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Preparation and Quality Evaluation of Ergosterol and Afatinib Double-loaded Liposomes
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Zhejiang, China)

Abstract: Objective To study the best preparation process of ergosterol (ERG) combined with afatinib (Afa)
double—loaded liposomes, and to evaluate its quality. Methods The ergosterol liposomes (ERG-LIP) were prepared
by thin—film dispersion method, and the afatinib citric acid solution was loaded into the liposome aqueous phase by
the ammonium sulfate gradient method to prepare ergosterol combined with afatinib double—loaded drug liposome
(ERG/Afa— LIP). Sephadex— G50 microcolumn centrifugation method was used to determine the encapsulation
efficiency of ERG/Afa—LIP. Based on the single—factor test results, the effects of various factors on the liposome
encapsulation rate were investigated according to the principle of Box—Behnken test design, and the best preparation
process of ERG/Afa—LIP was determined. The morphological characterization of ERG/Afa—LIP was performed, and
its particle size and Zeta potential, pH value, peroxide value, encapsulation rate and drug loading, in wvitro release
rate were determined. Results The best preparation process for ERG/Afa—LIP was determined to be as follows: an

incubation temperature of 54.2 °C, and on incubation time of 59.06 min, Afa concentration at 0.238 mg-mL™', and
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ammonium sulfate concentration at 194.63 mM. The appearance is relatively round, and the average particle size is
(103.03 £ 0.61)nm, the PDI is (0.261 +0.003) , the Zeta potential is (2.48 + 0.45) mV; it is acidic with an
average pH of (3.78 + 0.02), and the average encapsulation rate is (96.92+0.58) %; the drug loading is (2.92 +
0.23) %. The ERG/Afa—LIP meets the requirements of the Chinese Pharmacopoeia in the release medium of pH 6.5
phosphate buffer containing 40% methanol. Conclusion ERG and Afa dual drug—loaded liposomes with targeting

effect was prepared, and the quality was stable, meeting the requirements of the 2015 edition of Chinese

Pharmacopoeia.
Keywords: Medicinal fungi; ergosterol; afatinib;

liposomes; response surface experiment
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TR —E W1 Afa FPTRIAWL, TE 50 C/KI T
7 55 min, B8 ERG/Afa-LIP,
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592.2 wg-mL FX R S AE AT
223 2 HBE BRI H A FREC— 2 Ll By SPC,
Chole, ERG, FHSU5 )5 e it 78 & e, KAk
Ja GBS MR ST, BT A AR A
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0.45 pm WFLIEREEUE, 3 A A B A R A
it
22,5 Afa FifEMh Lzl HOM R i A 25 0.05,
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FR 2.5 h, SRIGINAGERTR Afa B IRAE 50 C/KIBH
HATIEE, 45 ILE 2. B (NH.) SO, ¥ JE 1Y 3
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Figure 2 Effect of different ammonium sulfate concentrations on

encapsulation efficiency of ERG/Afa—-LIP
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Figure 3  Effects of different incubation time on encapsulation

efficiency of Afa
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Figure 4  Effects of different incubation temperatures on

encapsulation efficiency of Afa
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NERBIAR R R Afa PP R TIRIE TS, &%
THEMWEL Ny 1.2:1, 1.5:1, 2:1, 3:1, 6:1, %
%% ERG/Afa AR T ERG/Afa-LIP B4, 45
KUK 5. 4 ERG/Afa FUVREL LR 3:1 BF, Afa 194
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Figure 5 Effect of different ERG/Afa concentration ratio on

encapsulation efficiency of Afa
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Table 1  Design and results of response surface test

®2 MPABEBFESN

Table 2 Variance analysis of regression model

RS (A)) WFEIRE WFERIE  ERG/Afa

i (mmol - L") (B)/C (C)/min  HPEIL(D) 1 35/%
: 200 70 45 2 78.12
2 250 70 45 4 87.89
3 250 50 45 4 89.42
4 150 60 45 2 70.99
> 200 30 30 4 92.62
6 200 50 45 6 95.68
7 200 60 45 4 97.52
8 200 60 60 2 83.50
i 200 60 30 6 72.12
10 200 60 60 6 94.49
11 200 60 45 4 96.76
12 250 60 45 6 93.52
B 200 60 45 4 95.27
1 200 50 45 2 78.75
15 150 60 60 4 90.92
16 150 50 45 4 87.51
17 150 70 45 4 88.00
8 200 70 45 6 97.02
19 200 50 60 4 92.02
20 200 70 30 4 92.68
21 250 60 60 4 88.24
22 200 60 45 4 91.51
23 250 60 45 2 73.78
24 150 60 45 6 94.82
25 200 70 60 4 90.39
26 200 60 30 2 82.89
2! 200 60 45 4 90.84
28 250 60 30 4 95.66
29 150 60 30 4 85.55

241 BAVRYHE ST 57 25380 38 1 Design—Expert
V 10.0.7 FAxb3 1 Bdlm it AT ik ZoohlHilsE, it
BMEA RS, AR SHAA SRR, Y=
94.38+0.89A—0.16B +1.50C+6.64D—0.50AB — 3.20AC—
1.02AD- 0.42BC + 0.49BD + 5.44CD- 3.76A>- 0.78B>-
1.91C*-7.59D%,

& 2 g Sl s, E Oy AR P =
0.047 4 < 0.05, FKIABIEIEA B EMH, KU P =
0.079 6>0.05, VLEHRHIIA 3, A [l AR 2
AAGE M, AT RARR AT AT ERG/Afa—LIP 1 fre
Wil T2 FER2m Afa EHRA 4 ANEFEH, W
Afa A0 BRI & D>C>A>B, H ' D(ERG/Afa
WL PRI Afa SLEPRIGZIEHER & (P < 0.01),
2.4.2 W AL #T 38 id Design—Expert V 10.0.7
BT A TR A ] 7 1T AT o A5 SR DLIRT 6. T o 1T
g Wi 17 AL XSS 7 79 A PR 2R T R ) = A s T il 4k
P, R T R R B, 1A A% AR e i R A

JrZERI FOrE Al 75 FAH P {H

A 1148.83 14 82.06 2.5 0.047 4
A 9.58 1 9.58 0.29 0.596 1
B 0.30 1 0.30 0.0092  0.9248
C 27.12 1 27.12 0.83 0.376 8
D 528.28 1 52828  16.23 0.0012
AB 1.02 1 1.02 0.031 0.862 0
AC 40.90 1 40.90 1.26 0.2812
AD 4.18 1 4.18 0.13 0.725 4
BC 0.71 1 0.71 0.022 0.884 4
BD 0.97 1 0.97 0.030  0.8654
CD 118.37 1 118.37 3.64 0.077 3
A 91.70 1 91.70 2.82 0.1155
B 4.00 1 4.00 0.12 0.7313
c 23.73 1 23.73 0.73 0.407 7
D 373.43 1 37343 1147 0.004 4
B 2% 455.77 14 32.56

AL 418.69 10 41.87 452 0.079 6
4l s 37.08 4 9.27

SR 1 604.60 28

SRR o BRI U R AR e A, e O ) S A
JIFERIE 542 C, WFEA] 59.06 min, Afa ¥
0.238 mg-mL", BREREMEIEE 194.63 mmol -1,
243 WIERAE  CHSIEBA A ATREME B A
# ERG-LIP, SPC 5 Chole FE/R It 5:1, ERG #;24
10 % . K84 20 min, K % FREL SPC 98 mg,
Chole 10 mg, ERG 12 mg, JIA 10 mL & 15 785 %
fift, 40 C e X K S, i A 10 mL 1
194.63 mmol- L BRRREGAICE TR F/KAE 30 min,
B34 140 remin's KALTEEE, LA 20 min, K
WH 0.8, 04, 0.2, 0.1 wm A J Bk R G5 B8 = R 57
H, HIf5 ERG-LIP,

¥ £ - 79 ERG-LIP 5% B 2| 8 8 o+ & h
8 000~14 000 [E TS, W HEN I %, %
A 100 fr gk, EHr 2.5 h J5 BT, 4%
SEENT 2.5 he BIEEHIG, 78 ERG-LIP H i A S5k
TR N 0.238 mg - mL™' 1Y Afa FFEER ISR, 7E
54.2 C/KIB FIEE 59.06 min, BI75 ERG/Afa-LIP,

FEALIE B35 T2 AT R . 255 3% 3,
3 it ERG/Afa—LIP A3 #(14)-F-2{EHh 96.92% , RSD
H0.58% , 5L 10 98.16% AH Lk, IR 25
1.24%, FEHH ST BB TN R AF, DLyl
H L LELGIERE
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Figure 6 Response surface diagram of the effect of two—to—two interaction factors on Afa encapsulation efficiency

% 3 ERG/Afa-LIP I&iFiXig
Table 3 Validation test of ERG/Afa—LIP

iR/ ALEE/% L% RSD/%
20190709 97.57 96.92 0.58
20190709 96.62

20190709 96.56

2.5 ERG/Afa-LIP M R B & R A i s ik il 55 4
Mo TEEIRAMT, BUERG/Afa—LIP BE&h, i 2=
BEE AN L, RN T 2R kN, #E 1 min,
JE 1 %R RR YL, HHE 30 s J5 HE AN R )
ZRY, TR B UE I IEAH . B ST B AS

T, SIERAIESREE, Riiamss), K 7.

7 BERIERRES

Figure 7 Liposome micromorphology

2.6 ERG/Afa—LIP ¥4 5> fii ' Zeta W 7 L
ERG/Afa—LIP R, SR FHBOGRE EE A 5 - ki das e
Hoptn, 25K WA 8, 45HRFEW] ERG/Afa-LIP HF-F
HifE 4 (103.03+0.61)nm, RAYHIEFEE(PDL) K
(0.261+0.003), /NF 0.3, AR fddarp .
K H Zeta HUAACIE LA, 25K ILIEN 9, 452 1
7~ ERG/Afa— LIP [ Zeta HL i/ y (2.48 £0.45) mV,
ERG/Afa—LIP #5 1FH.,
Lo oo SRS ST S S E

61 .......... ....... JJ.E....lll ...... ..........

J P [P S e el e .
Y | A :

2: ......... , ......... IIJ ...... \‘\:. .........

0 4 ' } 1
0.1 1 10 100 1 000 10 000

FidEmm
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B8 MEERikkEST

Figure 8 Distribution of liposome size

2.7 ERG/Afa-LIP i) pH fii HU 3 it ERG/Afa-LIP
FES, FREE7E R T TR pH THIE H pH H . 3 it
FESHG pH {8 4 (3.7820.02), 18 ERG/Afa-LIP
2.8 ERG/Afa-LIP AL B K G &b & 3 it
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Figure 9  Liposome Zeta potential

ERG/Afa= LIP FE i, Hioft Afa B 57 34 4 B 5
(96.92+0.58)%, #Hzy#r 4 (2.92+0.23)%. ERG H-F
P24 (93.90+1.84) %, #2414 (7.4620.55) %
2.9 RAMRRBOE WK 10~11, 755 40% BB
MWD, 24 pH N 6.5 B, 24 h N Afa 5k 24 2
TR /%K 97.98%, JLT582 B0 ; ERG/Afa—
LIP (1) SRR E 53R K 95.66% . 4 pH Ay 7.4 B,
24 h N Afa JFRH2G REURECE 53% 0 82.68% . ERG/
Afa—LIP I SRVETA 77%8 87.17%, 4 pH H 6.5 1,
TE 2 40% B FRERZZ thii th, 0.5 h N ERG/Afa—
LIP (1) 2 FUBE L E 438 N 22.03%, 6 h P ERG/Afa-
LIP () BRI (50 % 87.32%, H.%E 24 h, ERG/
Afa-LIP 19 2B E 70 % 95.66% . 2015 4FhR
ChEZG ) oG F IR BUAR S BN 2K . JFIR
0.5 h IR R N <40%, H. 24 h i) 2RV E /058
i 80 % . TEREHLAT N pH6.5 175 40% H st 11 1
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