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UPLC-MS/MS i&EME/NR I3 2 EZRE AR BE R A R 2B MR

Mdm e, ek 0, 7 W0 1E KRS, Wi B OB R E K% a. 55— WHE BEBATIHINEL, b. 252 2 259 1k % 2U0F
%=, [ 200433)

(HZE] B @ /MR b SRR B RERRRR (PTX-MA) | 2B R (PTX-PA) A S A2 Al IS B R (PTX-
SA) % 3 PSR AZ WG 7 19 156 1) A vt 5 RO €033 - 3 B T3 (UPLC-MS/MS ) I 5 7 125, 4145 % 5 HUMG IR A 14 /N B ;e 26540 3l
JI2ERE, 55E R Eclipse Plus Cg 4354 (2.1 mmx=50 mm, 1.8 pm), 0.2% FRR/KIATR (A) R (B) A ASIR] L BIR Gl
VSR, B REVRR, = T DURRAT BB I B 3% 22 3 S WA I (MRM), 3758 : 0.3 ml/min, A3:1: 30°C, #EAERE: 10 ul, £E5R PTX-
MA. PTX-PA 1 PTX-SA 7E 5.0 ~ 500.0 ng/ml i3 [l N3 52 RIF AP R (7 >0.995 0), H AT H [R5 | gtk $RERm]
R AL R4 19 RSD /N T 10%; 3 P AZWENG T MRS itk PTX-MA-L, PTX-PA-L il PTX-SA-L 7/l {A
B (210) 7300 14.78. 44.49 F1 69.32 h, THERFR(CL) 4351k 29.06., 24.94 1 13.74 L'kgh, £ ZELEES . R
i, BRI . R ML, T /N BRI Hh S A2 IR 07 R R 4 1 s A o /N P9 254030 1 20 5 25 B3 A, Bt s U i i
HEXG N, EAZBENR BRI A/ N BRI 1, SRR AT, T IR 3 00 5 2 AR, RS S AZ I 28 AN [) A A R s T s £ A T 2l
AR ILAR N AR BN T2, AT Ry 542 BERR 105 R TS 1T 24 (1 A K T VB R B2 A B
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Determination and pharmacokinetics investigation of prodrugs of paclitaxel
fatty acid esters in mouse plasma by UPLC-MS/MS

CHEN Bingchen®, TONG Dafeng®, WAN Miao®, YAN Feihu®, YAO Jianzhong®( a. Department of Colorectal Surgery, The First
Affiliated Hospital, b. Department of Medicinal Chemistry, School of Pharmacy, Naval Medical University, Shanghai, 200433,
China)

[Abstract] Objective To establish an UPLC-MS/MS method for determinating content of three paclitaxel fatty acid esters
such as paclitaxel myristate (PTX-MA ), paclitaxel palmitate (PTX-PA) and paclitaxel myristate (PTX-SA) in mouse plasma, and
preliminarily investigate the pharmacokinetic characteristics of their liposomes in mice. Methods Eclipse Plus C8 chromatography
column (2.1 mmx50 mm, 1.8 pm) was used with different proportions of 0.2% formic acid aqueous solution (A) and methanol (B)
mixture as mobile phase for gradient elution at a flow rate of 0.3 ml/min. The collum temperature was 30°C. The sample injection
volume was 10 pl. The triple quadrupole mass series spectrometer was used as multi-reaction monitoring (MRM). Results PTX-
MA, PTX-PA and PTX-SA all exhibited a good linear relationship in the range of 5.0 ~ 500.0 ng/ml (7>0.9950). Their RSD of
precision, stability, extraction recovery rate and matrix effect test results was all less than 10%. The half-lives (¢,,,) for liposomes of
three paclitaxel fatty acid esters PTX-MA-L, PTX-PA-L and PTX-SA-L in mice were 14.78 h, 44.49 h and 69.32 h individually,
and their clearance rates (CL) were 29.06 L-kg/h, 24.94 L-kg/h and 13.74 L-kg/h, respectively. Conclusion This method had high
specificity, sensitivity, easy operation and good stability, which could be used for the determination of paclitaxel fatty acid esters in
mouse plasma. The results of pharmacokinetic studies in mice showed that ¢, for paclitaxel fatty acid esters were significantly
prolonged, and the clearance rate were significantly reduced with the length of fatty acid carbon chains increasement, which
indicated that esterification of paclitaxel with different chain length saturated fatty acids could obviously alter its in vivo
pharmacokinetic properties, which provided scientific basis for the research and development of nano formulations of paclitaxel
fatty acid ester prodrug.

[Key words] Paclitaxel; Fatty acid esters; Prodrug; UPLC-MS/MS; Pharmacokinetics
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A (PTX) & AR T A 21 G AW B 0 5
153 B0 RARK A =9, J& T 08 8 il
FEIG IR L2 HF IR S8 | A /N0 M s A0 2L e
BRI ARG PTX SRR I T R A L
BRI T 5 B AR R, SN PTX A 40 A 48
BEPE, W S22 53 F [ ZH LRI 1, R e 4R
RN, EL B a4 mr i AR s 2 R
VIR L, B 25 A vk, /N aERIVE T, K24
YA P ) 45 T A AR R A PR A0, o, K%
MG 7 R W A 5 5 R (MA) M A=A R (PA) BT A
WERR TR (SA)™ 558 F T 25 B Ry 2454& i . i,
TR YT 2R Y R Y L T 259 b ZEKARAF R R
T A SR, A0f 2 3 Ao R R R U R e -5 b ZE KA
TR 52 I T S b ZE KA R e R T T 24, 08 1T o 5 ol
YORRTZY, B HBIE N T 700 RS e o 5 2
BT ARAE SRy 3 A 226 I v 1 24 3 4 ok 32 31
J Uz R, XA PTX g il 7] i AF & #2431 T
TARYE . BEL, AR PTX 1) C2 2 Rtk 1T le k1B
Wi T B NG ¥ Ik 4 HR 1Y PTX [N T % 1% ik ( PTX-
MA) . PTX k2l (PTX-PA) 1 PTX fif JI 2 fig
(PTX-SA) S HT 2550 F, SR #4046 1 PTX-
MA JI§ i /& (PTX-MA-L) . PTX-PA JI§ Jfi & (PTX-
PA-L) Fl PTX-SA JEFi{A (PTX-SA-L), AMUA] LA fig
TR PTX 25 PE 22 AR, ] DU m gk 2 i L 34
VIR E N . R 2GRN )2 2 Ak s
ZFFE AR H P9 R, s T /N
i PTX-MA, PTX-PA Fll PTX-SA & & A8 =51
VRRH (0, 1% - BB 3B T3 1% (UPLC-MS/MS ) Wl 5 77 125, 7E
LA E I8 % 58 T HAg Bik PTX-MA-L, PTX-
PA-L fll PTX-SA-L 7E /N AR P9 19 254X 3l T 24 ¢
P, DT A PTX AR 17 192 B8 I 24 10 40 K il A %
HERLA R

1 {LEEFIH

1.1 A

Vanquish™ i & A1 ¥ AH (2353 (3€ [E Thermo
scientific 2 F] ); TSQ Altis™ —H PUZLAT Bk (3£
[E| Thermo scientific 2~ 7] ); & 2 5 3 2 R B .0 L
(gt YR AR AR
12 &2

ERBE (4l =98%) W AL L B AZE Y s
B e A BR A B 5 SR A2 B IR 5 R TR (PTX-
MA, 4l =98%) J¢ FLJR it i (PTX-MA-L) | 42
it Ao HiE) 2 B ( PTX-PA, 4l B =>98%) & LI it i
(PTX-PA-L) . S4Z B0 5 R I (PTX-SA, 4l i =

98%) M H I B4 (PTX-SA-L) ¥ W 1 4 75 15 K2
2y RAHE B E A H; R ek, HEEA
LGN A e CHR (R D A R A, ¥k ik
ali; R AR A R A R A F
1.3

ICR /B [ Wi, (18+2) g, W [ W7 VT4 1| 4
S S AR A BRI A, s alIES : SCXK (#7)
2020-0002].

2 FIEMER

2.1 RIRERALE S Fete ] £
2.1.1 okt

3% 4T Eclipse Plus Cg f54H(2.1 mm*50 mm,
1.8 um); FiLahAH: 0.2% H /KR (A)-F (B BREE
PRI s B VR AL : 20% B ~ 60% B(0 ~ 0.3 min),
60% B ~ 98% B(0.3~ 3.9 min), 98% B~ 60% B
(3.9 ~ 4.8 min), 60% B ~ 20% B(4.8 ~ 5.2 min), 20%
B(5.2~ 7.0 min); i #: 0.3 ml/min; JEFE & 10 pl;
FER: 30 C.

2,12 Bk s

HL 555 25 U5 (ESD SR FHIE 85 1 RAERIA . 5
TS B HE: 3.5 kV(+); B &SR
. 325 C; BALIE: 275 C; 855K 71 35 Arb;
R E S5 Arb; BANAE K 1. 1.5 mTorr, SE &5
MrEs 743 58 m/z 1086.7—518.3(PTX-MA) , m/z
1114.5—546.3(PTX-PA), m/z 1142.7—574 4(PTX-
SA), m/z 237.1—194.0(-K 5, NAR) .

22 ARSI AR &
22.1 PTX-MA. PTX-PA Fl PTX-SA IE W45

A3 9K % FREC 10.00 mg 3 R X IR 5 (PTX-
MA. PTX-PA. PTX-SA) & T 10 ml & &+, H
PP Pty i 52 5, TSI 1.00 mg/ml B R it 45
W o VR — 5 o P X)Lt i A VR, PR Y s 7 o —
RINRE TARR, BT 4 °C UKFAIRAF & H
222 BRI &

HE % FREL 10.00 mg K V5, H 206G % it
FEZS, Beil A% 1.00 mg/ml B NARE R TR . E—E
I ARt AT, T G R B A 30.00 ng/ml TAE
VW, BT 4°C VKA R
2.3 R AR SRR AR &

Fi 2% w0100 pl /N BRI ZEAE T 1.5 ml 5
LA, A 300 pl NFRA, IRHETR A 1 min )5,
13 000 r/min &.0> 10 min, W H 3R, & T H M
EPE T, 40 C FESELETHERN. HBEE
B 200 wl SNEEEHE S, o 0.22 pm JE B AR, B
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TSI BRI RE A TR
24 FEFERIE
24.1 LJEHEE

K 4% B 100 pl 25 (1M, A 300 ul Z B
B 300 pl INFRE, #i “2.37 10 F 7 e RS, 4%
“Q1TR I RIE, e AT H MK s R R
B 100 pl 25 (ML, 4% “2.37 50 F ERAEAN B S, ik
“ONTIR IR E, 10 S BRI R A
& K5 3 B LA & B PTX-MA. PTX-PA. PTX-SA

A B

i nM,nJ 1

B8 FIMSERES4S 100 ul, FH 300 pl ZJEACE: 300 pl
AR, #% “2.37 0T iR AL B S , FR4% < 2.1 TR
FEME, id % &% PTX-MA. PTX-PA 1 PTX-SA
P IR S T 1 . S5 UL 1, IFR . PTX-MA,
PTX-PA il PTX-SA (1) €813 U [ 3 IC B i A 54
ZR U T, FLOR BRI A] 430k 2,41, 4.37 ., 4.84 F
5.28 min, W LK N IEPED) A T8 PTX-MA
PTX-PA. PTX-SA FINFRIGIIE .

0.0 1.0 2.0 3.0 40 50 6.0 7.0
] (#/min )

D

00 1.0 2.0 3.0 40 50 60 7.0
IFfE] (#/min )

00 1.0 2.0 3.0 40 50 60 7.0
AF1E] ( #/min )

00 1.0 20 3.0 40 50 6.0 7.0
] (¢/min )

E

A
00 1.0 2.0 3.0 40 50 60 7.0
A a] ( #/min )

1 FTAMEREAFR. PTX-MA. PTX-PA 1 PTX-SA B3+ R&H UPLC-MS/MS &iL[E
AZS I3 ; BUAFR; C. PTX-MA; D. PTX-PA; E. PTX-SA

242 ZMEKFR

K2 HL 95 ul /MBS ML, A 5 pl 5642
TR RS X FERE S (PTX-MA B{ PTX-PA B PTX-
SA) T /E¥%s W It i 5% 5.00. 25.00. 50.00. 100.00.
300.00 1 500.00 ng/ml ) PTX-MA &% PTX-PA I}
PTX-SA ZF1 e B % FEAFE /N BRI, 4% 2.37 3
TEAEANYE, PR 2070 FHEEIE . DL PTX-MA
o% PTX-PA = PTX-SA X & #£ 5 ik B Ry i ALk
(X0, S I T AR5 AR I T AR A LU (B A AR A (Y)
HATERPEIRIA 73T, SRA545 A RIE 7R, 45251 0% 1.

=1 PTX-MA. PTX-PA 1 PTX-SA BIfR/ERZES

of BEAE BIEp¥: r MV (ng/ml)
PTX-MA Y=0.186 2 X—1.984 0.995 8 5.00 ~ 500.00
PTX-PA Y=0.668 5 X—12.977  0.998 4 5.00 ~ 500.00
PTX-SA  Y=0.4021X-7.171  0.9988 5.00 ~ 500.00

243 WER RO A

s PRI SR, 25l & PTX-MA , PTX-PA
A1 PTX-SA ¥ £ 4 10.00, 250.00 F1 375.00 ng/ml
PG mh L s 3 MR B Y /N BRI A A, B
T80 C ARIVKFIPRAE . #2“2.3" T N b s,

PR 2.7 T F I kit RE A e o RN S
RERBELLFERE 3 UK, B4E 3 d, RIS PTX-MA
PTX-PA. PTX-SA FINFRIGIERIF, 115 PTX-MA ,
PTX-PA Fll PTX-SA 1) 55 I ¥ B, % %8 PTX-MA,
PTX-PA Fl PTX-SA . . 155k BE 78 /N LI 3% vh
W H PR H ] A e B FIORG %5 8 . gk 2 452
7N, PTX-MA. PTX-PA Fll PTX-SA 7% . . &
3ANMREE R H AL H (8] (48R % RSDJ1<8.4%, 1
i EE¥I>95%, R ARG 2 8 R AT
244 FREMEER

Heas F/NBR S, A3 B, w3 Nk
J& (110.00, 250.00 11 375.00 ng/ml) Ky Ifil 3¢ ¥£
(PTX-MA. PTX-PA Fil PTX-SA) ¥4 3 4y, 709 T
ZIRACE 12 h, —20 C %RAF 5 d JFEmhisi-20 C &
RN 3K, H 237 ik AL BRREAR, PR
“21TIUR R HERE I E . S5 R oK, 1E Bk
Zg 5T, PTX-MA, PTX-PA Fll PTX-SA FI1 .
o T 3 SRR RSD $4<10%, 07 PTX-MA
PTX-PA 1 PTX-SA 1 /)n BRI 2% i 78 2 i ik
12 h, =20 ‘C A7 5d K—20 C [ Z R 3 IR&AF
TRUEE R,
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%2 PTX-MA. PTX-PA 1 PTX-SA #AHREEZE (n=5)
H K H ]R3
XTHERES FIRWE (ng/ml)
SMEE (ng/ml) (%) RSD(%) FVRSE (ng/ml) — FICHR(%)  RSD(%)
PTX-MA 10.00 9.93+0.83 99.36+8.32 8.38 10.37+0.61 103.67+£6.06 5.84
250.00 242.29+10.93 96.84+4.51 4.51 247.42+5.30 98.97+2.12 2.14
375.00 371.31+6.30 99.02+1.68 1.70 373.37+6.20 99.57+1.65 1.66
PTX-PA 10.00 9.83+0.50 98.28+5.00 5.09 10.25+0.55 102.53+£5.52 5.38
250.00 248.42+6.81 99.37+2.72 2.74 246.93+5.74 98.77+2.29 2.32
375.00 373.79+8.70 99.68+2.32 2.33 371.5944.12 99.09+1.10 1.11
PTX-SA 10.00 9.59+0.51 95.90+5.08 5.30 10.33+0.67 103.27+6.72 6.50
250.00 248.81+7.89 99.53£3.16 3.17 245.9245.04 98.37+£2.01 2.05
375.00 374.36+8.81 99.83+2.35 2.35 371.264+2.43 99.00+0.65 0.65
2.4.5  ARIBAISCRANEE BN g W, % 2.7 0T J5 A o A e, T iR Rk

Bz /N RS, A3 AR HIMIG . . & 3 ik
B (110.00, 250.00 A1 375.00 ng/ml) Y Ifil 3% FE &
( PTX-MA. PTX-PA fil PTX-SA) ¥ & 3 11, %
237 R PRREAR, A 2.1 R kbR
SIATINE, THETARR B A D3 HRAS PR, 4%
“237IF A A AT, 0 A PTX-MA 5§
PTX-PA 5% PTX-SA TAEBIEZHRE 5310 10.00,
250.00 A1 375.00 ng/ml [ 3 FhAS [5] ¥ J3E 1) bk o

i Bo FHH EEECH] & AR (30 ng/mD) BIAIK. L &
3 ANHREE(10.00., 250.00 #1375.00 ng/ml) ) PTX-MA
o}, PTX-PA 1 PTX-SA fFE ST, % “2.17 T
D EFERE AT IS , TR TSR B Co 2 HURT i
R (A/B)*100%, HEFTAUN A (B/C)x100%. 455
UL32 3, PTX-MA . PTX-PA % PTX-SA {342 Ht
RIS RN T3k 07 4 RSD 149<10%, 540 i BEsR .

£3 JpRM3EF PTX-MA, PTX-PA 1 PTX-SA AVZEEUWRFIE RN (n =3)
X HERE i HHEHY (ng/ml) R (%) RSD(%)* FEFV (%) RSD(%)"
PTX-MA 10.00 79.82+6.60 8.28 95.36+6.55 6.87
250.00 88.35+2.84 3.22 96.28+3.59 3.73
375.00 92.08+2.46 2,67 98.86+1.46 1.48
PTX-PA 10.00 73.34+7.24 9.88 94.28+1.96 2.08
250.00 83.58+2.24 2.68 98.46+1.86 1.89
375.00 89.47+1.51 1.68 98.88:£0.68 0.69
PTX-SA 10.00 61.90+4.11 6.63 95.90+5.08 5.30
250.00 77.26+2.88 3.73 98.78+2.22 225
375.00 84.43+1.21 1.44 99.08:1.01 1.02

LE: a: ISR AR AR (i 225 b: 2L BTN BRI Fn i 22

2.5 DRBRIAFHR

BEPE ICR /NEL 90 H, TSC50HT 12 h 28 A%k
K, FRie #R E J5 4 A PTX-MA-L. PTX-PA-L,
PTX-SA-L 3 4. DASEIZEESFEE/RFIEE 15.00 mg/kg
N RIS 25, 570 T 4525 )5 2 min, 30 min,
1h.2h.4h,. 6h, 12h, 1d.3d. 14 d, /NEHRIE#
kAR 0.3 ml(AEASB RS A H 3 H/ANRD, & F
KAMRMAYE.CE S, LL 10 000 r/min B L
3 min 7, FIHRE T-80 C VKA IR, g

A S 2,37 T AL S % 2.1 R
Ji ik BERENE o Fr A3 ] DSA2.0 B4 7 Ak
B, VL =P s AR B 258 2 S8, 4
JLA%% 4o

3 e

MG VLR S AR, EES7 T /N BRI
3 PR BEAR I R 6 1 25 % 1 ) UPLC-MS/MS Ml
T, Hi, AR PTX-MA ., PTX-PA #1 PTX-SA
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®4 NREFBMGES 3 MEZEEERERATZA

EREAREINFESH (n=3)

FEESHL iy PTX-MA-L PTX-PA-L PTX-SA-L
Conax ng/L 226 436.10+4 932.89 289 171.80+5 311.62 333 508.00+3 464.10
AUC 144 ng-h/L 502 384.75+3 464.10 776 973.44+5 196.15 1 668 984.05+6 350.85
AUC,_,, ng-h/L 503 800.86+8 082.90 777 835.54+6 429.10 1 669 696.54+5 773.50
i h 14.78+2.00 44.49+3 51 69.32+2.15
\% L/kg 45.68+1.00 62.57+1.53 68.58+3.10
CL L-kg/h 29.06+2.52 24.94+2.08 13.7442.52
(IR B S 2.41, 437, 4.84 f15.28 min,  [BEXM]

Bk B B . AHHLETIARESE TP MK PTX-MA
PTX-PA I PTX-SA & & (14 48 HPLC I & 7 %
TEET 25 | SEAHURE IR A0 e s T Tt R A 2
K, ZEEA R VBT
B 0T | 28 AR R B o AR, TR
T 3 P A2 B s 1 R BT 24 8 B iR (PTX-MA-L,
PTX-PA-L il PTX-SA-L) /N A& N 2548 30 ) 2%
SEGIE .

ST R N B ITE MR B A R =K,
Fik [ P AT ARG /N BRI 2 e 3 A S A2 B R I R IR, 1R
BT R R A T . 540, S Ak Bl
AHLH A B 3], (45 P9 s 2% 0 5 25 e i B A
AP B AR . FERRAE T SR I A R, A
AT LB I T, o T (i R B Ak, 4R e T
ARG GE 1, DI i 12k ARG I R AR

M2, IS E ST B UPLC-MS/MS I 5E J7 2
LIm o | AR R R | A RS % S S
At E MG, Al 2 /N BRUAR N I 2% rp
3FEAZEENRITRER AT 2] & i /N EURN 2 3h
FIEF IR S R BoR, 3 PR A2 NG I W T A o 1A
PTX-MA-L, PTX-PA-L Fll PTX-SA-L 7E/NEUAN Y
tip 43R 14.78. 44.49 1 69.32 h, EBEHR (CL) 4
Sk 29.06. 24.94 Fl 13.74 L-kg/h, $27 i 5 5 i 2
e e 4 B T 1IN, 58 A2 T g 10 T i /DN BRI P9 1
tp RIRAEA | CL W) & 35 FAIK, R A2 B AN ]
1 AT s 7 T T A T O i LA P 24 B
SR, JForh, S AR BRNE iR (PTX-PA) B
AT HN A B ESH R T — B RATF R T
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