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Abstract: Objective To prepare and optimize honokiol self-microemulsion drug delivery system (HN-SMEDDS) and evaluate its
quality. Methods Pseudo-ternary phase diagrams were applied to screen the excipients of HN-SMEDDS. And then, using the
particle size of microemulsion as the evaluation index, the formulation of HN-SMEDDS was optimized by central design-response
surface methodology. The structure of the HN-SMEDDS prepared under the optimized formulation was characterized by the
electrical conductivity method, and the quality of HN-SMEDDS were evaluated in vitro. Results The optimum formulation of
HN-SMEDDS was as following: Polysorbate-80 71.54%, PEG200 14.62%, peanut oil 10.56%, castor oil 3.28%. The drug loading
capacity of this HN-SMEDDS was 60 mg/mL. HN-SMEDDS could be transformed into O/W microemulsions after being diluted
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above three-fold using deionized water. The average particle size, PDI and Zeta potential of the microemulsion were (16.83 = 0.35)
nm, 0.189 £ 0.021, and (—15.530 + 0.205) mV. HN-SMEDDS had good stability between 5 and 400 times dilutions, and the types of

dispersion media used for HN-SMEDDS dilution had no significant effect on the particle size of the microemulsion. And

HN-SMEDDS was able to form a stable self-microemulsion after being stored for 15 d at —20 ‘C or room temperature.

HN-SMEDDS prolonged the release time of honokiol in artificial gastric fluid and improved its release in artificial intestinal fluid.

Conclusion The optimized HN-SMEDDS possesses have the advantages of easy preparation process, small particle size and good

stability with low cost and can effectively improve the solubility of honokiol in water and the release of honokiol in artificial

intestinal fluid.

Key words: honokiol; self-microemulsion drug delivery system; pseudo ternary phase diagram; central composite design-response

surface methodology; quality evaluation; electrical conductivity method
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Fig. 1 HPLC of honokiol reference substance (A) and

HN-SMEDDS sample (B)
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Table 1  Solubility of honokiol in different excipients

(Xxs,n=3)
K LRy T ARE/(mg-mL ™)

A A T80 425.83+10.65
OP-10 115.23+£4.40
TO9 108.14+4.44
FT1379 107.33+7.74
LEP-10 100.18+7.54
CD6501 93.71£3.03
Cremophor EL 92.05+0.92
TO6 89.88+3.37
TO3 71.51£3.98
il hiz 38 X-100 50.651+4.96
AG0810 29.68+1.01
IDPE1007 3.39£0.05

BhEL Ak PEG 400 117.57+1.69
1,2-7 113.57+£7.96
PEG 200 112.3540.88
Laborsol 102.02£2.16
Hl 10.75+0.76

hAH BB 74.1540.37
fed 73.954+0.40
Tk 58.334+0.46
SR 45.1740.35
i 31.5940.82
P NER 29.13+1.13
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The gray area is the microemulsion formation region; Superscript a—d, the same character indicating no

significant differences, different character means significant difference (P < 0.05)
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Fig. 2 Pseudo-ternary phase diagram of blank SMEDDS prepared by different surfactants
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FAEIX, FRELIXTAR Y 05 Bl FLAL T L3S T,
SAEZEHI AR, 7L o EEHE s 85% A BB, S
*2 BIAUFFEERLER (X£s,n=3)

Table 2 Investigation results of co-emulsifier types (X S,

n=3)

BT SAH/%

PEG200 2431%0.11°
1,2-79 % 23.64+0.13°
PEG 400 23.0610.12°
Laborsol 22.64+0.14¢

EFHRANG FRERTERE 25, NFR/NGFREROR AR
PSR (P<0.05), %3, 4

lowercase letters with the same superscript indicate no significant
differences, and different lowercase letters indicate significant
differences (P < 0.05), same as tables 3 and 4

#=3 HEMEEEER (Xts5,n=3)
Table 3 Investigation results of oil phase types (X £ S, n=3)
A S1H/%
B PRI 24.31£0.18°
TeAE 22.1740.17°
T 13.0540.15¢
ST 12.36+0.31¢

4 FLIEF T80 7 S/CoS FHELERLER (Xx5,n=3)
Table 4 Investigation results of the ratio of surfactant T80
in S/CoS (X £s,n=3)

T80 7E S/CoS H 5 /% SAH/%
50 13.5840.24
75 22.5440.31°
80 243140.11¢
85 25.14+0.144
90 25.81+0.424

ELXEREMEZES.
224 ferE S E R LERL BT ERRI R E
K. stz SEFULR K, BARTEAEME
JyARES ) S B/ TR, HHEFEECN, R
PEECK, FUALTERER Y. A s, KR
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S/CoS, 5 EACAMTEVR B AH o LE 251 25%.
50%- 75%- 80%- 85%- 90% i FLIX KN, 4442.2.2”
T g ezl = oA E R 5 S . SR BRI S
BN (24.69£0.99) %, (2525+027) %.
(27.1940.26)%-(31.300.42)%- (25.41 £0.19)%.
(23.3540.36) %, FfiE LA EL s hn, S B
RGN, 2478 AE o Lk 80% 0 S (K B H K
i (31.30+0.42) %, E&mTHAMA.
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(X3) AFRHR R, 275 5 25000 45 5K ULk
02, AT SIS . S S AR K S
Fis, %325 (IR “2.2.27 W7k AT
FHHERE 100 F5HISFLIE, S /R SCHOERLEE 73 B
e FokiAE (25 C)o DAFLRARIEIE I NAE
(Y, % 5), H Design Expert 10.0.7.0 (Stat-Ease A #])
BTN (R 6), HEit 2 IREIFAMASN
Y=0.046 1340.004 82 X;—0.005 30 X>+0.015 97
X;—0.001 92 X1.X>+0.003 78 X1.X3—0.003 86 XoX3—
0.010 06 X;2—0.002 23 X>,2—0.008 70 X532, tHHKREL
(R 50914 6, G EMKF P<0.01, RIB
RREREE; SR ZRAR R R A FLEFI H

/,
:z

®5 ERRIT-HNEELEERKFRHREGR

Table 5 Horizontal arrangement and result of experimental factors in star point design-response surface method

=

g Xi/% Xo/% X3/% Y 5 X% Xo/% X/% Y
1 75 (-1) 75(-1)  70(-1) 0.00376 | 11  80(0)  71.59(-1.682) 80 (0) 0.059 01
2 85 (+1) 75(-1)  70(-1) 0.00416 | 12 80(0)  88.41(+1.682) 80 (0) 0.035 52
3 75 (-1) 85(+1) 70(-1) 0.00269 | 13  80(0)  80(0) 63.18 (—1.682)  0.002 56
4 85 (+1) 85(+1) 70(-1) 0.00423 | 14  80(0)  80(0) 96.82 (+1.682)  0.055 37
5 75 (-1) 75(-1)  90(+1) 0.03181 | 15  80(0)  80(0) 80 (0) 0.046 32
6 85 (+1) 75(-1) 90 (+1) 0.05617 | 16  80(0)  80(0) 80 (0) 0.045 56
7 75 (-1) 85(+1) 90 (+1) 0.02413 | 17  80(0)  80(0) 80 (0) 0.046 24
8 85 (+1) 85(+1) 90 (+1) 0.03197 | 18  80(0)  80(0) 80 (0) 0.044 61
9 7159 (-1.682) 80(0)  80(0)  0.01572 | 19  80(0)  80(0) 80 (0) 0.045 78
10 88.41 (+1.682) 80(0)  80(0)  0.03456 | 20  80(0)  80(0) 80 (0) 0.045 69
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*x6 AEDHMER
Table 6 Results of variance analysis
FERE CFAM AmE  ¥Wr o FE PH BENE|FERE EHFM O AdE By FE PHE BEH
AL 6.771X107° 9 7.523X107 119 0.0003 HHEE| X2 1.457X107° 1 1.457X10% 23.06 0.0007 23
Xi 3A72X107% 1 3.172X1073 5.02 00489 BF | x? 7.191X105 1 7.191X10° 114 03111
X 3.835X10% 1 3.835X10° 6.07 0.0335 X3 1.092X10°% 1 1.092X1073 17.28 0.002 0 H &%
X3 3.482X1073 1 3.482X1073 55.10 <0.000 1 fR®F| 5% 6318X10* 10 6.318X10° - -
XiXa  2961X10° 1 2.961X107° 0.47 0.5092 & 6300X10™% 5 1.260X 107 335.00 <0.000 1 %42
XiX; o 1145X10% 1 1.145X10* 1.81 0.2080 giiRE 1.880X10° 5 3.761X10° - -
XX 1192X10% 1 1.192X105 1.89  0.1996 BIEH 7.403X10° 19 - - -

EFLA GG O STRAEMPEmA I (G >
FULFITE S/CoS H L (XD

R AL TR 22 i e S T P (P 3D, W S 5 TR
FON A AR K 2 18] 22 FAE s o 1] 3 SR X
X T X AT 2 5 R 2 2 T i o2 T P34 e T S, R
TEALRAT SN I AR S SE N, 3 AN
MBS R, EAMBIERE, R\ 3IAKE
ZIAZHAERAR R, 0 A A S5 A AR
B, H2ES ERsELTT N X1=0.618. Xo=

0056+ <

0.051+

>, 0.0381 0.033 1
BN

0.025¢ 0.010*

825 85

-0.748. X3=0.589, Rl SMEDDS 477 4H N
T80 71.37%, PEG200 14.52%, {£4:7 10.76%, &
JERIH 3.34% o F5E AL TR0 AR sk AL P 3 REAR N 17.14 nme
PAEAR AL T FATEC A 3 4y SMEDDS, FikE 100 1 )5
TR S BRALNGS, 4R (R D Eox, HAr
kife N (16.86+0.33) nm, £HELZE% (PDD K
0.208+0.032, Zeta AN (~11.70£0.16) mV,

TR0 ()~ SR AR 1R 25 R —1.70%, 3 BAS Y T
TG

0.061 =
0.0401
>~

0.018¢

82.5
775 X%

RS 85
775 Xil% X% 75

B3 RURREIBCIE AR NE R E

Fig. 3 Response surface map with reciprocal particle size

82.5° -
X% 175 X% X% 75
*®7 LHEIELR

Table 7 Results of formulation verification

FEdh HRifE/mm PDI Zeta HLf7/mV
1 16.87 0.169 —11.90
2 16.45 0.207 —11.70
3 17.26 0.248 —11.50

2.4 HIAREREX SMEDDS REZHR

241 ECRFAFERERNE BUER S mL
SMEDDS, £ 77 # # T I N ik & A JE AR i) B
HN-SMEDDS, % “2.1.2” T J7 il % HN-SMEDDS
BER VAW, TE “2.1.37 Ttk 408 T I A v

FE AN T IR, T3 3R15% HN-SMEDDS iz K
BHREIREN (1.2620.01) mg/mL (n=3). [{
e 1 E R4 K . N LBl AL/
IFARRE, 23BN (0.1240.00). (0.14+0.00).

(0.14£0.00) mg/mL (n=3). MEFETE SMEDDS
W RV R S BOK A T 10.5 £ .

2.4.2 RFEIKFEN SMEDDS Pk 42 (1) 50
EMRAL G ) SMEDDS Jn AR S AN, il ek 24 5
FBIRE 518 204 40, 60 80 100, 120 mg/mL ]
HN-SMEDDS, F4li/KFifE 100 3L, 4558 (R 8)
WoR, M REIREE 0~60 mg/mL K, FL7F
YRR (15.530+£0.139) ~ (17.600+0.119) nm,



* 368 *

FED 20224FE1 8 $53% $28  Chinese Traditional and Herbal Drugs 2022 January Vol. 53 No. 2

* 8 AEHAREREX SMEDDS T4 2 H) M
(Xts,n=3)

Table 8 Effect of different drug loading concentrations on
SMEDDS particle size (X £ S, n=3)

25 R E /(mg-mL ) “FHRLAE /mm
0 15.5304+0.139
20 16.200+0.036
40 16.3301+0.065
60 17.600+0.120
80 119.100+0.779"
100 207.330+£0.250"
120 295.000+1.080™

57314 SMEDDS Et#: *P<0.01
**P <0.01 vs blank SMEDDS

20

40

80

MZER/N: MR EIRE SN 80 mg/mL
SMEDDS “F-¥j%ife N (119.100+0.779) nm, #H
TR E G (<100 nm). AR E %A T
HN- SMEDDS H#%( 2 i S A 60 mg/mL.
2.43 R BEWEN HN-SMEDDS 5 HFFe ik
FLE AP s it L AN R 22 = IR FE ) HN-
SMEDDS 4t (& 4-A) &.7~, HN-SMEDDS 2%
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Fig. 4 HN-SMEDDS (A) and HN microemulsion (B) with different drug concentrations
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Fig. 5 Curves of electrical conductivity of HN-SMEDDS

varying with moisture content
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Fig. 6 In vitro release profile of HN microemulsion and suspension in artificial gastric fluid and artificial small intestinal fluid
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