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Optimization on preparation of Saussureae Involucratar Herba extract-composite
phospholipid liposome by central composite design-response surface method
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Abstract: Objective To optimize the preparation of Saussureae Involucratae Herba extract (SIHE)-composite phospholipid
liposome (CPL) by the central composite design-response surface methodology (CCD-RSM) and to investigate the in vitro release of
drugs. Methods The method of ammonium sulfate transmembrane gradients was adopted to prepare SIHE-CPL. The single factor
experiments were used for the key experimental factors and their test ranges. Based on the single factor experiments, with the size of
SIHE-CPL, polymey disperse index (PDI), encapsulation efficiency (EE), and Zeta potential as dependent variables, central composite
design was adopted to optimize the preparation technology by taking the content of phospholipid and the content of cholesterol as
independent variables, test results were fitted by multiple linear and binomial nonlinear equations, and optimum formulation was
selected by RSM, then the in vitro release behavior of the drug was studied by method of dynamic dialysis. Infrared (IR) spectroscopy
and X-ray diffraction (XRD) pattern were used to analyze the spectroscopic properties of SIHE-CPL. Results The second-order
polynomial equation was superior to the linear one, the observed values agreed well with model predicted values. The optimal process
conditions were as follows: Size of SIHE-CPL was (102.7 + 5.1) nm, PDI was 0.154 + 0.017, EE of chologenic acid and rutin was
(87.68 £ 2.57)% and (84.18 + 2.97)%, Zeta potential was (—28.4 = 2.2) mV, SIHE-CPL and solution of SIHE were both accorded with
the first order model, and IR analysis and XRD proved the formation of SITHE-CPL. Conclusion The size and PDI of SIHE-CPL are
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low, the EE and Zeta potential of SITHE-CPL are high. CCD-RSM could be successfully used to optimize the prescription of SIHE-CPL.

Key words: Saussureae Involucratae Herba extract; composite phospholipid liposome; central composite design-response surface

methodology; in vitro release; infrared spectroscopic analysis; X-ray diffraction
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RS = g2) 1R I 7 PN T AN 1 2 ) R B S A 2
A PR B4 HT AT CE SRl OE 4R LY
(Saussureae Involucratae Herba extract, SIHE) H' 3=
TR o SRR IRAN T, (- STHE g
PEAN T FUIRS 2 . AR BEAIS, AT 50 24
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2.1 FEFEER. FTEENE

211 WHESEE IR BRI T R
W, REME, B 50 mLAEEmT, I s
ZIRE, IS SR IER 52.5 pg/mL. T 50 ug/mL ()
TRERESW, BA), 2022 um JEAENERL, &H.

2.1.2  SIHE il K5 % FRE SIHE 10
mg, & 10mL &, MARERmBERZIE, #75,
£ 0.22 um JEMIEL, .

2.1.3 SIHE-CPL MLl Il & F5 % X
SIHE-CPL %% 1 mL, JIA 1 mL #BE5 (Jo/K&
fE-SENEE 12 4), S Smin, $24), £20.22 um J§
g, EPfS STHE-CPL fH:l i i«

2.1.4  BIPEXTFEAE A A RS I B
CPL ¥ 1 mL, I 1 mL BT (/K L -5 A
BE 10 4), #7H Smin, $85), £ 0.22 um JERIETT,
BT 75 93 S A ot VA

2.1.5 {0if4fF  Kromasil Cig A1 HE (250 mmX
4.6 mm, 5um), VBIAHHA LNE-0.4%BER KR,

B BEVEE : 0~13 min, 10%~12%Z.fi#%; 13~40 min,
12%~15% i : KrilliEei 353 nm, A 35 C,

ERALE 1 mL/min, AR 10 mL. 2855~ T
TR . SIHE At % . STHE-CPL fit
TR BT R ot v v P i P DL 1
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Fig. 1 HPLC of mixed reference substances (A), SIHE
sample (B), SIHE-CPL sample (C), and negative controls (D)

2.1.6 ZVERRFELEE KB WIUR A0 FE i 5 T
0.25. 0.5, 1.0, 2.0, 4.0, 8.0. 10.0 mL JilFH EH
BEZE 10 mL, 0.22 pm MFLIERIELL, HPLC yEdtFF
Mg DL (O AR R, WEHAL (4D H
YA KRBT LM 1, 152 SRR (A1 U T Fi A=26 288
C+722.56, r=0.999 4; £ ] [A[HJ7FE 4=23 243
C+6104.6, ¥=0.999 7. 45 KW, ZRIAPRAE 1.31~
52.5 pg/mL. 7T 7E 1.25~50 pg/mL 5 HIFR 5 R
TFIZME G R

2.1.7  KEERLAEE B, ey SRR AL
SRR TN RS (1,315 26,94 52.5 pg/mL
A11.25. 25.6+ 50.0 ug/mL), H HPLC 7A7E 353 nm
NEELENE 6 IETAR, THEH WK, 2 RITE
5d WA&ERH] HPLC M iR, v 1 TRORG 3% L
SEIRRAE TR e & 3 NRRIRE R H RS %
FE RN 1.22% 1.41%. 0.76%; | RS 25 1 53 5]
g 1.47%. 0.85%. 1.52%. iR BRI Iks 2
ARSI

2.1.8 FaE s WA, %2157
RO &AFE 00 1. 20 4. 6. 12 h BEFENE 1§
TR, JEIE 6 VK, il s SR JE e S s T e T AR
B, 45 REE ARG FUE RSD 4 1.42%, £ T W
HUH RSD 2 1.78%, R WA S RAE 12 h WAEE
219 EEMERE &N 6, %
“2.1.57 TR R A e 43 I S SRR BT
WETRIARE, 45 R4k 5 i 73 40K RSD 24 0.81%,
T RS BT RSD 2 0.66%, RWAE LM RAT,

2.1.10  [FIfRIREE  KEER A STHE-CPL 1 mL, 73
SN 1 mL &,y TR SRR (31.4,
15.6. 7.1 pg/mL) FIA T (30.7. 15.3. 6.6 pg/mL)
XTSRS, FEIIN 2 mL RS Bk &
BRI R 10 4), B 2 min, £80.22 um JENE)E
i, I HPLC e W AR v S afice . 455
B T R B (1) 2 TR TR 1 [ AL 43 S A
100.31%-+ 99.15%-. 98.29%, RSD 43l 0.62%-
0.97%- 1.28% (n=3); @ T RITREIRE M
THIECEE R 99.35%. 100.49%. 100.35%,
RSD 4394 0.92%. 0.72%- 0.63% (n=3).
2.2 SIHE-CPL B9#|&ITZ

fo—w i B SR TR . KT BERERE
W, T 2 mL /K AEE, 3258 A i,
FENBE 1 (60 °C) [ 5 mL. 0.2 mol/L At /R
s, 50 CORRPI 41 5 min, B, (%
AFRA 25 mL, VKBIRGEA (400 W, 150 {0 %)
fbJa, AR (1000 r/min, 5min) BRZEEH,
10 F EARFBE IR Sh 220 (PBS, pH 7.4) i&EHT,
RFX 2 h, L4k, BRESMKABRIRE:, HIA3H
CPL . SIHE 2 #h 22 phil 5 4 CPL RS, 60 °C
PE IR KL 13 45 min, VKB HIRCE 10 min, ]
3 SIHE-CPL.
2.3 SIHE-CPL €13 E#)MNE

K& %W L SIHE-CPL 2 mL, FFEZALHLK
SephadexG-50 1 (42 1 cm, KB 27 ecm), H pH
7.4 PBS VL, AR F o4 1 mL/min, 4525 24 CPL;
HY [R]—#tt SIHE Jo7K LA A PBS i (pH 7.4)
103 eIk 43I LA HPLC #EAF 10 uL,
TR, FRARN etk 7 RE V5 CPL 2454 1) 1 i
BN

R =CPL 25411 E/(CPL h 25¥(% B+ 37 2 254
o)
24 BEZRAWNER
2.4.1 ERRIRZEMR (PBS) W pH H  F4i “2.27
T~ SIHE-CPL il #7732, BT PBS 1) pH
550 6.8 7.4, 8.0, [MEAhFZE (ZiflFLLA
12 20 FIRAENE SIS BELL B0 12 1 1), A H pH
R RAR R 2 23 B4 (PDD) (P52, 19
BIRiAas il (2266+7.2). (1744+3.5). (190.7+
6.5) nm, PDI 7354 0.245+0.043. 0.202+0.016.
0.266+0.025, f¥a4E A, EF: PBS (1) pH N 7.4.
242 ZyfiRtep i “2.2” TR STHE-CPL (14|



- 60 - tEb

Chinese Traditional and Herbal Drugs

F47% F1H 200165F1 B

%79k, [ HARLK 2 (PBS 1) pH {8 7.4 NG
Ej IR EL LG 12 2 1), WoE SIHE 58 5 H 5t
AP 10104 1204 1 ¢ 40, S LLEIR k1R
HIPDI 50, 4345 th-F-2AkiAe 23k (280.6+
6.7) (168.6+4.9). (248.4+3.2) nm, PDI 435Ky
0.27740.015. 0.194+0.014. 0.298+0.021, HRHE4E
R, EREANRILEIN 11 20,

243  WEARS A B LG fR M 227 TR
SIHE-CPL [yl #5751, e HARK %= (PBS [#) pH
24 7.4 MZHAGLE R 12 20), Ve Wl 5 0 [ i)
FHEELHI 5 6 2 1. 1221, 24 1 1, 5 AR[FE L
B 6 RiAe A PDL () 520, 493 P S5R0A% 43 0l oh
(242.6+£8.8). (179.24+3.7). (356.1%£12.3) nm,
PDI 24 0.26340.023. 0.216%0.008. 0.378+0.031,

MR 25, EREmE e I RE L 12 1.

25 FHMK

251 A ARIERERERIRE S =g R
PBS [ pH {EAZ4 i L5 3 ki42 . PDI At d
KRG E (P>0.05), M-S fH e A
AT ERIAR . PDI AR E Rk B2 (P<
0.05), &£ SIHE-CPL BEALME T i i 25 1) 2
AR SR E (REKS RIS KGR T
BEFR X FOERE R (X)) VE AT 552,
I3 MLLFRAR (Y, 5e/MED S PDI (Y,, $/MEDS
SRIREER (v, TR PTEER (Y,
KAL) H Zeta AL (Ys, /M) AFEEHRFRUEAT
ARV AL, SEE R 4R AR 1.
252 FEIRRE LLS TP FRAR MR AR R, R

F1 ERROH-HEEREREER

Table 1 Results of central composite design and response surface methodology

W5 Xi/mg X,/mg Y)/nm Y, Y3/% Y% Ys/mV
1 243.02 (1) 26.11 (-1) 216.7 0.288 75.39 70.62 -13.6
2 836.98 (1) 26.11 (-1) 264.2 0.303 71.61 76.34 -17.2
3 243.02 (1) 103.89 (1) 178.6 0.267 79.25 75.33 -15.3
4 836.98 (1) 103.89 (1) 206.7 0.326 74.62 71.26 -16.8
5 120.00 (—1.414) 65.00 (0) 197.5 0.322 73.68 71.47 -9.2
6 960.00 (1.414) 65.00 (0) 246.7 0.335 72.52 69.35 —8.7
7 540.00 (0) 10.00 (—1.414) 174.3 0.178 82.35 82.64 —18.6
8 540.00 (0) 120.00 (1.414) 185.2 0.182 84.52 81.52 —20.6
9 540.00 (0) 65.00 (0) 101.2 0.153 89.59 85.71 —29.5

10 540.00 (0) 65.00 (0) 102.5 0.147 88.15 84.98 —28.6
11 540.00 (0) 65.00 (0) 102.1 0.151 90.46 85.46 -28.9
12 540.00 (0) 65.00 (0) 101.3 0.155 90.27 85.86 —28.2
13 540.00 (0) 65.00 (0) 103.4 0.149 88.82 86.22 —29.7

Design-Expert 8.0.6 #4x} s 45 Wik AT 2 o2tk
(A I, DAHR RS G FIEEEE (P
PPE R IEE . T2 oot E S E R
R RBIBAG, HAR RS RAR G2 8 2 AR M
72, 1 e 2 WK A TR r B P AU . 0t
Z A TSN Y, =401.025—0.691 92 X, —
3.688 27 X,—4.199 13 X.X>+7.225 2 X,*+0.028 13
X, (#=0.951 7, P=0.000 2); Y,=0.555 57—
1.227 87 X,—2.488 02 X,+9.523 81 X.X,+1.113 62
X2 +1.53719X° (F=0.9479, P=0.0002); Y;=
48.588 2+0.107 43 X;+0.373 13 X,—1.839 83 X.X,—
1.022 85 X, —2.548 1 X,*(+7=0.957 5, P=0.000 1);

Y,=44.439 8+0.115 26 X;+0.319 84 X,—2.103 9
X X>,—9.453 23 X, —1.628 26 X5* (4=0.963 0, P<
0.000 1); Ys=18.723 1—0.123 73 X;—0.414 92 X,+
4545 45 X, X>+1.101 19 X;>+2.900 83 X,* (/=
0.987 0, P<<0.000 1),
FRETRRE F R BRIk 2 A AR
MR BEE, KUY (P>0.05) AR,
F] ik 2 T AFUA T BB RS B R A, AR
Fepban, FUS TS SRR E M ZER N, BARE
REELT.
253 ML S B SR A Design-expert
8.0.6 B, [l 2 AR — i, AT
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WK 2. ZREWAE—CHEA, HE X N5
SIHE-CPL ({)°F¥kife. PDI. AU &%H Zeta HIAT
FIESHK. ZG 0L SR, g% SIHE-CPL
il TERBN T EHA X, 535~550 mg, X;

270 0.340
g 1854 0.245
N
1008 =
8445 ol 688.49
Xo/mg 45.55 39151 X/mg
87
§
N
68849
~— 391.51 Xi/mg
A
=]
£
2

124,183
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171.213 — [a7e5

39151 ¥ /mg

/

- P
39151 ymg 68849

7
25200
g8,

30
T
saas L
Xolme g5 s

55~70 mg,

254 IEREG  FOUUE T 2T 3 IREE
W, BUMES I RPN E A EE R, SR
® 2, P SEBsE S TN R 2 [ 2 = (TG
B — SEIHAE )/ ] <3%, i ] = I iU
RORBAF, A&

77777

8445
Xo/mg 45.55\9

0201855} |
2177820 1[0 226085

a
-\ [21.2633]

23,8811

18, 64
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Xi/mg

B2 $E&IZHZERXNTEZRIERFIANEL R ES5%

Fig.2 Response surface model (RSM) and contour of effect of each factors on various inspection index in preparation

*2 MANESTEELR 0=3)
Table 2 Comparison on predicted values and actual values
(n=3)

fiabs TR S AE T 2/%
b2 /mm 103.6 102.5 1.06
PDI 0.159 0.156 1.89
SRR R 3 2/ % 89.57 87.68 2.11
T AL 2% 85.85 84.18 1.95
Zeta Hif7/mV -29.2 -28.4 2.74

2.6 {KIMEMEEER

Pl (P EZH) 2010 AERGEIEE AR =3 (U
DI e BE TS o K BN IEMTIE, R % # HL SIHE
WY SIHE-CPL VA&V % 5 mL, 7378 T CiGfk
BT, PRamLAS, BT E T4 50 mL
AT R MR, 37 CHEE/KIB IR, 4>
5T 0. 0.083. 0.167. 0.333. 0.5, 0.75. 1. 2. 3.
4. 6. 8. 10, 12. 24 h % 1 mL & T EP &+,
I S A 78 SR R S (U, 48 0.22 pm AL
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PRSI, S 2.1 BTV E T O 4 I
RS TR CRE=4RI R+ TR,
PRI 23 S UH 585 ] ) AT BB RCR, IR R
BRSO 4:, WKl 3. & 3 vJ%1, SIHE-CPL 3 h
SRUREIBOE 90%, 4 h RIIAH] 95%LL I, FBEHOH S
SRR W T STHE.

0 EAVBE I = AN ] s IORED R ) 8 524 h
B AR
27 BHERELES

Sy 5I%S SIHE ¥ STHE-CPL EBUR UK 5
I F M E 2L . 2%, Higuchi F1 Weibull J7 BT
A, Rl (PEZGHY) 2010 FEROME, BIAI L
r KT R % (Mse) /N Idf G a1, 45

100

80

M

= 60

3

=40

Bk —~SIHE

5 20 - SIHE-CPL
=

0

05 1 2 3 4 6 8 10 12 24
t/h
3 SIHE #1 SIHE-CPL Hy{R5MN REAR AL (n =3)
Fig. 3 Invitro release curves of SIHE and SIHE-CPL (n = 3)

B 3. 459K, SIHE Ml SIHE-CPL B 7F
BT
2.8 SIHE-CPL HYF{E K& 2 BUHLHIl H#EM
2.8.1 ZIAMPIOLREEE ARWFSUE LIRS R
7730, %F SIHE ¥ #ER &4 . 4% 1 CPL J SIHE-CPL
LT ANRAEIA TR 00T, MRS AL fEF1a &
0 TR P 8 IR S PR AR A

FI DAL SR : 46 P K 400~4 000 nm T~ SIHE.
WEIRAY, 4511 CPL Al SIHE-CPL [I4L4M3 6kt
FESFH SR W 4. WK 4 W50, YRR
YRR T SIHE | 1 800~1 500 cm ' 4bfrig
(C=0). HEBFUEGYEARSEH v (C=C). v
(NO,) HIFFMEIE,; SIHE-CPL £ % T % 1 CPL
1 700~500 cm ' {1y 5 M, [A]if, SIHE-CPL %t
52519 CPL, 839 T HAE 2 273.95 cm ™ AL, ]
4-C 7R T 2% CPL LA GIG I RRE SR, Tk
3079.71 cm ' J&4% [ CPL HJIH [ F% f)-OH 5 15 I
IKZE LI ERIE R, 2 921.34 cm ™' J2& C-H i
FEPRBI NI, 2 851.73 cm ™ CH, RFRAHFZE ML
I, 1733.05 cm ' & K G BRI 1 C=0 {4 fic g,
1456.82 cm ' & CH, B YI4EZE CHAANT R,
1 117.72 em™ ' & KE IS CO-C-O SO FriHiZs

R3 BEHMEMEER

Table 3 Results of release curve fitting

UG HER SIHE ¥ SIHE-CPL
TR TR 0=0.316 6 1+0.057 4, »=0.9249, Mse=0.00814 0=0.9908r—0.0167, *=0.937 6, Mse=0.0083 6
—%J7F  In(1—0)=0.9214r+0.1123, #=09521, In(1—0)=2.039 4 t++0.116 9, »=0.963 8,

Mse=0.0066 2

Mse=0.0057 4

Higuchi 72 0=0.58611¢,,+0.1225, #=0.9342, Mse=0.00763 0=0.94111¢,—0.1838, #=0.883 6, Mse=0.01215

Weibull J7F2 InIn[1/(1—Q)]=1.170 6 Int—0.433, »=0.948 2,

Mse=0.00719

Inln[1/(1—Q)]=1.438 6 In t1+0.631 6, #=0.947 1,
Mse=0.0074 3

~ T VY
—B\____r-/_’-\.J\.\_A’\/J“/
W

4000 3000 2000 1000 400
1

viem

4 SIHE (A). MEE&Y B). =H CPL (C) &
SIHE-CPL (D) HJ IR

Fig. 4 IR spectra of SIHE (A), mixture of SIHE (B), blank
CPL (C), and SIHE-CPL (D)

WL, 1 063.61 cm ' 2 KRR PO, X Fr{
A, 949 em ' & RCH=CH, FriEW el . i
JOEL ] T ) SRR AR RO R 1 394.82. 861.34,
536.25 M1513.13 cm s

2.8.2 XRD 43#H7  XRD - #rkl&cft: Aasmfn
FRHOAL CuKo 4R 5T B LS 40 KV B HLU 40 mA,
I E 5°~80°, A 0.02°, S 0.2°/0,
439K STHE WL A4« 4514 CPL F1 SIHE-CPL
HEAT XRD 7047, 2R ILE 5. K S mlgn, Kl 5-A
J& SIHE [1) XRD K3, 7 5°~30°74 & A i g4,
o, FE 11200 B AT AR, A 2



23

Chinese Traditional and Herbal Drugs 3£ 473 2 18] 2016451 A * 63

(P, FRYE LIS T IHEDN STHE LAJG 2 MK &
G N Y. K 5-B Al C HATHHALE 0°0~30°H £
A& Ve, ARLTRIE, A7 AT 8 Y X 300) Y (1 e £,
P B HEN 25 (4 CPL A BRI A 10350 A 2 S AR R
£ 5-D 1, WA H SIHE-CPL ff) XRD % &3
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Fig. 5 XRD spectra of SIHE (A), mixture of SIHE (B),
blank CPL (C), and STHE-CPL (D)
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