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W E B RWiartiR ke 2R (DTX) MR R & F ik, Fik A AT REREES 2 EES>T Ly 8RR, %J
1R et BRAB B o FobE (FA-CTS) ; Bl ad & F 303 %, 3 DTX AR A LA 204, ) &-vt BR A8 R 72 - B, DTX(FA-CTS/DTX) #h K di, v
H5EF OHE BRPEIEANIGAR, KA E SR @R AR R DTX A E | e Rbe- = Ak 44 (CTS- STPP)é’J)ﬁ A
Yo, SFHATIAGE . AR O JE AT AR B 8 R AR AR KON B EBRER B G b ik AT R B MR B AT RN KR R
FARAL (A h 2.5 mg) Ak % 4 1 300 r/min, DTX Au A% 24 0.58 pg, CTS-STPP 4 /i % 3L 4 5.55, Ff 41 & 44 FA-CTS/
DTX 4 k4T3 442 % (232.8 £0.43) nm, &L 5 4 (86.74 +0.60) % . H 25 4 (25.29 £3.21) % ¥ FE %4 0.039 + 1.02; 30 min A &
P25 40.22% MG 18850, 24 h N R AR5 80.25% , 4536 2 ) & B 4 BA4F A #9 FA-CTS/DTX 24 K 4,
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Preparation of Docetaxel-loaded Folate-conjugated Chitosan Nanoparticles

WANG Xiao-le', JIAN Xiao-shun', PANG Ting-yuan', CHENG Guo-hua’ (1.The Affiliated Tumor Hospital of
Guangzhou Medical University, Guangzhou 510095, China; 2.College of Pharmacy, Jinan University, Guang-
zhou 510632, China)

ABSTRACT OBJECTIVE: To explore the preparation method of Docetaxel (DTX)-loaded folate-conjugated chitosan nanoparti-
cles. METHODS: Folate-conjugated chitosan (FA-CTS) was prepared through amino reaction of folic acid active ester and chitosan
molecules; FA-CTS/DTX nanoparticles were prepared with ion cross-linking technique using DTX as model material. Using
drug-loading amount, entrapment efficiency, particle size and span as index, central composite design-response surface methodolo-
gy was used to optimize stir speed, adding amount of DTX, mass ratio of chitosan-sodium tripolyphosphate (CTS-STPP). The vali-
dation test was repeated. The particle size and size distribution were determined by laser scattering particle analyzer. FA-CTS/DTX
nanoparticles release in phosphate buffer in vitro was determined. RESULTS: The optimal formulation (formulation amount of 2.5
mg) was as follows: stir speed at 1 300 r/min, 0.58 pg DTX, mass ratio of CTS-STPP was 5.55. Mean particle size of FA-CTS/
DTX nanoparticles was (232.8 + 0.43) nm, entrapment efficiency was (86.74 + 0.60)% , drug-loading amount was (25.29 +
3.21)% and span was 0.039 + 1.02. 40.22% of nanoparticles were released within 30 min and then released slowly; accumulative
release rate was 80.25% within 24 h. CONCLUSIONS: FA-CTS/DTX nanoparticles with the sustained release effect could be pre-
pared successfully with the method.

KEYWORDS Folate; Chitosan; Docetaxel; Nanoparticles; Preparation
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% T {1 3% (Docetaxel, DTX) J&: 5 — 1\ A2 e 540 Mg 25
W, A FABL R PGS 2 1 3RS I (14 3 I 4 il
BRI TR 2 BRI BE PR o, I R SR s 4 i A A
223580 DTX AR G PR BRI , B AT E 7RI R
Do T LR U0 S8 | AE /N0 B 9 2 0 IR T, BT 24 R
B4 F 20945 58 2573k . DTXORIEMEZE Ik B 1 T i i &t
R 1AL g 80 I 2L AR R IR, 2y 5 ke 7™ ol R )i
S OE & A AN AR , T BRI T EL N

9 MR B R (FA ) S2ARATE 266 K 22 B0 i 40 A oK
FEIRMTE L AN Hr L L2 TR P LK , ML 1] FA A2 44
BT IR 25 S ) AL S AT A IS FA X FA Z IR HA
o R A T ) R — R FAFE A BT bR 25 4 B4 50 ) T
4. FEEBE(Chitosan, CTS) & 5T L L BERE T4, 27 1E
LAY R AR 0, HLAT 7 Ot oS ek i, B AT
R (R E AR PR AR R b o A2 CTS 1R —Fisf 74
2y AR A S A B R TR | 24 ) 28 25 40 el A5 3] o
A2 MR T AR LR S ) 45 2 BN TR AR Gk
PECTS WAL, il 48 T #E 1] FA 52 {411 FA {HEX CTS 2k DTX 4
KA (FA-CTS/DTX H4AAr) , BAFUTF ¢

1 ##
1.1 X8

Mastersizer 2000 4 67 B 43 B A2 (35 8 D /R ST ] )
85-2A fE IR 1 pEas (LR I T R R T ) .

1.2 #m5ilH

FA-CTS/DTX i KHL[) M B2 BE 2% B I I B2 56 1 il
it 45 2 20130812, 20130817, 20130902, 1 & % . (86.74 +
0.60) % , 302t (25.29 +3.21) %]; CTS(MYM 4 ¥ RHE A B
I LR : =95% , 4> F iR : 161.16 kDa) ; DTX Ukl 2)
(YT 95 18 iy 2 25 49 A R A &, 3t 5 2 626111003, 75 & -
101.09% ) ; FA (415 : 20101001, & & : =97.0% ) . = R MR 4
(STPP, #t 5 : 20090405, & & : =95% ) Fll N-F2 5L T Fk 0 e
(NHS, it :20110201) ¥ B AR TR AL TG sV, N -
IO IR W (DCC, i Sl AR AR R B A FRA T
#5:48623) ; Jo/K — F BN (DMSO, 3£ |5 Amresco 23 1 ) ;
g Bl , Ak Atk
2 HEEER
2.1 CTSHKRBIHIHE

YR B TR e FRIBGE 1 CTS I8 T 1% FERR IS W , 15
3 mg/ml CTS B&R 7K 7 ¥ , 1 10 mol/L & A AL 4k % i 8 pH 2
5.0, 0.45 pm JE B . FRIUE 7t STPP % T8 4l /K Fic il 1% 2
mg/ml STPP %8, 1:f 0.45 um BB . CTS FFLLHE 1 5 $E A1
T, K STPP {5 2515 % A CTS BEFR /K b, 1 S 3 3 10
min, f5 2| 1A AFLER CTS 9k,

2.2 FAEMESHIH&

PRI FA 0.3 g. DCC 0.282 g.NHS 0.156 g, ¥ T 10 ml
DMSO H, 2 b S W 2 17, 2 U8 B 25 R 0 Il F= ) — 3R L
HR L BB TR B R T T T A KA B 30 9% PR Y TG K 2 Bk i
Wb A3 EUTTE, B OK Bk 2 U, Eoas Ta, B4
2.3 FA-CTSETHARBIFIZ

FRECCTS 20 mg, % T 5 ml BE R -BEFR N 2% vl b i dE T
M N 1 ml FA 3% PERE A9 DMSO % (20 mg/ml) , 30 °CF ik
HSR 16 h i, 8 pH 2 9.0, FUTHE H 1 FA-CTS FZE IR /K Bk
UG 5, FHNA T 1 % BETRIA T, 1 SepHadex G-10 BEREA:

TEZD 20144555 25 45 29 1]

AT B2 R S T AT 2 A, VEIIRCN 1% BRI , i
1.5 ml/min, SRATEHD-1T L4366 B THE 363 nm P 1 Ab i)
Ve R AR 55 — 000 M A0 Y2 R 08 s RIS FA-CTS %
TR, 2 A,

2.4 FA-CTS/DTX K HE S RAH &

4 FA-CTS ¥ T R ¥ T 1% Bt 12 7 W 4% 3 mg/ml
FA-CTS Vi . FREULL i DTX M AR THd | To/k 2B, #
7B RVE S DTX K LB . TR A it b
T, 281 A 2 mg/ml STPP ¥ i , $it £¥ 30 min, 53] FA-CTS/
DTX KRB
25 BHESHFHEHME"

F % B HUE B FA-CTS/DTX 8, CTS/DTX T 1.5 ml EP 4%
Hr, 845xg B0 10 min, K BRI 35 S AR 28 150 A PR 44
KL RGE f2: , SR FH R AR (5 o DTX & &, AIASa &
) B MANARL B, AT R IR = ([ d
YRR 2 A i ) < 100 % 5 2 2 1k = (AL B 25 it/
HRRLTT ) %100 % o
2.6 MRS EENE

HUFA-CTS/DTX UK RLIREIR ,  FROR B 3H {3
HoRiA s
2.7 BTSN EEMAL FA-CTS/DTX 48K fik & TE

TEPRIE B FEAth T, IO AR R M T 5 M 32 4. 25 1 3
ANHERE R EXT G, AIHEFEE S X (f/min) . DTX A H X
(ug) .CTS-STPP (TR HL Xoo LIERZY R A BrR Rife FiEsiE
SRR AR AL TN 1A B R R ELS A K A dE
HRC S AT PR A AR AR, o & TR 2 AR (R 1By (Kb
J5 R 2.5 mg) : X 24 300~2 000 r/min, Xo K 0.1~1 pg, Xs A
1~8, BBt HZEAE R IR R R 2,

x®1 BRGTEZEKTE

Tab 1 Factors and levels in the central composite design

F
%
i -173 -1 0 I 1732
X,,t/niin 300 660 1150 1640 2000
bopg 0l 0.29 055 081 1

X(mg/mg) 1(125:125) 250(2.5:1) 450(2.0:045) 6.52(2.17:0.33) 8(2.22:0.28)
*2 ERitidBaER
Tab 2 Results of central composite design
B mER RgRRE BR

&k 5 e e (B (1)
1 -1 -1 -1 15.21 59.81 429.0 0.781
2 1 -1 -1 16.01 60.18 418.6 0.774
3 -1 1 -1 15.98 56.38 440.2 0.807
4 1 1 -1 16.22 61.21 452.9 0.796
5 -1 -1 1 16.32 73.21 250.1 0.202
6 1 -1 1 21.13 80.21 248.6 0.186
7 -1 1 1 17.76 79.95 289.1 0.227
8 1 1 1 2232 81.62 330.8 0.198
9 -1.732 0 0 19.77 65.21 263.6 0.605
10 1732 0 0 25.76 73.56 268.1 0.310
11 0 -1.732 0 19.61 72.68 298.1 0.112
12 0 1.732 0 2587 78.89 350.2 0.206
13 0 0 -1.732 15.03 50.86 561.7 0.981
14 0 0 1.732 19.89 75.32 276.7 0.232
15~20 0 0 0 25.01 86.56 230.5 0.131
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2.8 HEPFMFE

LY, Y. Y YR 4645 , R Design-Expert 8.0.6 2443
A% R 45 A T Zon gt A — R 45 R
TN, Z o ERNIT RN . ¥i=11.286 17+3.029 88x10 ° X+
4.048 36X,+0.800 56.X;(R*=0.268 9, P>0.05) ; ,=47.271 48+
4.130 12x107° X;+4.623 54X,+4.256 43X,(R*=0.453 8,P<<0.05) ;
Y,=447.822 12+7.331 52x10 * X,+71.971 95X, — 39.649 41X,
(R*=0.544 6, P<<0.05) ; ¥,=1.013 65 — 8.366 69x 10 ~° X, +
0.069 415X,—0.129 44X, (R*=0.592 4, P<0.05), 5= )rfe
F . YVi=—8.541 9+0.012 028X, +27.038 17X,+6.413 14X, —
8.103 24107 X, Xo+1.057 21x107° X, X:+0.402 4X,X,—5.789 92x
10 ° X2 — 21.506 99X, — 0.781 79X’ (R°=0.848 2, P<<0.01) ;
Y,=—20.733 23+ 0.058 105X, + 56.465 57X, + 19.936 2.X, —
8.703 48x10 " X, X,+4.404x 10" X X;+2.572 92X,X;—2.412 09x
107 X*—56.256 75X,>— 1.952 86X, (R°=0.983 0, P<<0.01) ;
Y,=1 064.040 92— 0.202 39X, —688.767 18X, —204.794 72X+
0.066 327X.X,+4.810 13x10* X Xi+18.461 61X.X:+6.574 64 x
107° X*+541.623 19X,°+16.559 59X, (R*=0.989 5, P<<0.01) ;
Y,=2.436 94— 1.263 19x107* X, —0.346 69X, —0.515 60X, —
1.700 68x10° XX, —3.426 74x10° X, X, —2.682 67x10 > XoXo+
5.236 57x 107 X>+0.403 39.X,>+0.043 414X,*(R*=0.958 3, P<
0.01),

L AR R I, SR I RS I R S T 2004k
PR, o Y Y VI R R T 0.9, B HLE B BT
i, i AR PEA/INT 0,01, B AT {5 B, IR A SCR
=IO B TG

DL 0t = 7 R LA B B2 A TR S B iy, {8 Design-Ex-
pert 8.0.6 F A2 = 4N TRl . = 4k 16 B g
B P A A B R B, TR AR 6 16 8 e — AN i 4
AN B AR TR AR A PG s, FEAR A B 72 S X O AH
ZEAGR A BAR R BT, i = 4R A o 18] . i g
A I BT LU L XA RS ARXT RN, B XX 44
HEFRFRIIFEME/IN TR F XM X A A R bR E = 4Esk
MR . B2 AR X X A = sk T DL 1
FAR TR 5 X X B = 4RS00 1 T LR 2.
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Fig 1 Three-dimensional response surface plot of drug-load-
ing amount and entrapment efficiency with X; and X;
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Fig 2 Three-dimensional response surface plot of particle

size and span with X; and X;
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F P 1R, 240 0GB /N, 020 i RV R 8N s B
6 TR K, A0 Js RN 3 24 1 A8 72 A 5 1 AL e o —
FE BT AL R B AR IR BRI, B 2 AT
213NN LA A BRI RO 5 24 X B/ NI Rz A2 L R 2
BRBEHE X G R R S IR WAL, 2B R 2,
W 2 f A Ak J7 T2 Xi=1 300 r/min, X,=0.58 pg, X;=5.55
(2.12:0.38),
2.9 AT

Fi BRI AL J5 145 FA-CTS/DTX 44K i 34t , I 532 4l K s
B2 LB R AR RIS I o R I Ak T 6 UF 6 2 R
%3,

*3 BMALFBIERKELER (n=3)

Tab 3 Results of validation test of optimal formulation (n=

3)
s O W %, %
B % 25.56 25294321 1.06
A, % 89.16 86.74 % 0.60 271
Fif% ,nm 212.84 232.840.43 9.38
25 0.043 0.041 +0.001 5 465

2.10 FA-CTS/DTX KPR IMELGIRIE

KA BHTIE K % FRELFA-CTS/DTX 442K K7 1.0 mg,
TRET 2.0 mlBERRER v, BT B ITAS T MG BT E TR
BEA b, i 20 ml BEERER 2% 0PI KRR E T (37 £0.5) ClEE
JK, 100 t/min i $ 24 h, 4+5)F0.08.0.17.,0.33,0.5.1.2.4,
8.12.24 h IR 2540 5 1 ml, SR )5 MM AF BT B . KU
FRRZG 4 it 0.45 pm SFLUE RS BERIEIR, WE Hoh DTX
TR TR BB R, SN R A%, 4R B8, FA-CTS/
DTX G AALAE 30 min N [ RFURR 2550 40.22% , Bl 27 1%
T, 24 h I BEUBRZG% 0 80.25% , ZRRZh< WK 3,
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Fig 3 Drug release curves of FA-CTS/DTX nanoparticles in

vitro
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CTS /& BA R @A M E TR AW, AR AR
FL55 FA 16 R g S TV eI S , il 45 T FA-CTS, FioR & T
WL 5 STPP 2 W B i T FA-CTS/DTX 4K kL , X5 i &
I, FA-CTS/DTX A KMr (14 5 5 Fn 3 24 1 C TS 1993 T I i
AR R, R h 7 T i K CTS 3 FHERCK , P 3
LA SR . RSN 2GR0 UE I i A K HoAT — 2 R %
FERETT , (HAE 30 min NI BB % 40.22 % , X AT REVAR F
W 56 S KR 2 T 1) 25 90 0 -5 AN RRE A BV F 0 555, 4%
2y MR BT 5 30 min J5 B4 2828 , n] BB J& T2 SL W
RIS, 29 2 BAARR R AR LI LY B0y 2R

25 b R E s 45 FA-CTS/DTX , iU S5 4 A1
IS RRRAR 5], A — e R e T .
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i E Bd. e BB RRILESRA AT Fe & T ik AR AN IEAT, IR & A ALe ¥ R R A (700~
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Study on the Formulation and Preparation Technology of Paricalcitol Submicroemulsion Injection
LAN Jie, GUAN Lu-han, ZHU Xue-lin(Chongqing Huapont Pharmaceutical Co., Ltd., Chongging 401121, Chi-
na)

ABSTRACT OBIJECTIVE: To determine the formulation and preparation technology of Paricalcitol submicroemulsion injection.
METHODS: Using particle size as index, homogenization pressure (700-1 200 bar) and times (6-14 times) of submicroemulsion
were screened; using content as index, pH of submicroemulsion was screened (4.0-9.0) ; using appearance and total content of im-
purity as index, sterilization temperature and time were screened (115 °C for 30 min; 121 °C for 15 min; 126 °C for 3 min); using
appearance, particle size and entrapment efficiency as index, the components of oil phase [soybean oil-median chain triglyceride
oil (15:0-0:15)], the amount of lecithin (0.6%-1.8% ) and poloxamer 188 (0.2%-0.6% ) were screened; using Zeta-potential and
appearance as index, the amount of sodium oleate was screened (0-0.1% ) ; using pH and total content of impurity as index, the
amount of vitamin E was screened (0-0.08% ). The physicochemical property of submicroemulsion injection prepared by technology
and formulation were observed after stored for 6 months at 4, 25 and 40 °C. RESULTS: The optimal formulation was as follows:
15% oil phase [soybean oil-median chain triglyceride oil (7.5:7.5)], 1.5% lecithin, 0.5% poloxamer 188, 0.1% sodium oleate,
0.08% vitamin E, 2.25% glycerin. The optimal preparation technology was as follows: pH value was adjusted to 8.0 before homog-
enization; coarse emulsion was homogenized for 10 cycles with pressure of 900 bar; the submicroemulsion was sterilized by auto-
claving for 15 min at 121 °C. Prepared submicroemulsion injection was kept stable at 4 °C and 25 °C within 6 months. However, at
40 °C, the pH value and Zeta potential decreased slightly within 6 months, meanwhile particle size and impurities amount in-
creased obviously. CONCLUSIONS: The formulation is reasonable and preparation technology is feasible. Paricalcitol submicro-
emulsion injection is stable at 4-25 °C.

KEYWORDS Paricalcitol; Submicroemulsion; Formulation; Preparation technology
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