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RRBANAREREAT 0. RAEX XA THESH. ALURETHE T LA MBS
37 Ji5 B2 -k B5 ( glycerin monostearate , GMS) #1624 3: 10, 2553635 1:40, TPGS i34 1.4 g,
B EHNA I MPa. IRERETRF R EGARELEEA 132.6 £ 1.4 nm, &3 F 4 82.35 +
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Optimization of Formulation and Preparation Parameters for
Nimesulide Loaded NLC by Orthogonal Design

Du Guangsheng'?, Li Dexin® , Wei Zhenping'
(1. School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, China;
2. Chemical-Pharm R&D Institute, Tianjin Tasly group, Tianjin 300410, China)

Abstract: High pressure homogenization method was used to prepare Nimesulide loaded nanostructured
lipid nanoparticles (NLC) . Single factor design was chosen to study the influence of solidiquid lipid ra—
tio, amount of lipid, amount of emulsifier, drug-ipid ratio, homogenization pressure and homogenization
cycles on quality of the prepared nanoparticles. Orthogonal design was used to optimize the preparation
parameters. The optimal preparation method was 3: 10 of oleic acid-glycerin monostearate (GMS) ratio, 1
:40 of drug-ipid ratio, 1.4 g of TPGS, 90 MPa of homogenization pressure. Particle size and entrapment
efficiency of NLC prepared by optimal conditions were 132. 6 +1.4 nm and 82. 35 +1.23%, respective—
ly. The scanning electron microscope showed that the nanoparticles were of spherical shape. The in vitro

release study showed that release behavior accorded with Higuchi model.

Key words: orthogonal design; nanostructured lipid nanoparticles (NLC) ; homogenization method;

Nimesulide ; optimization
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BEHEEBHENREERGYER KRS
ROTRMREE, Bk NLC AT IX A AI5E AR SLN hfE R
EERMAERES RAER. DEPEGY
BESHMR. KSBERRESKkETAZEHEY . NC
HETEEEQRSENRE. BRI sGERMA
FE.HPSEMRZETUANNERERGHRA
Al AL BERREERS, FES TV K&~
Mo .

REFAEAERNHERERS, RS,
EREABNEERARBOERAY. AFRR
RASEHRE UNEMGHELER RRLE
REUEETLAFERMIZESGTRKARE
RN . aHEBERF KA L (3Y) EXiEitE
LT EARSHETZ. BMETRERHSEA
EIIFMABIERESH NLC HFAFERHESTT
EE,

1 SCWERS

1.1 ZBUESHE

AB204-N Fi5y Z—HBFXRE (FHLisSsI4eH
EE£H) ) XW-80A HBER RSN (EEPASH
{887) JEMS30 BRIER KB IS (R ETHKE
IENERBRAR) DL EEMEN (£E PhD &
FiHR2AH) ; Anke TGL20B B>l (g =Fl
{28817 © KQ3200B BAEKERR (RILTBAENE
ABRAAD ; Agilent 1260 iHE X (RERREE
PRZYA]) $S4800 SEM H#HE (HAHIZIAH) .

REFF (RXEHYH R  AEEEB H g
(glycerin monostearate, GMS, X 1 e S #5401 L T#H
%) ;i GHE REEHZAERAR) JTPGS (B F
FRHEARAA)  EME (BEHEELFRE
12 000 ~16 000, RiETEXE £ ARGRAF) ' H
B (oW AIREEEREEHLEERAF) 2
BE (@igs, EEERAR) #ig (S, XEhik
FEFN=) /K (04, RiEmhERH=),
1.2 NLC 5%

PB4 7 &2 TPCGS, B T F i th, hnz& Bk
40 mLiHEHELE AR BEF 75 CIERKE#HN
PEFESE . 7£ 300 r/min FRESNBEHEE R AKIE.

HEL S EREFH . HER TN A W A H h s
(GMS) EF #Mth, BF 75 CIERKiAwH#
FEEEh, 300 r/min B S HEEE R HE.

FEIEE KA 75 °C, 300 r/min BEHBEET, Bk
HEZEBEmEHmEBES. FkEEEMANE, RIFE
mIEEAEHE 15 min, 543

EATSHIEALESO MPa EA T, BE S EHEN
B 4 %, BRHXE. SEZR PERESH
NLC 7K 803
1.3 BREREE
1.3.1 h#5 GMS ¥ERltbayER

ElElERRESEH 3% (HBRI5KHESL, T
[).TPGS 1.2 g, Z5HSEL 1:40, 7K40 mL. AR 1.2
DTHELZ, 23X RMmES5 GMS Rtk H 1:
10.2:10.3:10.4: 10 Bf NLC FIRiiZfE 3.
1.3.2 BEFRBEMNEE

WHEES GMS Rtk E R 3: 10, HEL H &K
HEL3I1IT. SNEEERAEN 1% 2%
3% 6% 8% 1 10% Kt NLC B9fiiZ R a3 =,
1.3.3 A{AFAEREE

BEEERAEA3%, HE&4R1.3.2 I,
SRIEE TPGS HE 4 0.4.0.8.1.2 f1 1.6 g B
NLC iR RAMaIE.

1.3.4 ZHPSLLRU%ER

EE TPGS HEAH 1.2 g HELAFETE &4
B 1.3.35T, 453 EHMEEA 1:120.1:80.1:
40 1 1:30 B NLC fii2fnasi==.

1.3.5 SEHEREINER

ElERERBE 3%, HMERS CMS # Lt H 3:
10, ZiBELE 9 1:40, TPGS FIEH 1.2 g, B EMEHL
B3 4 R, 3AEZEE R ES A 40.60.80.100 MPa
B NLC Mz,

1.3.6 fERXBHIEEE

BRI RBEE R R ESI% A 80 MPa, HE 4
FEIZH#HREL3.5 T, SRR ERRES 1.
2.4 # 6 B NLC HIRiiZ a3,

L4 EXREIHMELGFSHELZE

EREFEEFEEM L, EF WS GMS BRIt
(4) \HEL (B) AkFEE (C) . BEEMEES
(D)4 TER, SIEEEE3 KE, L, (3*) E3R
REIRITRIZIT 9 ALE, LUEHELFNISER 57
RREELAHBRMFSIE.

1.5 NLC Bibim*2sE
1.5.1 $if25 Zeta HLLI T

SRS RXRBLE SN KRFHIZRS Zeta

AL MEREIRA 25 C, B AEIEH 0°. #
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1.5.2 NLC EAEME
FAPRBENEREFHN NLC #E. E

B, APHEA70PBS BEYHERHNERLK LA

AT, HERHAT 1 min FELE, ARBEBREH
THE.

1.5.3 GHFENE

KABLENEAYEHE. BHESHHE
NLC #£7 000 r/min T 1S min T EERES
BRI ZI0nL ZEHD FEEREEE
10 minfEF.. FAEBELHEE 3 000 r/min FES:> 10 min.
W BB R EEHEE HPLC IR ESHRE. a
#E (EE) itEARX A

EE(%) = W,/W x 100% (1)

Hip, WA LBRPAWE, W ABWRANE.
1.5.4 [BEFFH NLC {RIMNER

EELIGTHEMNREEARHIERBEFH
NLC, RAMEERBERZENE NLC B9 5MB B
. BEBWN oL REFF NLCEER, BEFE
R, BERRETF 50 nL BRI BES (10% Z
EZHI pH 7.4 PBS) . iBEA 37 C, $3E % 200 1/
min, 5351 F 1.2.4.6.8.10.12.24.36.48 #1 72 h B

H2 mLEHNRE H0.45 pm HFLIERE IS B 3
RGN RE. BEANESEENEREREERN
BR. SHREZEHRN 8.5 mg BEFHEHRZS BEF
25 mLEEH D AREESR. XARSAFENE

M RERIERIEATE. £ NENERBERES:
50C, + 3, "2,
Q% = ~ = (2)

Hehm AFIMEGRPAYRE, C, A% n 1 EHZ
MREE .
1.6 HPLCENEREFHEE
REFAESERAHARBREHEGLEEHTIE,
KHEAMGILEHE A Capeell PAK C18 # (250 mm x
4.6 mm,5 pm) , #EIRIEA 25 CIHEEEH 20 pL;
mEfEA 0.1% H,PO, (RABET pH{EHR7.0): Z
BE=60:40, FEiEA 1.0 mL/min, ¥ W Ki& A4
230 nm.

2 HZR5iTE

2.1 BREEXEE

2.1.1 HfE5 GMS BHRILLAYER
ERSERREMEETARBEEHZ IR

E1.

x1 WS GMS #BRILLAERE (n=3)
Table 1 Study of feed ratio of oleic acid to GMS (n =3)

te sl HER R/ pL 712 /nm PDI B {5 /mV BEHE/%

1:10 150 124.3+1.2 0. 345 +0. 008 —6.91+0.15 21.25+1.26
2:10 300 120.5+2. 4 0.321 +0.014 -12.1+0.14 43.68 +0. 83
3:10 450 133.5+1.7 0. 202 +0. 006 -15.5+1.02 75.19 +1.09
4:10 600 134.5+1.3 0.360 +0. 010 -13.5+0.25 57.48 +0.55

BE % i A 2 /935, B E8FF NLC fiizig
HEMNEL. XREAANELFHENERT, NLC
MR ETEZRAMERNEEZN. MhkAS
MEENEMERREZ AR Bk ET®
0 N

OHEEEHRASHEAEASTERE. X

eEAHBRREEAHNRE TAHYERSER®

MARE CaHERE. ShBRASIT XM, T

RESEHBR SN SBENKRNRE, ELHPHE

BKEMEREMR, SHaHEREE"T .

2.1.2 BERASHEE
BERAEMARARENZMRE 2.

*2 BERAEBHER(n=3)

Table 2 Study of amount of lipid (n =3)

BERBE/% $iI1% /om PDI HLAL /mV BEE/%
1 132.6 +1.6 0.276 £0. 014 -14.8+1.4 25.43 +1.72
2 138.3+2.1 0.289 0. 028 -18.4+1.9 39.25 +1. 69
3 131.2+1.9 0.317 +0. 017 -11.0+2.5 77.31 +1.31
6 135.8 3.5 0.384 +0.013 -19.322.6 59.94 +1. 47
8 140.3 1.7 0. 456 £0. 024 ~12.6+1.2 52.69 £1.92
10 257.2 £3.8 0.623 +0.018 -15.4+1.9 27.04 +1. 87
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BEEERASMEM HEEEMBERE, X
5YEBE—8". BEKERSEN EEYS
VIMAREER, FOHEAS. YERREED
AN HERFEEX SEMRILERE FE.

MNMESHNEERSQRENERSD, Fai=

FEfE.

2.1.3 ALFHENEE
TPGS HE3 NLC MO ENERHAE .

#*3 TPGS AEXAKFHENEHEHEN (n=3)

Table 3 Influence of amount of TPGS on particle size and entrapment efficiency of nanoparticles (z =3)

iz BE/g P12 /nm PDI B /mV BHE/%

TPGS 0.4 152.5+2.5 0.363 £0.014 -12.3+1.6 42.35+1.28
TPGS 0.8 151.1+£0.8 0.390 £0. 012 -15.7x0.4 53.26 £1.33
TPGS 1.2 132.5+1.7 0.350 £0. 021 -8.9x0.6 76.36 £0. 56
TPGS 1.6 132.8 +2.8 0.386 +0.017 -9.5+0.7 77.66 0. 85

fE& TPGS FERIIE N, RE&FH NLC 2 H
152.5+2.5 nm B3] 132.5 + 1.7 nm, @ H E K
42.35+1.28% F &5 %) 77.66 £0.85% . TPGS &
EHFEENMHAR R TFRE, TR REEER S,
FAFHFHSE. FHik TPGS A 21 K nfa L&

RARBHE. EERETAMTEEL A KIgH
ERRR EMREFHNARE SRadx
B
2.1.4 HEHrER

ZRELLY NLC HiZFEaHENEmEE 4,

x4 ABREEZE(R=3)
Table 4 Study of ratic of drug to lipid (= =3)

bl BEHFH /mg PIfE /nm PDI B{7 /mV AHE/%
1:120 10 131.1+1.7 0.302 +0.012 -8.410.7 42.04+1.20
1:80 i5 132.5+1.3 0.243 +0.016 -16.4+1.9 59.47 +1.33
1:40 30 129.7+2.8 0.262 +0.021 -8.2+1.3 73.35 +1.85
1:30 40 123.522.2 0.354 +0.019 -12.5+1.1 54.07 +1.73

HzR4 TH, ZBYMAETRIFREN NLC Fii2
ERRENTN. G EEEGYHSNEMmE
HEERE. IRRAGMHESRER, ZREK
HPHAMRSERAE X, SHEYEH EEE.
MEGYHAEREN, AVEBI TREAKENS
HEed]. SBEHEERE.

BHHERTH—MRBHEEER. £% SIN
ERTADERSERNABREREMSRHS
ERME. AHRPHEHHE NLC BT hE 2
VRBERS. LB TFHSES NSRS E.
2.1.5 SEMREHANZE

BREAM NIC HiZREHEMZIRES.

x5 BRESNM NLC HERSHEHZNE(r=3)
Table 5 Influence of homegenization pressure on particle
size and enfrapment efficiency of NLC (n =3)

HEETHEX NEBENRE mad=s
BENAS. EREEHYRENFFREESY
ENES5OHE. XTHERIENIESH, BT
HESX, BELEREMENEH AQHER
. B EXBP LM, WEEHRIT200
MPa fif, SBHEEMRNBRE TERR, =%
mik. Bt SEXBREIMENEZESAZE
FUAR - REENEFENESEE.

2.1.6 BHREMNEZE

HREF R PR ENEHSENS R
RFE6.

*®6 BEMRREM NLC HENRGHENZE(n=3)
Table 6 Influence of cycle times on particle size and
entrapment efficiency of NLC (n =3)

HE FI%Z /nm PDI B /mV a8HEI%

EF/MPa $ifZ/nm PDI HBii/mV GHZE/% KE
40 253.9x1.2 0.379+0.022 -15.3+1.1 35.81 +1. 17 1 203.2+1.8 0.498:0.013 -12.3+1.9 36.52+2 08
60  204.5:0.3 0.322:0.015 -12.6+1.6 40.28 +1.06 2 150.9+2.1 0.383:0.018 -15.7+1.7 48.56+2.99
80  132.5+0.7 0.243+0.014 -14.3+1.3 74.65+1.33 4  138.3£2.3 0.224:0.012 -14.9+1.1 76.25+1.16
100 130.5+0.6 0.315+0.031 -17.2+2.4 75.36 +1.37 6 158.5+1.3 0.33020.022 -13.1+2.3 63.78 +1.02
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EEsSEEAHRABHBLSE NLC Bk
NERROHE. IRERIYRIEI DR, 5
EERIASHLE, FHEESHARER, S
NESAHELREEE NESHRE. BNy
BRREE, HFRERSLE FERSARE. X5
KBTI IREE - . EELHEREES
M EEAEZERUSEBMN LA TFIHERS, £
HERE, NMEREE X H O ERERR.

2.2 EXFHERZER
2.2.1 HAZRKFHITE

EMEEEEZENEM L, %2 mEM GSM
BRILE (4) (Z5B5LEE (B) \TPGS A2 (C) MMEEAH
(D) AEZFITEENEE. BEKERRET.

x7 HBEZEKER
Table 7 Factors and levels
S
IKIF
A/(E'g_l) B/ (g'g_l) C/g D/MPa
1 2:10 1:80 1.0 70
2 3:10 1:40 1.2 80
3 4:10 1:30 1.4 90

2.2.2 EXREFITER

RA L (%) EXiEitERTH 9 AXLE, LaH
RHENIER ERSERMEFNZN0N, HEs
hars. HedFEITZEZGHEEREH 3%,
KAZEH 40 nL, HEMABEHR 75 C, WRRH
A4, THERREKS.

*®8 EXRFITEBER
Table 8 Results of orthogonal design

WIS A/(g°g™') B/(gg™') Clg DIMPa BHE/%

1 1 1 1 1 45. 06
2 1 2 2 2 58. 56
3 1 3 3 3 48. 90
4 2 1 2 3 64.27
5 2 2 3 1 80. 07
6 2 3 1 2 52.33
7 3 1 3 2 56. 52
8 3 2 1 3 65. 62
9 3 3 2 1 50. 85
K1 50. 84 55.28 54.34 58.66
K2 65.56 68.08 57.89 55.80
K3 57.66 50.69 61.83 59.60
R 14.72 17.39  7.49 3.79

RS RRTFRE REARPETERETNE
MEEX. AR MERTHMZERI ARG E

MEmEEHEN KM B>A>C>D. B, B2k
BIEEKEHE B A2-B2-C3-D3, B;HERFI GSM 32
PlEb % 3:10, Z3B5LE A 1:40, TPGS FIE 4 1.4 g, B
BREHA 90 MPa.
2.2.3 SCISISNE

BAAREEHSAEEREITEN I AL
th, IEEMRE FUEEE. B A2-B2-C3-D3 &
FEARHL, E NLC MENGHE. REeg
RARE132.6+1.4 nm, BFFEH82.35+1.23% .
2.3 Zeta FELITNE

Zean B SHKRNE RN B EEZTIHEE.
Zeta AfIATHES K, XKPAEREHEIF. 2B
BREEHEFENE 3 R EFH NLC, B Zeta
BAIA-14.521.2 mV, REFAHIERTFERRRA
B, kRILREE.
2.4 FEEFMNE

EBRESEELFHERESFH NLC, BAKE
RMBRMRNEE, ERRE 1. FH&EHREE
BRI, Rt &S .

Bl #AEREERE
Fig.1 Result of SEM

2.5 {RSMERIBR

FHAEREERERE2.
—
§
= —o— HANLC
jé - LI
0 lb 2‘0 3b 40 510 60 76 8‘0

¥ faf /h

2 ROMERIEEG
Fig.2 Results of in vitro release

HYRRES h NI SREREEW, ML
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NLC 7R 10 h RFBHER 63.58% , BEZEBRE
W, R T2 h BBRGE 93. 14% . MR, B3F
SEMAHBENRIKORT, REBERHE. WAL
FHRBk B RN EB R 254 M 8 i ™ B R i B & B
EYKRBERABAMBERNA BB HE.

5% F Higuchi BB & 57 24 h {RSMER#h £,
SHIEHMLZ 0=0.162:'7 +0.049, r=0.991. %0
RIMERIT AR S Higuchi 8!, X 58 XXk
HRER A —B Y .

3 4Zig

AARRASEYREHNETMERESTH
IR EHERTEE, RARERMERRITER
RFSIZEZWPRNEENZ M. FREH
HMEHREZMBEAHEN K/NAHEL > HES
GMS #z#tk > TPGS HE > ¥ RESN. HENRIE
B HHhERS GMS |tk A 3: 10, ZifgtE A 1:
40, TPGS FHE A 1.4 g, IR E 175 90 MPa. k7
RIEHELF I EFAMNRBAIER 132.6 £1.4 nm,
BFHEH82.35+1.23% .

Fil& NLC 223K, FERAH 5. KIE
HEEBEREEFEREREZERMOBEASE,
RAMER B ZE 75 & Higuchi 83,
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