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Optimization of Felodipine Self-microemulsifying Drug Delivery System by Central Composite Design-response
Surface Methodology

YUAN Huiging', JIANG Shuguangz*(I.Lianyungang TCM Branch of Jiangsu Union Technical Institute, Lianyungang
222007, China; 2.China Pharmaceutical University, Nanjing 210000, China)

ABSTRACT: OBJECTIVE To optimize and assess the formulation of self-microemulsifying drug delivery system mixture for
felodipine. METHODS By the means of solubility, compatibility, ternary phase diagram and central composite
design-response surface methodology, the preliminary formulation was settled. The self-microemulsifying efficiency, stability
and dissolution were studied. RESULTS The optimized formulation was composed of LABRAFIL M 1944CS 4.4 g,
Cremophor EL35 as a emulsifier 5.5 g, PEG400 1.1 g, and felodipine 1.0 g. The average particle size after the emulsification was
30.4 nm, and PDI was 0.16. The self-emulsifying efficiency and stability was excellent, and accumulative dissolution reached
85% in 5 min, and 99% in 30 min. After 24 h, the felodipine self-microemulsifying particles was still stable. CONCLUSION
By the means of central composite design-response surface methodology, a felodipine self-microemulsifying mixture was

obtained, which showed a high self-emusifying efficiency, stability and a good in vitro dissolution performance.
KEYWORDS: felodipine; self-microemulsifying; central composite design; ternary phase diagram
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(LABRAFIL M 1944CS) ., A3l iR H i (Maisine
35-1)., FMRZEME L B H MR (Labrasol). &
TP P 20 KL Bk (Transcutol  P) AT PR3 B2 H 9 B
(Peceol) 12K FH 1L E 5 M ; PEG400(7g 5 fk 241
FIEBRAT, fh2gal),
2 FHEEER
2.1 AR

SR UV T F e P i Mo - 7E 10 Fh
FL LA R VAR BE (25 °C), IR T B g
HALLERE, B TFZEROE T, AL EZAY,
e 259 783408, 40 C/K¥ F#RA 30 min,
B 25 CRIRFERF-# 48 h, BlRATZ5900HE,
4000 r-min~' .0 20 min, 158 25HFH LIS .
GEOLULER 1, R o RV AR R R iR
HHE., R Peceol 4F, #I&T—HH.

T 1 FAMTFETEHLFRAEMREQRS C)
Tab. 1 Solubility of felodipine in different adjuncts(25 C)

mg'g_l

Al ey i3 S Tk T
Peceol 30.5 EL35 132.9
LABRAFIL M 1944CS 41.6 Tween80 146.7
LABRAFAC CC 44.9 RH40 148.5
Maisine 35-1 39.2 PEG400 198.1
Labrasol 216.2 Transcutol P 389.1

2.2 I AR AR R )

VAN R Fe A vl AR 5 LA R 45, gL
RGO, B0 T E v AH 5 LA . AR R L
EFITR AW BTN 0.5 g, BehlimAHAFLAL5]
Feflsrh 307, 416, 5:5 MRS, 185,
37 CzEMKHE 11 100(g-mL-")FiBEZE 50 mL,
(R X (i & SN & B P4 DU R 2 37 S e e 1)
FRUEST N 5 AERB. A, L, TR
T BUIZ 5 (<50 nm); B, iU AL,
B 116 37L(50~100 nm); C, ZMEkFLiLfyig,
TE RS A PPIRALFN (>100 nm); D, sacFL ki
1, WARERK A6, SMESHMR; E, shHkEL
fEIRME, TCHIER—R R, — A A

A LABRAFAC CC., LABRAFIL M 1944CS
5F45/ Cremophor EL 35 ,Cremophor RH40 .1k
1% 108 BL -, & Cremophor RH40 HTRA R AL AL Fc 12
B K ST RS B B R B B . T FL Ak 2212
BT . 2N FEMS R 2
a2 A LABRAFIL M 1944CS, FLALFI K
Cremophor EL 35, Z5530L3% 2,
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Fz2 WHEESILAAESE KA THILHER
Tab. 2 Emulsification result of emulsifier and oil in different
ratios

iV 3:7 4:6 5.5 PHh
LABRAFAC CC : Cremophor EL 35 A B-C C OK
LABRAFAC CC : Cremophor RH40 A A B OK
LABRAFAC CC : Tween80 B C C -
MAISINE35-1 : Cremophor EL 35 A D D -
MAISINE35-1 : Cremophor RH40 A D D -
MAISINE35-1 : Tween80 B D D -
LABRAFIL M 1944CS : Cremophor EL35 A A A OK
LABRAFIL M 1944CS : Cremophor RH40 A A A-B  OK
LABRAFIL M 1944CS : Tween80 C C C -

2.3 il th = oA # i ik B LAk )

X LABRAFIL M 1944CS AiitiAH, Cremophor
EL35 mMFLEF, 43005 BhFL L7 Labrasol |
Transcutol P, PEG400 21 i —JC RS %4 il th =T
Blo LA1:9 2% 91 W, FEomlAIE & sl
(1) 2 TR % MR A B RS PE R IR & . BUE L
B RS YA [R] BT i 3 E0R A, 785018
SJE KT EFRRE(L ¢ 100) (0 B 5 VA TR A2
S, T ROKE R PR AW A B BEIA .
H Origin 8.5 21, JHEHMSESS A B 5%
ok k, ZERILIE 1,

A& 1 AJ %1, & Transcutol P 4N A FL i Al B¢
/IN; & Labrasol BIZKFL AR K & PEG400
PIAEE Y, GOKZLIX ST LIS B 2 ihAE . N
P A FLE R a2 &, P PEG400 7 Bh LAk
FI, 3 H 3256 b % B PEGA00 T 180 49 K 7L 58 fm 7
HsE, gt — B [a] e e A

e — s BE Lo A Lk A, i
FEWA I 2 2T v R i3 | S B e | S R Y S P2 I
A LABRAFIL M 1944CS-Cremophor EL35-PEG400
o, HHS AWM, HaLRE L, 245
KU 1, HIE AT, 25989 A% LABRAFIL M
1944CS-Cremophor EL35-PEG400 £ 4t JCHH S 520
2.4 RSB

PEHOT A LR AT o 252 ) 2 A PR [
HHF 208 X, FI SA/CoSA 1Y FUH (FLAL ) 5 Bh 3L
AR BT L)X IE N A28 e, DARLIR RS 800
(R Y), R R BK 2 8 3 Hhfe it
07 (3 3)o ZBHE i KR R B (i A
DA, HAREA5A 0, £1, £, =2H"
A= 12(8 14)(k FoRNER, k=5 i, RH
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Fig.1 Pseudo ternary phase diagram

XTI R A T 22 e 2 P [l R — AR 22 U
B, ZICEMERE Y=botbiXi+boXo; IRZ Iy
T Y=botbiXi+b2XotbsXi*+baXo™+bsXiXa o

#*3 AHEHEFLATE SR

Tab.3 Five levels of two independent variables

K Xi Xa

-1.414 20 1

-1 25.86 2.17
0 40 5

+1 54.14 7.83

+1.414 60 9

x4 ERRTRARER

Tab. 4 Results of central composite experimental design

K X X A% /mm PDI
1 +1 +1 355 0.21
2 +1 -1 48.4 0.18
3 -1 +1 20.1 0.10
4 -1 -1 21.3 0.07
5 +1.414 0 49.5 0.21
6 -1.414 0 18.3 0.10
7 0 +1.414 24.2 0.14
8 0 -1.414 40.5 0.31
9 0 0 25.0 0.13
10 0 0 28.4 0.16
11 0 0 25.6 0.12
12 0 0 28.2 0.12
13 0 0 26.3 0.15
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I 2 AL, —BER T, SR
Xy BEIne, RARTREIE I M X fEE R, R
Xo B v/ (8 ki A2 <20 nm- XIS A R
o LIKiA£<50 nm. WA ESE . rEUER
SEME . R I A R IR, AR BE LR X
X1 30%~50%; Xo N 3~7. MAGIEX B rpkst 3
AT (X, )P TRIARRAE, S5RIE 5, 45

> ZH
BRZECA BRI R 4F
R5 BAFTERIELR
Tab. 5 Verification of model equation
AT, x) WAL AE/mm SR /nm i 2%1%
(30, 3) 23.63 22.76 —3.68
(40, 5) 26.70 28.40 6.37
(50, 7) 32.37 34.51 6.61

2.6  FLIEJr=Csg S AL Uy vk e

RN FLAE T 2O IR KT I, IR R T K
T 125 VL 7K 7 X 2L R AR RN 43 A (RS2 ) 53 )
SR KT AR A v (B R A — M A 2818
K, BEIIRAEFE), WOBEAEECh 10001 g ¢
100 mL), X} 54~ B FLAL 7 AT 2L E
RN 3 Wk, ZEH L 6.
R6 AMESEAFMELBREES LR

Tab. 6 Comparison of particle size of aqueous titration and
non-aqueous titration

A

N TR K
g5 IR —— — —
P SR RARIE Sk AR
X, X))  f&/mm 7 y
1&/mm Fl/mm  %/nm [#l/nm
(40, 4) 28.64 26.3 0.14 <60 28.7 0.16 <100
(40, 5) 26.70 28.4 0.12 <50 26.4 0.14 <60
(40, 6) 2536 24.1 0.13 <50 29.1 0.25 <100
(35, 4 2484 24.0 0.13 <50 24.7 0.14 <50
(35, 5 2327 23.6 0.13 <50 243 0.13 <50

HER 6 WIAHEW: JEKEFL b X E 51
R KRR, X Fhsgm, RiE A FLR R T
AR B X Y BGR S  2

LR IEILIRARS . FLACE B AT AR 734k,
PEPEAETT (40, 5), B LABRAFIL M 1944CS(Jfi
4381 40%) , Cremophor EL35(50%), PEG400(10%).

2.7 HAENTHE

X H R AL J7 (40, 5), SRR AL AL
RIS T AR RS, MANZE R R 103.8 mg-g!
(25 C),

i SCHRE-OY, 24 1 W44 5 A LRk P Teh R DX
W REIG S A FLAL R s 43 2L AR R 0 T R A
#_2h, AT, T A LR
BeJG B Ze it R M . TN K 7L R 45 1l R 1 38 1
sCEE WA, BRI RERS, SR KE
B DR Z 20 20 BB an S5 4o
Bl 2k 25 A 10%(1 g Ab 7 A AL B 259
100 mg, MbEkZhE LTI AE M), 9%, 8%
AL, %18 1 : 100(g-mL-)Fi ke, T 0h kL
£, B50(4 000 rmin~', 15 min)J5 RIS ; K2
B THERE 24 h, 48 h JRIKAR (BN RE AT
03 vk, BOFHI(E), 45303 7, mk 7 a5,
i 10%32), FLIRESOJF R BB, AN B0
ELRERRE 24 b J5 RIAE BB S ARKT 4 9%
e, BOomEEE, FLRINEEE, RRIL
PR s e 8%k 2 W B INASE o Hchff g 4%
ZHHETE 8%~9%.

224 F LG 4% . FREL LABRAFIL M 1944CS
4.4 g, Cremophor EL35 5.5 g, PEG400 1.1 g,
felodipine 1.0 g, WHERSIEA 45 CHEFR, 1 h
JERIRT, 5 A AN AT RS B, #vEL 24 h LIGATAT
2.8 2y A MFLIRINE PR

P SCHRT, TR RSB R AR TG TAFE o
W 55 25 A EL IR INA AT .

WECERAE . BRI MO R 2 8 TR g
WA IS 1OV B L E T RS b (B2 ¥
5 mg), MUAHESRBUENEECPEZH 2015
AF RS DU ) 0931 25 —3%), LAsK 500 mL i
WA, 100 rrmin!, KIRREGR7£0.5) C,
e, 25, 20, 30 min A1 1, 2, 4, 12, 24 h,
A3 EURE 5 mL, 0.45 pm ffL g AR g L I RIA %R
70 R[] 9 A R AR R i A B, ISR IR AR
362 nm AL G, TR TR, 2RI 3,

=71 BRGEMIAWMEEN
Tab. 7 Stability of drug-loaded nanoemulsion
B % 1 : 100 #BE(0 h) BOAb 24 h e 48 h #E
: FHRiEmm PDL SR EHEKAE/mm PDI AU SFEpRiAE/Mmm PDI MWL SFHpkiff/mm PDI AN
10 32.0 0.19 ¥HEiEiEM X - - 28.1 0.19 &5 27.8 0.18 45
9 30.4 0.16 VEIEBEW 30.3 0.13  HiEEW 30.4 0.13 - iEEHN 319 024 & iEEH
8 29.0 0.12 EEEMW 28.6 0.11  HiEEW 28.5 0.12 &y EH 28.9 0.12 &N
26.4 0.15 #EIEBEN 26.2 0.13  BIEBEH 26.1 0.12 &7EBM 26.8 0.11  iHBE
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Fig. 3 Dissolution result of felodipine L-SMEDDS and the
bulk drug
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