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6. W =1 T 472000)
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EEAPR TN, EHBEE R AR AR, K24 100 ~200 nm 2 7, 518 TsoSHK-lip & i v& 5 @ ik k4013 )
HRKERELHFE 3 KRG, 73 T HRT BB KRR AT MEITH IsoSHK-lip, 45 869 H B FHFRRHET
BB 50
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Optimization of Preparation Process and Quality Evaluation of Isovaleryl Shikonin Liposomes

CHEN Weijun2 , QIN Dongmei1 *, MENG Lingyu3 , GAO Yuefeng4 (1. MOE Key Laboratory of Xinjiang Phyiomedicine
Resource and Utilization, School of Pharmacy, Shihezi University, Shihezi 832002, China; 2. School of Traditional Chinese Medicine,
Xinjiang Second Medical Collage, Karamay 834000, China; 3. Department of Pharmacy, The Seventh Affiliated Hospital of Xinjiang
Medical University, Urumuqi 830028, China; 4. College of Applied Engineering, Henan University of Science and Technology,
Sanmenxia 472000, China)

ABSTRACT :OBJECTIVE To prepare liposome formulations encapsulating isovaleryl shikonin, to optimise the preparation process.
METHODS The isovalerylshikonin-liposome (IsoSHK-lip) were prepared by the thin film dispersion method. The UV absorption,
standard curve, precision, stability and recovery of IsoSHK-lip were investigated. A response surface optimization method was used to
optimize a 3-factor, 3-level preparation scheme with A lecithin-cholesterol mass ratio, B lecithin-isovalerylshikonin mass ratio and C
volume of hydrated solvent as the three factors. The particle size, polymer dispersity index ( PDI), Zeta potential, morphological
characterisation and stability of IsoSHK-lip were also investigated for the optimal solution. RESULTS  The response surface
optimization predicted that the optimal preparation conditions for IsoSHK-lip were: lecithin-cholesterol mass ratio of 8.82: 1,
lecithin-isovalerylshikonin mass ratio of 30. 65: 1, and volume of hydrated solvent of 29.22 mL. Repeated preparation of the optimal
IsoSHK-lip resulted in an average encapsulation rate of 90.03% , a mean particle size of 117.48 nm, a mean PDI of 0.246, and a
mean Zeta potential of —13.59 mV. The stability experiments showed that the particle size, PDI and Zeta potential of IsoSHK-lip did
not change significantly after 7 d at 4 C. Transmission electron microscopy showed that the IsoSHK-lip was subspherical with particle
sizes in the range of 100 — 200 nm. CONCLUSION  IsoSHK-lip is prepared by repeating the optimal results obtained by response
surface methodology three times, resulting in a near spherical shape, smaller particle size, uniform particle size distribution and better
stability of IsoSHK-lip, which provides the basis for subsequent pharmacological studies of dosage forms.

KEY WORDS:: isovalerylshikonin; liposome; thin film dispersion; response surface optimization; encapsulation efficiency
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B 58 2 5 [ Arnebia euchroma ( Royle) Johnst. ]
SUAPOR Ay i 56 e, 2 T 9, DX 1) 4% G b 244
Hh B 2R BT RO B TR T IR ORIFLR PO
B MR OIEAR , OF HHRY PR BRI R P00
BRRCRBE . BrEm A Bk A BN
VEPERUKIE I, B v v LRI B W ok kit
165 LA R 26 | i A 28 A & W DL e 2 05 5
F L REMEMAEAY F B PR A
BRI (SR RO Y A I 4L AT
T 22 B 5 Wk 4% 25 & (isovalerylshikonin,
TsoSHK) Ay 5k 28 o 1) = S5 Ve A, (B il T3
PR, AN BB, L) S AR W R A1 5 1)
R, DRI, e I 36 ) 24 ) 2 A 2 S TR 5 2 2R T
VLA I B R 25 B2 T S8 SR (AT Al o R B A2
BRI X012 e ) 2 000, G 5 K P Sk P A ] i 1)
IKVERR SR, A5 ¥ P &8 20 76 B BT AR o4 4 2815 7 1 24
Wy o T O R A R 9 2R 0 A R A
R, AR B 25 W B B B (AR IR 1) A s R
SBT3 24 Wy 1) W e LA B B8 1) i 7 T A S 21
U R el 2 ik R 5. H
HiT L R B o 24590 i) BT E I R L3z B
JAARAE Hh 24 3 700 ) BIF 40058 e R B 7 AT 56
SEIRNR BT — M ] £ B0 SRR, (B AE 1
JR i B T o 4 Iz BT, A5 e R v 24 0 PR
735 MR PR 1 AR 50 285 G B — e, A AT PR e
2T 0 RS E T, T ELRESE B2 Py 1) 1 , K 5]
ke IHFERIRICR

PRI, UV FiT X T 1soSHK 245 34 AT 1Y
BT SE AT A BF 50 4 7 38 4 2 0 3 B0 P 4
TsoSHK A28 T A S5 44 P 35, ISR T mi 1o 1o 16 A 1k
S Pk 48 B 2 I8 1K (isovalerylshikonin-liposome ,
IsoSHK-lip ) (¥l £ J5 28 i A7 Ak , % TsoSHK-lip 37
TTRiAE . 253 8L 22 X (polymer dispersity index, PDI) |
Zeta WA LA RAMIE S 8ERAE S50, LU IT & —Fi
BRI B R VA M T M ) R O S 2T B
SRR BRI M PR O 25 BRAVE HIWTE o

1 HMRENEE
L1 A

IsoSHK , Z{i i =98% , fy A< TR 20 Fif B4 L 79 2
il s 32, B 6.2 g,
1.2 &7

EH AR (it 5 . 427D021 ) | JH & i (HE 5
1170035 ) M4 HR 1 g (0 (IR0 80 2% ) (L5

- 1844 -

Chin Pharm J, 2024 October, Vol. 59 No. 19

20220620) ¥ [ Solarbio /A &l ; B W2 £k 28 vh ik
(PBS) pHE 7.2 ~7.4(1 x ) (#t5:2021/12, 4t 5%
REABFHECA R A 5 R (3#E45-: 20200726 ) |
S5 (k5 :20200726 ) B [ KT KU T2 35
PBHEA BR S B 5 387 58 fe S RFRR (A6 5t s B R
ARAF) o
1.3 fL#

e 28 AN (198 o B AR AN 3 AT B A W], 7Y
5 EYELA N-1001) ; {8 5 7K 4 (_E 7 2 B AR X
o BRAF] 5 EYELA SB-2000) ; JE 3 /K 30 B 28
ECH L TR AE R FTAEA A, S,
SHZ-DI ) ; A2 H R AE IR ZE GBI K 3k B 1504
B/ T, B DLSB-5/20 ) 5 %54 75 I vk 4 ( R
LT P AR A R A W] 75 KQ-500DE ) 5 B 28
BRAC (b Vg A 1 R T A R 1 A B B
DZF-6050) ; B, T K ({8 [E Sartorius 2\ &), [ .
0.01 mg, #Y5 . BP211D) 5 i 4l /K AL (AT 7K I ik it
ERHEABR A, LS . UPWS-1-10T) ; 36k Zeta
P A7 R 268 6] 43— o ot 43 B A8 (3 (6] 7R SCAR R A BR
N RS ZEN3600) 5 5878 0] WA b BT (B AR
SN ] B UV-2600 22V CH) 5 48 75 3 41 i
A (Z£ & Sonics & Materials 2> &, 15 . VCX130) ;
fHIR KGR (S EITF ), 5,
SHA-C) ;i 5 F B [ H A H 2 A W], B
HT7800 ( Bk 80 kV) .

2 ZEHAHE
2.1 TIsoSHK-lip %] %

IsoSHK-lip Hy i HOE ) 55 o 1 SEhE % PR
— 7 LU B B OP wEAs AN IE [ i A 22 50 mL H EE R
30 mL 05 PR, TR — & BT 1Y IsoSHK TR 5]
SN RBM D Wil IS 7E 40 °C TR IleiE 28 AN
T AR SR 5 A —E R PBS (1 x ) K,
40 C T E R B RERE /K& 1 h 153 IsoSHK-lip R &
VR, P P e 200 T AR Sk T 85 % T3 UK i
PR 7.5 min 3 ¥X,0.45 F10.22 pm ffLUE AR T
UEAS 3 UK, R 1.0, 45 F10. 22 pum AL 8 I
A3 W, BTG TsoSHK-lip,,
2.2 IsoSHK-lip 4 #F % a7

JE SBTAAR B B3 J2 2546 R 20 TR 28 5 A AR AL
AR IE A PR 2 A . B BT g AR
M i B AA BT i Y — A A o

Hi IsoSHK-lip BEW 3 mL, 5 3 mL FHELRS)
J& , 6 IR A PR AR A S P S 7 S5 #5010 main il

o [ 22 2 2024 4 10 JT 55 59 555 19




HezL o4 B LR L 58 2% 2 s 0,
1E4 CEAETF 12000 r - min ™' B0 10 min, B E
W, I 25 (1 il sk OB A SR bR 4t
. IsoSHK ¥k i, i 17 il 75 IsoSHK B35 & .

J3H 3 mL TsoSHK-lip VR B W T 25 .04, 78
5500 r » min~" 4 CEAFF L 10 min J[FHECFEDT
UE, AR 3 WK, BRRDLTENN 2 mL HI EEEys i, LA
W Ry 2 ISR OB RE A SRR HE T 261158 TsoSHK
RS, S5 25 1Y TsoSHK 5 £, SR 5 AR AR 24 =X
1R HA R

BEFR(% ) = (Cy - Cy,)/Cy x100%  A5(1)

N1, €y o TsoSHK S5 f, Cy AR ALk
Jig B4 i 23 1Y) 1soSHK 55 4

2.3 g i IsoSHK #3152

2.3.1 KPR LS ER PRI IsoSHK Xf B
At 10 mg, & 10 mL B, 0 R R OF € 4
el A TsoSHK Xt B VAR (1 mg - mL™") o TG B
IsoSHK-lip 1B &% LA M 25 F I8 i 4 ( Blank-liposome ,
Blank-lip) & B %5 F o H5 % % I TsoSHK-lip i1
¥\ Blank-lip {08 LA )2 IsoSHK X B8 5 3 &, FiH
BEARRE , 58 O EETHAE 200 ~ 800 nm P44,
1531 IsoSHK | IsoSHK-lip DA S Blank-lip f A Wi g
WA B Bk 3 AT XS FEWLEE , W7 A o 14 b1
BHE X TsoSHK 58 AN E FEERE R o SEH 4551 L
% 1,IsoSHK 5 IsoSHK-lip 7F 518. 5 nm J KA F
FC WU T Blank-Lip 7 % 4 b To IR 1A

IsoSHK
Blank-lip
IsoSHK-lip

518.5 nm

T T T
200 300 400

T T T )
500 600 700 800

Wavelength/nm

&1

7 R B % E & (1soSHK) = & flg A 7 K B 2 5 5 i 7 1 (1soSHK-lip) 4 35K 43 4 ¢t B

Fig.1 Comparison of full-wavelength scanning of IsoSHK, blank-lip and IsoSHK-lip

2.3.2  TsoSHK Ay i fh £k 09 23 i E ) W iR
IsoSHK %f BB i %% (1 mg - mL™")2 mL T 50 mL
a0, o R e 4, BC ) R IsoSHK il £ W
(40 pg - mL™") ,F 4 CUKFEIAATA o 43 B HR
IsoSHK fi# 45 2.4 .6 .8 .10 mL ‘& 10 mL H i,
IR R A RS B RGN AR 8 .16 .24
32,40 pg - mL™ B SRR, DL O 28 (0
W FE 518.5 nm ZRGE WG IE A, IF 2 bn i h £k
i, IsoSHK fyAr M 28 M. Y =0.015 71X +

0.003 056, =0.999 3(n =3), 45 W, IsoSHK
168 ~40 g - mL™ ' N E R BT,

2.3.3  FRUEMESLER ORI TsoSHK Xof B i it
K (40 pg - mL™") 4351702 .4 .6 .8.10 12 h ]
AN NOGEETT T 518, 5 nm HEA TN E , LA EE A4S
F L 0E IR IE sk OB RE A SR AR E it Ze it 3R X
HETW 2 (relative standard deviation, RSD) |, #ff 22 X} B
mnAE 12 h PYEYFEEME, 45 R W3R 1, 3] TsoSHK Xf
e RS T A

1 IsoSHK R A | 52 5
Tab. 1 Stability assay of isovalerylshikonin
Parameters Oh 2h 4h 6h 8 h 10 h 12 h
A 0.673 0. 670 0. 667 0. 668 0. 670 0.674 0. 669
p/pg + mL~! 42. 64 42.45 42.26 42.33 42.43 42.71 42.39
p(Mean) /g - mL~! 42.46
RSD/ % 0.38

2.3.4  RFEPESE ORI TsoSHK X I dh 161
(8 pg - mL™)  LIFEE A 1, FISA MWL T

T E 2522875 2024 4 10 H 55 59 55 19 1)

SENE 6 Y ILTBOERE AR HEMZI T RSD, 25
R 2, ] TsoSHK Xof Hid it (ROt 8 P R AT
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R 2 IsoSHK # 55 & 430 52 36

Tab. 2 Precision assay of isovalerylshikonin

Parameters 1 2 3 4 5 6
A 0.134 0.135 0.136 0. 137 0.135 0.138
p/pg - mL ! 8.34 8.40 8. 46 8.53 8.38 8.59
p(Mean)/pg » mL~! 8.45
RSD/ % 1. 14
2.3.5  [feRIcE ORI 9 1%B%H71€TEXULH’E" B A2mL40 pg - mL™" IsoSHK XS, LB Bk as

BHAW (24 pg - mL™")2 mL, 5 3 3 —4L, B —4
Jin2 mL 24 pg + mL~" TsoSHK %if 5 f’@ ’“**zﬁtiﬂjm
A2 mL 32 pg - mL™" TsoSHK X HEGVATR 45 =40

H IR FHACRIBOLIEE A, 2R FHARIE L1300 it [m1 0
A RSD, SIRAER LA 3, 45 RN b 2L
JERHNE TsoSHK i 5 A D) Sl T

R3  TsoSHK [/ 3 46 Il 52 4
Tab.3 Recovery assay for isovalerylshikonin
Sample m( IsoSHK) m( Added) Abe p p(Measured quantity ) Recovery Mean recovery RSD
No. /ng /ng /pg + mL ! /pg + 4 mL~! /% /% /%
1 48 48 0.393 24.82 99.29 106. 84 108. 40 1.70
2 48 48 0. 395 24.95 99.79 107.91
3 48 48 0. 404 25.52 102. 09 112. 68
4 48 64 0. 463 29. 28 117.11 107.98
5 48 64 0.461 29.15 116. 60 107. 19
6 48 64 0. 467 29.53 118.13 109. 57
7 48 80 0.528 33.41 133. 66 107.07
8 48 80 0.529 33.48 133.91 107. 39
9 48 80 0.534 33.80 135. 19 108. 98
2.4 BREELREE BER(%) o
Lﬁ%ﬁttﬁ*ﬁjﬁ%i@iﬂ%ﬂ,Hﬁﬂﬂtt\%ﬂ‘étt\ 2.4.3  AJF HS (AR R SCHG RS PR

R P I (] KA T 2 Y R X i B A
AR, LT B LR R S, AR S0 25 4% R W - EL [
figz (lecithin-cholesterol , EPC-Chol ) Jfi & kv (A) | OP %
Ng-55 % Bt 48 B2 % ( lecithin-isovalerylshikonin, EPC-
IsoSHK) Jifi & k. (B) . 7K 5 4 i ( hydrated solvent,
HS) (RFR(C) 3 ASAN [ PR 2R % 3 5 () 52
2.4.1 A EPC-Chol Fﬁibb$l?%—?@ i %
FREL 90 mg EPC A [A] i i Chol (10,13 18,30,
90 mg) A 50 mL HIEERI 30 mL 05 T i, bl
Ja#E TR T, &5 A 3 mg IsoSHK, 41
“2. 17 ik £ TsoSHK-lip, P4 2. 27 T T 7 i
IS F S AL B A (% )
2.4.2 AN[n] EPC-TIsoSHK Jifi £ Ht 5 [H 2 2 56
Hi B FRHL 90 mg EPC F1 10 mg Chol fil A % 50 mL
FRE AT 30 mL G 05 P 3 A, Bl S BT 18 D B
o, g Ja A TR BT B TsoSHK A i (1.3.5.7,
9 mg) A 2[R, # 2. 17 30 Jr ik i 4%
IsoSHK-lip , TR R “2. 27 T T J7 e I 42 Jf 11 3 H
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90 mg EPC F1 10 mg Chol % 50 mL H[EF1 30 mL 44
Dby, B s AR R B, 555 FRNA 3 mg
IsoSHK , 7€ 2 B I J in AAS [RMAFR ) HS (10,20 .30 ,
40 .50 mL) ,#“2. 17 0 | fr ikl 45 IsoSHK-lip , F4#%
B2, 27 00 Jy i R A B R (%)

2.5 Box-Benhnken " i H % ;. IsoSHK-lip #| %
T %R £ 5

DLER R R S50 45 B O K 45, Al AT Design
Expert 13. 0 F 33T T = R & = /K F /Y 1R B 16
528, L EPC-Chol Jii it Ho (A) \EPC-IsoSHK Jit
W (B) HSRBI(C) B FEEZLEENE, /7 5l H
AB.CRFR,UU-1.01FKRAZEM P&
3 IR, LA IsoSHK-lip ()4 355 358 ( % ) hy i oy {L
A 1T A 525 A, i N T8 S8 58 B K F A
iR 4,

Hi Box-Benhnken 525 % i1 {1t £k 15 21 119 fix £
IsoSHK-lip il 8¢ 55 A7 B A 3 WK, B iE 54 43 A
JIAS SR AT S

iz

RE

2024 410 H %659 455 19 W
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Tab.4 Response surface design experimental factor level and

coding
Levels
Factors
-1 0 1
Lecithin-cholesterol mass ratio( A) 8:1 9:1 10: 1
Lecithin-isovalerylshikon in mass ratio( B) 3:80 3:90 3:100
Volume of hydrated solvent/mL(C) 20 30 40

2.6 IsoSHK-lip “F34 k142 \PDI Zeta ®. fL 89 0 & DA
BT A5 %

HUE Y TsoSHK-lip Fi] PBS #i B )5, FHUOERL
J& Zeta HAFNLE XS 53 o1 2 43 BT 3G 5 1 kLA |
PDI Zeta AL, A2 E 3 UK, sKF- 391K

TEZ MR AT, TsoSHK-lip 5% I 67 e i Gt £
B 20 wL IsoSHK-lip JE 2% T3 1B b, 8 ik S 45
JEE T 5T TsoSHK-lip YRGB W |, W B AR BT AR
BRI S min, 2ZJE e SRR HNAEIE AT E 2 min 1)
T2 AW R TR JE FE B T BE 3 i 20 L @
PR IAGEAIR (2% ) , B B¢ SCH5 8 I TR0 AE £ % 10 0K
T b ERE2 minfg Rk SCHRFIEE I EE SR | 2 min
W T 240, A 1. 5 mL EP 4 {547, TE 58
BT MEIHATIIR
2.7 IsoSHK-lip #& = ME#F %

14 IsoSHK-lip B2 TPH AR, T 4 C 17}
7, — JA Ja B, W58 s oA A T O R, I e
IsoSHK-lip ¥i 8 K /N, PDI, Zeta Hg {7, H) W H 52
EE.
2.8 HEAEL AT

“2.3.27 TR B 4y S5 56 B B R A GraphPad
Prism 9 R {F AT A0 FRAN 534 , HoA 53 S 96 5 R
F Origin 2018 DLk Excel 2019 BAFHEAT 73 Hrab B

3 8% B

3.1 [ & L%t IsoSHK-lip 4 £ % iy & v

3.1.1  R[A] EPC-Chol Jiiit Hp X} IsoSHK-lip %5
SR QniE 2 iR, 4% B EPC-Chol Jif i L 435l
H1:1.3:1.5:1.7:1.9: 1 4 NG, IsoSHK-lip
WA E % 4 Bk 81.29% . 84.68% . 88.05% .
91.95% .93.79% , 24k B3], 4 EPC-Chol J5i
SRR W IR U] IDREN DRSS /N~ oy [
ARS8 $EHL EPC-Chol JFi i el 9: 1 AT F—2 84

3.1.2 A[A] IsoSHK-EPC Jf % b X% IsoSHK-lip £

R A3 iR, 5 E 1soSHK-EPC 1) L 3
o 25572 2024 4 10 155 59 B4 19 101

Encapsulation efficiency/%
-3
&

80 T T T T 1

0 2 4 6 8 10
EPC-Chol(W:W)

B2 9y k- B 8 (EPC-Chol) JiT & th %t IsoSHK-lip 4, #}

EWY W n=3,x=%s

Fig.2 Effects of lecithin-cholesterol mass ratio on the encapsu-

lation efficiency. n=3,x +s

J31:90,1:30,1:18.7:90,1:9 il & Jg Jiz i& B,
IsoSHK-lip 1) £ 3 2 43 Jjl| y 87.15% , 92.65% .
82.71% . 64.29% | 66.00% , 52 4% F 3 B, 24
IsoSHK-EPC Jfi it bk 1: 30 Bl 45 1) i o {4 ful B 6
R 25 B NR AR SLB BE B TsoSHK-EPC i L o
1:30 47 F— B R LK

954
90+
85
80
754

704

Encapsulation efficiency/%

65

60

: - - : :
0 002 004 006 008  0.10
IsoSHK-EPC(: )

B3 R Bt & E X0 8k 8 (IsoSHK-EPC) JiT & tb Xt
IsoSHK-lip @ #H E &, n=3,x s
Fig. 3 Effects of isovalerylshikon lecithin mass ratio on the en-

capsulation efficiency of IsoSHK-lip. n =3 ,x =5

3.1.3  AN[A] HS fRFIX IsoSHK-lip i 5} 38 1) 52
W GniEl 4 s, SEBOK G BT PBS 4481 10,20,
30,40 .50 mL il & g B{ARET , IsoSHK-lip (43 35253
W 84.39% 88.10% 92.65% 91.48% 83.04% .
SHAEREH], IKE A BT PBS (AR 30 mL ] 4]
FHIPR A B R oK 45 F A, AR S5 pe UK
BT 30 mL #E47F — 2500

3.2 9 BT 3k TsoSHK-lip 4| % T % % % 3F
3.2.1  WERTE SCEGAS R ARYE R R IR 2
YEHL EPC-Chol it 1 9: 1 (A) \EPC-IsoSHK Jii & Lt
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B4 e Al R AR soSHK-lip & H £ 8 %, n =3,
xEs
Fig. 4 Effects of the volume of hydrated solvent on the encap-

sulation efficiency of IsoSHK-lip. n=3,x +s

30: 1(B) \HS {ABLH 30 mL(C) it mi bz i 572 5 A
FACE MG, 3k 4 P, R =R =K, ik

&5 Box-Benhnken L3035 1 7 % B Lo 45 K

BT Box-Benhnken M [ i 15 11 A9 32 L4 R 2R 7K
SE-HEAT 34T, Box-Benhnken SEE0 317 58 M S g 4G
RIS, L Design Expert 13.0 #4430, 15 2
EPC-Chol i It (A) \EPC-IsoSHK Jfi & [, (B) . HS
RF(CC) 533 (Y, % ) f e N 1 = R el 1
M5 22k, i3k 6,

ZAERI) P {H <0.000 1(P<0.01)(FE6),F
B4 30. 53, 22 2 2 0, X R B B A
Geit s X, 9 Hg BB K U P {64 0.430 9
(P>0.05),F {5 1. 15§ 3% A5 7 2 $ 04 R L
FERTE A e LN ENEY VB R CRRY SRIE VR E
FA SEEe 2R, AT 2 A AL 5 B 25 SR E A7 48 it
Oy, o gias & AB A® B? (CP BB, S
HHZEB =R BE, HMiBHZE A C AC BC 50
R,

Tab.5 Box-Benhnken experimental design scheme and experimental results

Factors Encapsulation Particle PDI  Zeta potential
o EPC-Chol mass ratio( A) IsoSHK-EPC mass ratio( B) Volume of hydrated solvent(C)/mL efficiency(Y)/%  size/nm index /mV
1 9:1 80:3 40 81.99 113.7 0.220 -12.63
2 9:1 80:3 20 83.85 113.8 0. 246 -12.33
3 10:1 80:3 30 84. 06 112.2 0.238 -11.74
4 8:1 100:3 30 87.69 113.4 0.225 -11.28
5 9:1 30:1 30 89.22 115.9 0.236 -11.85
6 9:1 30:1 30 89. 03 118.6 0.237 -12. 14
7 9:1 100:3 20 84.04 113.4 0.229 -12.24
8 10:1 30:1 20 84.36 114.8 0.235 -12.65
9 9:1 30:1 30 88.91 115.3 0.225 -12.74
10 10:1 100:3 30 81.23 124.6 0.267 -12.66
11 10:1 30:1 40 82. 66 111.4 0.237 -13.00
12 9:1 30:1 30 90. 04 113.4 0.229 -11.96
13 9:1 100: 3 40 84.95 113.4 0.231 -12.32
14 9:1 30:1 30 90. 60 115.1 0.229 -11.28
15 8:1 30:1 40 83.06 117.5 0. 240 -12.36
16 8:1 30:1 20 84.98 107.9 0.241 -12.08
17 8:1 80:3 30 81.35 115.5 0.231 —-11.86

BRI T3 % (Y, % ) 5 EPC-Chol [T [
(A) EPC-IsoSHK Jfi g bt (B) LA K HS fAFH(C) i —
WZ A )5 FE U F: Y =89.56 — 0.596 3A +
0.8325B - 0.571 3C - 2.29AB + 0.055 0AC +
0.692 5BC —2.96A> —3.02B> —2.84C>(+* =0.975 2),
BRI E MR L (14,727 2) , BRI 30, 5 72
PR E 228 r* =0.975 2 >0. 95, 2 A S E 55 1500
ELIRIAE w2 3 A A 6, B o 8 b 700 00 3K 5] 1 0
Adjusted r* = 0. 943 2, & WA 70wy 17 {5 (4 25 b A
94. 32% K5 T Fr itk A A8 fE, IR LR iR 22 BN, k-
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PG O PEAG 45 bR 9 47 & 230 2K, R W% [l
T RE BT & L PR ERAE TG O, A 72 B 5 f B
Z IR O R B 2, W] DL AR X TsoSHK-lip
B B AR GEAT 3 A B, AR 3 AP X A
B 5w R /N I R EPC-TsoSHK BT 4 [
(B) >EPC-CholJiiit [t (A) > HS {AFH(C)
3.2.2 =HNEXT IsoSHK-lip 35 R T AEH
I 5t EPC-Chol i & . (A) (EPC-IsoSHK J&i & Lt
(B) HS fAF(C) =P R XS IsoSHK-lip i £} 32 1) 52
AR PR T e R T AT RRAR 23
rhE 242 2 ks 2024 4 10 J 55 59 55 19 1)




*x6
Tab. 6

o R TE R R ] A Ay 2 AT R
Response surface quadratic model regression and

analysis of variance

Sum of Degree of Mean

Source F P
squares freedom square
Model 155.84 9 17.32 30.53  <0.000 12
A 2.84 1 2.84 5.01 0.060 1
B 5.54 1 5.54 9.78  0.016 7V
C 2.61 1 2.61 4.60 0.069 1
AB 21.02 1 21.02 37.07 0. 000 52
AC 0.01 1 0.01 0.02 0.888 0
BC 1.92 1 1.92 3.38 0.108 5
A2 36. 89 1 36. 89 65.05  <0.000 1%
B2 38.34 1 38.34 67.60  <0.000 1%
c? 33.84 1 33.84 59. 67 0.000 12
Resdual 3.97 7 0.57
Lack of fit 1.84 3 0.61 1.15 0.4309
Pure error 2.13 4 0.53
Cor total 159. 81 16

T GBI, D P <0.05;2) P <0.01,
Note; VP <0.05; 2P <0.01, us model group.

WA S Frs, 45 w2 S B0 B R B E , OF HL
3D i & 5 B0 R A, B & EPC-Chol Jii 4 b
(A)F1 EPC-IsoSHK Jfi 2 H (B) iy 88, i 5 1A 11 £

Encapsulation efficiency/%

33.33

3222

3111

30.00

EPC-IsoSHK

28.89

27.78

85 9.0

A: EPC-Chol

9.5 10.0

Encapsulation efficiency/%

A: EPC-Chol

BRGARRIGAZ/N, MK S B, AB /Y P {HN
0.000 5(P <0.01), 71 EPC-Chol i &kt (A) il
EPC-TsoSHK i &kt ( B) % TsoSHK-lip f 3 2R f) 38 5.
VERI .3, 24 IsoSHK-lip 3 ¥ A-B i 8.82: 1
I AP AE AR AL, 32 A2 PR OB [ e ] 384 Jon g Joi 4 i v
XU THES Y SRR, B BN AEE AR B /R, B
6 [ Pt 8 ARG B 9D, AR AR TR B i R B, i
JETAA R ) I PR R AT, G2 T AR A, BT 4 2 1) 24
o, A0 B, {5 BE A BN A Rk — 2D 3G O, R
WL G3F PEAS KRR RO 7 PG K, 5B %
SEER TR,

IR 6 fizs, 55 m 2ok S B A BRDE , {H 3D
oty ] S B IR, anER S BT, AC 1 P AE R
0.888 O(P >0.05), 7 1] EPC-Chol i& kb (A) il
HS fAFR(C) X} TsoSHK-lip £ ] 32 (1 52 HAF HI I A
B,

WA 7 iR, S5 m 2o 2 B B AR Y, {3 3D
oty v P B AR A gk S R, BC 1 P {HH
0.108 5(P >0.05) ,7H] EPC-IsoSHK Jfi g . (B) #1
HS {RFH(C) XJ TsoSHK-lip % 3 1) 52 B.AE I 3 A
w3,

8.0

B: EPC-IsoSHK

21
10.0 26.67

B S EPC-Chol T &t (A) 5§ EPC-IsoSHK JiT & . (B) xf IsoSHK-lip & £ % (Y) By % & £ [ fn = 4 300 @ [
Fig.5 Contour map and 3D surface map of the effect of A and B on the encapsulation efficiency ratio (Y) of IsoSHK-lip

3.2.3 HEEERIFSLE 8T Design Expert
13. 0 2 AF P ) Numerical {54 AR H TN TsoSHK-lip
Al il & % 1 4. EPC-Chol i &t [ty 8.82: 1,
EPC-IsoSHK i & [t o 30.65: 1, HS & FH & 29. 22
ml.. $ie H B 5, o B i EPC:90 mg, Chol; 10. 20
mg, TsoSHK: 2.94 mg. # Bt 0 1 % % 14 1 4
IsoSHK-lip, ] 15 IsoSHK-lip Ay 3 YK 4 5 &K Ny,

T E 2522875 2024 4 10 H 55 59 55 19 1)

90.06% . 90.26% . 89.75% , ¥ ¥ 11 & X R
90. 03% , A £ 2R FHMAE Ay 89. 72% , F5 br 1 S {4
EHUNAE RSD A 0. 24% , 3% B 122 455 70 T 00 /1 T ¢
PEATE R I L2 RRE AT,
3.3 [IsoSHK-lip # & M7 %

FHBOCRLE Zeta Ho A7 F12 %] 531 o1 5 53 By
A 5 e il o 20 A 3 Uil 4 1Y TsoSHK-lip 1)
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Fig. 6 Contour map and 3D surface map of the effect of A and C on the encapsulation efficiency ratio (Y) of IsoSHK-lip
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Fig.7 Contour map and 3D surface map of the effect of B and C on the encapsulation efficiency ratio (Y) of IsoSHK-lip

Hife . Zeta WL A, PDI, B8 A — J& 5 I &
IsoSHK-lip kLA  Zeta HL AL PDI, 41 7 Fi7w, A
[FIHEK 1 IsoSHK-lip [ kA2 B ARG 2 T 117. 48 nm
47, PDI 4941y 0. 246 , Zeta H {37 ¥9{H Ky - 13. 59
mV, T EH,3 #R[EA IsoSHK-lip ¥ HA
AT E R, HRE T 90% A2 4, kits f1 PDI 45
/No FE4 CHE 7 d J5, AR IsoSHK-lip [ kL
12 PDI L) Je Zeta WAL SR/, B R FRE , W
IsoSHK-lip 71 4 CHitE 7 d JataEtE R4
3.4 IsoSHK-lip By 4p T &

IsoSHK-lip 3% S5 L BE ML 45 R ILIE 8. 18] 8A Oy
i ) HL 0 UL %% TsoSHK-lip & (K JE 25 1&1, il %% 1Y
IsoSHK-lip X 2285 Ay 3 B JE 19 A AR DU T AR, 38 4 422
BE BAMGIRE B KN — B8k R 7R

- 1850 -

Chin Pharm J, 2024 October, Vol. 59 No. 19

RERBLG, nlHEJE i T ad UE 7 /e — 2 i A, R
AR SR BT Hh A 2R A7 BB B I, B U 6 T2
L IE BT A e , dL A n] BERE PR O I A H A
oo T A A TR 32 TR o 7 i SR 0T 50 vh itk AT 22
JT I 5%
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S AR 1 RONR AR 22 52 450, i I R WG B ) o5
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RT TREHMA IsoSHK-lip 7 d W4 CHEREWLERIL
SE

Tab.7  Summary of stability results of different batches of
IsoSHK-lip at4 C in7 d

Stable at 4 C in7 d

No. Sampling Particle PDI Zeta potential
time/d size/nm index /mV

1 0 117.6 0.247 -13.6
118.7 0.234 -13.2

117.5 0.251 -13.9

7 118.7 0.242 -13.1

117.3 0.248 -13.0

117.9 0.248 -13.6

2 0 116.7 0.238 -13.9
117.6 0.255 -13.9

117.9 0.250 -13.3

7 117.9 0.249 -13.2

117.5 0. 260 -13.0

118.6 0.252 -13.6

3 0 116.8 0.234 -13.6
116.5 0.257 -13.7

118.0 0.249 -13.2

7 117.9 0.238 -12.9

117.5 0.242 -13.3

117.2 0.254 -13.2

A - IsoSHK-lip JE 25 ( x 10 000) ;B — IsoSHK-lip PIERZEFIIE ( % 50 000) .

A — TsoSHK-lip morphology diagram( x 10 000) ; B — IsoSHK-lip internal structure
diagram( x50 000).

B 8 IsoSHK-lip % 5t & 4 K

Fig.8 Electron photomicrograph of IsoSHK-lip

I R EL 28 FF 46 15 BN AT, 32 240 45 3 75 A2 7
BREEIRIT e R A0 1 A 500 45, B R 5 R D)
EHHRFNB AL N TR R R AT EY
MK, 7K b oy OPE 22, % 8 ol & LR LB
NS &P i R i I S - S
e L A HEAT 2 B IR ST . AR SRk R
RATAY) 1soSHK i % B A , fift ke T 1soSHK
TR I 1 ik — Bk o5, A B4R i 1soSHK 1 A 4 A
.

Il I A ) & T 2 1) 32 8 X T R R AR £ AR
ik AR K R, A5 T I B — S
rpE 2527 Ak 2024 4F 10 56 59 455 19

RRAE 25 9 1 P TR L) B I 25 H B ke pe i . Su 5
R T ST A A i) £ 5% B R A U AR T Ak LA R ik
bS8 R 2R N A, 2% 19 Bl o A R K B ) 2
REBER K SERENAL IFHAEEBTRN
M FOEMEE . P LAA B9 2R FH R 43 ik
il £ S I3 Bk 25 HE IR A4, I I A ik RT3 AR
ZENGIR, Gl 75 b BEE 15 2 RS g A, B
P e AR 1 24 00 10 O A 1500 245 1y ) RS e 2 R
AYFI B, I LR 98 98/ F 25 OB A 25 24 37
PEEITR A  AR BE  al R R AR B
s L U8 DL RO 7R R AE O ik /N g AR
GV

S — Bl U i 590, B T A B AR A I R bk
PR T AF 7 800, 1 e A T R
1§ DB 7 N (Y| T % N I e 1 s s S R
FebR 2z — " T L 2 X ) T 1 30 R )
R R G m e s AR AR
SRR B Ol B A A T BT AR 1 T b R
F HAE 28 3 A2 Ao A — % = B9 JIH 5 B, B 5
IsoSHK-lip fAg e M, vl 2 i ot 44 11 3, AR 25 9

TERR BT 28 o 7 oK G A I R PR — 1
RE LR G KGR & B2 s
BRI AL 3 ABE ST AR B A B 3 R AR i
PEEL T A:EPC-Chol i It .B:EPC-IsoSHK Jfi & [,
DL K G HS (RFRAE Ry S5 3 AN RIER SR AT iz T
P} TsoSHK-lip (14l 85 5 s e AT Ak , 505 1 o
FEM 45 T4 R : EPC-Chol JiT g [ty 8.82: 1,
EPC-IsoSHK J&i & [t & 30.65 : 1, HS & fH >
29.22 mL, R IR SRAR ] EE A A% 3 AR A
3 ) £ BRI N 90.03% . LA L Iy 3 il 4 1Y
IsoSHK-lip %7 & 2 € 7 116 ~ 118 nm, Zeta Hi {if
b =13 ~ =14 mVZZ47,PDI K 0.23 ~0. 25, 30 4k
R TsoSHK-lip R F2 5 /)N, PDI $8 508 A1%, I H.
IsoSHK-lip [ %1k 5] 90% L I, % B % i5 i &
Sy R4 A A .

25 LRIk, A S0 S 0 I 25 B 2 A A I O
K et ORE % B DL S RS R gk AT 2 5 I X K
Pk S8 B R R TR 25 FUIR IR S It 28 R 28 1Y) 4k
KA HEA TR, R W] S B 5 B 2 7E 518. 5 nm 4k
A IR, I HRR TR AR X S 50 25 B R 1Y) 5%
SRS TCTE M, 2 J R e o T AL A6 125 % IsoSHK -lip
H il oAl AR S il & T2 T E
BIGUE, I AT IsoSHK-lip (k42 \PDI Zeta HL A7 DA S
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