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Research on Preparation of Fennel Oil Microemulsion and Promotion of Transdermal Permeability in Vitro

LU Shanshan'?*, CHEN Jun?*?*, ZHAO Yurong', XU Yibing', ZHANG Mangi', LI Haorong'(/.Hanlin College,
Nanjing University of Chinese Medicine, Taizhou 225300, China; 2.Nanjing University of Chinese Medicine, a.Jiangsu
Provincial Engineering Research Center of TCM External Medication Development and Application, b.Jiangsu Collaborative
Innovation Center of Chinese Medicinal Resources Industrialization, Nanjing 210023, China)

ABSTRACT: OBJECTIVE To optimize the optimal formulation composition of fennel oil microemulsion gel and to
investigate its transdermal performance in vitro. METHODS The formulations of microemulsion and microemulsion gel were
optimized by central composite design-response surface method, and the transdermal properties of the microemulsion and its gel
were investigated by Franz diffusion pool method. RESULTS The optimal formula of microemulsion was oil phase :

emulsifier and co-emulsifier(Tween-80 : diethylene glycol monoethyl ether=2.5 : 1) : water=20 : 27.6 : 52.4, and the

microemulsion gel of fennel oil was prepared. The microemulsion of fennel oil had good fluidity and stability, the average
particle size was (42.03+0.9)nm, and the polydispersion coefficient(PDI) was (0.154+0.005). The obtained microemulsion gel of
fennel oil was uniform and delicate, easy to spread, and had a certain fluidity. It was an opalescent translucent semi-solid gel. The
results of in vitro transdermal performance showed that microemulsion and microemulsion gel were prepared from fennel oil as
oil phase, and the in vitro transdermal absorption of fennel oil was increased by 3 times and 4 times respectively.
CONCLUSION This study lays a foundation for the preparation technology of fennel oil and provides a theoretical basis for
the extensive application of volatile oil drugs.

KEYWORDS: fennel oil; microemulsion; microemulsion gel; central composite design-response surface method; transdermal
permeability
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2&, W, AScge gt — 5 5 nlid A 2 5 4 24
LRI o UL IBE e B A R 1 i 7K P 245 W HE s 1Y)
I, EEE T ELKAMENE, ReEts, &
WRAE R, R EARKRAERIEN, &2k
ELVE 700038 Je 25 2550 LB

ABEFEE X NE TS AR, SR, 5
AL I, S5 A MEL B L, A T —
FieE . BAk . REWMAYE KB RE . H/
Tl A T B LB, IF 5 S ARSI J M f
VIR B M Wi i i . B e IRB a1 . 2
AR YR EE ) B rPL,

1 UBESHH

Agilent 1260 =20 AH 1L (32 E Agilent 24
F L, ZEANKG N %%); SL1020HK £ 31 RE il b {X
(Thermo); VORTEX-6 i iR ~)#%(Qilinbeier); F
f PHS-25 ) pH (A R A A BR A
F)); RYJ-128 25935 2 9 B (i B 2R A3
ABRAF]); NDI-1S $w B 36 1T E s I Hiid
A PR E]); Bk (Thermo Scientific); TGL-168
i B O HE B ); MEL04E
T3 53 Z— 53 B RV (MR 8- FE R 2 A% () A7 PR
3wl HH-4 350 AH R K 7S 5 (AT BRI AER )
LXJ-B iR 7 i 28 B0 L5 e s
FHIRAT); DHG-914385 g X T 1eda (1 104
TEfEAF]D.

KU 934 bt A R B A R A F
CAS 5: 9007-20-9); = ZFE(hFEEZ %R,
CAS 5: 102-71-6); RHNEE(CAS 5 : 67-63-0),
ToKZEE(CAS 5 64-17-5), TKZFR((1i, CAS 5
64-19-7)40 [ ik TABR AR XA
fli(CAS 5 : 4180-23-8; (Akalify =98%, L5 :
Y24N6S6391) . HFKIH(CAS 5 : 8001-79-4) , 15-80
(CAS 5 : 9005-65-6), - A2 KERE(CAS 5 »
111-90-0). 1,2-P§ _[E(CAS 5 57-55-6), B 5
400(CAS 5 : 25322-68-3) . JHFER(CAS 7 : 112-80-1),
N EER S NER(CAS 5 110-27-0), HREK L —
FEHMES(CAS 5 85536-07-8)4M [ iR A=
WIRHEABR A /AN 25468 (B3 =B h 2500 A
FRAF; 5. 170502); HEE(EAIEH, CAS 5.
67-56-1), ZIE(IGY, CAS 5. 75-05-8) ¥ H
A S R AL B AN AR A PR B HARi R R o i gt
2 FAEEHR
2.0 S TR A 0 E i ST
2.1.1 @355 Kromasil Cig 035 4+ (4.6 mmx
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150 mm, 5 pm); WshAH: ZNE-/K-VKEZBR(SS : 45 -
0.03); Wii#: 0.8 mL-min'; KM% K: 260 nm;
FEIR: 25 °C; ARESE] . 20 ming #EFEE: S L.
FEM TR T, XTHR S s R LA 1,

R

0 5 10 15 20 25
t/min

1 RA & R & B HPLC B #
A= T BRI B3 F 0K SR

Fig. 1 HPLC analysis of trans-anethole brain reference
A-trans-anethole standard solution; B-blank ethanol solution.

2.1.2  XRRGIEW I EI A AR RO S A A
20 mg, MATCKZEERERZE 25 mL =i,
o), IS H 0.8 mg-mL " By X IR A AT
2.1.3 HEAMER e HE KA R 50 mg /NE
T 50 mL B, FJOK CESR I E R, 155,
K E 2 mL T 25 mL 8+, 0K ZEEES,
FE5, RIS A

2.1.4  FRUEMZRIOE ST RS 2 WO RE 6 2
0.1, 0.3, 0.5, 1.0, 2.0, 4.0, 6.0 mL T 25 mL &
Y, HIOKOEEEES, 51, fRRESh 3.2,
9.6, 16, 32, 64, 128, 192 ug'mL!, % “2.1.1”
T s S5 A e e T AR . DAMR B AR AR bR, T
BUMY AR bR, 7R RNIH 7R . ¥Y=24.601X-
53.891, 1=0.999 7, Z5RKMH, RAEHFME 3.2~
192 pg-mL~ NEEMEC R R I

2.1.5 AR EcEREE  EE R R A A
W9 1, K WIBOW B IAROI AT, i A
JHE TR 80%, 100%1 120%, 41T 3
Oy, $857, SERERGIN, I s T A A )
T s X i 06 i AL TSR 435 ok 99.8%,
99.9%70 100.1%, H: RSD 4341} 0.18%, 0.66%7#ll
0.11%, R MISCRL,

2.1.6 (UEHEEHERE KW 32 pgmL ' 1Y
X R ST, ESEERE 6 WK, TR T A i
AL RSD A 0.12%, IR 2 B KA
2.1.7 FROEMERE A R — il

A [ IAC N P2 2% 2022 4F 4 H A5 39 545 8 1




W, 9T 0, 2, 4, 6, 8, 10h JEEEAIN, 255
2 TR 7 I T ALY RSD M 0.26%, FEBAHER M
VWA IRICE 10 h NEEATARE .

2.2 AAb T BRI T A T ) i B A%

1 g /DEIEE Lm0 1 mL @93, FAk
FIFNBhFLALR L B TR0 F, IREE 45 min, DU
4 000 r-min~' &[> 30 min, BGXFIZZ 0.45 pm 1
FLUERE T UE, HH EEMRE 25 000 f%5)5, A HPLC
DA WS = G = W W 1 g o N
A FURFRI R B LA R i g B . AR ISR 1,

R A AR KA E AR EE E(n=3)
Tab. 1 Solubility of various ingredients of trans-anethole

(n=3)

VO el S5 T B il 5 A7 P /mg - g1
FLALH i -80 2 902.5+0.36
TR IR 2 R H g 2 530.0+0.43
il 2577.540.12
A BRI 3 790.0£0.06
PR 7 58 R 7 TR it 2952.5+0.25
K 2 910.0£0.09
BFLAEF T 7 ST 2 835.0+0.13
Tk 2.1 2 825.0+0.46
1,2-N 737.5+0.04

MR A B v B, /NE A TR AR

80 WA MR, T E R IR -80 K
FULH . T/ NETE 1,2-T8 A ORI,
N B UL A A K B . 4 B0 2 ik
WA 2] AR SRR SN R . R T A B
SRR N T A I A BRI R R RE S, A Rt —
ik
2.3 25 FIRELA Oy i e

K HH 96 LR T 1 7 YL 4 il O = JCAH I i 1
WAH. e S BRI ek 2, Dk
-80 AFLALF, 4 LK LB 2 .
Sl B AR, G RERR SN ER . KR
JRRIHT A A

FLARBAE TR UO, X A (R S5 R S N TR
AR (R -80 © TR L EE=2)IR AP A,
200 uL, A4 190 pL------F3 0 uL, J8EK 10 pL, %
AFLA 3 AN AL, KW Ay O pL, As 10 pL------
F3 200 uL, 340EA 10 pL. BHIAFTHH) 96 FLARE
THRZ s LIRHE 30 min, @#IRGS), MLk
FEFRALT 630 nm ZRMNSE OGRE, MO E S i i)

o E AR 242 2022 4F 4 H4 39 545 8 W]

SERRE G, SRS T B PRGN,
VEM, WOCEER, FEIRAS KAS /NI ST IR S,
VEPEIG AL S AT O = oo M R 2 i, 458 L
2(BASE X R L X ) o

i3 Origin 8 S A BCFAEREL, KriliAH . 7KAH
RAFULRIE R = oA R 3 TS T4
il , KRR TE VE T B A  ( FL O 1 SE I S E
A CCELA A Ty s, 423 28 i S K AR TR
BB X3, BPRL X, DA IR A
TEbRmfE IR R, 5L 2.

HE 2 "R, BhFLARR A 5 ToK R R —
O R IR, AR A R G K R S R BR
BT 4 T T AR K . AREIR-80 S FLIERI, A
GRERR SN IAR, oK OBEE T2 TR
SR B FLAR . B a5 5 Bh LAk Y b
Sl 11, 201, 301 FEMAEEL:9, 2
8, 3:7,4:6,5:5,6:4,8:2,9:1RAEY
5], #% 1R 96 FLBGEATERAE, FIk, 45 R ILE 3,

&l 3 LA S BRI A L Kn=2 B, AR
BRI L im A, 2513k, BhELik
RN = oA LRI, HAE Bl L T A A
K, BOEREFLER A E-80, BiFLiLFIh —2 =
Fiof. 2 3Lk, HFLAEFI B FLALFI B A 2 0 1.
2.4 B ke gy

MR T I 705 00 S B R B B 45 R, ke
SHE AL B 3 AR, B 55
H(Xx) . AR SRR Kn(X2) . IRGFLAL
RS Xs), FZREAERLE 2, Hi X ull
0.2~0.8, X» yulfl 1~4, X; JuFl 0.25~2.5, KM 3
2 3 KV RSB Tr, #4817 T
FrASFLAI RS Yi(om)BEFTPEHT .

W% 3 RS R T IR 1, L kL
TR BE A A A B AR T AR PRGN T A
PLEHRE, BwERA/N, IR S S e
mMA T, AW ELS R X1=02, X»=2.5,
X3=1.38, JHARFT &5 BT 4380 20%, FLALFFE)
FLALFH (R -80 © 4 TR L EE=2.5 1 1)/
S 27.6%, 7KK 52.4%. K Design Expert 8.0
AU S s BE AT WS, TRT
R1=85.76+68.35X,-2.14X,+5.69X3-3.15X, Xo+

11.95X1X3—1.87X2X3+19.78X1°+6.06.X2°—7.89.X3>
(R*=0.990 6, P<0.000 1)
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Fig.2 Pseudo-ternary phase diagram-microemulsion regions drawn with different oil phases
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Fig. 3 Analysis results of the pseudo-ternary phase diagrams of the microemulsion at Km=2
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0.5)nm. 27 HPE+s £ (polydispersion coefficient,
PDI)=(0.174+0.004), 10 000 r-min~! &.{> 10 min,
A3
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Fk2 EARIUTWEEAT

Tab. 2 Factor level of star design

o K
AR
-1 0 1
X 0.2 0.5 0.8
X 1 2.5 4
X; 0.25 1.38 2.5

#=3 ERRITRATEMN

Tab.3 Table and evaluation of star design

e WHE LGS RATIGNS TR

B BTUAII iy am
1 0.8 1 1.38 191.5
2 0.8 4 1.38 180.5
3 0.2 2.5 0.25 38.5
4 0.5 2.5 1.38 84.4
5 0.5 1 2.5 90.3
6 0.5 2.5 1.38 84.2
7 0.2 2.5 2.5 32.2
8 0.2 4 1.38 38.0
9 0.2 1 1.38 36.4
10 0.8 2.5 2.5 180.7
11 0.5 2.5 1.38 85.8
12 0.5 2.5 1.38 88.7
13 0.5 4 2.5 82.7
14 0.5 2.5 1.38 85.7
15 0.8 2.5 0.25 139.2
16 0.5 1 0.25 81.4
17 0.5 4 0.25 81.3

2.5 /NEAF I ECEL I A

Wz L, B R T R S BE 5 /N B
ZyLAL 1, 12, 13 BB TR G, g
AT 0N B RFLIIE A, SRR, IfiE
1F T IR R AN A /N AR I P R R R T TR =
11 MCR e, H st ds b Jr il AH (R 55
MR SEAEE - /NE A I=1 0 DFF S RESECH 20%,
FUAL ) FI D FLAL ) (1 1R-80 T2 TR 2 S k=
2.5 0 )RR 27.6%, 7KK 52.4%, A S 31K,
I ZARAR /NI
2.6 /INEAF I RCEL Y B B TR
2.6.1 pH{EFMFEMNE EH pH 1H 6.86 MR
TESE WA pH 4.00 AOBRESE i, FHRRHESE il
WIEACIE pH e, pH I E /N 7 i L iy
pH {H. M pH {E8 6.51. FKAFEHME, /N
T A CEL B B BE g 274 mPa-s(3K A 50.3%).
2.6.2 KARFIHL TR NEFMMELA R
}(42.03£0.9)nm, PDI “4(0.154+0.005), V145
KA 14.6 uS-em™!,

o E AR 242 2022 4F 4 H4 39 545 8 W]

2,63 FAEPEEEE B mL 1A I B/ A i
FLE 2mL WELET, ASEEEO, 17
10 000 rrmin~', 10 min BRI T L /NETFF K
RN ZING, foE s,

TE(40+2) C FIAH X (75£5)% 55 FCE 30 d
Je, /N TR L S 2R AR A (45.1240.4)nm
PDI #7(0.138+0.015), “F-¥JH 34 15.3 uS-em™,
LA A B S U TE A %, EL/INE B il
)& IR DLIEAIR SR B /INTET A vl L e I 45 1
TRGE
3 MEE MBI &
3.0 KU 934 HEMFEE

50 mL # B JE B /NET B REL 4 0, 4
BIMA 0.3%, 0.6%, 0.9%, 1.2% ikl 934, #
B 24 h, fFHFEMEM, T pH £ 6.0, HEH
AR . R L FERREE . TRIETE

5 e T 11 280 ) R i A S U0 R P o 1 4
R, MR 0.9%F, AU H A —
FERME, JF HEA RN, SRR 4.

x4 FEEBHENFE

Tab. 4 Investigation of carbomer dosage

JHEE/% LISURERIN B FRREE TR ek
03  FAf KRR B TR
0.6  FLHG, REM A i TR
0.9  FLEG@, FEEK LA i D VR

12 FLHE, REER R TR )R, fEERE

32 WEEHENER

K% e B S0 mL AR /Nl B sl 4 1y,
SPHIINA 0.9% K 934, 1 AEXRS, S4b 3
BRI 2%, 4%, 6% =8, #'E 24h, f5H
O, AN pH & 6, HEHANIMEIR . i
PEL BB IREEREEG ST, 12rmin'),

SERNFE 5. SEREY, sEREHHET,
6 M 56 T 119 70 3 RV 2 0 2 ot ek o 44 o 1
8o HIMA R 2%, BB B B, g
PEIE

x5 A-BAELFRLR
Tab. 5 Results of glycerol dosage

JHE/%  AMPEIR BBEE WREME FE/mPas  TKMA/%
0 AAE B WHRE 10 406 17.8
2 Ape  Emh SRR 16 562 37.7
4 AHE & Gk 15986 29.9
6 At R SRR 26 493 227
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3.3 pHEMHE%

K %5 50 mL A RE IS /N E AL 4 17,
I 0.6% I I 4% =1, #E 24 h, 1%
HIFEHIRIS , INAGE B 20% — ZBEEEYY pH &
4.0, 5.0, 6.0, 7.0, FHLHIMHAR . A
BRI RBNE@G ST, 12 rrmin ),

SR, BRI EE R R G pH B i
HagE , FE R pH K 6.0 B, BUA RIFIREE,
SRR 6,

Fzo6 pHEFEHZER
Tab. 6 pH value results

A B/ LSl
HRAE mPa-s %

WoH%E 15263 34.4

pH A AMRMEIR sAIbE  FhREE
40  Fpf|o A B

50  #AE O KE SR SRE 32 686 52.8
6.0 FHE KA FEh HikE 34091 62.9
70 FHAG KA KRFEW EHEIRE 36286 52.6

3.4 W AR AR AR EE I Ak T

IR A . Hl A . pH (E R SER R,
HE 5K 7, DIMFLEER SN . sl
PR REE . BB PR EAR, 4 MRS 25
gy, VBT RRNAE, 3 100 4y o, AN
PRSI, BRI A GBI E AR 25 535
TG o 25 48, TR 1g S 15 45 ZEEA
JEIE R 25 41, B SR B TSR 15 4 5
FURIEN 25 0121 ARG R EGLEE R, 3
3 AOEBGEE R LR 7, 0 R AR M 25 R
*=8. K4,

Fz1 BREAFRIUTELER

Tab.7 Factors and horizontal design results

2 K-
-1 0 +1
X (R, %) 0.6 0.8 1.0
Xo(HMHE, %) 3 4 5
X;(pH) 5.5 6.0 6.5

30 Ak e 07 T R O, R AL R LI 4, 15
S IRELEEIE AL J7 . 0.748% I . 4.08% Hh .
pH N 6.5, FiB/INE &ML 5 i ARk 934
FUH RN, BEPES), WAk 24 h J5, WA
20% — LR R, i pH JE kSR,
H pH 58] 6.5, RISHAI4R. Sk, H—&
MEEPER L A m 2 AR, FAT 3 1,
T A
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Tab. 8 Experimental design of response surface method
HMILME WRtE Wt B G
N L R

WE X% Xo/% X

1 1.0 3 6.0 20 25 15 15 75
2 0.6 4 6.5 25 25 15 25 90
3 0.6 5 6.0 20 25 25 15 85
4 0.8 4 6.0 20 25 25 25 95
5 0.8 3 6.5 20 20 25 25 90
6 0.8 4 6.0 25 25 25 15 90
7 0.8 5 5.5 25 15 25 15 80
8 0.8 3 55 20 25 15 15 75
9 0.8 4 6.0 20 25 25 15 85
10 0.6 3 6.0 15 25 15 15 70
11 0.8 4 6.0 25 15 25 25 90
12 1.0 5 6.0 20 25 15 25 85
13 0.8 4 6.0 15 25 25 25 90
14 1.0 4 55 25 25 15 15 80
15 0.8 5 6.5 20 25 25 15 85
16 1.0 4 6.5 25 25 15 15 80
17 0.6 4 5.5 20 25 25 15 85

’ . /
C: pH 050 ———050

~1.00 -1.00
B4 v REEEEWILBRE AT ER

Fig. 4 Prescription results of microemulsion gel investigated
by response surface method
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3.5 /i A T LR I Y A

3.5 ANUEAR Hilgg 3 /N R L s A Y
FISIHE, HRRE, A w st EL A Aok
75 W 2 [ ACE I

3.5.2 FRETEHE B3 HEAS 1.5 mL LB,
£ 10 000 r'min' B R, B0 30 min, 5 BT
YT, TRFLEER R 250, RS g, TR
PR AP FL el B B R, LI S,

Bs5 BOEHMILBERETYAS
Fig. 5 Morphology of the microemulsion gel after
centrifugation

H Bk 3 HETELEE R TE (40+2) °C AR B2
(75+5)% 551 30 d J , TFLEE AR KA 2542
b, VA AH B s 25U TE , 2RI /IN A T AR
RS AE o
353 FhE /NIE A b G FLOBE R BN E R
4919 mPa-s( 5k fi 45.5%) , J& /b mE A I 6L
274 mPa-s(5Kff1 50.3%) 17.9 £, BB/ NI A0
TR I AR A T AL ) A T 28 o 1 B i
4 Franz 3 BGHSAARINE R A 1613
4.1 BRI R A

SRR R B IG Wi SAb5E, #1535 0
PRz ik, /NG BR 2 H T RR T4 UMM AE , AR 3
KT, BT 4 CUKFRTRAE , 24 h N,
4.2 ERRE TR

W A B Ik (B B A T 1) b ) [ AR 3 0T e
B ROt A 20% 2 B FEER KRR
HE R B R T 9 3, B EK TR IR EE R = 37 °C,
Tk 30 min 351 (Al L2 b I A/ N B iCEL
AN L BE R/ INE M CEAT 3 4y), Y
S e B IR R RE, 45T 1, 2, 4, 6, 8,
10, 24 h HOHE 0.2 mL, FfVa b 7[Rl A AR 25 e
28 RSO, RIS, SRR (i kil
S AT A G ) B, TSRS B T A5 s T A ik
R AN 22 B2 35 35 5 1 24 S BUR S 5 B R (Us,

P E BN 22 2022 4F 4 A5 39 556 8 1)

pg-em 2-h ) FIEAA [ AR FGE B 5 (O, pgrem ),
i (1l

n-1
Qﬁ{W%+ZQXQ%/A

i=1
Js=dQ/dt
o, VOGR4 Sk B2 A R0 K T
(2.8 cm?); C N i(i<n-1)HUFES 125k
B, Js NFaSiE A, BRI 6 Tk 9,

0 1 1 1 1 ]
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t/h

B 6 Awda. MNErdEmal. /e el R e %
SEFWEMERERERE

Fig. 6 In vitro percutaneous penetration of fennel oil, fennel
oil microemulsion and fennel oil microemulsion gel

x99 TERHANE RSB ERRSE
Tab. 9 Percutaneous penetration test results of different
preparations

55 LB B2

Ona/pg-cm™ S

pg-em>h!
JINTH 9 =0.364 2x+7.370 1 13.81 0.364 2
NEESHEN y=1.521 8x+13.30 6 41.27 1.5218
AN A GFLEER y=2.054 9x+15.28 3 53.67 2.0549

ANV ) 28 2 98 385 1) S B 45 R N2 9 T
/0N THT B 9 A L R I B B T AR R B E
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