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Preparation of pseudolaric acid B microemulsion and its transdermal penetration

XU Ting, GE Shu-min, DENG Li-he, WEI Min-yan, XU Yue-hong, WU Chuan-bin

School of Pharmaceutical Sciences, Sun Yat-sen University, Guangzhou 510006, China

Abstract: Objective To prepare O/W microemulsion formulation containing pseudolaric acid B (PAB) and investigate its transdermal
delivery ability in vitro. Methods Pseudo-ternary phase diagrams were drawn to obtain the area of PAB microemulsion, and PAB
microemulsion formulations were further optimized by the rate of transdermal permeation. The microemulsion properties including
appearance, form, and particle size distribution were examined. Taking rat skin as permeability barrier, the cumulative permeation
amount in 24 h and retention amount of PAB in skin were determined in vitro using V-C diffusion cell fitted with rat skin. Comparison
was made between the PAB microemulsion and PAB supersaturated solution. Results The optimum PAB microemulsion formulation
was composed of Isopropyl Myristate-Cremophore EL-Transcutol P-water (0.2 : 0.97 : 1.83 © 7). The appearance of the prepared
microemulsion was clear with the mean diameter of (18.7 = 1.9) nm. The appearance of microemulsion droplets was spherical or
near-spherical shape in TEM image. The permeation and retention amount after application of PAB microemulsion for 24 h was
significantly increased compared with supersaturated solution of PAB [permeation amount (50.31 £ 4.63) and (6.27 + 1.33) pg/cm?,
retention amount (6.28 = 0.31) and (0.51 £ 0.13) ug/cmz] (P < 0.05). Conclusion The new delivery system of PAB microemulsion
could significantly improve the percutaneous absorption of PAB microemulsion and increase the amount of drug accumulated into the
skin. This study will provide the experimental foundations for the development of a new antifungal percutaneous delivery system of
PAB microemulsion.
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A2 TR R I, IEL R A R A oA A R
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Agilent 1100 /=y 3AH EL A (3 [E Agilent 2
), Zetasizer Nano—ZS90 I G K K &}z Zeta HLA
ST (P2 Malvern A+]), DV—III ULTRA Jig
FEE R (3 Brookfield 24 7)), JEM1400 = 3%
BHEE (HARR RS,

PAB (/M >97%, L5 091224, RS
VAR TF R A BR A DD, PAB S S (k5 110880-
200502, HE 25 S AR ASE T, A BE R S A
fig (IPM, Jiiitsr40>98%). TR 5 A (IPP,
JUE 3 A0 >98% ) IR LBRIA A FigR Tl
BRAT =8, IR O TR R TARA D,
R LTk (35) B BRI (Cremphor EL, £ [E BASF
D, FRZEREE L HEH MR (LabrasoD. — &4
TR L FERE (Transcutol P) ¥ hvA[E Gattefosse
o] FE i, RIS 80 (VLI RMZNLA TR A,

Wl CREE PR TAHRAD, RO
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PNE NS R A= 227w D)

SD Ki, HEtE, #&piE (200200 g, H1ih
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2009-0011
2 HESHR
2.1 PAB Ay HPLC lIZE
2.1.1 {434 Welchrom Ci5 #F (250 mmX4.6
mm, 5 um), Vsl FEE-1%ER/KER (70 :
300, MABUAR 1.0 mL/min, K%K 260 nm, i
FEE 10 pL.

2.1.2 AT IIEI RS RS FREN PAB X |
i 10.40 mg, ‘ET 100 mL FH, M LB
HHBe B IR, HIK 104.0 pg/mL FRIX IR it 45 o
2.1.3 ZMERRFEL KR PAB b
fith S WOE R, IR 0.104, 0.52. 1.04. 2.08. 5.20-.
10.40. 20.80 pg/mL %% PAB Xf W, KH
HPLC 750052 FLe A, LL PAB WA G L ik
FEEAT Sk [V, 43[4V 7 7 Y=40.622 X—2.905 2,
r=0.999 9; Z55 K] PAB 7 0.104~20.80 pg/mL
BNERRRLF o WHOEW TUFLRE AW 35 Y
WRES S S FBFL B RS 1 B 1) HPLC (i (]
WL 1.

2,14 FEEFLRE 40 PAB ULV HRORIE B2
WREMAR, T 1 d WESHE S IR, E8:3d, 1iF
SR ET PR 85 SR I TRDHS 25 5 o ALt P L 9 A
)RS % FE (1) RSD 23914 1.24%. 1.73%, 3% SR
dtr H YR H TRDRS 26 B 1) RSD 4314 1.08%- 1.46%,
45 SR AL ARE B BRE S ARz e 7 VE T H N
HH) RSD $/N T 2%, 5673k,
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HPLC chormatogram of PAB referene solution (A), microemulsion solution with PAB (B), transdermal solution

after application of PAB microemulsion (C), blank microemulsion (D), and blank transdermal solution (E)
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TR THIAR B RSD 2391124 0.86%- 0.93%, 2 BT
P AIE R BRORAE 33 B S50 4 R JCE 24 hAEA
FoE

2.1.6 MRS

(1) PAB FFLINAFERI e RG2S U L
W 0.5 mL, BT 10 mL £, #4077 811 80%.
100%- 120%\ PAB X AT Bl oy K
3 PRI ML (AU IR EETAT 3 41, H
OB R Z B, AT G 5000 r/min 5y 550
10 min, M EVEWEAFE SRR, 4% “2.1.17 TR
ORESAFIERE 10 pL, MR, -5 neE
WK R e w3 FOIEIREE LA S
IOARE DR 50 101.12%. 99.79%- 100.06%,
RSD 7374 1.11%- 1.57%- 0.89%.

(2) iR REE R 1 mL
RN T 25 mL BT, 737 NN PAB S [ Sl i
FWOE R, MRS, By B (1.04. 10.40. 20.80
pg/mL) 3 FiFCE IR AL AR S CREAN LRI S PAT 3
B, & “2.1.17 BN R T e, HAMRTE
THE MR, AR, by w3 FlOFCRE IR BT
[R5 97.41%. 99.84%. 98.51%, RSD 7
Bk 1.70% 1.07% 1.37%.

2.2 PAB BEEHINE

B ) PAB T 5 mL HZEWAT T, A 5mA
FR . RIETER LW R LR 3 mL, %3,
WA, (25+£1) CHEEAKBHHIRE (150
r/min) 24 h, IAEPFAT G, 5000 r/min 2540 10 min,
W2y s WO 0.22 pm AL IERR pE L, HXEEW,
I FORE, HPLC VAR 259 it sk g, BI7S PAB
FES BRI R i . 25 IR 1,

2.3 HERYERE

S ARIE REI % 2245 Rl A1, PAB 75 %l AH
ePRV AR B3RS, T P IR 4 AR A B 2
TEB R IEIBH . R % 258 &40 B0k
0.2%, WAHBEDECH 2%, WARMIEER R E
IBN 30% (BRILALTES 80-4 1 2 1 1), /KT
H 67.8%, UARMAHKIFIZE (IPM. IPP. JHER. M
TR 2.H), 82 TiIfE 4 B PAB TUFLIARANG i 5
FEVERE, 01 AL B A o

M 2 ATRLE Y, 4 FlidAH f a5 s L K
BIE TR IPM > R > R £ 15 > 1PP, Ifi % i
J£ IPM <2 £ 16 <IPP<<JHiR . BAR— BN N 25
TEM PRI Z , BB S, KRB E R,

&1 PAB EREIAFIPHIRWAMRE (n=3)
Table 1 Apparent solubility of PAB in different solutions (n=3)

WAl WARE / (mgmL™h)
A IPM 1.873+0.051
IPP 3.72440.092
MR 4.5514+0.126
PR LN 3.21610.101

97.122+2.034
39.78140.873
82.681+1.722
52.784+0.950

RIMFEPER]  Cremophor EL
111240 80
Labrasol

Transcutol P

W Bz 50.066 % 1.002
LE 16.24540.506
PEG 400 64.64711.251
K 0.03240.002
32+
£ 2.
on
=
gé
B g
m
5
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t/'h
2 PAB AR EHBHEMRIE AR KRB B

(X £s, n=3)
Fig. 2 In vitro transdermal penetration curves of PAB
microemulsions with different oil phases
(X s, n=3)
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24 (A=EEFEMELT

2.4.1 Ph=JoHEIRZ M 4% i RS S R
RSP B R VG TER, IRA AW RS
TS TER . 4% 9:1.8:2.7:3.6:4.5:
5.4:6.3:7.2:8.1:9, KEKREGHANTES
MR, 7R BEBEE MK, HREE
FEWMPATLIE K. AN FREE I, 0% I
KEE . $Zah K IR RN PERIAE G S S T
By, fEDh = oA E el 2k, #fe iFLIX .
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H ME RRTELIX, Gel £RBEX, EM £R¥ il
FUIRIEIX o gL &b KT e to it e

242 B = oo AH B 0 Ik SR i R R 3 EX
Cremophor EL. Labrasol. 3 LAY 80 3 FhikEEy 13
TG PER, [ 2 AR A IPM,  BhR G TR L8,
FAME LA S PR E R ) (K A 101,
AR R TG PER RIS Cremophor EL. Labrasol.
F LA 80, Zehilth =JoAHIE . HIE 3 A%,
X R /MEK IR A Cremophor EL > 111441 80>
Labrasol, HZ5%)7E Cremophor EL H ¥ 35 i & B i1
1M Cremophor EL 7EAFLALF, HIL T BEIRIX,
X5 Cremophor EL /KM IR ITH K. ZREH
filk B2 ANGICHL X AR 25 3R, 169% Cremophor EL
A S ) Bl FL ) R T P 7

2.4.3  Ph=JoM BB R R B
T RE S FEARTICEL AR S5 A R 2R gk g, e St
TS PRy s P R sl D R T v PR A o 20 I LK)
PAB HATRCVE AR BE 1) PEG 400, Transcutol P P&
X PAB HAMEBIER M GBE. 1, 2-N BB A BhR
3557, Cremophor EL 1F KRR, [H 2

Ko fHA 101, 2ty =J 0K, %IRRT
WFIE RN . HE 4 ATRUE H, DU TR Kn=1
FITEOL N, AT LB R AR LI . B LR
A1 Transtucol P il & HIAMFLIX BIRIFR K, 1 PEG
400 1, 2-PA AR b Bh R 1035 L 0 43 (AT P el
MR, SFEFLX BN, iTHES 1, 2-I — 1. PEG
400 FEERR 737500 TR B A %
% 8B LW RN EAE AR AR ] B S BN AR E
PRI RS, B #83% 4% Transtucol P 1 BhFLALF.
2.4.4 K, ff%%¢  LLIPM JyiiAH, Cremophor EL
NS PEF], Transcutol P AF 4 B & mivg £ 7], ik
B Ko 3000 10 2. 3, Hfth = o, %%
Ko (EXTEFLE IR 52 . K 5 7T LUE Y, 76 IPM-
Cremophor EL-Transtucol P I F AR Y, BEE Ky
EAIHE N, BRI R, ERFLIX B2 1K,
AN K (8 B3, ST 2 70 A 1K
HAABE S Wa5% . {HJE T Cremophor EL 4411,
2% LI AR TP B R RE G, PR R e DX A K

Ao T, LRI, EH Kn=2, FAEILMN
WEFLALTT K fHL

0

0 0.50 1.00 0
Cremophor EL-ZEE (10 1)

Labrasol-Zf# (1: 1)

1.00 0 0.50 1.00
RIALEE 80-Z.8F (1 1)

B3 AFREBIFREEMT Cremophor EL (A). Labrasol (B) F1Z2LLELES 80 (C) ARNILAYH=TEE
Fig. 3 Pseudo-ternary phase diagrams of microemulsion composed of different surfactants
Cremophor EL (A), Labrasol (B), and Polysorbate 80 (C)
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Cremophor EL-PEG 400 (1 : 1)

Cremophor EL-Transtucol P (1 : 1) Cremophor EL-1, 2-§ —J# (1 : 1)

0 0.50 1.00 0 0.50 1.00

Cremophor EL-ZE (1:1)

B4 TEBYENFREFEMF] PEG 400 (A). Transcutol P (B). 1,2-W_E (C). Z& (D) ARMAMH=THE
Fig. 4 Pseudo-ternary phase diagrams of microemulsion composed of different cosurfacatants
PEG 400 (A), Transcutol P (B), 1, 2-propylene glycol (C), and ethanol (D)
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0x1.00

0x1.00

Cremophor EL-Transtucol P (1 : 1)

Cremophor EL-Transtucol P (2 © 1)

0 0.50 1.00
Cremophor EL-Transtucol P (3 © 1)

E 5 AFEK,E1A). 2B). 3(C) FEEA=7THEE

Fig.5 Pseudo-ternary phase diagrams of microemulsions at various K, values [K,, =1 (A), 2 (B), 3 (O)]

2.5 HAMFAR

MR LA EOh = JCAHIEI S5 R, #fiE 1 L b
TP JAHA IPM, K[54 Cremophor EL,
B FTATEVE A Transtucol P, 5t Ko fH24 2 & 1]
5-B)o MPA=JCHIE, Gk 6 ANAETs, it
—ARERIAL TS, WA 2.

2 WEBLTHEK

Table 2 Compositions of selected microemulsion formulations

Cremophor EL+

&J5 PAB/% IPM /% K /%
Transcutol P/ %
MEI 0.2 2 18 79.8
ME2 0.2 2 28 69.8
ME3 0.2 2 38 59.8
ME4 0.2 2 48 49.8
ME5 0.2 4 28 67.8
ME6 0.2 6 28 65.8
2,51 HAWIALMEIS AR TR IPM. K,

Cremophor EL. Transcutol P #%3& 2 fr/w Ll 78 7018
“)a, BRI PAB Jskly, wordidl, {f PAB 58
BT, RISERFE R A T 22 AT &
RvEST K, RI433E W) PAB 13

252 THFLIIERAE

(1) Kife#% 4. RA /KL Zetasizer Nano
7890 otk B AGHAT RN E . BT 1 mL, &
TORARNE R ety 7E 25 C R IlE PAB 1%
FLEPRIAR . BEAFERCPATINE 3 Ik, HOFIAME, 45
RN 3. aTLLEH 6 MFLALT7 RIAE A ],
1 16~30 nm.

(2D FEZRIE: BMFL 8~10 mL, A
Brookfield DV-III B4ZGRETF R, @455 7 IT IR
Mg, MR NG SRR BEE,  BFARE-PAT I
€ 3R, BCPIME, AR NER 3. ELR R R

AL AR 5 53 MR Tl L AR T8 RO AT 23 PSR R AR AR 0 4
Oy B R RE TS PR A M SO B K,
%, %FF MEl. ME2. ME3. ME4 4 MtJ7, &
MAHH AR (2%) PI4HETS, BAETR G R
FURI R 18%M N 4E 48%,  f L I 2 B IV 184 K
Ab77 ME4 [MFREFE 5K, nlfig i T HAR R A I A
50%, {EAHPE BRONIEEBIRIX A6, ATdih &
FI 2% [ W5 771 Cremophor EL H A 38 K K A M5,
TEARFRK LR 40% /A0, FEAHE K. XFT
ME2. MES. ME6 3 MbTy, LRGN I
HAHIE (28%), BEA AR L] 2%39 04 6%,
SLRRPERS G N, v] RES AR R 43 BOAH TR ZK AR GZ T
AT K

(3) pH {HMlE: KK 25 50847 1&E 5 I pH
B, LI pH A R ISP m AR R AR E L. XS Pl
AT pH AEEATINE , AR WK 3.

%3 PABRFEBIEUMER n=3)
Table 3 Physicochemical properties of PAB
microemulsions (n=3)

WEL ORAE /nm Z0HUREC FE /(mPas)  pHIH
MEl 168+1.6 0.138+0.014  3.23+0.06 4.89+0.02
ME2 18.7+1.9 0.268+0.028  8.06+0.15 4.91+0.03
ME3 20.5+02 0.332+0.012 29.56+0.77 4.80+0.07
ME4 26.8+1.1 0.297+0.006 107.31+£6.93 4.77+0.04
ME5 249+1.5 0310+0.011 12.70+0.08 4.92+0.03
ME6 29.9+1.9 0.252+0.012 16.10+0.21 4.87£0.05

(@) WILMIES: RHZEN S (TEM) M
FL (ME2) MIBAMITIES . 4 gk,
T 1 THEL T A Formvar IRAIEM F, 1~2 min
S BCHA I, FH I AR A D W 2 R, T
P I TECE T 1% BSR4 4% 1~2 min, HUE4R
INER A 30 e 2 AR AR, BT i B S R R
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B FMEIEA, WK 6. LR B — R ERIE,
KA 30 nm.

6 PAB g (ME2) # TEM
Fig. 6 TEM image of PAB microemulsion (ME2)

2.5.3 PAB TFLRING 21538 S5

(1) SRR BRI P SD KR
WeFEIG, SLERRIE, RIS Rk, LR N R
HAUFHIEY), HAEBEER Kb T, s ARAT,
S H o AR AR, AR KIS, R gl
K, BIRT . ARG RS AT BB IR S

(2) MHHNE R : K V-C ¥ Eut, K ab s
T PR K U 8 e I I e T ik it S il 2 1), A
JR T A, AR08 BRI 2.27 em®s 2K
A 20% ORE-AEREER K, AR 6.40 mL, T 1. 2.
4. 6. 8. 10, 12, 24 h BUFE 1 mL, Jf#h 7oA 44
FARIHFEMO . BB A 0.22 pm FRTHCAL B g
b, W ERGR P PAB )&, A 4b T (MET~
ME6) [HJEBBER (0, pglem®) U, 255 K]
7o UL QKT ¢ AESePERIH, IS E LRt 214
FaABIERFHE (J, pgrem >h ).

0,=(C, % V0+nZIZC,XV)/A

i=1

C, FH n ANHURE SRR (mg/mL), G &R
i A EURE £ D04 R R (mg/mL), Vo 22 Bt 1 AR
(mL), V FR A IBUREAR (mL), 4 3B 2518 (em®)

(3) KR PAB i B S M52 ARSNE
RILIL G, AT Bt BRIk, T R
WUEEAR I, MAEEET, BIRE, INARE SmL, 5%,
5000 r/min #5.0 5 min, B EIER, ) 0.22 pm JERE
JERL, EXEEIE, K HPLC v 52 B ik PAB 11
B SRR (MEI~ME6) T
JRFF I R R A (5.05+£0.47). (6.28+0.31).
(2854046 ). (235+039). (6.094£0.83) .
(5.9540.70) pg/em’.

—=— MEI

504 —e— ME2
—— ME3
—v— ME4
409 —— ME5
r —— ME6
§ 301
&n
S
S 20
10
0 T T T T T T
0 4 8 12 16 20 24
t/ min
E7 FELHEMONMANKRINERSERL

(X s, n=3)
Fig. 7 In vitro transdermal penetration curves of micro-

emulsion in different formulations (X +s, n=3)

2.5.4 PABIFLEAILAL T IR B EBFS AT A
i, AT MEL. ME2. ME3. ME4 4 Ntk J7, B
H VA 2 THI I 1 ) ot 20 UK R (18%~48%),
PAB ] Q, Fl Rz B B4 s 2e i hn s W25 . AR
RMEVERE U Re Iy 28 je 3%, R
FMEVERAR LR, W K = B v i #4024
PEEE AL, 0 R RIE S & ROmT PR, X522
R SCHRARAE D 8, 5 T 1 7 B
B FUKAR R B, Ko SMIREFfEAR
IKEAERTN B, WK T A izimd. Fitik
FE 28% A1 A A FLAL T 1 Ll A3 o

fi] 52 VR A R TG HE A LLAg] hy 28%, 5 5EAN ]
A (ME2. ME5. ME6) X 24¥)4 [ i5iE 1
. SRR, BT NE R BIERE 2 R AW
o A 2%, F. (ME2) B A NIE
B, ARG, TR T Ama iz
R 1o AUAFI TR EOMA (2%, 4%, 6%) M
F (ME2. ME5. ME6) PAB [f ¢ [P b & 2 5 6
wEE. WHEPTIE 6 MUFLALTTH J ME2 4bT5 A
i J, (2250 pgrem >h™H), IHEEE ME2 1E
M IARTITHELAETT o
2.6 LALALFHY PAB ZEL 5 PAB T IAF17KE KA
ARz

DIRAL B & 2558 0.2% ML 4077 ME2 (PAB
2.116 mg/mL). PAB A FI/K% W (PAB 2.079
mg/mL), ZEWNEMESE 0, iR IE 8, LK 4
IRJEO0T P 5 (1 R Tk R AT 5 8%, 0.2% M FL Ak
J5 5 PAB REMIMIZK IS 24 h 2 B P B 20 00k
(6.28+0.31). (0.51£0.13) pg/em’s
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—=— PAB .
50— pAB i HURIK S

¢t/ min
8 PAB f§(ZL#0 PAB i3 {BFKIFRHIZ KB E %
(X £s, n=3)
Fig. 8 Transdermal permeation profiles of PAB
microemulsion and supersaturated

solution in vitro (X *s, n=3)

i PR ST 41, PAB THFLAML GBS (21 24
3BiE, RN RESG N 2904 B kP i i (<
0.05); 24 h O, ;EWIFIZKEFHI 7.48 f5, Js H1 0.298
ng/(em™h) $#EF] 2.250 pg/(cm™h), J B
YIRUKVEWR 1231 f%5. PAB LGS W25 R 254
BB R RIBE ST, — T T LS AR
T PAB MIWMRIE [PAB 727K IV RIE R LI
(0.03240.002) mg/mL], £ 5 1P M B 5 v vk
JERRIE s 53— J7 AL AR AR 5 1R 4 R R T 5 A 4
XTI HATIEBIER . BRI 7RI, 2
WIE 2 R WO R b T RE S AR R = AR LR, T
g, AT R TR RE R 2R B A G . A
WS 45 3L 2R, PAB BRCFLLE 3 I 290332 1) IR BT
BB B A 28 b I 2 ) 0 B kb (e B, TR AR
FER R JRB I RS, W B R RN, R E
PAB JRiili 2L i (18R B A o B 1
3 ite

PAB h /KM TELY), K BN H () PAB 57
R FON T EREEET, IR SR R, AT
MR, ST, SR AR e Pk B &
IRUIRAE, BRI RO, B
JEPIRHMER,, Ao R E T o ARKKE PAB il
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