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[(HE] B8 X S0 (PTX) S5 H ks 65 AR AR BT ARG A, SO e 240 MO PR, 3 257l 733% i@
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Synthesis of paclitaxel palmitate and the formulation optimization of its

liposomes
CHEN Bingchen', WANG Sizhen'®, GUO Beibei'®, YANG Feng'®C a. Department of Colorectal Surgery, The First Affiliated
Hospital, b. Department of Inorganic Chemistry, School of Pharmacy, Naval Medical University, Shanghai 200433, China)

[Abstract] Objective To improve the cellular uptake efficiency and the therapeutic effect of the drug through the
structural modification of paclitaxel (PTX) and the preparation of corresponding liposomes. Methods The prodrug of paclitaxel,
PTX-PA, was prepared by esterification reaction, and the quantitative detection method of PTX-PA was established. Next,the
optimal formulation and preparation of PTX-PA/Lip was obtained through single factor screening based on their appearance,
particle size, and encapsulation efficiency. Results The PTX-PA was successfully synthesized, and the established HPLC
quantitative analysis method for PTX-PA meet the methodological requirements. After the optimal preparation and formulation
research through single factor screening, the particle size of optimized PTX-PA/Lip was ( 62.75+1.81) nm with a PDI of
(0.076+0.02), while the drug encapsulation rate reached more than 90%. Conclusion This research successfully prepared palmitic
acid modified paclitaxel liposomes based on nanotechnology, enhancing the drug delivery efficiency of paclitaxel and laying the
foundation for the pharmacodynamics research of PTX-PA.
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WAL, VB R — Pl i 25 2k 4, Big {4 (Lip)
FEMR P AT W R . ORI A e b, REAE o 24
WYIE A o B AR s M, DT AT LA D 45 2550 0 | AT
BERIVER, I HGERE HAT T, i, R A
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A Pl Je 2L 214 15 5 3 375 M RS BE 4007 (EPR), fifi 24
Wy 2o S i 3o 26 B RO

56 U LT S5, AT S AR R R 5%
T2 m AL Bl 45 G A A 25 A2 B AR A R B (PTX-PA),
JEEE ST 5T B BORAH (HPLC) O E AT T vk, B
TERFAR LN P-gp 2R A7, 6 PTX 38 A R 240
JfLJE B SNHE, AT A BE R R ROR . AR
W . R 22 A N, 2 R SRS BT A R
ST RO . HK, FRATTH PTX-PA 2kt PEG
AE A 1) Mg T AR v S 28 A2 B A R R i ) Mg i A (P TX -
PA/Lip), LASEBUHACAEER, Bam PTX BT B#AIK
HERIVER .. e, R T A0k 5 Z A4 Jr il
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E); T4 2 —HF K FE(MS105DU, H4: 47
ZNa], Fib) s EIER (30 kD, IR, EH);
PRI 755 3 5.0 L ( Eppendorf-200, SEASf#\ &), 18
) s & 3 5 HIL (NanoGenizer, 35 [H ) ; Zeta-sizer
Nano $7JF (X (Nano-ZS, LR AT, JEE) o
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EVAVSIEMBINANGE ALk E B i AL el YN
A, 4B =98%; bR [ o E B 2548 A g4k
2R AT, SlEE =99%; B E I (PCIS-T) . JH
[E B . DSPE-PEG 2000 #4 [ I 3 75 ¢ = 245 )
AR T 1-(3- RSN L) -3-2 FEfilk — W
(EDC) . 4-—H & JntiE (DMAP) . LR LT, —
AR GE, oK OB, A4 [ b E B 2545 A T
WAL 2E R A F, 43 Hrdli; LR C T . PC-98T E#E

SR AR (v SE 45 R B 25 BB AT BR A W] ) 5 JIH [ i
(P L FHFEAREARAR ) & k.
DSPE-PEG 2000( ¥ 3L HHFE 25 RHE A BRA A ;
ToK T ArimEE o E B 2545 A i AR
ol FEE 25 E R v A F, kel
2 Ik
2.1 PTX-PA #9%) &5 b4k

PTX-PA FiZjH PTX 5 PA KA FRIL i &
B, A B R A R PO RS PRI PTX 0.85 g, il
ATEK =GB B 30 mlo MU AN 2 PRI EDC
0.19 g. DMAP 0.15 g fl PA 0.31 g, ZTEA SR T
FIBEFER N 12 he RS, F 5% FrigiaK
VTR IR AT ER KPR 3 i, EZR BRI LI, J
75 PTX-PA MLt o SR A i Bk AN £ R £ T 8 1o 4
ETXT PTX-PA #4753 55, glifb. e 7E s,
W 7= e 2 L PR A AL, £330 A0 6 R RD
PTX-PA, Ff i ZA% WG AR 205 | i i 2 PTX-
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(4.6 mmx250 mm, 5 um), Fi AR /K (95 ¢
5, V/V), EFERR 20 pl, JiE 1.0 ml/min.
222 BRI WECH]

25 VTR BC ) A 2 B O B 25 1928 R o
A 1 ml AT 5209 F A, 7S, I B E A S
25 ml, 0.45 pm AITEFLUERETUE, YEIRED R2s FIATR -

XoF Bl 5 VR A TC ) < RS %% BB PTX-PA B3R
50 mg, FH B O F 25 2 50 ml, o 3E, IS
PTX-PA X BE S 48 T o

A 5 T A TC ] - A %5 i 1 ml PTX-PA/
Lip, INAf i I BEE A . B S k3L . 452 25 ml,
T8, VIR R R A A
223 LEMEEE

A3 SVBGE F 25 VAT, 6 I S R (L S
W, FHURSIARAR B 200 Y vk B Jm , e IR A5 4%
B g ST I R AR S B T HERE AT
224 LRMEXFRBE

K % B IOE i PTX-PA X BB 5 A 4 TG Uk s
ey BE 1. 5. 10, 25, 50, 100 pg/ml 1) PTX-PA
ROV, e HR ik SR v () = RO A S 8
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AT T (n=5) , I IC SRR BE Y PTX-PA 1Y
g A . LAREE (C) R X 4l W1 AL (4)
Y HhiEATIIE
225 KEmBEEL

H NKE %5 2 75 4% R 28 WO 3 RO [l ik JiE (5.
25. 100 pg/ml) ) PTX-PA XJ I8 Sy v, %of ] — e
BEVRIRESEERE 5 K, BRR 10 pl, #4208 “2.2.17 01 F
TSI T/ HT, 10 SR A5 B2 W b T L

H [H)HE %5 B 25 4% RGO 3 FhoA [l vk 2 (5
25, 100 pg/ml) i) PTX-PA *f B8 5, %o 6] — Uk
FES W SRR 5 R, BER 1K, RRIR 10 pl, 4% 118
“22.17 WU AR S T AT, I SRAE 0L 1., 2. 3,
4 KA W TR, THIRRE SR, BRI H
(A 25 2
22.6 EEMESRUEN

25 G OB P FL, ek 3 R OR TR R
(1. 10, 100 pg/ml), FEZEHFE 5 UK, HIK 10 ul, i
SRS R IO T AR, 5 AR T A L R RO B
50 pg/ml i PTX-PA B W, T 0. 2. 4. 6. 8.
12, 24 h FERED 2, REUCHERE 10 pl, 10545 550K
WA TR R, 25 5 it e M
227 JNEEENSCRE SR

23 IR AR AL, 23 AR EE R 1 mg/ml
) PTX-PA ¥ 0.5, 2.5, 5 ml, >R I shA# B e
2% 100 ml, Fr i #EHE, JF45 G PTX-PA HHELIS MK
JE(5. 25, 50 pg/mD A TIMAERIBCRATHES 2047 .
2.3 CRASBRARARIBA BS Mg A PTX-PA/Lip #94) &
2.3.1 PTX-PA/Lip £ 7 B i e F

(1) RS A

TR PTX-PA 20 mg. HE I 350 mg,
RHE i 5 mg A1 DSPE-PEG2000 25 mg, JIIAJE 2 Y
AR I AR ARG IEZERR KA LA,
RSB IS HE — 2 24750385 B A I, P A
T 2 TR) S5 9 B O E 280K 10 mi, 5235 . K1k, 15
PTX-PA/Lip # & o ¥ 15 2 09 ML i R L B
(1 min) . & PEALEE), RIFS PTX-PA/Lip 41K 452Y
R,

(2) Rk

PRI O L RIS PTX-PA/Lip L & Tk
KA, 28 3 Y RAL B (BB T 12 000 psi),
HN75 PTX-PA/Lip 4K 4525 2429,

() FrHk

W IR B A5 A PTX-PA/Lip ML & T8¢
W, B LN 0.2, 0.1, 0.05 um 1R
TRTRTEIE, HI15 PTX-PA/Lip G K4 2 R 5512527,

232 AT 2Tk

(D BERE PP ERE

SR FH S 53 500k 75 52 AN [m) 9l B il 4 1) PTX-
PA/Lip, 4% : & b # JE (HSPC) | & % B % A5
(PC98-T) . HE # Wilg (EPCS) . A7 B2 B NS Mk iH
W (DPPC), AL A . Rite . AL 3R K 8 br itE 47
2

(2) WA A2y 4/ A 1 2 L 451 % 5K

M ARG 25 g i bt (S 1, 10 : 1,
20:1.30: 1,40 : 1)/PC98-T I fH & B () & 42 Lt
(4:0.05.4:01,4:02,.4:03,4:04,4:0.5)
J E 78R 4 PTX-PA/Lip g A, 28R FAL )T
HIRLAE | RS AL, B Ak R 5 2
)/ [ P i L

(3) 21/ DSPE-PEG2000 5|17 %¢

A PTX-PA F1 DSPE-PEG2000 it Jfi £ Fb (1 -
05.1:1.1:1.5.1:2.1:25) KA R, ZEH
FHEDRTHRIA A SRS B BE | g R/ N A
A5

(4)VERRZR T TR 5 5%

Ve e 7% R ASCIRL JBE 43 AR Bl 35, 40, 45,
50, 55 °C, % S 75 & 3ok 7 v il FE X PTX-PA/
Lip JEA . Rifs ., WEPREM RN,

(5) 33k M P B 1] il 5 28

DLER 3k 7 PTX-PA/Lip # & (4 B5F 8] g [ 78
i, Z AR ] (30, 60, 90, 180, 240 s) Xif
PTX-PA/Lip ZKHIFIER | gAML F KN RE IR
2.4 HitFor

¥R JH IBM SPSS Statistics 27.0 #7411
Mr, KB R 7 2200 ANOVA #1475 MG 6
5.

3 HRSWR

3.1 A F PTX-PA # HPLC & 4 k1
3.1 Ee RIS i B

SEEAE R ANE 1 BN, B PTX-PA 1Y KK
WK 228 nm Al g K
3.1.2 LIEtEEER

WA 2 J7w, AR 55 fr 7 1 (3 25 1 % PTX-
PA R 2 AT & a2, ¥ 00 DL RRE b i R
PTX-PA MR INAS ™= 4
313 M XCRFE

F 8 2.2.4 J7 AT IA, 15 PTX-PA W
WA TR AR MR BEAE 1 ~ 100 pg/mi AU B 51 BB N Sl e
Jr i A=15.14 C+10.81(7=0.999 8) .
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#1 PTX-PAMBEEERER n=5)

BV (ng/ml) SNV (pg/ml) RSD(%)
HK 5.00 4.98+0.13 2.65
25.00 25.30+0.55 2.18
100.00 99.66+1.11 1.11
H [a] 5.00 4.99+0.11 231
25.00 25.50+0.57 223
100.00 100.65+1.38 1.37

3.1.5 HEMSREH

PR 2.2.6 J i AT, A 2 I 3 Al ]
WEE ) PTX-PA IR, SRR 5 UOFIE - 45
WA T AR, 4%k s 1 B RSD 1 <3%, R IHALERAT
G EE R o Ak, ARUE PR R AR, AL
& U T AR RSD N 0.81%, 35 B 4l 4% 19 PTX-
PA ¥RTE 24 h NERUE
3.1.6  JInEE RN

P IR 2.2.7 T iETHE AL RDSR, 25 1 sk 2
B AR, W 3 AN AN [T IMCR I 7E 95% ~
105% Z [8], H RSD 734120 2.39%. 1.80%. 2.34%,
& WA S 06 g N7 1) R SO 838 1 VA T T
PTX-PA [ millE .

%2 PTX-PA MIM#FEREMRLER (=5)
PRSI IE (ug/ml) AR (pg/ml) AR (%) RSD(%)

ENES 5 5.02+0.12 100.4 2.39
25 24.98+0.45 99.92 1.80
50 50.01=1.17 100.02 234

3.2 CRAELARARER B IS AR 69 ) B T kAL
3.2.1 PTX-PA/Lip #4751k

KA R 7 E: 145 19 PTX-PA/Lip FAF45 40
% 3 N, # IR 2.4 LT AT, 3 il e
DR AR R TC B 25 5, (HCR TR A0
#% B PTX-PA/Lip %125 PDI /), [HitL, ARHF5T
PEIEHERR > HOE KA PTX-PA/Lip.,

R3 3HEMBIESEXN PTX-PA/Lip K12, KZEDH.
BERAIM

e ik HifE(Ilnm) PDI (%)
TR 76.76+3.39 0.1040.02 79.38+2.00
R (ERES 125.1145.32 0.139:0.03 78.87+2.00

Bk 128.87+4.92 0.239+0.05 81.38+1.11

% 4 FrR, DL PCOS-T Wbl £ Y40 K 45 25 R 50
RiAR/N AN I | KA AT ) | A0 R A T,
BEIESE PCOS-T 1E A ST Hh ARG

R4 BHEMIERERIFHSN RIS . BRI

A RN
BilERZE AN ARiR(/nm) PDI (%)
PCY8-T  Fi&EM  76.76£339  0.104£0.02  79.38+2.00
HSPC HUUE  177.86£5.39  0.532+0.08  59.06+1.32
EPCS  FiBM 135124565 0.108£0.03  73.23%1.15
DPPC  AVUE  158.26+4.11  0.669+0.05  53.27+2.68

(2) B A5y LU B 5 52

PRI 2.3.2(2) T 1 Ak D vh 2 Wy iR
i, HAE RN 5 PR, Bl PCIS-T FIZhiy ) it i
KT 10 B}, 14509 PTX-PA/Lip ZMULVE B | ki
TR KRR ARG HIC R 20 bEE
T8 G VA B S BT S I, 24 ) 1 B s SN IR o, Y
PCI8-T il PTX-PA )i & k. ok 20:1 B, Jig JoafA %)
25 ) 0 B B R, JE B R B & 5 A, F
PC98-T Al PTX-PA yJfi & b g M 20:1,

#=5 BENAYRELLIERENIIIERE . BRI/,
POpSLY e B A
Ktz (I/nm) PDI

BElG - 25 SN (DESESCTY)

5:1 WEEW] 134.6242.95 0.364+0.04 58.15+1.73
10:1 AHULE  90.29+4.66 0.151+0.04 71.56£1.60
20: 1 FEW 84.58£1.33  0.11x0.02  83.50£0.92
30: 1 EBEH 86.06£2.71  0.09£0.05  73.44+4.44

40 : 1 AUUE  88.86£1.91 0.199+0.05 68.37+11.08

(3) Wi R L [ et L) ) 2 4%

PR 2.3.2(2) JikAaR, 45 RN 6 R, B
JUFL ] P 4 22, R AR VA L, AR R, B2l i
ERAG, DR, MR EEAS I ARSI R Ak 7 ep

*6 WiflsFABER BT E LEXTAE RIASNLERRRE . FURLA /N
POESEYIESES R

Wilg - AOREEE AN K42 (Inm) PDI EFE(%)
4:0.05 BB 115372448 0.200£0.07  71.57+1.28
4:0.1 FEW 160.16£3.15  0.251£0.01  61.08+3.13
4:02 AR 182.75+2.43  0217+0.04  54.97+0.95
4:03 FLAM  241.90£12.09 0.697+0.12  54.11x1.64
4:04 FLAE 25533827  0.700+0.138 48.84:0.78

3.2.2 Kb T A
(D BERRFPE ISR
PR 2.3.2(1) #1451 PTX-PA/Lip FRAF45 40

(4) 25 F1 DSPE-PEG2000 Lt 1452
¥ I8 2.3.2(3) ki gy, Higs gk 7 iR,
DSPE-PEG2000 X 41, &1 R % A o & P52 ), {H 24
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DSPE-PEG2000 7 8 AN Wi i, g KA 1 5k
K/NFEREAR, 24259 5 DSPE-PEG2000 J&i #& b/
T 1 L5HE, R E AL, ik, 495
DSPE-PEG2000 /9 i [Lie % 1 @ 1.5

%7 PTX-PA F1 DSPE-PEG2000 { R 2L XIS RSN
fE. AYEHENZN

24%) : DSPE- S0

PEG2000 Hif% (I/nm) PDI F135(%)
2:1 BB 82.86+2.15  0.107+0.01  90.48+0.49
1:1 FED] 78.16£2.05 03512038  90.41+0.34
1:15 FIEW] 7223£2.60  0.110:0.02  89.66+1.25
1:2 HAEB 74.64+1.81  0.140£0.04  90.90+2.93
1:25 KB 753842.10  0.097+0.04  89.48+0.67

(5) I 28 1 A ek J3E 2 ¢
Tl 2.3.2(4), 2R FIAS [ B2 i 4 4 oK il 5
TSR3 8 Fios, TR e/ 5 MREE D, iR
h 45 °C B, R BRI AR SR/ AR SRR | At
Hdpe i, L, AWFFEE R 45 °C VR IR
#* 8 BEX PTX-PA/Lip ML, HifR. BHERNF

WE(T C) AN ki (mm) PDI F35(%)
35 WEIEWT 159.4242.42  0.545+0.08  54.94+1.85
40 HiED] 105.93£6.13  0.269+0.03  73.98+1.60
45 FEW 76.97+2.50  0.105£0.049  91.13+1.45
50 HBEW 91934260 0.181+0.05  80.27+2.13
55 HIEW 112232637  0.233£0.06  74.15£2.12

(6) R 7 B[] () 5 5%

I8 2.3.2(5) kit A ritss, 251k 9 FioR:
b PR A) B S A, GRR AR g K, BORE KN AR
55 WA 7R A BRI AT, R AR, L g
1o R I ALK R, DR A ZS IR, S 82 it
5 AR R ORI S 7 A SR () R
90 s,
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