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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) pg/cm?] (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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PAB (114NN %5 25 R G058 Bl N A0 i R WARIE
AHETURE PAB il AL 70, K £ = oA [ i 1k
W5, HPEMIARSNE AT R, AR PAB HIHT Y
2 R HUEL 45 2 IR R AL S IR A
1 XE5HH

Agilent 1100 =GB AH (i (SE1H Agilent 24
H]), Zetasizer Nano—ZS90 R4l Ak i ¢ Zeta HLA
M (JEE Malvern 27D, DV—III ULTRA Jig
EE T (3518 Brookfield 74 7)), JEM1400 & [k i%
Srast CHARR RS,

PAB (R 5>97%, b5 091224, AR
HERHEOT R AT BRZA 7)), PAB Xl 5 (JiE5 110880-
200502, A AP EE T, R SE IR A
i (IPM, JREDE>98%) FEHER T NEE (IPP,
JRE A HU>98%) « IR 2R Ry R TR
BRAF =&, i O MR THRARD,
T LIk (35) BERKH (Cremphor EL, {%[E BASF
NFED, SRR L W H IS (Labrasol) 2
ZlEE 2 FEEE (Transcutol P) ¥ hvE[E Gattefosse
ANFE L, BIALEE 80 (VLA RNV AT,

W CREEE TN TERARD, RO
400 () ZRASTEPEBEAL T D, FoK LEE (b,
R RSk 23871

SD K, HEtE, s (2004200 g, il
KRR EPP L, SIPEkIES: SCXK (E)
2009-0011.
2 FiEE%ER
2.1 PAB HJ HPLC UE
2.1.1 i 4F Welchrom Cig 1 (250 mmX4.6
mm, 5 pm), VLBNAHA FEE-1%0RR/KE R (70 :
30), AR 1.0 mL/min, KK 260 nm, #
FEH 10 ulo
2,12 XTHEAE SIS REESARE PAB IR
fh 10.40 mg, HT 100 mL FHA, I LB R
WM I, % 104.0 pg/mL FRIXS RSl 459
213 MR RFEL IR ERIN PAB X5
it WS R, OB 0.104, 0.52. 1.04. 2.08. 5.20.
10.40. 20.80 pg/mL F%1 PAB Xf MM, RH
HPLC L HOE AN, DL PAB W A6 i B9
FEAT Sk 01V, 435V 7 7 Y=40.622 X—2.905 2,
r=0.999 9; Z5H K] PAB 7F 0.104~20.80 pg/mL
LNERRRAFo W RO LR 35 )%
TRE S 2 L DL (135 R Wi i) HPLC i 8]
K 1.
2,14 RPERCRE /0 lEL PAB TUEFLES RIS K
WREAA G, T 1 d WESEUEE 5 Ik, E8:3d, i
SH ARG R [RORE R . LA S H AT
[B)RE 2 FE 1) RSD 434 1.24%. 1.73%, 3% R WiRE
dr PO R H TRDRS % 2 7 RSD 4393 0 1.08%- 1.46%,
45 AR W PFLANE B2 R S AR Z E 7V E S H N
H ] RSD $/NT 2%, FF&J7idsf ik,
2.1.5 FuEthRE: U PAB SLFLEESLALE B2 B
HRE s E A S S, 20 JBCES 04 34 64 9,
12, 24 h RO E, V1549 GCTLAE Sl R R 0

A \‘ B c D E
}\ | | T (v
] \ J |
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E1 PABXMEMAR (A). BAERBE B). EREHER (O). =BHFE D) EHERRK (E) Y HPLC

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 ) RSD 235114 0.86%- 0.93%, R HIHFL
R FHZ B PO S S0 458 T 808 24 h JEAR
FaE

2.1.6 [AIERIAK

(1) PAB FFLINAFERICE R 2 S L
FW 0.5 mL, BT 10 mL S, #4077 8 80%-
100%- 120%J0\ PAB X} e S iA3 2 & . ik
3 PRI E L (AN TR IR B PAT 3 40D, A
LM R L, B RAIE 5 000 r/min (=g 250
10 min, HUEVEWEPSFE MW, 4% “2.1.17 TR
ORESAFIERE 10 pL, W EHEL, U5 InAE ]
W GEFUR. B &3 FOIEIRE LA S
TREIRTR R A3 534 101.12% 99.79%- 100.06%,
RSD 7350 1.11%- 1.57%- 0.89%.

(2) 3% R e A BRI 1 mL 25 %
JRFZCH T 25 mL &, 2370 PAB S S it
FWOER, EHRAG. F. & (1,04, 10.40. 20.80
pg/mL) 3 BT E R L AR AL CREAN BT IR FEPAT 3
W), F “2.1.17 TN AR T E, HAMRIE
THELESCR . GRAG. . w3 FlOFUR IR T
A3 5 97.41%. 99.84%. 98.51%, RSD 4}
WA 1.70% 1.07%- 1.37%.

2.2 PAB BEEHINE

Ut &1 PAB T 5 mL HZEWE T, 250mA
BRI RIVE MR LB R TR PER 3 mL, 23,
WHERA), (25+1) CHEEABHHMIRYS (150
r/min) 24 h, X, 5000 r/min 20 10 min,
IR 2 L3 0.22 pum AL IE I g, A8,
IR, HPLC AR 259 it sk, BI7S PAB
TES R RIS RS . 25U 1
2.3 HHERERE

AR IE RE % 2245 Fnl 1, PAB 76 &Ml AH
PRI AR B YN, T T P 1 4 AR A B 4B 2
BB LB o DR 2 254 0 5 5 B0h
0.2%, JMARCE BN 2%, TRA 2 3 M7 i
BN 30% (R ILALHE 80-4 0 2 1 1), /KRR HL
H67.8%, USARMAHMIFIZE (IPM. IPP. JHER. M
TR LG, 52 FTHIfT 4 B PAB TUFLINARING e 15
BIERE, 07 8 A TEL I A .

M2 BTRLEH, 4 FliiAE 6 e s i LE K
BIE T R IPM > IR > IR £ 15 > PP, 1M % il
& IPM<<{H PR £ 15 <IPP<<JHMPR . EAR— N N 259
TEM TR Z , BB, ZRBIE R,

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

wool WY / (mgrmL ™)
HIAH IPM 1.873+0.051
IPP 3.724+0.092
IR 4.551%0.126
MR 4.1 3.216%0.101
LK WGMF]  Cremophor EL 97.1224+2.034
AL 80 39.781+0.873
Labrasol 82.681£1.722

Transcutol P 52.784+0.950

Wl 50.066+1.002
LI 16.245+0.506
PEG 400 64.647+1.251
7K 0.03240.002

w
38

)
=
1

PAB ZBUSER / (ugrem?)
oo >

0 3 & & 1 20 2
t/h
2 PAB FEAREIREE KA EL P AR INE BB

(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= HEEFEMELTS

241 PhooHEIM ] i i LR 2 PR
FE A B R IE R, REIBAE BOR S
&R a9 :1.8:2.7:3.6:4.5:
5.4:6.3:7.2:8. 119, KWEKREBUMANES
&R, FEEil. BEBHRE MK, EREE
B IIEELE e AP MATRRE I, adsk I S
K. $h. K IR RETERITE G A A=
Aok, 7Eth = oA ez dlth gk, e ELX .
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H ME FoR LK, Gel RomtieX, EM R
FUIREIX o LS R T e te etz

242 O = Jo I Bk R PR B
Cremophor EL. Labrasol. 211145 80 3 Pk 1%
MV TER, [ e Ay IPM, BRIy TERh 48,
FAME A S B R TE R ] (K B 101,
P AR R T VEPE A A2 Cremophor EL. Labrasol .
FEILALNE 80, il th —JuAHIEl. HilE 3 w%n, U
X R R /MEK IR Cremophor EL> 2R 1LLIALE 80>
Labrasol, H.25%)7E Cremophor EL " )% iR & B 151
1M Cremophor EL {F A FLALF], LT BEK X,
X5 Cremophor EL M/KEMEIMEAE X 2550
fife B2 FNICAL X AR R 25 3, 169 Cremophor EL
A S 8 Bl L IR 2 T P 71

243 oM B IR B R s B v
T REE BEARTICHL T A S KA IR R ok g, el ot
THIRSE PRy 2 P R gl D R RS PR A . 40 A LUo)
PAB HA KR EE ) PEG 400 Transcutol P DA
X PAB HA MBI S/ 1, 2-T0 B A B
[y 57, Cremophor EL AF Ky iy, [ @

K fH0 101, 2ty —JuAHE, e FAFx0
MELERIEEm . K 4 vTLLEH, VIEE Kn=1
PIOLT , #ATAE & AR ARFLIX o DL L RE
F Transtucol P il & MIAFLIX B K, 11 PEG
400+ 1, 2- A A1 B2 ik 700 BT 45 (0 A
XK, FEUMFLX RN nTHeS 1, 2-I8 . PEG
400 FERR. 150 FRIEAEH B8R A K.
Z 8B LR R VAR R T B S U AR T
PR, e 23% £ Transtucol P AE 4 BhFLALA .
244 K, fH#%E  LLIPM A3liAH, Cremophor EL
M FRIAEPER], Transcutol P 5 4 B 2R IHIVE A, &
B Ko [H090 1. 20 3, dh=JcHIKEl, FHxg
Ko (XA R 521 . I S AT LUE H, 7E IPM-
Cremophor EL-Transtucol P [TFLA RS, & Ky
TR IEG N, HER X 3G, (HGICL X et fl 2 38K .
X IE A Ko (E 38O, ZTHE 1 77 1 FH B K
FALHE Sy 5% . {H & BT Cremophor EL #3411,
T8 A Ll o AR R0 SN, DR s DX A K
NG Tl . GREFIE, 1EH Kn=2, 1EREMNH
TMFLALTT K

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

Labrasol-Zf#E (1:1)

100 0 0.50 1.00
AL 80-L 1 (1: 1)

3 AE#REEMER] Cremophor EL (A). Labrasol (B) #A3LLELES 80 (C) AR IR =THEE
Fig. 3 Pseudo-ternary phase diagrams of microemulsion composed of different surfactants
Cremophor EL (A), Labrasol (B), and Polysorbate 80 (C)

0 0.50 1.00 0 0.50 1.00

Cremophor EL-PEG 400 (1 : 1)

0 0.50
Cremophor EL-Transtucol P (1 : 1) Cremophor EL-1, 2-P§ g (1 : 1)

1.00 0 0.50 1.00
Cremophor EL-ZfiE (11 1)

4 ATERYENFREEEF PEG 400 (A). Transcutol P (B). 1,2-W_E (C). ZE (D) ERMEBH=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

Cremophor EL-Transtucol P (1 : 1)

Cremophor EL-Transtucol P (2 © 1)

0.50
Cremophor EL-Transtucol P (3 © 1)

E5 TR K,{E1(A). 2(B). 3(C) I HH=THEE

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

2.5 HAMFEMTAR

MR L Oy =TI I E 3L, w1 L it it
JTA R A IPM, K5 Cremophor EL,
B2 T35 5714 Transtucol P, fe A Kin {0 2 1C
5-B)o MPA=JCHIIE T, Fiikth 6 ANAETs, it
AR RIAL T, WA 2.

F2 WMFEEALFER

Table 2 Compositions of selected microemulsion formulations

Cremophor EL+

77 PAB/% IPM/% K 1%
Transcutol P/ %
ME1 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 #HAWMIAME S AR TR IPM. UK.

Cremophor EL. Transcutol P %3 2 Fros bl 784378
G, P PAB JiURl2y, wordidE, {ff PAB 58
BT A, SRISTERHE S T G2 A\ b )T &
RSN K, RI433E W 1) PAB 1HL

252 PUFLHIRAL

(1) kAR5 KM 5I/RIL Zetasizer Nano
ZS90 PR BEACGHAT RAR I 3 o BUAEL 1 mL, B
TRARIEM I AL, 75 25 CRllE PAB i
FLIPRIAR . BEFEMPATINGE 3 Ik, BOPIME, 45
RN 3. ATLLEH 6 ML T7 kLA KU ],
7E 16~30 nm.,

(2) FEMME: BWHFl 8~10 mL, A
Brookfield DV-III BYEZvH B h, R TITG
ME, e e W ACSR R LA, RN A PAT I
E 3 BOPFEIME, SRR 3. AR RIENE

AR, S LA S B 3 B (P AR AR AR 43 28
IR B R RE . RS A B . K
% . %F MEl. ME2. ME3. ME4 4 MbJy, 1
MAHHEAR (2%) 4T, ARG RGN
FUE HH 18%38 N 48 48%, TCFLIMZE LI K.
Ab77 ME4 IZEFE SR, WTRE T HAR R KA &8
50%, fEAHE ROV BIRIX AR, h e
2% ¥ 771 Cremophor EL HA 1 K& K A PE 5,
AR RKEIER] 40% A4 0, FifER K. X T
ME2. MES5. ME6 3 MabT7, HR-EGZRImE EIr
HAHE (28%), BEAGMAHM LLE] t 2%35 N4 6%,
JLRE RIS N, v e 5 4E k23 UM B K AR 2
¥ EE P

(3) pH fHMllE: Ik 252024 3 B Y pH
., $FLIE pH {ERI sgm ik R A . XS il
AT pH AEEATINE, A5 R WK 3.

#3 PAB WELHIEBLIER n=3)
Table 3 Physicochemical properties of PAB
microemulsions (n=3)

WL KAt /nm 2 EURE B /(mPas)  pHAH
MEl 16.8+1.6 0.138+0.014  3.23+0.06 4.8940.02
ME2 187419 0.268+0.028  8.06+0.15 4.91+0.03
ME3 205402 0.33240.012 29.56+0.77 4.8040.07
ME4 26.8+1.1 0.297+0.006 107.31+6.93 4.7740.04
ME5 249415 031020011 12.70%0.08 4.9240.03
ME6 299419 0252+0.012 16.10+0.21 4.87+0.05

() WELMIES: RHZES S (TEM) X1
FL (ME2) (BT M EE . Jmpmg gk,
1 WEL T4 Formvar TRAGEIM [, 1~2 min
S BCH A, IS A0 3 T 2 R, 1
KA TBCE T 1% BSR4 1~2 min, FHIELR
N P 3 e 22 AR AR, BT S B S R R
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BN ML, UK 6. L B R AR — ) Bk,
KA 30 nm.

6 PAB % (ME2) & TEM
Fig. 6 TEM image of PAB microemulsion (ME2)

2.5.3 PAB TFLIAHNE JIBIE SR

(1) EAK R RA %% e SD KR
WeFEIG, SRR, RIS, LB R
HEMFEY, MR T, BUERAT,
Mo AR BARMER, AR KIS, A a
K, BIAT . ARG AR A B ) e

(2) MAHNERRK: K V-C ¥ iut, Kb e
L P K RIS 8 g Jok Il e T kgt 5 Bl 2 1], A
JRJZ b, 5805 B IRBY 2.27 em®s I
N 20% L lE-AEER K, AL 6.40mL, T 1. 2.
4, 6. 8. 10, 12, 24 h JUFf 1 mL, FfkhsoAH v iA
RO . PO ] 0.22 pm FRITHCAL DT g
Ik, W B PAB (W&, I &AL T (MEL~
ME6) [ 2BiE R (O, pglem®) B, 455 K
7o LL Q, XTI A ¢ fELRERNE, Frfs HRRE Y
REBBHEEER (U, pgem>h),

0,=(C, X Vy+ i C:XV)/ A

i=1

C, 7R 5 n AR AT R (mg/mL), G RRH
i ANEURE SIS BRI E (mg/mL), Vy Tl (K47
(mL), V RREREFERIAARR (mL), 4 £RBEZ TR (cm?)

(3) KRR PAB ¥ B M2 . ARSNE K
R E, WP Eut P BCH K RSk, Sl
WPESRART, MAEHET, BIR%, N SmL, 55K,
5000 r/min .0 5 min, B3, A 0.22 pm JEE
Jeit, HUZEuEW, SKH HPLC VA 5E B2 P PAB
o GRAFM A (ME1~ME6) [HITHFLAE %
R I B B (5.05+£0.47). (6.28+0.31),
(2.85+£046) . (235+039). (6.0940.83) .
(5.95+0.70) pg/em’.

—=— MEI1
50
40
£ 301
&
2
S 20+
104
0- T T T T T T
0 4 8 12 16 20 24
t/ min
B 7 AEAFEMHEBERINE RSB

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

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

254 PABFLEAAL T I L RS LA
!, T MEl. ME2. ME3. ME4 4 ™Mby, bt
F VR A RS T TR B K (18%~48%),
PAB 11 Q, Fl Rz P 87 w24 n i W35 odb . AR
e A ) BE RS I W & 505, R
RIMAETEAIREES R, 9P KRR IR 540
YRR E AL, 00 R & RO FRK, X522
Fi SCHRAR BB, 5y i 2 1 % AR L 451
w PFUKAHI R R, K SRR E AR
IKEVER TR, WK T A BiE A . Rlikik
P 28%AF A TR A FLALF 1 LE A3 o

[ 5 VR A R TG PE R L g 28%, %A
BEHMAH (ME2. ME5. ME6) W24 3B )
M. SRR, B TTNE R BIERE ) 2 R A
B A 2%I, EL (ME2) R &iE
FEA . WAHE R, WK T AWNE KisiE
el AHANFE TR EOMA (2%, 4%, 6%) 1
F, (ME2. MES5. ME6) PAB [ i [P B & 7% 57 6
BE . HHEPTIE 6 MEFLA TR J ME2 4b 5 A
A J, (2250 pgrem >h™D), KIS ME2 fF
N EARIIELAE T7
2.6 HALALTFTHT PAB iFL 5 PAB T iAFNKIA K A]
EbEZ

PIMRAL I 255 0.2% 5L 477 ME2 (PAB
2.116 mg/mL). PAB 1 FIK#H (PAB 2.079
mg/mL), FHREWEMEK O, &5 RN 8. LI 4
RGO PR R R R B AT 5, 0.2% M FLAd
755 PAB REMURIZK 24 h 28 F Jis B &40 oA
(6.28+0.31). (0.51+0.13) pg/em’s
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—=— PAB 3L
509 —e— pAB i HIRIK S
40+
g 30
Es
S 204
10
0 T T T T T T
0 4 8 12 16 20 24
t/ min
8 PAB f{FL#0 PAB i i8FK AR 2 K BE Lk
(X x5, n=3)

Fig. 8 Transdermal permeation profiles of PAB
microemulsion and supersaturated

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

H IR AT 40, PAB TFL AV REAE (L1 254
(W¥2i%, (AN RESG N 25 W07E Sk rh it B (P<
0.05); 24 h Q, ;& WIFIZKEFHIE 7.48 5, Js HH 0.298
ng/(cm®h) $2E5] 2.250 pg/(cm™h), J PR
PURKET 12.31 f5. PAB fFLAE &R 254
BB B RIRE ), — 5T T AL A
T PAB MI¥RIE [PAB {E/KH MR AR A
(0.03210.002) mg/mL], &Ik PIINTE B i R
FEBBEE: o — D7 AL AR AR 5 1) S5 R0 R0 T 2 6 4
XTI EA B . R E I, 2
PIAE 20 B W Rt b mT RE S A R = AR R R, T
B, AR TR R 2 PR AR A O . A
T 45 FE 7R, PAB R FLAE RS N 290338 1) [R] i)
BE B AT R 38 I 25 07 B SR b e B RO TR
FER R IR g, WA AN R N, R AE
PAB Ja BT ST IR BA 1oy B R
3 e

PAB Jy/KAMER 254, IR _F N (1) PAB (177
TN T LRI, HR Y SRR, A
R, ST, R e v DL
R, HR IR R O, R 2
JEPRAMEZL, NG AE R FH R . SRS PAB il
WFLIE R AR, A EL e 5 IPM-
Cremophor EL-Transcutol P-7K (0.2 : 0.97 : 1.83 : 7),
P TEEY], PR RN (18.7£1.9) nm,
Jriil € PAB JUsE0CN 0.2%114FL, 24 h Q,14
(50.31£4.63) pg/em®, LA E (6.2840.31)
ug/em’, 73 il 2 PAB 3 ML MIK ¥ ) 7.48 43571 12.31
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