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Preparation and Evaluation of Fenofibrate Self-microemulsifying Drug Delivery System

LU Jiangwei', JIANG Jingjing', CHEN Wei', ZHAO Xueying', ZHANG Wenjun'*, QU Youpeng® (1. School of
Pharmacy, Harbin University of Commerce, Harbin 150076, China; 2. School of Life Science and Technology, Harbin Institute of Tech-
nology, Harbin 150080, China)

ABSTRACT ; OBJECTIVE In order to improve the solubility and dissolution of the insoluble drug fenofibrate ( FNB) optimize, the
prescription of the self-microemulsifying drug delivery system ( SMEDDS ) was optimized and its quality was evaluated.
METHODS The prescription composition and proportion range of SMEDDS were determined by the solubility experiment, compatibil-
ity test and pseudoternary phase diagram. Star point design-response surface methodology was used to further optimize the formulation of
fenofibrate self-microemulsifying drug delivery system ( FNB-SMEDDS) by using solubility, average particle size and polydispersity
index (PDI) as evaluation indicators. The physical and chemical properties, and preliminary stability of FNB-SMEDDS were evalua-
ted. RESULTS The optimal prescription of FNB-SMEDDS was ethyl oleate (EO) 22.86% as oil phase, polyoxyethylene (40)
hydrogenated castor oil ( cremophor RH40) 51.07% as surfactant, diethylene glycol monoethyl ether (transcutol HP) 26.07% as
co-surfactant. The obtained FNB-SMEDDS was uniform and transparent. The FNB-SMEDDS was self-emulsified in water with average
particle size of (39.29 £0.45) nm, PDI of (0.11 £0.01) , Zeta potential of ( =7.7 £0.9) mV, drug loading rate of 15 mg + g™",
encapsulation rate of (95.11 £0.26)% , and emulsification time of (56.03 +1.65) s. Stability experiments showed that after being
stored at room temperature in the dark for 30 days, there was no significant change in its index components and appearance properties,
indicating good stability. Compared with FNB API, FNB-SMEDDS significantly improved the in vitro dissolution of FNB. The cumulative
release rates in water, pH 1.2 hydrochloric acid solution and pH 6. 8 phosphate buffer solution for 120 min were (97.68 +0.61)% ,
(92.23 +4.07)% and (93.65 £2.25)% , respectively. CONCLUSION FNB-SMEDDS has good appearance, high emulsification
efficiency. It can significantly improve in vitro dissolution of the drug, and is expected to improve the in vivo bioavailability of FNB.

KEY WORDS: fenofibrate; self-microemulsifying drug delivery system; pseudoternary phase diagram; central composite design-

response surface methodology; quality evaluation; dissolution

HEETE . HEE AL R0 H % B (MB20160087) ;2019 4E M /R R K 247748 A AL 35 H % B (2019CX12)
BB BT, Lo W B, LA S0 B AR R R CEWEE KOO, Lo Wl U R
ST HB L RSt Tel: (0451)84838207

HE 2552 2024 4F 12 155 59 555 24 ) Chin Pharm ], 2024 December, Vol. 59 No.24 243"
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7t fH FENB JE T AW 252 3 26 F 45 (biophar-
maceutics classification system, BCS) H7 %) T ZEMEVE 14
25 AEK R T R AR, R 5 T 1 R,
SR BEREAR, AN 30% 7 S Ll RIT 2K
PRI, eSC HK V r FR  3 f AE  ) H E
AICHE R

FUAT, B A ADE SR Ol AR BR A8 R &5 i 4
AR A I A ORI U 2R 55 22 Rl B AR e 38
FNB PR i BE RA SN 7 (H 25 OG5 1
YA E R E I S, R A B R, 5 %K) .0,
S SEN AR 1 N VTR Ry O R
W) RS R 2 o HE AT BR s oK &8 B BOR 2R F L
BT A 4 12, ks AR L Y A 7 B4 AP TE B AT REAE
T B 2R R B R TR A h 2
Tt o M )80 e T 6 G ) ol A il 8 BOR BR 1 11
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T I, ARG R ) SMEDDS e 4 = w17 14 24
H) FNB {7 1, R O = J0H &35 % SMEDDS Ak
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FNB-SMEDDS A f¥L14b 75, 3% FNB-SMEDDS f#)
P #EATPEAT, S & FNB I, DL Lk
PAEE )R] T B A A

1 KA SES
L1 &7

FNB( 45 =99% , #it 5 S17137 ) JEA4E 3 (7
Mradi, it 5 :S27176 ) R 1 (EO, o #r4ti, it
S24222) (H 4 £ M (40) Z Ak B JFR i ( Cremophor
RH40 , 43 #74ti , #t45-:S25692) ([ W5 i AE k5 A
FRONHE]) 3 = 4 —BE P 2 FE ik ( Transcutol HP, 43 #F
afi 15 :2020051132A) (RS ITALFRF A FRA
] ) ;Tween 80 (4314l #it 5 : 20190715 ) ( KELTH K
B 5 B SR R N 1,2
N % Tween 20 Eh 2 344 73 #r 48i ; PEG 400 ( _L ¢
BT T A AR A A FRA R o
1.2 U

UV-7504 UL AR L4356 06 B 1 (R HE R AR %
B ST BR A T]) sSHA-A TR A B IR % 28 (1T
HAIETT R TR AR ) s FA2204B L KO
(IR R R SER AR A FRAA F] ) 5 375 2 R 75 D
HUEHL QR Y i R VR & A IR A A ; DGX-
8053 B AU Ik 5 XU T4 47 (b Vi A 35 S 90 1 45 A BR
7)) s DF-101S R AL A TE I ARG 7 k4% (I
ST PR A IR DT A2 ] ) ; Litesizer 500 44k
WK EEAL [ Z AR (B8 ) B R A PR F] ] 5 Trace-
able ™ S 2 A AU 2 [ FEER G R B (R ED
HBRAHE ] s Mix Max B3 HEHR 5 # (A IR SCAS 7R B
EAERABRA D .

2 HEEER
2.1 FNB 4 &%
2.1.1 IEBKAESRE  ARECFNB X R A b D5

A FE R, T A R K 10. 00 g - mL7' A
FNB ¥, £ 200 ~ 400 nm (13 1 55 Bl P 647 45 40
WA, TR A, FNB 7E 250 nm £ 47 F1
287 nm LA B E AP, (H A i RHE 250 nm A2
A B SR SO S M AR T 287 nm JCEZNN B 2
FNB [ 7 i K 4y 287 nm,,

2.1.2 ZLPEXRFRFE KEWE FNB X 5
10. 0 mg, DA B2k %5 551, e il 100. 00 g - mL™"
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T o K 25 LI FINB G R b i A TR, i 7 R o
WeFE2.0.8.0,10.0,16.0,18.0 F120.0 pg - mL ™'
B o TR AE P 287 nm AEMEBOEREE(A) o L
WL (A) PN ARDR, FNB I o i W (p) D s A
b, bl £k PRuEfiZe Iy fEly A =0.048 8p +
0.009 1,r=0.999 7, ZMAEFEIH 2 ~20 pg - mL~',
2.1.3 PR EEEIR ORI EEI FNB X AR A i
B, P E 28, 420 1. 27 I0 R Jy 32 B o) B A [
TR IR VR AT T e B % . SRR I, T
BB RAE, H N H [RDRG 25 B2 A AR o e 22
(RSD)/NF 2.0% (n=3); [BIILERTE99. 34% ~
100.47% 2z 8] ,RSD /NF2.0% (n=3);24 h NF&
AEVE R, RSD B2 1. 02% , £F5 I E 25K .
2.1.4  HEUFLPAWEEME  BUE A FNB-
SMEDDS , i FH & 25 , S fL 8 st 2ok i, JB 82 i M e
SR 287 nm AMIEROGEE (A) , HidrdEfh £ i1
SHATE] FNB #y& &,
2.2 FNB-SMEDDS 4 7 fif #
2.2.1 FNBfE25IHIRHP RS A E PRI
it FNB J5OR25 70 S I AKS BRI 1 g 1Y EO R
T FEZE W Tween 20  Tween 80 , F 4 £ 4% (40) Z4k
BEFR 3 ( Cremophor RH40) | — 7, — i B 7, KL ik
(Transcutol HP) \PEG 400 A1 ,2-4 e, %45 1R/
JER AT, (37 £ 1) CHHIRZE G 72 h, X2 P )5,
5000 r + min "' B0 5 min, BGRA> FIE TR, fFLUE R
08, EREEIEN € FNB Ji o 2, 75 21 FNB 7EA
[Fi] 3if1 A | 3 THD 3% 1 R0 R Bl 3 T I 1 R o ) o
JEWIE 1,

FNB 7E4% i1 AH HP A9 15 A B2 0 - EO > R EL
> AEA . FNB 75 EO Hr 3 i B A A= il R
LI P AR O, N T T A X w1
5T SR ASCRAR T R AR g , BT Lg% EO N
THAH o FNB FEAN[F] 82 T 75 A4 0] o ) e BE ML
Tween 20 > Tween 80 > Cremophor RH40, Tween 20,
Tween 80 FI Cremophor RH40 %} FNB [ & fit it 11 22
SN, PRI TR TR 2 TR 1 ) %) P (T 59 5 Ak
HEATRTE P BT e . FNB FEAS [ B 2R 7 % M 77
AR FE T A : Transcutol HP > PEG 400 >1,2-7 —
fi£, FNB ¥£ Transcutol HP o7 8 175 i B f 4, i LA ik
$ Transcutol HP {4y BT PR o kTP fife 2 )
TELER WA E EO N4, Tween 20, Tween 80 £l
Cremophor RH40 “HZE 175 M7 , Transcutol HP 44 B
PV E— 20 F1 T SMEDDS £E75 i 1 .
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Excipient

1,2-Propanediol | #11.80+0.94
Co-surfactant PEG400 462.76+0.88

Transcutol HP 1230.43+1.12
Tween 80_ #54.50+1.22
Surfactant Tween 20 | h62.73£1.21
Cremophor RH40_ 143.64+0.94
Peanut oil i 149.35+0.72
Oil | Soybean oil_ H56.63+1.29
EO_ H97.69+1.38

S0 100 150 200 250 300
Solubility/mg-g™!

B 1 e DU (FNB) ZE & A R P B9 E AR . 37 Con=3 x5
Fig. 1 Solubility of FNB in various excipients. 37 C,n=3,x +s

2.2.2 JHURHARAS [m] 2R TS MR A B AR d g G
LS55 7] Lt — 254 ¢ SMEDDS (1% il AH 02 T
TR AR A A LA PR R, #F A EO 53R I T
5] ( Tween 20 , Tween 80 F cremophor RH40) 43
A% 1:9.2:8.3:7.4:6.5:5.6:4.7:3 [ [LHE
AL R 37 C) IR G, ¥ 2= KEm
FITE G W, LA A0 O A0 2L Ak B TR S 37 A il
5 R TSR A AR e bR . B LI RO T
BLOT RS G A G IR T B0 AL,
FLAL I E < 1 ming B 2% A UL mg 0, FL AL B
] <2 min; C 2% 5 5% H O 7 B, 2L A6 i Ja]
1 ~3 min; D 9 APERE, 52K, g7 eIk, FL 1k
BFE] >3 ming E 9% MELAFLAL, — B A MREAATE, 5L
AEIFE] >3 min,

PCAR SIS SR WA 1, 7T AH 5 A [] 2 1 7 1
F B, EO 5 Cremophor RH40 £ Tween 80 Hi{fi
I HY A FI B SEEREERAH Y . Rt , 4k Sk T Y
—OCARPE 0 R NS R RN

Fx1 WA EO 5k EMF (Tween 20  Tween 80 F1 Cremo-
phor RH 40) th it 4 %

Tab.1 Compatibility results of oil phase EO and different sur-
factants ( Tween 20, Tween 80 and Cremophor RH 40)

Prescription proportion

0il Surfactants
1:9  2:8 3:7 46 55 6:4 7:3

EO  Tween 20 A A B C C D D
Tween 80 A A A B B C D
Cremophor RH40 A A A B B B C

TE:A - R B2 3L, LA ] <1 ming B — SMULIE b, FL AL
i) <2 min; C - 25 H OB, ZUERTE 1 ~3 min; D - @ERE, 2 KH
@, m R, FLALH R >3 min,

Note: A — the solution is clear or bluish opalescent, and the emulsification time is

less than 1 min; B - the appearance is slightly turbid and the emulsification time is
less than 2 min; C - the appearance is bright white opaque liquid, emulsification
time is 1 =3 min; D — the appearance is dark, off — white, slightly oily, and the e-
mulsification time is longer than 3 min.
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2.2.3  fh=JoAHEETE SMEDDS 4075 K e il
Bl SR =M &L, 7350 LAt AR EO 2 i 1 57
( Cremophor RH40 FI Tween 80 ) J Hy 2 1 1 4 57
(Transcutol HP) /£ = JoAHIE 1 3 AN To A3, # BEAH
] P 4% 5, 491 T o) 23 £ SMEDDS, 8% JiE 784018 51
B IV, ARG A 100 fEIARFR K ZE 8 K
PEFER S I R — P IR B A O L FLOE R
W, TR LR . SEREM B LI ) R —
BB SR EL X . BRI 2, KA XA
FIRFLIX o 3 % A T = S A B I L XY L
B 0 P02 3R R Cremophor RH40 i, 7B K

0o 01 02 03 04 05 06 07 08 09 10
EO

A = ili4H EO ,Cremophor RH40 Ffl Transcutol HP;B — EO \Tween 80 #il Transcutol HP,

A —EO, Cremophor RH40 and Transcutol HP;B — EO, Tween 80 and Transcutol HP.
B2 =&HMI%% %% (SMEDDS) t# = o4 A
Fig.2 Pseudoternary phase diagram of blank SMEDDS

2.3 B EWT-3O W L FNB-SMEDDS 4t 77
2.3.1 £ &Hi%it (central-composite design,CCD)
MR BC RS2 95 S O = JCAH B, BB E 1 Ak T 2H
L5 13 i Fe e L, >R CCD 53, DLl A EO
HYE 3 it (X)) R IE PER] Cremophor RH40 F1
B2 TEE 1 5 Transcutol HP BT HE L K, (X,) A7
SN, ISF B i (Y, ) oRiAR (Y,) (PDI(Y;) fE
HRENIAERR o K] Design Expert 204 #EAT P A 2 11
K (a0, 1) LR BT, BARE R KFE
W32,

K2 WHEREFHRAKTFELZEZITR
Tab.2 Two-factor five-level CCD table

Levels
Factors
-1.414 -1 0 1 1.414
X, (0iV% ) 10. 10 13 20 27 29.90
X5 (K,,) 0.49 1 2.23 3.45 3.96
+ 2346 -
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AITFLIX AR, BT LA 2 Cremophor RHA0 Dy 3% i
PRl B2 CA) AT DLt — 22, 25 A LAk J7
AR o 10% DLT 8 30% DL B, 28 s
HE I FLRY , AN RETE WUV (L. 7E 10% ~30%
AR P AL A X S E B R sl B RUAEAR D7
AR EO (1 R REBR I AE 10% ~30% , Frim i 457
55 B2 s PR A B PR (K, ) E N 0.5 ~ 40
= IUAIER e A L AL T5 ) — il B 2 B U7 1%
HE R REXTAL T 4521 73 W93 FELEA T ) 28 A,
— PR B R BT -ARNE T I, X540 205 9 e F) 1 AL
Wb TT BEATIAL

WAVAVAY VAVAVAVAY

0o 01 02 03 04 05 06 07 08 09 10
EO

2.3.2 BHLA HEALTJr B % PRI EO
Cremophor RH40 | Transcutol HP,37 C % 77 i #
JEIMAGLH FNB, % 5, el 51, (37 = 1) CHE
HE%72 h, K FH#)5,5 000 r - min~' B
5 min, JOHB 43 b0 B, fCFL 8 RS A D, B2k U8 R
F42. 1. 47 TR J7 il FNB BT s W %, % B E
W B % FNB-SMEDDS ¥ 4 i . Bt FNB-SMEDDS
WA WL, I 2 Ak KA B IS M A5 8, 1 5T, BB L
T FVE R, R OB R R AN ST ¥R AR I
PDI, 753 2 @ 9280 351 45 1 WL 3% 3, 78 0L 5L Al
SN EAE - T AR R (e W E by
PETHESHSENEM LR UBEE M
BB PO HIE, 43 5 2 45 RN 48 i 1 B A
WA A=A

VEMRRE .Y, =106. 81 +1.89X, —11. 50X, — 1. 01X,
X, -4.41X,%-6.81X,>(+* =0.900 4,P =0.002 1)

HifR .Y, =35.93 +2.40X, —3.41X, —4.85X,X, +
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7.10X,” +5.30X,”(* =0.903 1,P =0.002 0)

PDI.Y, =14.12 -4.91X, +1.03X, - 1.43X, X, +
0.99X,” +3.41X,”(r* =0.921 9,P =0.000 9)

i R IRGR TR, VAR () RLAR (Y,) PDI

R3 WHEHREIAFEREITEZRER

Tab.3 Experimental design results of two-factor five-level CCD

(Y3) XFRLHY ik 2 0 AR AU 5 057 e R B0
ARG R E( >0.9) , BEHR Y — R 2 iR A
WG BOR B Hod, Y Y, Y B PR KCF
P <0.01, 2 REA G X,

No. X, (0il/% ) X, (Ky) Y, (Solubility/mg + g~1) Y, ( Average particle size/nm) Y3(PDI/% )
1 13.00( -1) 1.00( -1) 110. 01 47.50 18.80

2 27.00( +1) 1.00( -1) 116. 11 61.58 11.40

3 13.00( -1) 3.45( +1) 85. 02 45.32 26.20

4 27.00( +1) 3.45( +1) 87.06 40.00 13.10

5 10.10( —1.414) 2.23(0) 91.57 46. 18 23.90

6 29.90( +1.414) 2.23(0) 96. 49 53.55 10. 60

7 20.00(0) 0.49( —1.414) 102. 64 47.52 22.40

8 20.00(0) 3.96( +1.414) 75.79 45.01 21.80

9 20.00(0) 2.23(0) 105. 85 33.96 14. 00
10 20.00(0) 2.23(0) 109. 29 33.77 13.20

11 20.00(0) 2.23(0) 106. 25 39.97 14. 20
12 20.00(0) 2.23(0) 106. 12 35.53 14.30

13 20.00(0) 2.23(0) 106. 52 36. 40 14.90

2.3.3 VI LGEELSN KA SRR ZoK AR MMELRCE SRS . S5 R

75 FEAU S AR B S DL o0 A 5, 224 1 AR B Y
ROV T PRI RS i 2 1T (181 3) o AL 3 AT LA Y, 7
K H—Z RO, BEhAR & 2 & 8 A 3, 1
JE Sl G BRAR , REAR Je /N G 1 R, 270 B AR 4L
(PDI) 32 8 KA 5 TETMAH 1 70 25 B — S I, V4 ik 32 B
K (BT SEa8 e A, B4R A PDL S0/ e 3
Ko PIKIAR L PDL fiz/)N, - 5 it 2 dme K B 4%
AT T4 , 13 21 T 4 % FNB-SMEDDS ) fz )i
FAMENK, =1.96, JMAHE A 70 & 5y 22.86% , Rl
FNB-SMEDDS HAf 4k J5k 22. 86% EO,51. 07% Cre-
mophor RH40,26. 06% Transcutol HP,

2.3.4  EARALTTERAE A G AR Y Y RS
K SMEDDS 1) S AL T A7 45 3 4, X1 5 f
JE SFEpRAR K PDTBEAT T , M A S i -5 7
HZ 25, IR THRARRZE

o ) _ B o

(1)
SEEREE IR 4, r 0 1) 45 T4 b 55 52 B i
HEAHZE A FXTIRZETE 5% DL %R H A 48
e P TR R AT S
2.3.5 HAEMHE  RPE2.3. 37 NS
B AL Tr, 43 3 4% & 25 5 10,15 ,20,40 .60
80,100 1105 mg - g~ "hiI A FNB ¥ [ 137l e 45
TP 25755 2024 47 12 7155 59 5 24 1)

TELPYIMA L 15 mg - ¢ WO T, FL K
R E PERE FNB A i 538 i T B, B S 2
PRAULRE . WA R AR B AT, AFLLG
it 1L LI RE AR R S Y, T 2y
Wy o v i 1 oh L AR TR A B0 S P (ELHC 3 3 fE
T B, R 25 s M ke ™ o 4 A L
H ENB (A 15 mg - g7 I, KR T
I N L P AR A DU, BT A L g
A7 AR, 5 19 A T8 W4 fil B I LR
J9 7 kA FNB 7EJH AL 1E T, SMEDDS 1 FNB
B2 BTN 15 mg - g7

2.3.6 FNB-SMEDDS [ il 45 ki % # Bt EO
2.286 g, Cremophor RH40 5.107 g, Transcutol HP
2.606 g . FNB 0. 150 ¢ & FPaMIfi A ,37 °C #5140
£ ,75 2| FNB-SMEDDSYk 45 % . 1] FNB-SMEDDS
AEW P BEARUK 3T CRETIBEFEE Rl
FLOGR A, 15 3] FNB-SMEDDS 7Lk . il % L2
TR B L 4,

2.4 FNB-SEMDDS # it &3 i

2.4.1 SRULEMY 23067 TR Oy ik i 4
FNB-SMEDDS 45 # , 73 | 2 187K . pH 1. 2 #h1R
VR pH 6. 8 T R & PR B 100 475, B T A
IR e I UL, BEAT LSS, 5 R IR S .
Hi S AU, il T, FNB-SMEDDS 34 i i A1 v
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Solubility/mg-g"

4.00

3.10

220

1.30

Oil/%
Average particle size/nm

3:10

220

1.30

10 15 20 25} 30
Oil/%
PDI/%

Oil/%

A = PR B - AR C - 2R E(PDD) o

A - equilibrium solubility; B — average particle size; C — PDI.
3 R DUAF B AL 4 75 R 4 (FNB-SMEDDS) t % & 4 F Fn %0 bi @ 1A
Fig.3 Contour and response surfaces plots of FNB-SMEDDS

R4 B A28 W % b FNB-SMEDDS 4 77 #9 %4 .

n=3,x%s

Tab.4 Validation of optimized FNB-SMEDDS prescriptions by

CCD-response surface methodology. n=3,x +s

Factors Predicted value Measured value Deviation/ %
Solubility/mg + g1 109. 13 108. 87 +£0. 58 0.24
Average particle size/nm 39.54 39.12 0. 63 1.06
PDI/% 12. 34 11.90 £0. 60 3.57
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W SR PRI PR 0 o 0 Bl e W LA
TFLIR 9 BIOER , LUB 7 LR AR 4531
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