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[ Abstract ] Background and objective Afatinib, a second-generation irreversible epidermal growth factor inhibitor
receptor for the development of non-small cell lung cancer and secondary drug resistance, has low bioavailability and adverse
reactions due to current oral administration. The aim of this study was to prepare a novel drug delivery system, afatinib lipo-
some, and to establish a method for the determination of encapsulation efficiency. Methods Four different preparation meth-
ods were used to prepare afatinib liposomes, and the optimal preparation process was determined by comparing the encapsula-
tion efficiency and particle size. Results It has been verified that sephadex microcolumn centrifugation can be used to purify
afatinib liposomes, and UV spectrophotometry can be employed to determine the entrapment efficiency of liposomes. Among
different preparation methods, the encapsulation efficiency of afatinib liposomes prepared by ammonium sulfate gradient
method was 90.73% and the average particle size was 108.6 nm. Conclusion Ammonium sulfate gradient method can be suc-
cessfully applied to prepare afatinib liposomes that performed higher encapsulation efficiency and smaller particle size. The UV
spectrophotometry employed to determine the liposome encapsulation efficiency was easy operation and with high accuracy.

[ Key words ] Afatinib; Liposomes; Ammonium sulfate gradient method; Ultraviolet spectrophotometry; Determi-
nation of entrapment efficiency
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FEEITHENSS TR AN B AT A 55— fREGFR
TR BRI 57 (tyrosine kinase inhibitor, TKI) , X EGFR%
ARV EFST IR T AT TR . AH R RS e 25— 4 J5 I TR
2, W PRI TRIN 2 F B2 B TEGFRAME T HIZ5 A
279092 N IR (T790M) o 55 XA Al EGFRESZ R
BAEEAN A 77)-F2: B JE (afatinib) R SR TRIZE &R 25 7T
R0, BT — DR NG E RS, RATPIES R
JEFERTAYD, REWSRH 1EEGFR. HER2 FIHER4WHES, R ILH
SN AN B I PRI FE R VA e 5 170 2 E B I
XAk R TR 24 7 A2 B 7 240 AR H T T B e
R, CIRG ZHER RS, HAR R Z, KB
TE A R N ANZE 2GR AL S BT I, B T k4 24
Bk DR e TR 10, At m R A AR, AR
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1.1 MR IKABER 28 KA (FEEIKAAF]) , DE-101Z4E#4
AAEIRBE iR GRINKIRL TRARARD , 54T
RV CGEEMettler ToledoAH]) , JY92-TLEE A= R A MM FFAL
(TP Z AR AR AR AT , Nicomp 380 ZLSHOE
B GEEPSSAT]) , B0 HLPrimo R (FEESORVALLZ
A, UV24504585M 3 6 A (HARSHIMADZUAFD o Bi
VEE R R KR £ (afatinib dimaleate) (FPUR IR K
JEETRAT], L5 20160615) , EaliEA K EREE (HSPC)
(B FRE AR AR AR, fit'5: BS0337) , JH[H
(CH) (LiBZERAEMRIHEARARD , FEEE L i
W HE (DSPE-PEG2000) CHHG MY AT FRA A, it
F: C01126) , R ek CRET EUE M FARAFD ,

FAEN CRIBETTEXAL SRS R AFD , RS
G-50 (g BRI BHEA IR AFD , /K LHE CREEH K
KAEERFIGRATD , HEE CRETT & T THRA
"D

1.2 J5i%

1.2.1 Hill& T 2MIEHE

1.2.1.1 RS HGE BUEFHSPC. CH. DSPE-PEG20004%
R4 L VAT IE B TCK OB, e 28 RAOURE iR
R, NG BT eV 65 °C/KA20 min, 14315
AN 22 A1 200 W 2 min. 400 W 6 minJ5,
WIKiEIE0.80 um. 0.45 um. 0.22 umAIFLFLIERE, BR7ER:
BIefamik.

1.2.1.2 WHZE K BUBEAMHSPC. CH. DSPE-PEG2000
Fo i 4 1 A T IE R TE K OB, INFE B eI, it
ITRIREE TS, B2 TERRRE W/ OB kR L O,
21200 W 2 mins 400 W 6 min/m, #KIKIE T
0.80 pum. 0.45 pm. 0.22 um HIFAFLUENR, BTSRRI E el
1A,

1.2.1.3 WRMLEFENE WM HSPC. CH. DSPE-
PEG2000#% i & H4: 1: 1 T iE B TC /K OB, AT E
AHTR FEFIRBE B R 65 *C/KIB T PE20 min, £ P4
HIHFHL200 W 2 min. 400 W 6 minJi, KX IHIT0.80 pm.
0.45 pm. 0.22 pm RITHFLUENR, RIFFREE e fRm 4.

1.2.1.4 WBREEHEELE BUBATHSPC. CH. DSPE-PEG2000
P 4 VR TG BRI TC K LB, N TR S AR R
#1200 mmol/LIIRER #5 W, 65 °C/KIG 1 FE20 min, 1555
BB o 2208 A B A AL200 W 2 min, 400 W 6
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W SIS YOI e RO FEAR, THR .

1.2.2.5 J7iEBECERRESE BHMC, B & (S pg/mL. 10

ug/mL. 20 pug/mL) — MR EERIFEE e H B, e
T PEAE, FEid e bR ph 2R T IR B, IR S HERIR EEALL
TEAS L RCE,

1.2.3 fRBUARIAIL T %
1.2.3.1 HRPHEURG-SORI AL I & (1 7 SR M e
G-SOE TRt b Aa NS hicts, ikt 78 70
i B0 I PR A K 33, 5
1.2.3.2 Pl dE BUIRBUA200 wL i 03 5 28 i il
FERIHL, 1582 min)5, 500 rpmB50S min, HHFEERZE
SmLo ZJEEEZEKS00 uL, 1,500 rpmE:0rS min, 7K HE
ATHEML, B GE L A R R E S mL, T-343.6 nmibil
SE ARG I TR B o [V 52 BTk 355 e Ay P e i
.o
1.2.3.3 FAMRRREERESE WP H R BUA200
uL, — I EE R E %10 mL, WRIEENA - — 4 BFF
TR PEB AT, 1532 min/5, 500 rpmE5/0S min. S
4li7K500 uL, 1,500 rpm 20> min, BEREPEH20K. HIFGEM
T FIEEER 210 mL, WROGEENA - B bRt 2ot 5
C,. C,» R AANR= (C,/ C)) x100%.
1.2.4 A& T2 06 AL 2 AMRAR FIE A
T2 A B R AL 3 2 AT I E , FNicomp 380 ZLSIH
WL FEASCR i AR FRRLAR AT I , 7535 56 e T~ L8
TEAS, R B & L2 il 45 1 e S A (1 20 2 il AT 1F
=

# 25 (loading efficiency) /&5 FLA7 B BB PALAFA
R AR 513 255, LE (%) =We/Wmx100%, FHHLEH
AR R 2R 2 5 H WeZn B TR Ui N
(RIZ 5 Wm R R B4 IR oA 1) o
1.2.5 BPEEREL W% L2000, A HSPC
S CHIFR L. afatinib SHSPCIIFR R BRERE IR,
55 i S O I TR S R B AT B L AR A S R AR A
BT, RS R R, DM e, %
SAZR F MR A %% T Z 50 .
1.2.5.1 HSPCH5CHRF LR TR fEA S
TR ZR 2% A, 4357558 THSPCH CHINR & A2 1.
4: 116 LI 0} i S AR 1) 2 IUREAZ PRI 540
1.2.5.2 Afatinib 5HSPCIJF & L TR VAR s EAN

A HABRIR B KA, 73997552 Tafatinib SHSPCHITE LY
N1:4 1:8 M1 160 i B4 ()6, df 3 ADREAZ OS2 o
1.2.5.3 T R &k (1 BE X R AR R SR AEAS 25038 HoAth [R]
R, 255 7 R I £ 9150 mmol/L+ 200
mmol/LA1250 mmol/ L X g 5744 ) 60, 3 22 FORLAL 1Y) 52
L

1.2.5.4 W H IR ARBUARIFENT FEA R FAh R 2 5%
FER, 43 I 52 T I B NS0 °Cl 60 °CHI70 °CIR XI5
PRIFEL SRR FRLAR (I RE .

1.2.5.5 WFE IS AN AR BUARISEMT FEA S8 FoA R 2R 1 5%
R, 3BT B IENS mins 10 min 115 minf 5 g
JIAAR IR B, 3 2R RREAR (1) 2 o

2 R

2.1 BT 2ZMERE R AR BOESI s, S0
U, A Fhid M5 SR A0 i 28 A A R R S As, ARRF
FE, WA O, B R FH SR I R N2
RN TR, SMEE I, i POk, B KA
PR B BEVE AR R T4, AT B, i i 30k, Zhid
o

2.2 BB e & e 752

2.2.1 AWK IER BB RRRTEL 2. 30356
W (D S AHEFEITE S 240K N IR BB 1o, 5
3K LB I SR A, WOE PRSI ——343.6 nmIN R KR
W

2.2.2 FRAEVEVRIHI S TH IR AR EEC R 75 R
Ny=0.027,2x+0.003,6, R>=0.999,4 (E2) , 45K, 7EHk
JEVEFE S ug/mL-25 ug/mLI, bRk Lk R 1T

2.2.3 WM HER SNE, FRERRERAC. . m=p
WREEIRSDAEII /N T 1% (FR1) , S5 R BHITIENREZEER
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R MEBRRARBEENELSR (n=5)
Tab 1 The precision results of afatinib solution (n=5)

Concentration (pg/mL) Found concentration (ug/mL) Mean concentration (1 g/mL) RSD (%)
5.00 5.06 5.07 5.06 5.07 5.07 5.07 0.13
10.00 10.15 10.17 10.16 10.18 10.18 10.17 0.11
20.00 19.97 19.97 19.97 19.95 19.96 19.96 0.05

x2 MEBRRARENENEER (n=5)
Tab 2 The reproducibility results of afatinib solution (n=5)

Number Absorbance Found concentration (ug/mL) Mean concentration (ug/mL)
1 0.280,29 10.17 10.18
2 0.279,85 10.16
3 0.280,90 10.19
4 0.280,36 10.18
5 0.280,59 10.18
0.87 y=0.272,2x+0.003,6
07 R?=0.999,4
3.00 T T :
0.6-
g 05
. , 8
2.00 *3 .g 0.4
A 0
g A 2 03
< 2
1.00 i : . 0.2 d
T 0.1-
B T \\' 0.0 T T T T T 1
0 5 10 15 20 25 30

000 o
200.00 250.00 300.00 350.00 400.00

B 1 Eh e RMBGEKITEE. A: FEER, B: TABERIE,
Fig 1 The maximum absorption wavelength scanning of
ultraviolet light. A: Afatinib; B: Blank liposomes.

FERY99.3%, %W T BE IS AL L el 5% A B 0 2 B
A L5 B«

2.4 BBZTTERIFSL HUTEBA200 WL 0] SRR
Huly, #E 82 min/&, 500 rpm &S min. B EIIEEZEKS00
uL, 1,500 rpm&:0»S min, FE P20 G IFGEMIR, HHEE
SERE10 mL, TBIEENA - BURFA200 uL, BLE:H FEE
SEAZL0 mL, WRIGEEANA - B2 HC . C, B
MR AREE= (C /C) X100%11 5.

2.5 AR L 2R EREFRARIME R LK)
B F 258 F 20 DU RN 1) 4% T Z IR AR BEA T E , 45

Concentration (1 g/mL)

2 MR RIRRIR AL
Fig 2 Standard curve of afatinib solution
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Fif%9108.6 nm (E3) o &35 ST AL, AR IR EERTE,
TSN 56 B2, v W22 B RUZ ML L5 48, Kifd oA ss ) (B
4) , Rl R B i FEE v ke i % Bl B Je MR ik« 15 A
T R B o P V1) 2 BRI AR ) P 3 24 2 7.52.%
2.6 FAEFEE HHSPCHCHMLBIN4:1 (586) , afatinib
S5HSPCHILLBINL:8 (R7) , BREREL FIHR EN250 mmol /L
(£8), MWHIEE N60 °C (K9, FFEBEAH10 min (£
10) I, F AR E R E, R/ BRIk, e gk
4 T2 BUBEAMHSPC. CH. DSPE-PEG20007% /i &
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Cumulative Intensity (%)
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Diameter (nm)

Bl 3 MBREGEEH &R RIAREZST (RI1Z: 108.6 nm, P.I.: 0.154)
Fig 3 Particle size distribution of liposomes prepared by ammonium

B 4 B E LS &R RINESRERA, A1 0.5 um; B: 0.2 um,
Fig 4 Transmission electron micrograph of liposomes prepared using

sulfate gradient method (particle size: 108.6 nm, P.1.: 0.154) ammonium sulfate gradient method. A: 0.5 um; B: 0.2 um.

R 3 MEBRARAEERELER (n=5)

Tab 3 Theresults of recovery experiments of afatinib solution (n=5)

Concentration (ug/mL) Found concentration Recovery rate (%) RSD (%)
5.00 5.05 5.05 5.05 5.05 5.06 101.08 0.02
10.00 10.17 10.18 10.16 10.17 10.16 101.68 0.05
20.00 19.94 19.92 19.94 19.93 20.01 99.74 0.17

® 4 TR R R RIAMEERARERERZIE (n=3) 3 it
Tab 4 Effect of different elution times on the results of liposomes and
afatinib solution (n=3)

JiE B K ] 57 R A T ) WIS IR IA

Elution times Liposomes Solutions absorbance

1 0.356,35+0.000,11 0.004,43+0.000,24 MHUEFIENE PR RS, i 502 2 H T
2 0.048,23+0.000,27 0.003,31£0.000,36 PEZR AR, LRI SR S, Bl S e ik
3 0.004,13£0.000,31 0.002,00+0.000,12 RIARIR T A28 R IEIE TR B KB HEIZ5, H13 R
4 0.002,5610.000,28 0.002,93+0.000,23 PR AR B B3 s AU I NIE BT,
> 0.000,55%0.000,25 0.000,57+0.000,15 HR G NIE T DL Ho iy B34 A ML R 5 B 1), 7
6 0.000,310.000,07 0.000,080.000,01

AR BRTBOR A BT FE AR B 8 s TR 2 324530 T3 3K

G4 TT %, T 2R B, RIS RIIR AR
B AHE TS JE R TR o B AR RN
CIETE NS RIBR R B LV A 2 R oL, S of 4 Mot
FITIEIVEL B AR ARIAT, S 2 5 il 2% BT B R MR AR 1) ¢
L ENBRER BB i TR IR B P25 o T B B2 I
— P, HI5 R el S R UA, £ AR AR AR
T TRRIE, KRR RB2 B JE XU SRR FhAE B T RE ]
NHENE FRBRAE, IR A N S TR H A AR S
(o, 21 B AE AR BRI, LEDT iRAIAS AR A e daf e
1, BRI
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x5 TEIZMEREGHEMREZME (n=3)

Tab 5 Effect of different process on encapsulation efficiency and particle size (n=3)

Preparation process

Encapsulation efficiency (%)

Particle size (nm)

Film-dispersion method
Reverse evaporation method
Improved ethanol injection method

Ammonium sulfate gradient method

55.21+2.68 302.3+0.41
35.62+3.21 202.8+£0.38
14.15+1.31 234.0£0.31
90.73£1.89 108.6+0.28

% 6 HSPC5CHELBIRIAE Rk G SR MR B (n=3)
Tab 6 Effect of the ratio of HSPC and CH on liposome encapsulation
efficiency and particle size (n=3)

% 7 Afatinib SHSPCELBIRIRE R IR G TR AR IZHIH M (n=3)
Tab 7 Effect of the ratio of afatinib to HSPC on liposome
encapsulation efficiency and particle size (n=3)

HSPC: CH (w/w) Encapsulation efficiency Particle size Afatinib: HSPC (w/w) Encapsulation Particle size
(%) (nm) efficiency (%) (nm)

2:1 79.79%2.21 125.7+0.28 1:4 87.80%+2.80 141.4£0.18

4:1 88.86%1.18 125.9£0.71 1:8 91.6%1.34 129.7£0.25

6:1 87.12£1.58 105.9£0.53 1:16 28.5+3.22 142.3+0.83

* 8 METREXBERIEEHEMMZAIZM (n=3)
Tab 8 Effect of ammonium sulfate concentration on liposomes
encapsulation efficiency and particle size (n=3)

xR 9 WEREWERKEHEMMZNFZME (n=3)
Tab 9 Effect of incubation temperature on liposome encapsulation
efficiency and particle size (n=3)

Concentration Encapsulation efficiency Particle size Incubation Encapsulation efficiency  Particle size
(mmol/L) (%) (nm) temperature (°C) (%) (nm)

150 88.40t4.22 117.0+0.67 50 64.931+1.74 127.6%0.21
200 94.33+2.42 103.1£0.23 60 90.091£3.64 116.5£0.09
250 97.70+3.12 109.7%+0.15 70 89.13%£2.57 133.5%+0.16

% 10 B ERTEIXT AR Rk G ST EMALZ BRI (n=3)
Tab 10 Effect of incubation time on liposome encapsulation
efficiency and particle size (n=3)

Incubation time Encapsulation efficiency Particle size
(min) (%) (nm)

5 64.741+3.12 123.3£0.21
10 90.13%1.55 122.7£0.33
15 54.32+2.90 127.2+0.17
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e
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15573, ARTEG R 2 BT R 1 2kAi
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