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Preparation and Characterization of Cationic Liposomes
Co-loaded with Palbociclib and Fulvestrant
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Abstract: A novel type of cationic liposomes (CLs) co-loaded with pabuccilib (Pal) and fulvestrant (Ful) were prepared and
their physicochemical properties were characterized in this study. With the dioleoyl phosphatidylethanolamine and (2, 3-
dioleoyl-propyl) -trimethylamine as membrane materials, a thin film dispersion method was used to prepare the cationic lipo-
somes (CLs) co-drug-loaded cationic lipids of Pal and Ful HPLC method was used to determine the entrapment efficiency
and drug loading of co-drug-loaded cationic liposomes; laser particle size analyzer was used to investigate the particle size
and potential distribution of liposomes ; the morphology of liposomes was observed by transmission electron microscope. The
result of the study showed that the average particle size of Pal-Ful-CLs was (182.13 + 3.56) nm, and the polydispersity coeffi-
cient was 0.18 + 0.02, indicating good dispersion; the potential of Pal-Ful-CLs was (57.1 £ 2.6) mV, cationic liposomes The
positive charge on the surface is beneficial to the uniform and stable dispersion of liposomes in the system;under the TEM, it
was observed that the liposomes were round and the particle size was consistent with the results of the particle size analyzer.
The co-drug-loaded cationic liposomes prepared in this study have uniform particle size, stable dispersion and good process
reproducibility. They have certain application prospects as a drug delivery vehicle.
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MR [ F 255 98 AE W 4% (national comprehensive
cancer network, NCCN) (4513 , A5 H F 41 (palboci-
clib, Pal) 1954 5 #F (fulvestrant, Ful) -G 85 #EHH
BT UBE Ry 2 2 — 1O A B A RE RS
PEPE 0 T 240 B R A &R AR B 4 A 6 (cyclin-
dependent kinase 4/6, CDK4/6) , /&—#f CDK4/6 i
FRU e R AT A0 i SR B4 SEL DT R 4 e
G, A FDA HitdERH A CDK4/6 il g1
Y RIS —Fhaloie (Y M 3% 28 3214 (estro-gen receptor,
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Aol FH YR S R LA 28 T B B A %) i g L3
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259, B Rg PR , WA R A Ok T

BRI BENE W T2 2 8], BHES T8 A (cationic
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1.1 RAFIELEE

WA A B A A (4R 99% , iS5 HW20E1401-1) ,
T R EERME TA FRA w5 34k mlHE (SERE =99% ,
it G01S8742903) , it A YFHE A TR A Al ;
MBS I 2 B2 (DOPE, #1t5 S03005) . (2, 3—
TIMIE - 3E) —— H i (DOTAP, it 001004) , 3%
st (i) B2 RH A BRA w5 HEE R (B4l 5
B . L FBRIR Jy Al , K R zEiioK, Hofthik )
B R 53 Hr k.

UV-2550 PC #UEHMOGET, 58 Thermo
Fisher Scientific 23] ; PB150Z-S AU TR, S
[ bR 52 5 A B2 ) 3 RE-3000A B jie# 25 &A% . SHI-
M AVE R AR R EL 2 5, Bilg W o AR b AL AR )5 SB-
3200D AU IEBEIL  SCIENTZ-II D R RS i 40
MR BRI, TR 2R PR F] ; TGL-20M A&
KRB DL, WL DA B R 1200 7Y m 380
AT, ZRERFHE A FRA w5 Model 3100 series
R CO, 57748 , FEBR KRB A Al 5 YXQ-LS-50SI
RIS R 28RO R, R R Sl A BRA |
Nano—ZS90 Bk FF (Y | % [E Malvern 2 &].

1.2 AR E I fa AN 4t = B¥PH B FRE R IE I Fl &
1.2.1 =AM ET ARG &

Iy WIFREL DOTAP 5 DOPE ()AL 1 : 3,
R 6.98.,22.32 mg) IR-A#HIE TR+, N
A 3mL HHLER G5 ) %, 37 CIREREZE
B 22 WL, T R e TR VA 8 el L
TR BCT AT, mAER A ImA 2.93 mL Kk
# (DEPC Ab3IK) |, 50 ‘CKALTHRSE, il 45k S E T
WEWKEEN 10 mg/mL WBH SRR Ui, P fli g A
RiAE5], H 0.45 um, 0.22 um TR TEAR g, 153
AR, 4 CLALE.

122 M E TR RRGH &

43 HIFREL DOTAP 5 DOPE (M) Fifdett 1 : 3,
A 6.98 . 22.32 me) IR WERE . 0.76 mmol/L
WA EFAE 1 mg, 0.56 mmol/L F4EI#E 1 mg T
T, A 3mL A LA (G5 ) Wi 1%
1.2.1 5 B9 S H0L 1175 Pal-Ful-CLs, 4 C-17.

1.3 MHHAEFGNERERFSENES ENEL
1.3.1 MM Ak Kb

3 FREL 2 mg Pal F1 2 mg Ful AR5 T 2 mL 25

s, RS E 2, 2 01F | mg/mL ¥ ; B
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WA AT B A A 3% 45 4 (%A Eclipse XDB-
Cis(4.6 mm x 150 mm, 5 um) , JishAl h ZHE57K (%
0.1% —HLMR) , BN 25 : 75, fiE 1 mL/min,
FEIR 30 °C, A1 280 nm, A 20 pl.

4 W] B S S5 . B % A Eclipse XDB-
C18 (4.6 mm x 150 mm, 5 um) , i shAH K B | 20
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20 L.
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YR X BE . BB BRES 11 B o M JEE s A oy 25 11 B Do
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RAE . TE TS A T REIAR S, T i iE, id
SRR il A OR B B[]
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Tl S 551 1 2% R g 3o S AN 2 6 2 4 00 7 5
THRUER. AL GERG T AR RS 5 B L oK B
5% T B SLRERE (SDS) V. X i T . G
IKCEER 5% SDS VMR RCR. B 2 mL 255
9 4>, & hA Pal-Ful-CLs 100 L, BRI IIA FEE
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P 5 B IES , R0 T IR 2R 3500 U FH IS 58 4.
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1 mg/mL MAA A0 -5 04 vl bR HERE S A .
e B G B, 4579 S0 ug/mL FESIE . AE
1.3.2 5 R0 G5 S50 T RN Sl £ i 2L FE 6
WATHT.
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R TE 1.3.2 T R AR AR i S5 T HERE ST
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35 E 100 pL Pal-Ful-CLs F 2 4~ 2 mL 255
H, — 0 I i 2R s i SR A AR 254, Bl AH
25, M 1.3.2 5 RO RIN 7 vk i g A o 24
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o TR AN 2R

e R P T
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(400 ~ 700 nm) , &A= GRS, X B ECR S
SRR T IR IRBUNE. 4 FH— SO0 BRG hn ACRE S5 fs
(A BT, HBERE AAE B B S8 SRR, 4 Pal-
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F (L oK 2B 5% SDS) Ji, WERH) A A
500 uL Jo/K SWEFE A H PG , WId B I 5 4>, ik
VEPEEE 100 uL AR IIA 500 uL oK L EEEAT
38
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Fig. 1 Ultraviolet full-wavelength scan of Pal and Ful
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Fig. 2 Specificity test results of Pal and Ful
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Pal 7£ 10 ~ 500 pg/mL TG RNt B 4T, etk
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HFEH y=57.864x+66.972, R =0.9999, Ui BI4L-&
BE, fF ALK, Ful 78 10 ~ 500 pg/mL #3E Fl
NLRIE BT, P72l y=11.978x + 10.768, R’ =
1, BEIDLE BE e, A6 2 KR
2.1.5 FHE M FEEAEDE LR

TEAE R R SR g, [W—FE S i 20 FE 6 1K, Pal
A1 Ful WAL RSD 4578 2.0% G HIN , Ui E 7 ik
(AR LT, FF A 25 I SOR TER GRSl A
HEFE 6 UK, Pal Fil Ful WTAIFY RSD ¥7E 2.0% JE R,
Ui W Jy i Y EL A PR AT, A5 25 MR FE I
SEgeH, Pal Al Ful B EISCRIAITE 98.0% ~ 102.0% Y
JEEEIPY, H RSD I7E 2.0% T P, [ [T
2.1.6 HmAAZ M

7 Pal-Ful-CLs f¢fE)S 12 h PIERIFR, Pal F1
Ful i RSD fH43510 1.83% 1 1.73% , ¥91E 2.0% 3
BRI, P RS 1 R AT
2.1.7 Hnfks g 2Rk

Pal KzllFR R 25 ng, & fEFRA 30 ng; Ful AER
4 500 ng, PR 1 pg.
2.2 PR BEM

FEYE L IS Pal F1 Ful B A A 5345 51
9 31.20% 1 100.00% . HT Pal 1) logP & 0.99, 7E
0~3 ZI[al, HA BRI ERUKEE, HS5BEE Z 8] AH
HAENSS, 580, B IR K, fEE200
Seom b, 2 R A R EE A AR B A, R ARSI K
AR P o He, T4 s A 428, 17 Ful /9 logP
K 8.9, HAsRCRARE , SHis HAT s 2 A EAE T,
AR AR S B, NI 5. © 3 HHE I8
JEAAR R AR R A 43415 . Pal-Ful-CLs Y-F-#467 4%
9 (182.13 £3.56) nm, 24 RECH 0.18 £ 0.02 UM F
0.2) , W/ BT Pal-Ful-CLs HIHLAE N (57.1 +
2.6)mV , BH & B B A 3R 11 %) 1F H far A R B BT 4
FEVRZ T ) A B ST R E.

15 150
g .
g 1or S 100}
] =
:2: 5F 50 F
O -1 J’) ‘1 2 J‘ 4 0 - t
10" 10" 10" 10° 10’ 10 =200 -100 0 100 200
kifz/nm L /mV
(a) Hifeofi (b) HLNI4TAR

3 BEREMHEF Zeta BT
Fig. 3 Particle size and Zeta potential distribution of li-
osomes
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Fig.4 TEM image of Pal-Ful-CLs morphological study
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T ST A 1T L HL A T A5 67 H A 7 A% 1R 24 4 3



2021 4 8 A

RN, &5 WA E AR

A A LB B B 1l o

S il 5 AR B <13 -

ﬁ%%“&ﬁﬁ‘{’ﬁﬁﬁmn DL, KAy T 25 MR 25 )
AL TR L O T AR IR R T — 2 SR Y
BN AT 5 0 S B2 B i AR AR 3

—
£ U

I H T TS, /0 R %
A —E W AT 5.

S 3Lk -

(1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

5K, BLAE#HE, MUECK A O. R Z AR5 1 15
FUBRIER R AL AR RIS e 0] R R 7
241, 2015,36 (4) : 583-587.

BB, F4e4e, Fal. CD47 SRR A E 5T
BEE V], S R A 221, 2019, 41(S1) « 282-
284.

ZHANG F C, LIU S L. Mechanistic insights of adipocyte
metabolism in regulating breast cancer progression[J].
Pharmacological research, 2020, 155:104741.

XV A, AR, 5 AR TRy RSB A B e
FEVRTT FUIES B AR AT PRI e 7] B A A e 2
HEE,2017,17 (24) : 4751-4754.

B, k. ZHRUIEG R BEEE Xt HepG2 T4
AR NS A 2 ). BiRE 257, 2019, 9 (2) 1 212
218.

KRR, EUE, AN, & AR S S T b
SERIDESALST P 5T P2 X BRI b B PR B S 52 4 1 i
PRAFZE 0], AP S AR S R, 2015, 31 (1)
59-64.

fpRa AT, A DUARER BT R BATR YT I 01 B 8
A PRI DR 7280 KXo S8 38 T A 306 I3 o 1) S MR 5 (0]
I VHEE 24745, 2018, 47 (7) : 793-796.

WA, THIE, iRRE. BRI G RS ALY TIR
57 J P8 WG S A /0 200 i 98 I AT 28 % 2 A i WL
(0], WEERHRF 245, 2017, 22 (10) : 1870-1873.

CHEN Y,DU Q M, ZOU Y,et al. Co-delivery of
doxorubicin and epacadostat via heparin coated pH-
sensitive liposomes to suppress the lung metastasis of
melanomal[J]. International journal of pharmaceutics,
2020, 584: 119446.

TAYLOR-STOKES G, MITRA D, WALLER 7, et al.
Treatment patterns and clinical outcomes among patients
receiving palbociclib in combination with an aromatase
inhibitor or fulvestrant for HR+/HER2-negative ad-
vanced/metastatic breast cancer in real-world settings in
the US:results from the IRIS study[J]. Breast, 2019,
43.:22-27.

SRR, BT, A GER. B VU ARIR 5 A R TR

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

SRBATE AR AR T2 2 IR
TR : MONALEESA3 B A (1. e A4
,2019,29(6) : 468-475.

X, B, A3, 4. CDKA4/6 I3 RAA 76 A1 %o AR
FIR AN s mE | R A T s e (1], R L 2020,
40(8) : 521-530.

IPPOLITO E,GRECO C,SILIPIGNI S,et al. Concur-
rent radiotherapy with palbociclib or ribociclib for metas-
tatic breast cancer patients: preliminary assessment of
toxicity [J]. Breast,2019,46:70-74.

CATLIN N R,BOEMAN C J,ENGEL S M,et al. Re-
productive and developmental toxicity assessment of pal-
bociclib, a CDK4/6 inhibitor, in Sprague-Dawley rats
and New Zealand White rabbits[J]. Reproductive toxi-
cology, 2019, 88:76-84.

LADERIAN B, FOJO T. CDK4/6 Inhibition as a thera-
peutic strategy in breast cancer: palbociclib, ribociclib,
and abemaciclib[J].
44(6) : 395-403.
P, 5Kk #8240
A TR 245 AL 1) 19 AT 50 E
47(11) : 586-589.
LIU LM, SHEN W F,ZHU Z H, et al. Combined inhibi-
tion of EGFR and c-ABL suppresses the growth of ful-

Seminars in oncology , 2017 ,

TR M 2 2 AT R S 4
R 3], o I PR I R, 2020,

vestrant-resistant breast cancer cells through miR-375-
autophagy axis[J]. Biochemical and biophysical research
communications, 2018, 493 (3) : 559-565.
DANA P,BUNTHOT S, SUKTHAM K,et al. Active
targeting liposome-PLGA composite for cisplatin deliv-
ery against cervical cancer[J]. Colloids surfaces B,
2020, 196:111270.
PAVLOV R V,GAYNANOVA G A,KUZNETSOVA, et
al. Biomedical potentialities of cationic geminis as modu-
lating agents of liposome in drug delivery across biologi-
cal barriers and cellular uptake[J]. International journal
of pharmaceutics, 2020, 587: 119640.
MAI'Y P,GUO J S,ZHAO Y, et al. Intranasal delivery
of cationic liposome-protamine complex mRNA vaccine
elicits effective anti-tumor immunity[J]. Cellular immu-
nology, 2020, 354:104143.
LIMY,DUCY,LIS S,et al. Composition design and
medical application of liposomes [J]. European journal of
medicinal chemistry, 2019, 164 : 640-653.
AGHADM M A,BAGHERI R,MOSAFER J. Recent
(F4:% 31 )



« 31

2011,42(2) :36-41.

BB, B E A HR R R AR IR T AR A A IR it (9]

ZEFNE AR, 2003 (3) : 12-14.

LIRS ES, PRI, X SChk. 40K B FLER B FLah ke ag [T].

R 48, 2016, 35 (3) 1 64-70.

MR, W E, BEER, &, S EFgEGE R athEse

R ], iE4CR HER,2011,30(1) : 32-34.

WANG X F,CHEN X M,YOON K,et al. High flux

filtration medium based on nanofibrous substrate with

hydrophilic nanocomposite coating[J]. Environmental

science and technology, 2005, 39 (19) : 7684-7691.

[} S SR | PN O == =N ] A TR Ly 0 i

PERERREZ I [J]. T ERE4R, 2011,30(1) : 14,

EHAER, R IR, PEO Rk By FLAE 18 48 i g 1 [T].

HpIT 4R, 2000 (1) : 12-15.

fait e, HLIMuE AR T & N [T]. AE R 4Rk, 2014,

45(5) : 13-16.

AR S, BUKIE, FRME. 2O 2 KB AURANERE

AR [J]. FE LG, 2015,34(11)  11-17.

AT, R AR, 5. DR TIAL B A T £

HZAEm ], FEESK, 2020,39(1) :26-32.

Wk, Bl 4, 220, 46, MLIMIE My SR gt (I,

34K, 2007, 26 (4) : 16-18.

o . LI IR AR S 1) Fe AR M RE A 5T (D). BF

M FE Tk kA, 2015.

I, B0 . By IR Ak DTA/TG 4k

Mrial. dhrefkse 5100, 2000 (1) < 47-51.

EhMEAS. AS[RPRLAR 530 08 AR X i v 2 v b 5 s

BRI ], REERE, 2015(10) : 72-74.
RERE: A%

2021 4 8 J1 B, % SR HLIE AR A R BT
KT EALMIEAT, 288K, FIE R 23% A&
A SR DR HBOR, brRide U/, I, 24 [4]
B2 )/ NTRIRI A 2 AL IS AR, A IR AU
B o /)N , S AR )N 5 S IR [ v EE A BB (5]
TFURINS , /INBORE A BIM AFRER I, D AT H i ol
%, i UEI W B TEDE AL b i)/ NBURE B R O KR 2 L6]
1T LN P B RS et = BEL 1 42 T i 5% i s U,
DLich i/ NBURLBRAS I 1O 40755 S/ . 7]
3 & it
(1) sl R eI A LU RS e iR 40 4R 1 REAS: (8]
I, PR FHP BHE AREF4ETD b ug 40548, S 1
SR LM ARRY AN TS 24, SN 22063 \ PET £74EL) (9]
PRI FHP £ 4EPb i AL S 4R AT, 455 18405
YR UK | S LL R FLARERE, 152 FHP §FnfRzE  [10]
e 52 AL HE LIS PET ZF4EIBCHbEL BN 20%
40% ., 40%. (1]
(2) AHIALIHIE AT R S AL IR ATH LL L P X 90
VSRS 23% BAUETS 30% | RAREE 210 g (12
flf g 20% | IFR PR R, SR HEEEIEIR 6% P-4
SHEACRIS G 59074 8
B "
(1] TR, ek, 516 Kahplamugatmreae 5 & ke ],
HAFRIF S HEAR,2013,32(6) : 58-61. [15]
[2] LOESECKE D V,MURPHEY B. Machinery and proc-
essing:an overview of engine filtration[J]. Filtration & [16]
separation, 2008, 45(7) : 17-19.
(3] SRl IRAUEDRIATIEACIERE AR [T]. AR 4R,
(B#% 13 1)
advances on thermosensitive and pH-sensitive liposomes [25]
employed in controlled release[J]. Journal of controlled
release, 2019,315:1-22. [26]
(23] #2038, A a0, M, 55, B BRI e BT 1Ak 1y il 2
Be HARSMU MRS M [T]. 2y, 2018, 40(2) 1 313-
319. [27]
[24 ] FEARFR, B0, SR00, 45, BBdEne by F7 $dgig i

IRE T FPENBFE (1], EbRgeitss 44k, 2018,
45(9) :714-722.

XE 2%, RN B R fl 2 Rk st (D], &K

F:EMOREE,2019.

IME A, FEAE R RERIT — 2R N AR YT IR

B 300 2L MR Y OB (0] P T A T2, 2017,

16 (2) : 240-241.

FARFR, XK. PALOMA-3 BFGYA00T - 04L&

Palbociclib 54 55 43I R YT U R 0 3 LA 1)

Tt A ], fEIEEES:, 2016,16(3) : 152-154.
HERE:



	02
	02-2

