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[(WE] BBI:H &3 L8 (PTX) 18 fr K 4 fi B 5 B A8 UM, 40 28 tho & 3 #2482 10 Ao lg B 8% B R
FEERME AN EZR BHAALPHHAR K TERTRERWER, AR XA TR I HEH &3 #
BNERBRER K, 250N ERBE Zeta L BHEURKGEFIN, MEDNRIARBEBER, R# KL
BlE ST S A B E 4T (Taxol®) %4 B W T 7 B B A6 R (K (PTX-MA-L) % 4 8 4% Al B B9 flg 7 K (PTX-PA-L)
A KA B AR 8 BR Be A AR (PTX-SA-L) , & R v T 6y 4 fif 8 2R, Tl B 38 34 ofn % A0 A I 3¢ &) 7 69 22 & b 3 AT
MEFM, HKE, M3 HAAEREAFATEANAL AL, ZEMGRBENL, GR: R HWET 3 HL
A B A0 B8 B B B G R, PTX-MA-L, PTX-PA-L, PTX-SA-L # 4 2 4 % 4 (69.56 £1.08),(72 £0.86) ,
(75 £1.02) nm, % & 4 4 2 1 4% % (PDI) 4 5] # (0. 185 +0.009), (0. 165 +0.012), (0. 171 +0.024) , Zeta
AL B - (11.26 +1.37), - (12.18 £1.86), — (13.92 +0.59) mV, @ H £ 45 5 % (95 +0.39)% ,
(97 £0.28)% ,(98 +0.19) % . 4T1 FL g & #% 40 5 A 25 B &, F 7 & T PTX-PA-L & % % 4F T Taxol,
PTX-MA-L 1 PTX-SA-L, M AARMERKXN BV BRI RER AN D AR K FHE S T RYE T4
Ko AL EHLERE R, PTX-MA-L (X # H &y PTX 3 3 & B, ¥ % 94, ¥ & % B PTX-PA-L R # i
PTX W B (6] 218 3 m, 2 Z A 3 M AT 25 06 AR & K ,AUC & K, 7 4 £ & 18 ; PTX-SA-L R # & # PTX &
&, EMBEYRADGRERD., EiR: W BHBREHN KB4 IR A RIT NI ET R, R
RENBR A RO R RS, 2o PTX-PA-L & 41 iF 8 & R t& T PTX-MA-L fr PTX-SA-L, X 5 fig fij B&
WK AR E A X
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Pharmacodynamics and tissue distribution of paclitaxel
saturated fatty acid ester liposomes
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[ Abstract] Objective: Three kinds of paclitaxel saturated fatty acid ester liposomes were prepared to
preliminarily compare the difference between them in anti-tumor, and to explore the reasons for the difference of
efficacy by the study of tissue distribution. Methods; Three kinds of paclitaxel fatty acid ester liposomes were
prepared by thin film dispersion method, and the particle size, potential, encapsulation efficiency and drug loading
were measured, respectively. A mouse model of breast cancer was established, and paclitaxel injection ( Taxol) ,

paclitaxel myristate liposome ( PTX-MA-L), paclitaxel palmitate liposome ( PTX-PA-L) and paclitaxel stearate
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liposome (PTX-SA-L) were injected via the tail vein, respectively. The anti-tumor effects of the two preparations
were investigated, and the safety of the preparations was evaluated by routine blood tests. Finally, the prodrug
metabolism for three prodrug liposomes was evaluated by in vivo tissue distribution. Results: Three taxol saturated
fatty acid ester liposomes were successfully constructed. The particle sizes of PTX-MA-L, PTX-PA-L and PTX-SA-L
are (69.56 +1.08), (72 £0.86) and (75 £1.02) nm; Polymer dispersity index (PDI) are (0.185 £0.009),
(0.165 £0.012), (0.171 £0.024) ; Zeta potentials are — (11.26 £1.37), - (12.18 £1.86), - (13.92 =
0.59) mV, respectively. Encapsulation rates are (95 £0.39)% , (97 £0.28)% and (98 £0.19) % , respectively.
In pharmacodynamic evaluation in 4T1 breast cancer transplanted tumor model, the pharmacodynamic of PTX-PA-L
at equal dose was stronger than that of taxol, PTX-MA-L and PTX-SA-L. The results of routine blood test showed
that the blood cell level of paclitaxel fatty acid ester liposome was significantly higher than that of paclitaxel injection.
The tissue distribution results showed that PTX-MA-L was metabolized to PTX at a fast rate, short half-life and fast
elimination rate. PTX metabolized from PTX-PA-L increases slowly with time. Its half-life is the longest among the
three prodrug liposomes, the area under the drug-time curve is the largest, and the clearance rate is the lowest.
PTX-SA-L was metabolized to PTX the most slowly, and the maximum plasma concentration was the lowest in
tumors. Conclusion ; The paclitaxel prodrug liposome modified with saturated fatty acid has better tumor treatment
effect and alleviates the toxic and side effects caused by traditional paclitaxel dosage forms. Among them, the antitumor
effect of PTX-PA-L is better than that of PTX-MA-L and PTX-SA-L, which may be related to the metabolism of fatty
acid prodrugs in vivo.
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FBE 22 AR BRI K, S 8O IR T SZ BRY . il
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(30 mg: 5 mL, 7 B} 3 it 9% 5 /A A ) 5 DSPE-PEG2000
(100 g4 ™", 8 [H Lipoid /A 7)) s B (15T 2%, f
Lipoid A w] ) 5 HUEE ({838 4, Merck 242 w] ), HiAth 44
Ak L) (3 pr il [ 245 46 B AL 2GR A R A WD)
3 R ANEhY

Y B A < BRI L AR B A A 4T, I 3 v B B 2 B
vt R AR AR A A B A AR BT R G o SRR Sh ) - M
P ICR /ML A (18 £2) o, 9 H R AN EHEI 5
AT BR A B,V ATIES : SCXK (37)2018-0004
4 BEREH &

K 55 Bk B AL 7 & B9 PTX-MA-L ( PTX-PA-L &f
PTX-SA-L) JH[EE A% A1 DSPE-PEG2000 F 500 mL
B I A TS B () TE 7K B, K i R Rl 5
O3V, e ZE B A BILEE R TR B ISR N BE JE 1l 1 2
75 BT ) RS, i A A Y S T K iR 3 K AR AR R T
PR, 2 HE S B 75 5 0,22 pm JEBEJS , BDAE S,

5 BIZEERENRIE
5.1 fiE5BalE

i 2k By /R SCRL AR A E PTX-MA-L, PTX-PA-L
J& PTX-SA-L B kii2 fl Zeta B {7, B 1 mL By PTX-
MA-L,PTX-PA-L K PTX-SA-L ¥ W, D) 4l fk 7K 7 B
10 A%, W2 BGE 2 B B WO A be 68 I rp 647 00
5.2 GHEMNE
5.2.1 it 3%+ Agilent Eclipse plus C,
384 (250 mm x 4.6 mm,5 um) ; PTX-MA Fl PTX-
PA 1Y ShAH : I 7K =950 55 S /MG I 1 :227 nm;
W 1.0 mL-min ' JEFE R 20 pl; AR 30 C,
PTX-SA-L {3 o AH 0 4l B, Ho Ay 4541 I .
5.2.2 AMTruk MR SR M G G - i
%7 PTX-MA-L, PTX-PA-L } PTX-SA-L [ {1 &t = if
A7 , HI HPLC i % 25 ¥ 1) S ik B2 (€, ) 06 B R
PR EE (C) o BRI E % (EE, %) =
C,/C,x100% ,

6 /NREBREEINGITM
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A AT 40 M 15 57 200 BoA K, g 40,
MR AR 0% oP U (PBS) B AN AR BE & 1 x 107 4> -
mL ™" 15 4T1 4, s L 0.2 mL- ™ 5] &
TN BRUAS O TS 4 b, O a0 R 2E K R 4 Y /N BRAE
JFL IR
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K E SR YT o AR KA RN 4 7 0.2 mL
A BRER K, B 25 41 45 T Taxol, 45 25 7] it #0 2 F2
(15 mg-kg™") , LU 410 3 B AT 24 g i 44 ( PTX-
MA-L, PTX-PA-L, PTX-SA-L), A Z4H| ik S0
(15 mg-kg ") ,q3d, 331 3 WK, K 44 25 HT 4 I
A AL/ B R B AR (a) B K AR (b)), I bR
REL(V),V=(a"xb)/2, IRFEMIAIT2d 5%
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KR ] x100% .
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TE R P 25 5 206 v, IR 4% 41/ BRURY 2 174
SUREBRAS . 48 3 WRIAYT IS 45 4/ BURY A£ 35 S 40
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BOEREERRERNR ., RN ELR R
Ja— W25 48 h Ji W 4E 0.5 mL ICR /)N R BIE ¢
A, LA (WBC) (408 1 (HGB) (ZL 41 i
(RBC) \H A 20 g ( Neut) (Il /MR (PLT) g 3 %2 4K
b a4 05 BRAS I .
8 MBAHHLE

HESL AT B MR B AL, 75 /N BRI R K 21 A3 1Y
RBUS 5 ICR /NRUBEHL 3 4 210, R340 30 H $%AH
MTF 15 mg-kg ™' PTX A28 2550 4, B bk 23 1 v
PTX-MA-L( 4 25 %] & 18.68 mg-kg '), PTX-PA-L
(45255 19. 18 mg-kg '), PTX-SA-L ( 45 2 % &
19.67 mg-kg ') . 425)5 T 3 min,30 min,1 h,5h,
12 h,24 h,72 h,120 h, 168 h,336 h BCLE L HF AT 5
JEE R AR . - 80 °C R AR I, R A
PLBE 5 4b PR B HPLC-MS/MS A6 ) 4 i 3¢ |
i JgE 2H 2 rp 58 A2 2 B 7 2 T 2 SR A4S BV B, O R
FH DAS 2.0 B %ot 52 J 1) 25 SR A7 25 3 % 2 80
.

& R
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1.1 #ifE . Zeta BB{L

48 R, PTX-MA-L, PTX-PA-L, PTX-SA-L [{
Bt (n=3)4r91R(69.56 +1.08),(72 +0.86),
(75 £1.02) nm, 5 FlE 5 Y) 5 BPE 48 £ (PDI,
n=3)% 5% (0.185 £0.009), (0.165 £0.012) ,
(0. 171 £0.024) ,Zeta 7 (n =3) 535k - (11.26 +
1.37), - (12.18 £1.86), — (13.92 +0.59) mV , #
TR AR A A5 B K Zeta HE ULEED 1T ORI 2,
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7% PTX-MA-L,PTX-PA-L } PTX-SA-L {3
AR I 5 A (95 £0.39)% , (97 £0.28)% , (98 =+
0.19)% . 3 FREEFZBE AT 25 19 B R T 95% , 7
LI RLE ARA IFRRSE TR 22/N AL SR BOR

WHLALE (n=3)

PtV S R 4L FN 3 T 24 B B AR A X 4T g A
HIVER] , 2 %) 5 F PTX-MA-L, PTX-PA-L fl PTX-SA-L
(IR 2K U 54.99% | 78. 44% ,51. 80% , [H
X REZH A9 R R 55.39% A5 R, 5 H PR X IR
ZHAH H, PTX-PA-L 1] fg 35 45 i 5862 WA AR D3 1) B0 A
JIWEE (P <0.01) , 7 PTX-MA-L il PTX-SA-L 5%
EEEE S WA LB E XS,
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D
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0
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Taxol i K-
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PTX-MA-L ' ® 8 & ¢ g
PIXPALY ® ¢ & € =
PIXSAL@ § @ ¢ © 6
c
LSr Z2 APk
a =3 Taxol4l
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o 1t o PTX-PA-L4I
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il
E
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3 EMERERBRWAERENVSRESETN
R a5 S 0L 3R 1, 5 A4 B AR K 4 A, 4R 2 4 1l

20 B KT B AN [ A B ) I, 55 K2 I 0 S R A 1t 4

HE R AR B 5 A B AR K LA B 25 5 B35 (P < 0.05)
PTX-MA-L, PTX-PA-L, PTX-SA-L 41 144 2% ifiL 40 i %%

& T Taxol 4H , 58 B4

B P AH G B9 40 R b

RN K P55 Taxol 40 AH H A B 482 & (P <0.01,
P <0.001), H 1 PTX-MA-L, PTX-PA-L, PTX-SA-L
20" WBC,RBC Al PLT /K AR K L, BT X 3 Ff
T 24 1 I A Xt /0N B A o] P AR U B

&1 PTX-MA-L,PTX-PA-L J PTX-SA-L %I Ifil % $0 45 7% 19 52 i) n=3

215 WBC/ x10°-L ! RBC/ x10"-L ! PLT/ x10°-L "' Neut/ x10° L' HGB/g-L~!

A LR K 4 12.8 +0.67 10.45 +1.31 1201.55+70.79 7.021.07 19.96 +1.43
Taxol 41 8.28 £0.7¢ 7.56 £0.85" 795.27 £35.30" 1.95 £0.44° 16.13 +0.66°
PTX-MA-L 41 9.32 £0. 46 8.67 +1.76 941.2 +73. 14" 2.79 £0.39° 16.87 +2.25°
PTX-PA-L 41 10.6 +0.96* 8.89 +0.65 1 141.75 +74.48¢ 3.21 +0.78 17.29 =1.10°
PTX-SA-L 2 11.45 £0.62" 9.80 +0.79¢ 1128.92 +62.08" 3.72+0.41° 18.95 +0.58"

5 Saline 41 H%2,a:P <0.05,b:P <0.01,c:P <0.001;5

Taxol £ 45 ,d:P <0.05,e:P <0.01,f: P <0.001

4 HEAZFTWHAR

B2 # ik i G5 5% F & PTX-MA-L, PTX-PA-L FI
PTX-SA-L J& , 25 ¥ 15 /N B2 2H 2L A6 1 ¥k B - (]
A UL 4o N BRAS 2 ZUNE 28 oo 2 vk R AR AR
AR A TR 25 PTX AR BRI, T
J S A LA JFE I R A A8y A B iy 24 4K o BE
23 — 3 T 4 40P R A 2 R e B R B
2 7E AL BN IX 2 A 20 8L H Y 43 A B ) A X T
AL RV K . BT 1 h 2247 PTX-MA-L G i #9

A, PTX-PA-L R i 1 9 PTX B i & F PTX-
MA-L 1 PTX-SA-L, [ 4L 34 PTX-MA-L, PTX-PA-L
F1 PTX-SA-L {85t 9 PTX 76 iigd B 07 149 25 9 43 A
B, N H AT LU & Y, PTX-MA-L A3 i /) PTX
T i 98 B A7 (1 e Bl B[R] PR R R i PTX-PA-L
FR g PTX B R 218 3 n , 24525 )5 3 d N —
A4 2 0 W 2 W B, O LI B o T A A
PTX-SA-L {3 5 ( PTX 78 i Jg 20 40 vh — H b F 5%
IRk BEARES

PTX B % & T PTX-PA-L 1 PTX-SA-L, #E5h 25
A ‘I:J‘BE B Hﬂﬁ MBE
30 000 80 000 25000
E3PTX-MA-L £ PTX-MA-L £ PTX-MA-L
PTX-PA-L 60 000 PTX-PA-L 20 000 PTX-PA-L
=, 20 000} 5 PTX-SA-L T &8 PTX-SA-L & PTX-SA-L
E
5 40000}
£
O
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0 % Bl om e
24 72 120168 336 0.050. 120168 336
t/h
D it E 5 F Lol
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_ 40 000
20 000 £ PTX-MA-L &3 PTX-MA-L &3 PTX-MA-L
PTX-PA-L | PTX-PA-L PTX-PA-L
15000} &8 PTX-SA-L 30000 &8 PTX-SA-L 200 &8 PTX-SA-L
£ £ z
& 10 000 & 20000 >
£ £ £
) 3 S 100
5000 10 000 B
7 :: 21:2 £ 3
A4 ; 2 L H 0 B o 0 B7 MRz 3
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12 24 72 120168 336
tih

J 1 e K
10001

o Lile [V [V IR
0.0505 1 5

&3 PTX from PTX-MA-L 15001
PTX from PTX-PA-L

800 & PTX from PTX-SA-L

C/ng-mL"

& 4

Jir 8 20 21 Ff PTX-MA-L, PTX-PA-L, PTX-SA-L
R PTX 24 8h 2 S 80 WL 3% 2, PTX-PA-L AR i H} 11
PTX f AUC, , ¥ & T PTX-MA-L il PTX-SA-L,
2 & PTX-MA-L AR5 i PTX A9 3 £i% \PTX-SA-L [
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T i HIE
I

C9 PTX from PTX-MAL ~ 1000F

PTX from PTX-PA-L
&8 PTX from PTX-SA-L : -

E3PTX from PTX-MA-L
PTX from PTX-PA-L
&2 PTX from PTX-SA-L

Do
12 24
t'h

A4 0 8 & s &
12 24 72 120 168 336 005 0. 5 1 5
t/h

72 120 168 336

i L b
3 PTX-MA-L 4001 =3 PTX from PTX-MA-L
PTX-PA-L PTX from PTX-PA-L
&8 PTX-SA-L 300 &8 PTX from PTX-SA-L

C/ng-mL""

t/h

ke 25 2 AN/ AT ZLIRE A R A HEUh 25 e (n =3)

t/h

1.5 A% ; PTX-PA-L Ui i 9 PTX 19 T, , 2972 PTX-
MA-L (1 3 £ ; Wi ERZ (CL,) R F& , PTX-MA-L R i}
g PTX i BR % e i, 298 PTX-PA-L Q) i (1)
PTX #) 5 £ .PTX-SA-L ) 2 1%,

F2 AL PTX-MA-L,PTX-PA-L & PTX-SA-L {Ciff i PTX #2532 55 n=3
KB PTX-MA-L PTX-PA-L PTX-SA-L
C,/ng-L7! 219.26 £33.03 284.58 +20.61 140.65 £15.20
AUCO_l/ng'L_l'h 7 072.23 £725.81 26 839.23 £1 363. 14 17 373.33 +1 916.82
AUCO,x/ng-L"-h 8 949.35 £958.61 37 359.84 £4 591.88 19 019.64 £2 197.67
MRT,_, /h 44.30 £10.94 261.26 £59.23 158.81 +16.81
T,,»/h 33.87 £7.78 212.79 £56.00 94.04 £29.76
V/L-kg“ 101 785.05 +17 982.32 155 530.39 +26 092.46 140 241.56 +37 673.48
CL,/L-h"-kg’I 2 113.41 £243.82 520.63 £58.93 1 049.38 £131.44
i i TR AL AT LL PTX SR 58X 4, 51 X5 % 24
FETE R 2 P 25 A R g ™ A A ) 0, 3 ) i I 1R
JiE Wi B8 5 259 4+ W9 Ak o7 A BK ] fiE 25 ks 1 TR ZiE M, 1 PTX 4 fig v ¥, ok IR o 44 Xt
TEVR 9B 26 30 2/ 25 3 2, B 8 e s LA e M2 AT AL 4R PTX MRy, 5 B &
H H I 7R 2E 17 B9 99 K 2K 0 48 OC BiF 5t Tﬁé TS Taxol AH LY, g 7 B2 A& 1 (1) 25 42 BE A 25 5 ot

o3z B AN TR) 28 1019 245 1) 3, T AR N A AL

TOHAT AR B U, R T D R 1 A2 5 b
Kk RGN GG, A BB R KT RO R /Y

AR
B 5iR 25 W7 RAOR R 2 W) 24 T — B R A

PR R I AR5 S R VR T R o R E Y R, 3
PR 24 i 4 K A < v T 6% A R R A& i 1Y) T 24 R TR
TR SR I A, 25 24 ) far 98 /0 LA ek 8 AR BRI /N, 3
X Rh 2% 5 0 JE TR AT R 5T 2 AE R N B AR R
Ko WL 5L & B, PTX-MA-L 7 f& o4 £ 4

r
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250 1 R A P, R B8 B B #) 2k b R B A 5 PTX-
SA-L AR 3 22 , JC 1 4 45 Iob 988 35 57 25 ) 08 A 280k
J& s PTX-PA-L Q58 v, BB AR & 42 il 245 4 1 R ik,
AR H B PTX 7 Jie 3 21 21 Hp 4 135 558 5 7K SF- 3%t B
WE T 258528 b PTX-PA-L (£ B, 15 8L 3 F 5 5
17 i 24 ) AR 22 S 09 R, — O T BT BE 5 25 A
Jig S R T S R G 5 D — 7 TR RE 5 R 2
b A B 25 1y 3R S S S b X AT A

Zi Lk A B 5% 3R W 56 A2 B A0 R i U7 R 18 P
J A EL AT R 1 Jib 9 06 T AR R TR A e 5 A T
AT K 09 A BB, i PTX-PA-L it b 983 4/ H
g, X S AT TR AR N AR R G . UL, fE iR
I B2 T 24 (R 1T AT K i AR v, AR 4 B R R G
I 4 B 10 R R AT A M, A i 2 A ik PR A 2 ]
RO A7 A o8 24 ) R T G A bR R A A R, DA
IR B e YT R, 3K R T4 40 K i ) O R R —
&%,
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