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[(HE] B8 @ SR (PTX) IS5 H O 65 AR VAR SR AR A, G5 e 240 MO FBE0, 3 I 25 W73, 753% i@
TIERIL RN 45 T A2 BERTZ) PTX-PA, HEEST & BT =5, SRS R RE, 25 G Rife . (R AEFAR TN A W 712
FAF R PTX-PA/Lip, #fi 8 Hoi AL Jr fiifil s T2 455R il ad Fe b s n sl o il % PTX-PA, H 3 i HPLC & i)
WiT G 7 2Rk . FIFH B 200k, B T PTX-PA/Lip (4 e ab J7 Fkl 46 T 25, i@ 1 A b 77 1 45 19 PTX-PA/
Lip 44KA042 4 (2.75£1.81) nm, PDI 4 (0.076+0.020), 244 E 5355 90% LA o 2538 FETYOREAR BTl 4% H ke 2
B SAZ NG B iAR, S8 T A2 AR TR AN 383, O PTX-PA 25 30F A58 3556 S60,
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Synthesis of paclitaxel palmitate and the formulation optimization of its

liposomes
CHEN Bingchen®, WANG Sizhen®, GUO Beibei®, YANG Feng"(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
modification of paclitaxel (PTX) and the preparation of corresponding liposomes. Methods The prodrug of paclitaxel, PTX-PA,

To improve the cellular uptake efficiency and the therapeutic effect through the structural

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 met 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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g b, A, iR 4 e R Sk R A X AT
16 Nk ST A7 R 92 (PA) g 35 1Y B 107 iR 7 oK
K, A PA SEF A R 245 9 4% e 4 i
B A, AR, H PA B I R AZRE,
REFRARHXT P-gp AR AN T, 6 T PTX i2E AR
05 AN HE, B2 5 S A2 BEX T A B IR YT A
BN

AR, AE R —Fh B 25 B A4k, B8 {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
5 2 ZWEWiNS (PEG-DSPE ) &M f g o 4 PRl H 23 1]
57 BH AR N 7T A AR AR P AR A RS [ U7 ] B 85
A T8 £HL 280 %) 1 iR 7 P R B 50N (EPR), fifi 24
Wy 2o S i 3o 26 B RO

56 U LT S5, AT S AR R R 5%
T2 B 45 5 4 S5 A2 B AR R R B (PTX-PA),
FF T T B AR (HPLC) 2 & e, B
FEREAICHXT P-gp A5 T7, G PTX 2E A8 40
JfLJE B SNHE, AT A BE R R ROR . AR
W . R 22 A N, 2 R SRS BT A R
SR . R, FATTH PTX-PA f3#kF PEG &
W11 %) i T ) Sk 5 A2 I A ) 2 15 1) P o 4% (PTX-
PA/Lip), ISEBLUHAAEIR, Bam PTX BT B#AR
HERIVER .. e, R T A0k 5 Z A4 Jr il
b1 77 1227 45 B A PTX-PA/Lip, & PTX-PA 1
FABIF5T B FERH,

1 SR

1.1 ME

1o OB AR A A CRBEER B A R A A, 3
); T 2 — B F R (MS105DU, MEREFE A
£\, Fit) s EIER (30 kD, B ERA F, EE);
R I 55 3 B 0 ML (Eppendorf-200, A {8 &), 18
); = R ¥ B HL (NanoGenizer, 35 [H ); Zeta-sizer
Nano $7JF (X (Nano-ZS, LR AT, JEE) o
1.2 XA 5 A#

EVAVSIEMBINANGE ALk E B i AL el YN
A, 4B =98%; bR [ o E B 2548 A g4k
2], SlEE =99%; B E IR (PCIS-T) ., JH
[E B . DSPE-PEG 2000 #4 [ I 3 75 ¢ = 245 )
FATIRA T 1-(3-ZH N AL ) -3- 2 Hehik — W i
(EDC). 4-—H Z ki (DMAP) . LFR L TR, —
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

G R (il 35 R e 25 B AT BR A R D 5 JIH [ it
(P L HRELREARAR); & F k.
DSPE-PEG 2000( |- 3 7R B 25 BB A PR F )5
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
FIMPEPEI N 12 he RBZEHRIG, 5% frg iRk
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-
PA, BEHAERE 98.5%,
2.2 JAF HPLC &AM 69 7 i 5 1 5.1
22,1 RIS I 5 s A s e

K 4% BGE 71 PTX-PA By oK, SR FH B I i
TEZS, WA UK (190 ~ 400 nm) F 450 52 H 2 41
B RIS Apaxo

A S R A Agilent Eclipse plus Cyg 0 1% A
(4.6 mmx250 mm, 5 um), FESIAHR B BE/7K (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
TR 1 ml finAGE 524 HH B, B 5, I R E A 2
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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PR AT (n=5), FFIC SRR MR 2 1Y) PTX-PA 1Y
g AL, LIWREE (O Xl W T AL (A4)
Y HhiEATIIE
225 KEmBEEL

H RS %5 55 75 2 R 2% I 3 A [] vk B2 (5
25. 100 pg/ml) ) PTX-PA % B 5 %80, %oF [/ — vk
BEVRIRESEERE 5 K, BRR 10 pl, #4208 “2.2.17 01 F
TSI T/ HT, 10 SR A5 B2 W b T L

H [HHE %5 5 75 2% K 2% R 3 P A (] v B (5
25, 100 pg/ml) 1 PTX-PA X B 5 vA s, o [6]— ik
FEVS W ESLHERE 5 d, TR 1R, B 10 pl, 218
“2.2.17T0 N OSSR T AT, IESRES 0.1, 2, 3, 4
R e e T AR, THARLRE v B, B BN AR Y H T
22.6 EEMESRUEN

25 G OB P FL, ek 3 R OR TR R
(1. 10, 100 pg/ml), & LLHEFE 5, BIK 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
(5. 25, 50 pg/ml) FEATIIFE RIBCR TS 207
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,
il I8 S B VS 0 TE B— J2 34 50 385 W v S, P
A TR ZE [R) A5 R R A E 2R UK 10 ml, 5B . KAk,
5% PTX-PA/Lip Fl &t o 445 20 (KL 5 28 98 3k 8 5
(1 min) ., i 8405, BIFS PTX-PA/Lip 41K 452}
R,

(2) @Rk

PRI O L RIS PTX-PA/Lip L & Tk
BIFALAR, 25 3 RIS (B4)5HE F7 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, 3 45 : & k.8 i (HSPC). & ¥ O W iR
(PC98-T). & # 8 s (EPCS) . — 7 A iR Wi fIg ik
JHAK (DPPC), LIFEZS | Rife | 3t R bt 7
2

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

Sy B LABERE RN 25 ) BB b (50 1, 10 = 1,
20 :1,30: 1,40 : 1)/PCO8-T FJH [ B ) Jifi 1 [t
(4:005.4:01,4:02,4:03.4:04,4:0.5)
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 %¢

PAPTX-PA FIDSPE-PEG2000 f{Fiit(1 = 0.5,
121, 1:1.5,1:2,1:25) HAR, ZEHH®
XIS I B | G TR N P50

(4)VWERRZR R R 5 5%

N T i 75 AN BE 49 0l i R 35, 40, 45,
50, 55 C, % S 75 ok # v IR E X PTX-PA/
Lip B4 Rifs, WEPREMFI,

(5K P i (Rl 5 42

PIA% Sk M7 PTX-PA/Lip #L 5k 69 B 18] 2 [ 728
i, LR A M ] (30, 60, 90, 180, 240 )%t
PTX-PA/Lip K HIFITEZS . 4R T KNI
24 it ot

4% ] IBM SPSS Statistics 27.0 #1744
Br, R R T 20T ANOVA #4725 PG 16
SPE

3 ZR51R

3.1 3T PTX-PA # HPLC 4l F ik FE 5
3.1 SRR K s

SEERAE SN E 1 R, A PTX-PA By KK
WKk 228 nm I B
3.1.2 BlEHEHLE

e 2 fros, AR R S A A 15 A X PTX-
PA K 2 A & &k, 1 500 DL KRR i H A el
PTX-PA MREINA = T4
3.1.3 MR EE

FE e 2.2.4 7kt T A, 45 PTX-PA BYM IR
g T AR MR EAE 1 ~ 100 pg/ml A9 BE I RN Ry ek
IR A=15.14 C+10.81(/=0.999 8) .
3.1.4 KEEEHELL
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2 PTX-PA §J HPLC £ B4 EIE
A, ZFEW; BB EE; CAHK AR
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#1 PTX-PAMBEEERER n=5)

BV (ng/ml) SNV (pg/ml) RSD(%)
HR 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 [&] 5.00 4.99+0.11 2.31
25.00 25.50+0.57 2.23
100.00 100.65+1.38 1.37

FE IR 2.2.6 J7 AT RSE, A B 3 Fh A [F]
WREE Y PTX-PA W, SESEHERE 5 I 545 I
T AR . 4% MR B I T X RSD ¥4<3%, % IR AT
BRI SR o LAk, R PR SRR, AR A
& U THT AR ) RSD N 0.81%, 35 B 4l 4% 19 PTX-
PA JRWRTE 24 h NFaE .

3.1.6 AR RN

Fi B 2.2.7 J7iETFREONER EICR, 25 Rk 2
B AR, T 8 3 N BE B INARE DRI AE 95% ~
105% Z [8], H RSD 734120 2.39%. 1.80%. 2.34%,
& WA S50 g N7 1) R SO A 03 1 vk T T
PTX-PA [ millE .

%2 PTX-PA HIMAEEBERNMINLER (n=5)

BEWRIE (ng/ml) KR (ng/ml)  FIR(%)  RSD(%)
5 5.020.12 100.4 2.39
25 24.98+0.45 99.92 1.80
50 50.011.17 100.02 2.34

3.2 RS BEARANL BS G R AR 69 ) BB AR AL
3.2.1 PTX-PA/Lip il €5 B my k¢

F AR T 145 1 PTX-PA/Lip ZEMF45 540
33 PR, H R 2.4 Jrk i T AR AT, 3 Rl
TR IC R E 22 5, (AR I ek il
%W PTX-PA/Lip %125 PDI /), KL, AT
PR HGE KA HE PTX-PA/Lip.

F=3 3 MEREILSES PTX-PA/Lip ¥i12. KZH%H.

BEENFN
& ik HrA% (Iinm) PDI (%)
AR 76.763.39 0.104+0.02 79.38+2.00
R I E T 125.1145.32 0.139+0.03 78.87+2.00
Bk 128.87+4.92 0.239+0.05 81.38+1.11

3.2.2 Ay TR

(D BEAEFPEAIEEE

Fie M 2.3.2(1) #4519 PTX-PA/Lip FAF45H 40
3 4 FR, LA PCO8-T MM il 45 MK 4G 2 R 4t
Rife/ N AN BH | RIAR A 5] | A d R,

e £ PCIS-T VE AN G IIBERS -
4 BAERNAXTAERIRRINRTAS .. BRIA N,

HBHENF
BEIEFZE AN KR (Jnm) PDI 3R (%)
PCO8-T  Hi&EW  76.76£3.39  0.104:0.02  79.38+2.00
HSPC HUUE  177.86£5.39  0.532+0.08  59.06+1.32
EPCS HIED] 135.1245.65  0.108+0.03  73.23%1.15
DPPC  AULE  158.26+4.11  0.669+0.05  53.27+2.68

(2) B A5 LB 5 52

Fie i 2.3.2(2) 30T #ff s a5 v 2 A R 4
i, HEERNEE 5 Fs, BEAR PCIS-T FIZ5 4 i) it &
FE R T 10 B, 14519 PTX-PA/Lip SN0V B E | ki
TR/ BRI R BEESHOC R E 200 bEE
B M v S W S0, 24 400 1 6 B R ORI 3, 24
PC98-T Al PTX-PA {9 )fi iz b Ry 20 : 1 B, A {4
PORZTE 7/ NUR e RS o = =Bl | 200 o NI S
PC98-T il PTX-PA Byt lbaEh 20 : 1,

#z5 BENAYRELLITIEREMIIIERE .. BRI,
POESEY e B EA|
it (I/nm) PDI

G - 25 AL FLER (%)

5:1 WEEW 134.6242.95 0.364£0.04 58.15£1.73
10:1 HUUE  90.29+4.66 0.151£0.04 71.56=1.60
20: 1 iEW] 84584133 0.11£0.02  83.50£0.92
30: 1 A 86.06+2.71  0.09+£0.05  73.44+4.44
40: 1 AUE  88.86+1.91  0.199£0.05 68.37+11.08

(3) Wi AP0 LT P2 L 491 1425 5

IR 2.3.2(2) JIEMESE, AR 6 B, BEE
JELTE P i 22, 700 AR Tk, RO, 22l i
FIEAG I, AR REA I ARG AL T5

6 WifsFABEES By LEXTAE RIRINULBERREE . BURLK /N
POEZLY IIES ES: DA

WG - R AP R (/nm) PDI (%)
4:0.05 A 115374448 0.200£0.07  71.57+1.28
4:0.1 BB 160.16£3.15  0.251£0.01  61.08+3.13
4:02 FIEW] 182.75£2.43  0.217£0.04  54.97+0.95
4:03 FLE 241.90£12.09 0.697+0.12  54.11+1.64
4:04 FLH 255.33£8.27  0.700+0.138  48.84+0.78

(4) 21/ DSPE-PEG2000 L5115

P IR 2.3.203) J7 s WE ST, g Rk 7 s,
DSPE-PEG2000 *f i, 5 & A i 2 1 52 1), {H >4
DSPE-PEG2000 % 12 AN W4 s, 40 KA -4 ot ks
K/NFEREAR, 242595 DSPE-PEG2000 [ #2 [t /s
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F 1150, Rife o i E A fe, i, 2595
DSPE-PEG2000 f it Fbie#f 1+ 1.5,

%7 PTX-PA 71 DSPE-PEG2000 §Y R E b XTBE BRI
fE. AYEHENEN

24 : DSPE- 40y

PEG2000 itz (I/nm) PDI AEFR(%)
2:1 FEW] 82862215  0.107+0.01  90.48:+0.49
1:1 FIEW 78.16£2.05 03512038  90.41+0.34
1:15 HFEH 72234260  0.110+0.02  89.66+1.25
1:2 BN 74.64£1.81  0.140£0.04  90.90+2.93
1:25 FBBEY 753842.10  0.097+0.04  89.48+0.67

(5) W 2 K I YR R B 45
IR 2.3.2(4), SR A TR il B2 1] 5 44 K o 57 2
MRS RANSE 8 7R, AEFfREAY 5 AL, i A
45 °C i, BRBUACRIAR iR/ | RAR SNBSS | kS
F e, I, AR 45 °C VERHIBZ AR
%8 IREXT PTX-PA/Lip M. KifR. EEEHNFM

e C) AL ki (/mm) PDI F35(%)
35 WEIEW] 159.4242.42  0.545+0.08  54.94+1.85
40 HiED] 105932613 0.269£0.03  73.98+1.60
45 HIEW 76.97+2.50  0.105£0.049  91.13+1.45
50 B 91934260  0.181£0.05  80.27+2.13
55 B 112234637 0.233+0.06  74.15+2.12

(6) FR K P I ] 7 7% 43¢

IR 2.3.2(5) TR BEATIRE, 4R ANR 9 Fi:
Ab B[R] T IS, AR AR B, UKL K/ ING3 A A
W55 Bt P AL PR AE A, AR ), f AR
e R I ]G IR AR S5 M IR, S B2 it
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