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Preparation and Formula Optimization of Stearyl Alcohol Galactoside Modified Gemcitabine
Hydrochloride Nano Liposome

LIJi, GUO Weiying*(Department of Pharmacy, Liaoning Medical University, Jinzhou 121001, China)

ABSTRACT: OBJECTIVE To prepare stearyl alcohol galactosidase modified gemcitabine hydrochloride nanoliposomes
(18-GGNL) and optimize the prescription process using response surface methodology. METHODS The 18-GGNL was
prepared by (NH4),SO,4 gradient method, the entrapment efficiency as the evaluation index, Box-Behnken response surface
design method was used to optimize the formulation. The 18-GGNL was evaluated by encapsulation efficiency, drug loading,
morphology, particle size, stability, and in vitro release. RESULTS The optimized formulation was as follows: the
concentration of phospholipid was 3.10 : 1, concentration of ammonium sulfate was 0.19 mol-L™", lipid ratio was 20.99 : 1. The
average of liposome entrapment efficiency was (70.8+0.95)%, the average particle size was(89.5+5.3)nm, the particle size
distribution was narrow, good stability and slow release characteristics. CONCLUSION The (NH,4),SO, gradient prepares
18-GGNL with good physical and chemical properties,

KEY WORDS: stearyl alcohol galactose;emcitabine hydrochlorid; nano liposome;ammonium sulfate gradient method,

Box-Behnken

h BR 75 74 b ¥ (gemcitabine hydrochloride ,
GEM)/& 41 i J& A e S rE b AR 25 25, & —Hh R
ATV S AR T I I B S R . R
VO 32 AN RO N N BRI . v EE. R
JREEREIR A AT B2 92 . H 1996 4F 1% 35 [F £ i 24
o B T R SE [ BT LAk, Z25 O IR
M N B, S HIEPRECE R M A RTT
Ak /N0 B it (NSCLC) I — 2R 7 6, fER E 2
BN RIS VR T (0 “ S bRk, 7R R Ok ik vt P
Tt LR i —vhar Y (LR AR
PP R, T ORI R Rk B Ak A 2ok dE R
RU24 AR P S5 il o A 8 I T LB T (18-Gal)ixX
ol 5 ) 237 FH B 1 B o ¢, g 1R 50 o 4 N
JE TR By T 2, BB e FU0E i 2 5 1) i T A X
Gy F AT, 31Xl 2= L0 AL 0 i o 1A B A AT
ZHMUIE - ASGP-R o 545 S M AR e i AP Ak
36 L % 18-Gal &1 1) GEM 44 K fig Jii 44
(18-GGNL), %EK GEM TEAK P (13 BA iF (), ]
B R e, A L B 2 A I B A R
SR R S 1 R . AR T DAL R R
Fese S RO SRR %% T 2Tk, LA
Box-Behnken i N [f 3 1172 3 47 5 A4 40045 A kb 7
AR w2 2, B 28K FH Tt IR e o 5 2%
il R A, I L EE A M SRR AT SR ALE
1 NE5IKF

RE-52A MY Jje % 78 5 AN (b it 0 2R AR A A
J7); CE7100 s B40%E H ik (Agilent A ],
fiifi DAD2140-0585 &R HIKEIMAS); JEM-
1010 & 5§ B (H AR TR 41): Mastersizer
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2000 AL I 5E 4 (P [E Malvern 2 #]); LD4-2A
fIGE B OHLAE R R & 0L ).

GEM JRELZ (e THIR AR, 2ifF
99.72%, k5 : 20130311); 18-Gal(S23 = [ ™,
AifE: 95.97%); KEBEME( L&A ARA
al)s BHERECRE AR T RF ) SRR B (R K &%
KA TAHR AR RABECRE K BRI TF
BRAF]; 732 BHE AW IR CREE T ARG 4k
TAHFFEAT)s 717 FIES1- 28 3 s g (R I8 T D6 SRS 4
WWTHEFRT); BTSRRI BRI AR A A,
BB T8 8 000~14 000); & A& HALRKAEI N
M4t
2 HESHR
2.1 18-GGNL #ll & J5 1Lk #¢

RTET R, G—/77(GEM 20 mg. B fii
300 mg. JH[EEE 100 mg. 18-Gal 15 mg)¥% L i %
TZ.

2.1 B R BRI R OK R
e BH[EEE. 18-Gal ET 500 mL £, 20 mL
S SE AR, T 40 CURIERes: 2% & b LA G
Ak BEZE R 30~40 min, T E 5] TR AR
F5 % FREL GEM ¥ T pH 6.0 1) PBS ¥4, ¥ ¥
A [FR FE I PBS UM AR K4k 30 min
BB A GRR R AV . VKIRERLHIA (200 WX
2 min, 400 WX4 min, LT{E 1s, [AIB% 2 s)E, &
PGB 0.8, 0.45, 0.22 um FAFLIERE 3 Wk, BEATHE
hr,  RIA5HE T AR VR

212 WA ALY R EREL Uy B K S

PR E AR 2524 2015 46 4 5 32 B4 4



JIE BHFE A, 18-Gal T H, 20 mL L5820
fift, FEEFEL GEM ¥ T pH 6.0 17 PBS ¥+,
TINBER R, R 3L 75 (200 W X 4 min), TERFEE
(11 W/O BUFLF, 40 CUli & T I8 g% 26 R 22wl L
H e, N EKAA SR EZE K 2 h, K
WL, MGl 0.8, 0.45, 0.22 um FEfLIE
JEE 3 UK, BEATEERL, RIFR.
213 MR ZEENEP RS R T Bk
GWENE . PHEEE. 18-Gal T 20 mL /K ZFEEAH,
¥ GEM ¥ T pH 6.0 (1] PBS iAW, /KIB iR
HILE 60 C, FERLSIHHE T R Tl #4 2 AH [ EE (17K
FHST R LZAG M E NG AR, VRS S8 ER AR SR AE 60 °C
NEHE 30 min, i EIE A, KBRS S,
yiEd 0.8, 0.45, 0.22 um FFLIEME 3 Wk, 4T
ki, BN,
214 WREREMLEEVE - R VR % S
GURIR AR : AR AREAL T B K SRR JE [
iz, 18-Gal BT 500 mL kelifirh, &5 Eim
J&i, 40 °C N R e 75 R bR 2 E A JE gk B AR K
30~40 min, FER— ZEETIRIIHEEL, 1T
FAE A [F) L B 1 (NH,),SO04 /KA 30 min(T A5
W 50 mg-mL™"), HI5FL AR RAYI . UK
PR H 75 (200 W X 2 min, 400 WX 4 min, T.1F 1 s,
[k 2 s)fa, M@t 0.8, 0.45, 0.22 um fFLEE
B3 R, HEATEORL, BPARARIE G ALG I E N
K o A YA R

BN TRRE IR R Y R A LA A g ik
TR 0.2 mL 28 8500 T3 AL 3 119 BH PH 25 -1 22 #e 4
JEAE, 2% 5 min J5, 2 000 r-min~' B> 3 min,
PR HXZEK, 2 000 rrmin”' 840 3 min, &
51, A5 5 PR R 1 A A KT O A TR R
o R B 5 R B 5 1 2 B oK IR IR
IR B S GEM fiff & W (F % FR I GEM 50 mg,
BT 50 mL ®F, DIXZEKBEMBIFER, 51
mg-mL~" ff] GEM ## %, T 4 "C{fA7 % F) LAk 7
HIRA, 40 CHM FFE 30 min J5UK¥# 10 min,
BI#$ 18-GGNL.
2.2 18-GGNL ffill £ &b 77 [ i i
221 UK SR ARIRBURR AL FlA DL B A
(40 cmX50 um X 30 cm); HLIKZ R LA
45 mmol-L™" R — S ANIA T (pH 2.69) ; BT HLIE :
25kV: FElE: 25 °C: MK 269 nm; & it
Ff: 5 kPaX3 s. WREFEATINE 0.45 um JEMRIT
R AR R Z5% 2015 4 4 H 55 32 4555 4

B I B

222 ZMKRRMFESE AR ERI GEM fif
G R, FAKRRE UK B4 5 4, 10, 20, 40,
100 A1 250 pg-mL™" [ AL, # “2.2.17 T3
N ELUK SR BRI, A0 SRR TR, bR v
2 o LTI AL (A) AR , GEM ¥ (o) T AL
EFRUERI 2718 A A=2.462 3¢+3.421 82, r=0.999 9.
223 QHEFRHWE HEBI 3 M ARIRE
18-GGNL 0.2 mL, & T BH B+ 2 3 ) i A T vy ¢
g, {28 1 min J5 2 000 rrmin”' B0 3 min,

Fn 0.4 mL XGEAKTFAETR, 2 000 r-min~' BL
3 min Yt 4 X, AIFLEBLE, 242 10 mL EIH
FH 10% Triton X-100 ¥ 0.2 mL B 7., K#RE =
ZIRE, RS, %I “2.2.17 TR LUK S 5E A
B TR PR b 2k (B AE C. AAEE R
18-GGNL 0.2 mL, Jil 1.6 mL (&K F 10 mL &
H, 10% Triton X-100 ¥ 0.2 mL B 7L, KFRE
B, WA, #2217 TUF BUK S E 2
YIBIRE(EAE Co), I N E AR, M
=C,/Cy X 100%

224 FEtESHIOmE" R 18-GGNL
0.2mL T 10 mL &jfith, A PBS(pH 6.0)# & 2 %I
FZ, LA PBS N HINE AL 500 nm AL HIROGEE,
iCfE A, BUE R 18GGNL T E.0EH, B, F
R ZW 0.2 mL BT 10 mL £Jfit, PBS
PR B2, EHAE 500 nm ARG, G0/
A, HEAR K=|A-A/AX100%, PS5l
(KB, B R Ja WO BEAR AL /N, 3 B IR o 4
BA RUF 0o S e .

o3 Bk 4 Fhog il 3 ik 18-GGNL,
ME I HaR RN EESH, R NER 1. H
JEL Oy B AN B NVE I AL R IG, &R
TR R R R R A R R, EAR R HRE,
AR, EPEIRRR L .

F1 AR &7 B H 18-GONL #4335 (n=3)

Tab. 1 Encapsulation efficiency of 18-GGNL prepared by
different methods(n=3)

il £ 75 ¥ (EESEIA Ke/%
I 43 BT 44.9+3 4 5.5+1.3
W) 28 R 60.1+1.7 10.6+0.6
MR LFEENE 47.7+2.9 6.2£1.1
Tt R e o 25 65.3+2.6 4.6+1.4
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23 HRREEFERESLTHRAL

2.3.1 Tl EE R L L R R [
HADZAEARAS, % “2.1.47 TR EH 4, 9
MEEMARSEERLL 201, 301, 411 X4
BRI, ERE 2.

T2 IS REEERE WA H RN (=3)
Tab. 2 Effect of mass ratio of phospholipids to cholesterol
on the encapsulation efficiency(n=3)

e He 5 HEL [ 2 L AL R /% RSD/%
21 52.5 0.64
3:1 64.1 0.48
41 55.9 0.52
2.3.2  18-Gal WA EXTEE R % “2.1.47

T 4k 5 B ) & HL I e AR SRR, Al
i &N 15, 20, 25, 30 mg [ 18-Gal, 4558 W3 3.

3 18-Gal fu N & ATE B (n=3)
Tab. 3 Effect of 18-Gal addition on encapsulation efficiency
(n=3)

18-Gal M &/mg 35 28/ % RSD/%
15 36.1 0.41
20 41.4 0.54
25 39.3 0.37
30 39.5 0.63

233 JEILC R % “2.1.47 BUR
Aib 77 5 ) 2% HL ] Al 2R AN, BUIR P L 23l
HN1:5, 1:10, 1:20, 1:30 4 18-GGNL,
MHAH 2R, FHRIEK 4.

T4 et H R B E (n=3)
Tab. 4 Effect of lipid ratio on lipid encapsulation efficiency

(n=3)
k7] (EESEITA RSD/%
10:1 50.1 0.58
2001 65.0 0.62
3001 62.4 0.34

234  (NHy),SO, WK EX W H R W %
“2.1.47 WUT b 77 & 2% HLIE E HoAth S5 A AN AE,

23 WK R 4 0.15, 0.20, 0.25 mol-L ™' (NH,),SO4
TEWH % 18-GGNL, 45 R W#% 5.

235 WHIREXNOEFERFTN % “2.147 O
T hbT7 B 4 LA E AR, K 18-GGNL
5T 45, 50, 55, 60, 65 CHE, 45iHRNE 6.
2.3.6 EEMNEXEE R RN % “2.1.47
Ak T7 E A B AR AR, % 18-GGNL
Sy HITEIREEE 10, 20, 30, 40 min, £5RU1E 7.
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F 5 (NHy),SO, K & x4, 5 5 8 %7 (n=3)
Tab. § Effect of concentration of (NH4),SO,40n encapsulation
efficiency(n=3)

WS /mol-L! /% RSD/%
0.15 50.3 0.59
0.20 61.6 0.68
0.25 53.2 0.42

®6 HHIELEHRNYE(0n=3)
Tab. 6 Effect of incubation temperature on the encapsulation
efficiency(n=3)

/T A3 # /% RSD/%
40 38.1 0.34
50 412 0.76
60 38.3 0.58

RT O E AR H RS YR (n=3)

Tab. 7  Effect of oncubation time on the encapsulation
efficiency(n=3)
i &) /min AL /% RSD/%
10 35.2 0.62
20 38.6 0.63
30 43.1 0.49
40 42.6 0.44

2.3.7 UKW ECR A % “2.1.47 T
AT ) A U e AR, KRR RN
GEM 9K fig R AR VKIS 5, 10, 20 min, 455 L% 8.

T8 UGB B A EH B (n=3)

Tab. 8 Effect of ice bath time on encapsulation efficiency

(n=3)
5 1] /min B Z % RSD/%
5 37.7 0.31
10 383 0.62
20 37.6 0.40

2.4 Box-Benhnken i 5 AR Ak 45 T 20
2.4.1 Box-Benhnken it 1EH.[K 2% %L1 FE Al
b, HERR A R A R E NN R EERE 3 A
2, BB AR 5 A0 [ R o 2 Lh (), TR 2 () i
(NH4),SO4 WFE(XG)E A HAZ R, LLEEZE(Y)
NAE, ST, I Design Expert 7.0.0 # {2
37 F) Box-Benhnken SZ56G %, 455 W3R 9.

2,42 WRIENEBRE @I R T Z a8 N
Design Expert B FXf % 9 8 #8417 — Ik £t
B H 2 #r, 18 Y=71.44+0.94X,+1.00X>,—0.51.X3+
0.21X,X,—0.40X, X5+0.075.X,X3—4.72X,*~5.00X,°—
2.27X5%, XA BEAT [E] U975 2220 M7 MR 3 P RG G
SR WK 10,
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&9 Box-Behnken & it 514 F
Tab. 9 Experimental results and values of responses for
Box-Behnken design

R TR X X, X3 Y%
1 3(0) 20(0) 0.20(0) 71.8
2 3(0) 20(0) 0.20(0) 713
3 4(1) 30(1) 0.20(0) 63.9
4 4(1) 10(-1) 0.20(0) 61.2
5 3(0) 10(-1) 0.15(-1) 64.0
6 3(0) 20(0) 0.20(0) 715
7 3(0) 20(0) 0.20(0) 71.2
8 3(0) 30(1) 0.25(1) 64.5
9 3(0) 20(0) 0.20(0) 71.4
10 2(-1) 10(-1) 0.20(0) 59.8
11 3(0) 10(-1) 0.25(1) 62.8
12 3(0) 30(1) 0.15(-1) 65.4
13 2(-1) 30(1) 0.20(0) 62.0
14 4(1) 20(0) 0.25(1) 64.6
15 2(-1) 20(0) 0.25(1) 63.3
16 4(1) 20(0) 0.15(-1) 66.4
17 2(-1) 20(0) 0.15(-1) 63.5

F10 @R EFEA G E 47
Tab. 10 Encapsulation efficiency regression model analysis
of variance

TERE PR BWE By F1E PE

AR 261.18 9 261.18 283.60  <0.000 1
X 7.03 1 7.03 63.89  <0.000 1
X 8.00 1 8.00 86.96  <0.000 1
X3 2.10 1 2.10 30.81 0.002 7
XX, 0.063 1 0.063 2.98 0.461 1
XX 0.64 1 0.64 5.55 0.041 3
XX 0.023 1 0.023 2.98 0.654 1
X 93.80 1 93.80 854.69  <0.000 1
X 105.05 1 105.05 1032.62  <0.000 1
X 21.70 1 21.70 246.64  <0.000 1
k% 0.72 7 0.10

AT 0.51 3 0.17 3.19 0.145 6

AR 0.21 4 0.053

S 261.90 16

fptleg
.r.r.q!: 7 g

8 15.00
0.15710.00
B M T A A LR 3 1 1

1 BEREEHENY

Fig. 1 Effects of the ratio on encapsulation efficiency

(] V5% 2 00 £ A £ Ak 7 12 R 8 Mg 5 1 s
FEELBI N 3.10 ¢ 1. HRZGEEAN 20.99 1. (NH4),SO4
WIEN 0.19 mol- L™, AERIFHIALE RN 71.6%.

R E B 2525 2015 45 4 55 32 55 4 )

ntagte
o,:c,?,:
i

1y

T
1St

e

RRZ5LEh20 01

B PR B 5 230 Radj” 9 0.993 7, R W] 5 2
MREREES S AEEEREERREE, WNE
AR 99.37%KIETArik B A8 &, BRGS0
BEEEL, 55 5 250 HFI(NH,),SO, W . KSR
A5 5 RH(CV) N 0.49%, 5 BRI f) G 25 FF L4
HE 9HL Xiv Xov X2 X2 XS TE RN EE
(P<0.000 1), X3v X.X; BIEA % 5F &3 (P<0.05),
HADTXT Y S m AR R . TR R FEN
3.19, P=0.1456, HEX P>0.05, KRPIAEE, i
B (5] )51 7 R AE A [ U X 5k P 0L A1 00 R 4, AT
PZ R AR YA S B ST N SR AR 45 AT AT
2.4.3 WA RS T S ST T T 4
1] 5% R 226 VFAN F b 1 = 4 o S D P, 4 SR L T
1o IR 1A w50, B € X 3 0 1, X, 920 ¢
1, X; 4020 mol- L™ Nitt, @ RAFHFLA. X
X 18-GGNL A3 Z (2K T Xz g, HA
HEMEE X MNERE RERIK, BE X
38 e I i 5 B K. HIE 1B wl A, [
XH20:01, B X 8301, X35020mol- L' i,
f0, 35 3G B K. Xy KF 18-GGNL 41, 355 22 f 5 i ok
F X5 K m, A REEE X R T = S
ZARIRAS, BEE X 3G InSEE KRG 28N .
1C 741, [5E X3 8 020mol' L™, 4 X, 31,
Xo N 2001 B, FRERM A RIARRAE, H
X XF 18-GGNL G Z PR T X, FIg2m,
18-GGNL [ EEE X 5 X, 38N, 251
KGN

R ELT

+

(NH4),S0, i[5 240.20 mol-L-!

DAt T2 3 fHElRmik, e -1 E
N 70.8%, FHFRMAR 110 AR TINE A ST LG W
SUHAR LB, AR R i .
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RN GHENZHME. FOUEK LR =
Tab. 11 The observed and predicted values of entrapment
efficiency and their residuals

fits I B 5% TR AL R %
1 71.8 71.6
2 69.9 71.6
3 70.7 71.6

2.5 THEAR

2.5.1 18-GGNL [kifd  fifh T 2444 T il % 1
SHEAR AR VR, WORRLEE SO & Hoki iz, P
K42 9(89.5+5.3)nm, 55 H4E £ (Polydispersity
Index, PDI)A0.2754+0.012, 7 Euciys). WE2.

25
<20
S5
& 10
w5
0
| 10 100 1 000 10 000
FifE/nm

2 18-GGNL fi§ i th 4%
Fig.2 18-GGNL liposome particle size chart diagram

252 fREMEEE RPBIRENE S 5 ECE
T2 3 #IR IR B, TUkAE 4 CAN
Hih 25 CH&MHT, ME 60d, /AT 7, 15, 30,
60 d HUFE, %8 “2.2.37 TR 5 R e HE AR LE
AN TRV B ()20 R i S A &, AT E 3
Ko MTIKIFHBIRE, QO o=(W =W wn) W uX
100%. XA, QwNBIHE, WuhE BT
BAE, W NVIGEE B S 25 . S5 R WK 12,

F 12 JEURE 50K 3 (n=3)
Tab. 12 Leakage rates of liposomes(n=3)

A7 2% A 7 d/% 15 d/% 30 d/% 60 d/%
4°C 0.9+0.1 2.240.3 4304 6.1£0.7
25°C 1.5+0.6 3.3+0.6 6.8+0.8 8.240.9

2.53  PRAMBEUE H R SRATEENTE,
WK a5 B GE B 18-GGNL Ml GEM ¥ T Bis ik
FENTASH, B OIS, A pH 7.4
R Th 22 v 400 mL , 37 CIEIRRE HfisE, #
#9500 r'min”', H1F 0.5, 1, 2, 4, 6, 9, 12,
18, 24 hBUEHT 1 mL, L)€, K47 1 mL
WETRIR Fh 2% phil, DRV E IR EE,
MBERBRE %, 4RILAE 3.
3 it

JFF 2 LB 52 4 R AEAE T 30 ) I SE 5 40 i 3=
M, FATRES VRN S AU O IR e T AR S
W 18-Gal &1 (1 AR AT A REER KIS A0 )
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Fig. 3 18-GGNL and GEM cumulative release curve

A FEIEFE T BREREA B FE VA E 18-GGNL A
HRMBHEIRE . £ HT GEM R/K¥EPETZ
Y1, GEM f5 B AR U0 2 Y I B R AR 25
S5O AR R R S NI TR IR L, AR 5 i
Mo ZIAENR AR A, 4 m 29 1 A
35 BY, R R A PV 4% 18-GGNL #E47 8 (R
REE, RTUEH, AREHEK, 3R
wr. ULE KA YR R RE SR A R 1), il
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Study on Enhancements of Low Frequency Ultrasound to Percutaneous Permeability of Rivastigmine
Hydrogen Tartrate
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ABSTRACT: OBJECTIVE To investigate the promoting effect of low frequency ultrasound on percutaneous penetration of
rivastigmine hydrogen tartrate. METHODS Through investigating the skin performance of mice, rats, miniature pig and
suckling pig, the suckling pig abdominal skin was used in percutaneous experiments. The percutaneous permeability of 2%
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