population pharmacokinetic study in Chinese cancer pa-
tients[J]. Biomed Chromatogr,2020,34(8):e4857.

(ke H 91:2023-01-15 & [71 H 1 : 2023-06-10)

(il - FEGE 32

China Pharmacy 2023 Vol. 34 No. 15 - 1839 -



