¢ 3 # Chinese Traditional and Herbal Drugs 3 49 % %5 13 201841 A - 109 -

2 RSN B ILERBTAA RIS BREkeI L 5 TEM R K EREFMN

A o, EEet F 4L REA, 5k &, BRER' EHxm "
1. YLPEHEEZ RS B ZHIIE HE SRR =, 17 M8 330004
2. LPEEF WO ANRER ZFE, 17 5% 343000

# OE. B RAEAEIT-SNEE (CCD-RSM), BLFERiR. KRS (£08IE%, PDD K Zeta Ml LG
br, WHERETHRMRPMER QLMD BFEELTT, T REWN. 733E  DCFRAE. PDL. Zeta HALAIFMMTRFR, %%
EIUIBEIE R, MR AR, KRG SIS RN E A X ILM AR . A B s 5 R R 22 1A
ECFE R R, ARIEPN R IR AEBCF SRR L N, SN VAT AR 7, FREAT T 24 o 42 BRALAG H SR ) 4k 7
e ILM, SFHEE MR RN TR . R RAERREL T NER B 1.5 g, W& 188 0.35 ¢, EFHPEE
NENTER H i fiE (MCT) 10 g, tRAkALTy &HEFRA B ARE T . 2 BRI AL J7 )46 ok 1) ILM (W P 5kiAR 2 (165.00+0.22)
nm, PDI 4 0.058+0.070, Zeta FAf7 N (=30.10+0.13) mV, GHFLHK 90.09%, HAEN 1.0 mgmL. £5i¢ ELS&iT-
ARSI 20E T R Bk it Ak Ak, B e B AR B T R 4T ARAKJE Y ILM A& 2715 K
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Technology research and quality assessment on prescription of imperatorin lipid
microspheres by central composite design-response surface method
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Abstract: Objective To optimize prescription and evaluate the quality of imperatorin lipid microspheres (ILM) by central composite
design-response surface methodology (CCD-RSM), therefore to use the mean particle size, particle size distribution (polydispersity
index, PDI) and Zeta potential as the primary indicator. Methods Mean particle size, particle size distribution and Zeta potential of
lipid microspheres were measured to investigate the effect of the concentration of egg yolk lecithin, poloxamer and percentage of
soybean oil in oil phase on the properties of ILM preparation. Mathematic relation between indicator and factor was constructed by
binominal fitting. Then the response surface method according to the best mathematical model of evaluation indicators was used to
make predictive analysis of the best prescription. Optimized prescription was used to prepare ILM and evaluate its quality. Results
Optimized prescription was egg yolk lecithin 1.50 g, F68 0.35 g, and MCT 10 g. All items of optimized prescription were similar to
target values. According to the optimized prescription, mean particle size of ILM was (165.00 + 0.22) nm, particle size distribution was
0.046 £ 0.070, Zeta potential was (—30.30 + 0.13) mV, encapsulation efficiency was about 90.09%, drug-loading rate was 1.0 mg/mL.
Conclusion Due to the better predictability of constructed mathematical model, CCD-RSM can be applied to optimize prescription
of lipid microspheres and the optimized ILM meet pharmacy requirements.
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KRR A 2802 — Fh 2k PEMR I B & R RIRTEVE AR
Oy, FERJEFR A, BRETH . MR, g,
b S, MAEEY) . DAL 2RI 7T 3R B WK
RAEVRIT DM . P PURES T A A 2
ZE XN, GnfEsk, EWNANEZHERIRGERGT R
AERZIE IR T Mcl-1 & (ARG SR gn e it E v
N R FE B e LA B 3 266 b e 441 P P 22 243 it 24 R0 1
FAR®, X B R B 5 2 — R LR 251
HA RPN AT BTEATHRKEEZE,
MR TR R, i ERAR A 25 A LU I, B
AU TS R o SCRRBIF 70450 R AT A R 7R K
R Y IR e st AR FEAU A 7.20%), 25
J%, S M AR AR O,

fg FitdiEk (lipid microspheres, LM) J&4&524
VDT RE e R 2 i LA 2 BT KR R —
FPEIRIAZ/NT 200 nm IR A B R . AEA—
Tl R 2563 R 40, LM Refg i m et 264
(RIVE R, SN2 se s SEm B AL M AR
RN BRI 25 IR e s PR 2 S 3
BEER; CEKAMEARNTIEZY, —REAYE
VIR A S Y, S BV I 25 B AR (R0 S 4
o AN SR RR AT 2K PEZE, BV PRI 1y
PE, WIIEME TS A, SR 5% AR YAE
M5 2 AR OB IR R N AL, 45 Egik
FMFEA, RHE B8 (CCD-RSM)
RACRKET S Z AR FUMER (ILMD) 4675, FFxtib)E
(1) ILM A7 BT VP, ARSI ILM AL 77 Fi T
2T, DABARR AT A 2 BRI A5 IR R
FH B35 B Al
1 M8

Agilent1260 &R IR, ZHECRHE AR
A F]; Malvern 99K KE FEAX, 9 /R 3CA ] 10BC
FUAHL, FHHENPUR L&A R AR HF6A %
SKBEDTINASEFERS, WNERERAIRAF; @k
YJFEAL (Panda plus2000 = KK JE € Niro Soavi 2
FD, THIURT R AR AR ; FEIQuanta250
e, £HE FEI AF); PHS-3C ABURS% pH it
R E R A F

RRETEHZR 5k ZG, #ib5 OQHS20170508, 7%
REFAEMARAT, BRI 98%; KA HHF X
it LR 24 A B TR, 1S 110826-200712,
JE S =98%; SR (LCT), ZRIgdbir
MARAT, #t5 y11030103-2-01; VEH A+

BN TR H R (MCT), #t5 940031, ZkI4IETE
I PR ] RS MRS (5 204352-1),
EH AR E80 (L5 510300-113404819015), L
R MAEDRHA AR ES W, i
AR, #ES 20160601 JHEVLME 188, i
BERHHCAIRAR HEE, @ika, BRIRMAT
— s SR, Bl HAREH A Al

2 FFERER

2.1 BERIWEkAIHIE

2.1.1 ILM & LM RHEEFLE il R
BH K FH il R LA S T LI R BT o AR
FEARME T e NIR A HAEA 10 g(LCT-MCT 1 1),
HIOIEN 1.2 g, KW 03 g, HIH2.25g, M
FR%H 0.03 g.

K FH B AL 28925 25 2 4] 7L ) % FLAK IR FE 40 il 7
50. 60, 70 80 C, BIYI# A 7354 13 000+ 16 000+
19 000, 22000 25 000 r/min, BT a]4350H 5.
10+ 15 min BTG BUERRAR RS DL . 45 R 2o,
LR 60 CHF, BIYIEZY 19 000 r/min
KRR RIS 10 min I, GERSIE 2S00 2R o Af ]
ZIRRIFLAEFLALHLF L 19 000 r/min Fi{$E 10 min J&
R, AR E BE PR BT R J7E 600, 800
1 000 MPa, %537E 600 MPa i, itk fitik 3]
3K, HEEE BRI Zeta FEAL S 1T R B
/No 7E 600 MPa 73 7lfE¥S 2. 4. 6. 8. 10X,
SERRH, I 6 IR RIAZ R/, 8 IRE 10 IRITHL
BMZEA K. B, Bk 5 R 7128 600
MPa, & 6 K.

2.1.2 ILM Wfil% R EE INEEIE AR 100 g R
A (LCT-MCT) H, 7E 60 C&MF FhitEE4
HIEARE N 1.0 g FIRKRTEAZR, Bidks], B v
Ao ESFH . TREREN . RIS VDA 188 43 ET 800
mL JES K, 1E 60 CRREWE, 1ENKH.
TR AW AR A ZZKAEH, T 19 000 t/min
P4 10 min, #hFEVES /K 1000 mL, HEIWIA .
WIFLIE = 35 600 MPa R4/ 6 X, £33 &1
— IR AR5 HERE T AR BT, 7%, 100 C
R K 40 min, EJ7S ILM. [ H148 ASEINRKAET
FHZR B EIR PR (BLMD .

2.2 BREMAREEMNESE

221 EIEFRMA % (PEZAM) 2015 FRR—H
52 B E A1 P RRAT R A 2 AT AL A
TEMRATEH R A RS 25 Agilent1260 & 3G
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1%4% ; Phenomenex-C s #£ (250 mm X 4.6 mm, 5 um);
BN ELF N FEE-7K (80 & 20); A&l K 300 nm;
i 25 C; AR E 1 mL/min; #EFEE 20 pl.

iRt 2R, RICHT 20 IR A (A) W BLM
W (B) ILM W (O i, WK 1,

222 ZMERRFEE K2 FREUER AT EH 200 1A
14.77 mg, H HEEE %5 2 25 mL &3 fc il Al 590.8
pg/mL XTGBT R 2 il AR A 14.770

7.385. 2.954. 1.477. 0.738 5. 0.369 25 pg/mL R
X R ) 0.22 pm TlALBEREDERT, $2/R“2.2.17

LGS IS
A B C
4 5 6 7 4 5 6 7 4 5 6 7

El1 ERETHARMR&EIAR (A). BLM AR (B) #ILM i#iK (C) &1 HPLC Eig
Fig. 1 Specificity HPLC of solution of imperatorin reference substance (A), solution of blank lipid microsphere (B), and

solution of ILM (C)

TR B s 2T R, DA (O S5FE
WREE (O HHATLRYERNA, 1520 RKATE 2 B ENE 7
TN A=28.205 C—10.001, r=0.999 3. 45REW]
KR 2 R B IR EAE 0.369 25~14.770 pg/mL ik
M2 RIFIZITE SR,

223 KAWL K. . m 3 MEREIRER
KK AT B = AR S E R (0.369 25, 1.477. 14.77
pg/mL), R IR O SR AR LI 6 IR, sk
FE3d, lic gl 45REWH, HNRESER
RSD 434 0.956%- 0.574%-. 0.123% (n=6), H
[E) R 25 FE 1 RSD 205104 1.752%- 1.126%- 0.831%
(n=6), RIIEIIREHE R

224 FaEMRE HCILM (1.0 mg/mL) 100 pL
# 10 mL &), HREEREBZIE, 557 0. 2.
4. 6. 8. 10, 12. 24 h I 3% M8 ik (il & 0Hdkpe,
ORI RN, 415 H RSD 4 0.45%, FIAMLIAM
TIRAE 24 h AR PE R .

22,5 EEMRE  BUILM EES 54, I FEER
L AR, IR R g AR, 10
WETHIAN, 2015 3L RSD {H N 1.42%, REZ7EE
BT,

2.2.6 INFEENGERIRE  RSEER 9 7 5 mL BLM
T 100 mL =X, 7R 3 K, R R “2.2.27
Tiieb 0 B E BR 0.677. 0.8504 1.000 mL JIA %%
HENF, HERBEIFESR, 0.22 um JEREDL)E,
PRI IR AR A AT B E, Il ik A
AR, THEAFF35 [FIUSCR N 100.29%, RSD 2 0.01%.
2.3 CCD-RSM fiift ILM B4k /5

231 HESKFHME @t scmk, kL

AR 2 sL a0 g B R R & imA (LCT-MCT). &
YN ES0 ATV VDU 188 1B B 1] 77 L T
M BRI R . TRIR RN BA DR 2R SI2 0 A 5 1A 9 AL B
N 10%, W N 0.05g, Himk 2.25g.
LLFHki4E . PDI. Zeta HLLLNIEMHEHR, &
OB AE & (A, WY E (B). LCT
A B 20 EL (O X ILM (IR 5E PR ALK,
Hifie LHEEEN A 1.0%~1.5%, B 0.1%~
0.6%, C0~50%. KM 3 A& 3K, EEFKF
WK1, LIRHALE R IR 1,
232  HdEibPE A Design Expert8.0.6 #fFit
112 Rk WEL EAE, HREFRT: P
K% =542.56—338.94 A—539.57 B—2.05 C+264
AB+2.28 AC—0.38 BC+64.32 A*+189.39 B*—
14.64 C*, R*=0.813 4; Kif53 47 =0.699 44—0.652 37
A—0.443 83 B—16.69 C+0.278 67 AB+13.912 AC—
5.113 6 BC+0.147 33 A’+0.056 668 B*+2.838 8
C*, R*=0.9489; Zeta H1fi.=—-0.480 14—73.990 26
A+49.913 8 B+0.480 73 C—39.599 87 AB—0.680
ACH+0.365 33 BC+38.813 4 A*+0.146 73 B*+
5568 5C, R*=0.7797; & TF/r=-104.409 48+
206.685 35 A+170.716 69 B+1.368 91 C—95.493 3
AB—1.175 87 AC+0.329 47 BC—50.267 05 A’—
40.533 63 B*—4.459 35 C*, R*=0.926 3.
RS2G4 H B RLAR AR AR 4 A R ]
RERI/IN, Zeta FALLHILSHER ATRERIK, LZEEVED
JRTTRER o B A A AL, SR X R 2K
K N 35 UNRAEAE 1.50 g, 1% VDU 188 0.35 g,
MCT 10 g, Hi 2.25 g, IR 0.05 g A Design-
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Table 1 Central composite design and results
s A% B/% C/% Bk /nm PDI Zeta Ff7/mV LREVEIY
1 1.25 (0) 0.1(-1) 0(-1) 194 0.105 -28.5 80.0
2 1.0 (-1) 0.1 25 (0) 262 0.164 —41.0 60.4
3 1.25 0.35(0) 25 188 0.095 -39.5 85.4
4 1.25 0.35 25 187 0.087 -36.2 86.4
5 1.0 0.6 (+1) 25 174 0.078 -26.5 88.8
6 1.25 0.35 25 177 0.080 -35.0 89.1
7 1.5 (+1) 0.6 25 168 0.065 -33.0 91.9
8 1.5 0.1 25 190 0.082 -37.6 87.3
9 1.25 0.6 50 (+1) 183 0.061 -38.4 92.6
10 1.0 0.35 50 173 0.080 —28.0 87.2
11 1.25 0.35 25 174 0.077 —34.8 90.1
12 1.25 0.6 0 168 0.078 -32.9 90.6
13 1.25 0.35 25 187 0.082 -39.3 88.0
14 1.0 0.35 0 182 0.135 -32.3 76.9
15 1.5 0.35 0 165 0.058 -30.1 94.8
16 1.25 0.1 50 219 0.133 —43.1 73.8
17 1.5 0.35 50 213 0.126 —42.8 75.7

Expert 8.06 HCH-45 21 (14 ma 57 i 1 WL 2.

233 IRAEATTRRAE AR IET A A T AT AT
3 RSEN, SRS STNME L, RYTEILH S
TIRETE R4, SRR 2.
2.4 RALRTEHIER ILM REFMN
TEAWEE S RIZKE ILM FRE 100 £,

241

447K B /nm

Zeta HL{7/mV

WIS EG L, BAETERS, HRERsRENE
(SEMD, 255 ILE 3. 25 R HIA3 R ILM Gl %
BRIR, H RN —.

2.4.2 kif2. PDI J Zeta FLAZAGIE  FHIES K
B ILM #fE 2 200 mL, JE%1)5H Malvern 40Kk

FEAC 2 HoRiAt . PDI M Zeta FEAL, 455K 4,
[ il

2 WREEE

Fig.2 Response surface map
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Table 2 Comparison of predicted and measured values

LEE Il kiff/nm PDI Zeta BLAI/mV 2551
FRIE 152.00 0.051 353 97.17
SEPIME 165.0040.22 0.058+0.070 —30.10+0.13  94.80
WZ/% 8.55 13.72 14.73 243
L
9 b

3 ILM & SEM
Fig.3 SEM figure of ILM

A
1 10 leO 1 000 10 000
FifE/nm
B
-150 =50 50 150

Zeta HLA/mV

4 ILM BRIRSH (A) &K Zeta BBAL (B)
Fig. 4 Particle sizes distribution (A) and Zeta potentials (B)
of ILM

HAPERIAE N (165.00+£0.22) nm, PDI A 0.058+
0.070, Zeta LA A (=30.104+0.13) mV. ME 4-A
d] DUE H ILM Bk /N B A5l —BiAA,
Zeta FEUAL L XHE KT 20 mV I, 44 & — 24
SEMT, UL ILM B e .
243 ILM #HZENE B 1.0 mL [ ILM, JiHE
BEEZY 4 100 mL, iR HETRSIBDIHFE SR RS % AR
HURR AT SAZ 0 RS, I RV AR, ) Bl 10 pg/mL
ST IE AR . A% IR “2.2.17 TR IR S A HEAT 2
M, 855 5 4t ILM 132552 70 514 1.01.1.00,0.99.
1.01. 1.01 mg/mL.
2.4.4 AEFRNE CGHEERSOE FEEER
1.0 mL /1 ILM T 1.5 mL Eppendorf &, & T %
BLHL, #E4 °C, 14000 r/min 21 FE O 1h,
BT ZP AW, 0.22 pm MALIEE e, AT
Hil% 5 0, FEER “2.2.17 TR BT HPLC
R, B0 RE T B S HERE 3 0K, DI RKRT R AE LM
RS R EIRE (Co) BARAE KA A 1 it & 9K
(Cy)s IR AHE=(CoVo— Cw—Vw)/CoV,
He, Voo LM BIRRL, v NAKARBIAER, kit
AR, 458 ILM MEHEERS 58 90.75%.
90.24%. 91.38%. 91.05%. 91.12%.
24.5 LM BKEIRREMEScne 9% 3 #RE, %
SERFAT ILM E 6 ™ H KR EE, T o.
1. 2. 3. 4. 5. 6 AU 3 4, 43 alillsE ILM |
Kife BifEsrAiy Zeta AL, MBS BEE, 5L
e RN 3.
3 g

AN SZI6 R i IR A 4 T ILM, B R,
RiAR AT 5] RE BUMER B R 1M e A IR 2,
LA BIEL . BRI RO i
BESE . HIEIETIE AT, HEIEL, —&iEH

#3 IMAZETHKIRELER (X £s,n=3)
Table 3 Long term stability of ILM at room temperature (X *s, n = 3)

i E)/ A $i % /mm KLAE 53 Al /am Zeta Hf7/mV W E/(mgmL™) L3 5/%
0 165.0+1.3 0.058-0.003 -30.14+2.1 1.00+0.08 90.90+0.44
1 160.0+1.4 0.062+0.004 -32.6+1.8 1.02+0.04 91.20+0.37
2 159.040.4 0.060+0.002 337424 0.96+0.10 92.40+0.74
3 162.040.9 0.056+0.001 -31.8+1.6 0.99+0.07 90.50+0.89
4 163.0+1.2 0.0620.018 —-33.5+5.6 0.99+0.12 92.50+1.27
5 165.043 .4 0.059+0.022 347437 0.98+0.18 90.40+0.77
6 164.04+2.9 0.067+0.009 —32.8+2.1 1.04+0.07 91.70+1.11
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TREVE LR ER 0 &, (HFTH L E 2
A UHEFE i, MO AR BT R
e, 2205, (HprRRm A, — R 10~24 h LA
FH S8 LM i rsiRtY . R R
WA R RS D, (HIFETEL, BdE ket
P PRS2 MR, HAERE B R o,
JIRL R kR 5 o e P L 38— s R Tt T
OEAMURE R X e ), B B ABRAIER S, 4
e FLUREHE A s 1O R, AR 2 R i
VI E AZ R BRI R R

BBt RIEAZ ¥t 2 29T 7E . h 2
L FEHEE T R 2 A SiR vt U5 ik
B SIBEAIERZ LA i 2 21 pirie VA Y 1
PR, AR R R BUE T 17, TEiRRAE K
18, HAEFTR R BRI T AR BN 5 $
AL T O 2 e KU s B R B T A vk
HA MG — 4k, IERR @I EFf, s
Bort A, WD, IR, Jfd
HATFZHE. ZAFRRR,

AW FEA i I 8 Bk i 4 ILML, - BUREAR
PDI. Zeta FALAEZSENR, WUNBEAGE (AD,
VEVE VDU FH B (B RS i AL B 2 B (OO
NHEARR, PR RSN RS 1 AU AETT )
Hepi, RS R, HA R aE
R 2R AR 25), TG 45 AR B AR K
B ARIEAN 1.93 pg/mL, ARSI K I i) 4% Bl
i 5 SRR AN RE % DR W 20 S R 28 (O i 1k
i H T Gy AR A AL 29 E T, T R RES
PR R VR AT AN e 1) RS VR TR S VAR ) A
e NIRRT FUR AL BA BURIER, T
A B SO M B DU R 2590 o
SE
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