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Preparation of perillyl alcohol ointment and investigaion on its in vitro
transdermal penetration
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Abstract: Objective To prepare perillyl alcohol ointment (PAO) and to investigate its properties and transdermal absorption behavior.
Methods The emulsion method was used to prepare PAO. The morphology, stability, and in vitro release were examined, respectively.
The transdermal absorption of PAO was evaluated using Franz diffusion cells and the perillyl alcohol content was determined by HPLC.
Results The optimal prescription of PAO was perillyl alcohol, stearic acid, glyceryl monostearate, white vaseline, lanolin, liquid
paraffin, triethanolamine, glycerine, and ethylparaben. The product was a pale yellow semi-solid oil-in-water emulsion with a uniform
appearance. The content of perillyl alcohol in ointment was (2.89 + 0.17)%, the release accumulation in vitro achieved 61.25% in 12 h,
and the percutaneous penetration rate was 9.42 pg/(cm>h). The ointment was not stratified after the centrifugation at 3 500 r/min for 30
min, and the product was fairly stable under the condition of storing at 0 and 40 ‘C for 30 d. Conclusion The prepared PAO with
increased skin retention amount could be developed into a novel preparation of perillyl alcohol for focal administration.
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KQ—500DE A #4558 i e CEliii i
AL A B A 7)) 5 Agilent 1200 =4 AH (o343 (S5
Agilent /A 7] ); DiamonsilTM C g £ (3E[H Agilent
AT GL—20G—II B &L ( Bilg 22 RS
J); DV215CD # 1R (3E1H Ohaus A F]); i
Jihnddsegs (Rl BIRes A4 s Lambda 35
AT WA E v (SE1E PerkinElmer 24 7))o

SRR B Uk 25 (G2 ] Sigma A A (S)-(-)-
LA, JRE I E0=96%); HLAEIRIR H G [GMS,
PR 25 CBRHED Bl 250 A\ s AR A s Oy
ral. BN AD Wb 1) gk
CHU B L EAR SR R AR, 29D ik
BRIRAN (PG fiRE 2R IR AR, Z5HD: Jéin
GOl GRICKEAREZ N THRAFR, ZiHD;
S OTERE CyFratD . Hl (e FratD . BEARIR (SAD
KT EG THRA R L (Ailkal, Ry
RG-S A A, HAbIRF R 3 Hral, /K
hatifh K.

SPF ¢ SD Kil, fAJiHE 200~220 g, MEMEX
e, A LR YR AE, YFRTIES s SCXK
(#%) 2012-0053.
2 AEEER
20 HREERERAEEY

BB ImARE AN SR, BrEZ4h, A
U B R A G o BE A HOR IR
TEF, [R5 40 BV RS ORI A B 22 ()5 o 38
I A LAV BT BT, IR PR R K P T 3 R
AR B IA BE IIEERCE , 40 nl EA T U R 0 52 6
R 55 45 24 I R o 1) R e SR o I R PR R TR
(D WlRHE R TR s . EICEEIR 012 g,
ALK 0.85 g, £E 55 CokiG Lndh, HiErw,
FINNZE TR 30 mg, 200 r/min HEEE R 424,
BT, (2) KRR s . IR Ol
40055g, WL FE40004.5g, 7£50 CAM LN
Hgifl, IO HEE 30 mg, 200 r/min HiFEEA) R
Rk, RIS, (3) FLABEEPUR IO SR
B e T ol ls 0.35 g MEARTIR 1.2 g« LR 0.1 g4
LBAF 0.5 g WA 0.6 g, InFEliL, fRE 75~
77 °C, AE A BUH S 0.5 g4 JEA4E 4TE 0.05 g-

= LN 0.04 g ZAUR/K 10 mL, INPGEMRE 75~
77 °C, ZBLEMAAR, 200 r/min HEPEAA), AR
fEBE% 55 CJa, MMANEIEE 30 mg Bkl 2w
Ho SEZIGRIN, 3 PIANRIZE R R BT %
FIHRIFI, MBS, 5. WRIEMERE, W
R TR SR IS IR FLAV R R
PR ZE T, a5 RIE 1.

x1 TRERRELS

Table 1 Different ointment bases formula
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Table 2 Screening of ointment bases

. - é%)%’ujﬂﬁﬂ / o stk
min 4°C 40 C

1 EARTR . SAEARTR H vlile . ORI B LAk, 60 Rif T A,
Hal, =R FERNR. difkk

2 WEARTR . HGEARTR H vle . ORI A LAk, 30 7 Ak Iz
=ZOTERE . FEIENE 80 Hl, 4ifkK

3 EARTR . SRAEARTR H vlile . WA B LAk, 45 g % A
SRR Bl R glifkK

4 WEARMR . WEAREE . E LA, BORA . AR, 50 R ASH T,

RLALE 804 . R ILFUH ., Aok

*PATARIR SRS PRSI AN A 24 h

*Time of low and high temperatures for stability test is 24 h
23 EXRREEITHILA T LB
231 HESKPFRHE WL B g,
BeJr 1. BERRRR. FAEEARIR H s ORA .
MRS Hl, =L, EEBR. gifk hiiE
B IE . RS S % SO TR g 45 1P, R
552 IR 22 0 BE 0 R A IR TR H e (A TR IR
(B). =4 (O msbJias, ®AKE L3 K
SPHEATRIE, R N B S HE LR 3.
232  EASREGGRE AL TG DL R e 3 B
% 3 KF, M L3 IEATRMMBETHIE 9 14
10 g PIFREHE S o A H 7L B PR LA 2 5
S SO (1) LR bR, JF30E S IUIAE . 45
PR3 B ARy PR 40%), 4
ERFEVEY GHRVEDT 20%), . g e
PEVE 3 CRIVR S0 O B3, £ 7 S PE 20 1K) 20% )5
ZEEVEAr 10 40 il o, b ER A =AM TE A X
40% + 43 J2 B 1) P 43 X 20% - fif 7€ & 2 VT 43 X
20% - i FEEE PEVE 2 X 20%.  IEAT TR HAASE
W 3, TEMITE RN 4.

WezE (R HRIR/NR BT 5210 3 ANRIFEXS
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Table 3 Design and results of Ly(3*) orthogonal test

WS A/g  B/g C/mg DGRZE) ZE&H)
1 035(1) 12(1) 40(1) (1) 8.09
20 035(1) 13Q) 452) () 7.65
30 035(1) 143) 503) () 7.94
4040 12(1) 452) () 7.43
5 040(2) 13(2) 503) (1) 7.77
6 0402 14(3) 40(1) () 7.59
7 0453) 12(1) 03) (2 7.99
8 045(3) 13(2) 40(1)  (3) 7.91
9 045(3) 14(3) 452 (1) 7.90

K; 23.68 23.51  23.59 23.76
K, 22.79 2333 22098 23.23
K; 23.80 2343  23.70 23.28
R 0.34 0.06 0.24 0.18

N2 (A>C>B), fiemfEdh AsBCy, HIAE
IR AR LG A B R 1% H iR 0.45 g, BTG 1.2
g, LR 0.04 go %I IEAZ I Pk 3L b U7
f 7 58 IR R (R A g kg PR T 1 H S R 0.45 g,
FALEMO0.1 g SEBIR 0.5 g, WA 0.6 g. fiff
fRMZ 1.2 g« = LW 0.04 g, JEW14: LT 0.05 g,
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Table 4 Analysis of variance

TERWE  B¥HETVM OAmE F{H  BEM

A 0.227 2 2.609 G 2.5.2
B 0.016 2 0.184 I

C 0.117 2 1.345 o

D (IRZ%E) 0.087 2 1.000

F0A05(2, 2): 19.00

Hil 0.5 g, LAEEE 0.3% 2y iy, R
$59.943 1 g,

24 EAERENGHEILZERERETM

2.4.1 CEBEHRE SIS T AT RS
oy, KERAERRIR HImEE. SRR WA, G
PR AT L ARG TE 70~75 C R KB s
Rl A . BUH . = OB 2K s
fit 22 75~77 °C, RGN MAH, 200 r/min FiiH14
A, FRRERER 55 Cla, IMNEIREERFEA A
SV, BRI

242 SPULICHRIR  EIREEARCE AP R
RGN, BAE SRR, 5 TR,
243 B HHCEAERE 1g B TELE
1, A 3 500 t/min 250 30 min, MK EEFLINE .
2.4.4 RIRATEPESRE  BUR IR S R
M, T 0 CHUE 30d, 405 0. 10, 30d H
FEMEE, KRG HrédsEig, RUIEIEER
HIE0 CHAFFERE.

245 i ARE SR ORI B SR
Mo, T 40 ClHERATIBCE 30 d, 730907 04 10,
30 d BUOREMER, RHEIUHKD 2R BRI, 55
GG, RUPEDBERET 40 CHM FEE.
2.5 EAEERINE

it

(250 mmX4.6 mm, 5 um); s A ZHE-7K (40 :
60); ABAE 1.0 mL/min; KK 210 nm;
130 Cs BEFEE 20 pl; A2 42 AME I & o
WL RS B PRI I3 BT RS 100
mg, HT 100 mL ST, LG HAR G R 2 %)
JEREAT, AE A0 i i 2, UK 1 mg/mL.
253 ZMEXRRFE KRR IR0 R i %
W 2y 0l ] SRR BT BV FE A 200 100, 20,
10 5. 2. 1 pg/mL PP TRREXS B, AW
20 pL HEFE, GOSN . DA AR OB A P Ak
br (YD, RERERTEMREA RS (XD JEAT ]
H, #3EH5 R Y=14.3 X+1.343 3, r=0.9999,
SERFWLIIEEAE 1~200 pg/mL S RIAFBLME
HA RIFHLEXR,

2.54  WOERESH AN ORESFREUKE 1.0 g, B
T 10 mL BZEELE T, MALKE 5mL, 60 CK
WP, % 1 min, HIRAHEEL (3500
r/min, 10 min), WH VG, B0 NTTEYITIX
4 mL ZJEH BRI, & 9F 2 3R
W 10mL &I, ZBEe%.

255 TR LEIEE S & 2417 DUNERAER&
B VR R % “2.5.47 TR U5k
B, BURRRER A D 1, 2 A E R
VERUEW 2, EIPRERCE PR BOHAE Al 3, &k
Ff 20 uL, HPLC i WKl 1. HgiRLnlsm, Hikk
X R TREE I 5 T T30, %A T i R SR A
BR . K 1-D TS, 2 T EOBO R IR D
BA R

2.5.6 KGRI ) BORS A5 USRI R
5. 10, 20 pg/mL XTI 20 wL JEFE, e
WETRIAR . BERG 2 hBERE 1 vk, JEIE 5k, dHEH

2.5.1 (A& {(Gi%F4 Diamonsil™ Cg A RG5O S W L i o) B S 20 L EAE,
i
A [\ C
IN A
v A I \ .
D Q E
m o ew
0 4 8 2 16 20 0 4 8 12 16 20
t/ min

E1

LHEMES (A TEREER B). 8HKE (0. TAEWHK D). SHREEWR (E) B HPLC &itE

Fig.1 HPLC chromatograms of perillyl alcohol reference substance (A), blank ointment bases (B), and perillyl alcohol-loaded

ointment (C), blank receiving liquid (D), perillyl alcohol-loaded ointment receiving liquid (E)
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BEHMGE 1K, LN 5 d, T HERE S, 450
H PRS2 RSD 2054 1.15%- 1.32%- 1.67%, H
[F)RG 25 B2 RSD 23 910 2.51%. 2.29%. 2.35%. 145
BATA, B AR % RSD 34/ 3%, K
WRERAE, FFGEFER,

257 [ECRREE WS AREREN 1 g, %K
“2.5.47 TR AR, 19 OB, Ak
TN G I B i 25 B0 F, 7 8% BT IR B 20k 5
10+ 20 pg/mL PRSI, 2 “2.5.17 TR o
ZAFRII, AT RN E, A PTRIK AT 3
Uro G5 3 AN E FIFE 5P [R5 51
99.5%-100.6%- 101.3%, RSD 2} %14 1.41%1.22%.
0.95%.

2.5.8  IIFERISCRR G B4 3 R IR B,
SRR “2.5.47 TU R AR, & 92517 T
AR, R 1 mL A RES L N
NJREWSE 511020 pg/mL (K% B SL IS, 20 pL
HERE, D VA o %R 5 R SR A S B 1R 254 It
TR, 2SI B IR B 5 A I B 8 R B (1)
EEAE R R [EDfie e, 45 B8P R 7300 99.65%
93.87%- 99.21%, RSD 434l 4 0.76%- 0.48%- 0.81%
(n=3). HERAT%N, 5Bl 41 [m i % RSD )
INT1.0%, FFE TR ER .

259 FEREMERK @M “2.5.47 TR AT
AR IS 6 4, 4% “2.5.17 TRl SRR
W, SRR, TS IR BT 4> 201 RSD. 45
B 6 YK RSD Ky 1.79%, i BV R if.
2510 ForEtiALe M 2547 IR ikl et
WA, 1% “2.5.17 TR 4 E ol T4
0. 1. 2. 4. 6. 8hHEFERIN, 255 E Ff i g
FREE TR ) A0 RSD Ol 0.94%, R WIFE S 8
h WARE

2511 WEFERINE I K REHRE, /5%
W “2.5.47 TR A, 4% “2.5.17 UM (a4
PERTDN, 0.22 pm PEALIEAEIERE, 20 pL JEFE, IE
WETRIAN . AR R R 2 =, PATIE 3
I, G5 FHCE R TR R IR O 2.89 mg/g,
RSD 4 0.87% (n=3).

2.6 EHERENKRIMNEATRR

2.6.1 RSMEAVETI SRR UL ET
RSN ST,  7E Ok PR TN 2 AN 18
BT, IEHT AR N & B AR R0, 37 Cd i,
ORI T IENT IR N AMNSIEY UL B P, T4

BRI O/W BUFETG, BN A4S N A0 5 7= A6 e B
75, PPN IEFTHOR, FRBE ARSIk F|
ST o ANTRI IS TH)SZEATT A A 24540 o i TR B S T Y
TP BB, R TTAAERE SO I 2 5 A
BRI 0, 5 T AT s e

2.6.2 ENTRXTZWIN N BURTRRERCE 1 g
A 100 mL BB CERERK pH 7.4) $Hi4), B
F£ 20 pL #EFE, HPLC vEM5E 3 ¥k, #3501 g gt
T 2.89 mg ZiE, KENLE GREEN 35000 &
6 hG, HWHIENLS, &1, MHRBeR AL,
TRFFAAL, YEFrdmilisctr, FHEORE 20 pL, WE,
T EAA, I R IE TR AS £ 0 250 T B
2,63 WEJTE R RARENTE, B o
(ZEHLER/K pH 7.4)100 mL FHedh, K75 1.0 mL
AR ER K BT E T, 37 CoPi I,
TESCIRTENT R NANSIEY HOL B PAT . RS R
WE g, BNPEE NMARIBA B, 20 2. 4.
6. 8. 12. 18, 24, 28, 30 h &HU I mL, 7FHUF
B AMIN 1 mL FE0R, HPLC 5 4% P 254 i ik
o S —E A HE RETIRTE ORI 36 h
Ja M A N ) R B, R 25 58 AR I 5
TR . DAREANI [R) s il 1511 2454 oA S
WO 25 i TR B 2 L R TCR, ] HPLC
R E 250 5T R JEE

2.6.4 HCBEMREZ) BT HOR AL IR TR FE R 58
IR MR KR (S) RIS [F) T 0 11 45 5 e
BB (MIL: LA, M2: KustE, M3 Shiarh),
Fie “2.5.17 TR kAN R R, vHEE
BN BFBURSCE, KM Origin 8.0 # K SE56
SR F SRR, SR ILE 20 P )R g
RCE TG, FLABLECE T 25 R TBOE e 8 LK T
B I MR K A PR UK 1S . %
JINEEIR 3 AN [R] R S5 BRI 25 R O A 5 P A
R, TCRBIG . ENITFLAI 12 h R
P, RO B CE SRR RRIAE] 61.25%, B
G RIS SIRN, 7F 30 h RRUBEIAE] 74.82%,
BA R R . SRR RE A B 7E 12 h R
RN, BRIREN 21.9%, 30 h i BEUR
JHEIAF] 28.7%, BEBOE A TN, 5K IR K
TR RO 52, 30 h P 1T 40%IH254)
ANREREII, R IR LR K AE AT 6 h SRS
90%, FEARTEARE, WMULATA, EKIRREFLAIA K
BHHEAREMRAER .
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RIMNEREER (n=3)

Fig. 2 In vitro release curves of different base

types of ointment and perillyl alcohol

supersaturated solution (n=3)

2.7 RINEREE B
271 Rl W “2.5.17 T,
272 SMERRFE KEWHOT S 10 mg, &
T 50 mL &=, S 30% SEER AR E K i
HMRERZIE, 32K 200 pg/mL 1%
a2 Mo 23 ol R B WA 5 0054 0.1+ 0.25,
0.5, 1.0, 3.0, 5.0mL & 10 mL &, hnd:rEdh
KEBZIE, #5), fREKEN 1.00 2.04 5.0,
10. 20, 60 100 pg/mL [ Z 55 G, 250
0020 pL gEFE, dsgUEmAR . DA AR ME A A
AbR (YD, HERESTEIREE I REAAAR (X0 AT PR
5, #3175 Y=15.815 X—4.323 5, r=0.999 5,
SE R WL IIEEAE 1~100 pug/mL gAY
BA R R 2% RSD M 1.98%(n=5);
SER RN EE ) 98.6%, RSD 4 2.03%, & 1-D. E
AL, 2 OB 28 IR ) S E B R, 1%
R 7200 % S A A 2k
273 AEANERRK  BUHEYE K RIE SRS, 2
12h )5, WisitEabse, FIEIEE Rk, N5 g
T AR Y, FHZ8 AR K R A B R /K e 104
F-20 CUKFAORAT o R0 IR 254K SRz P 2R
PEERAKIRR,  TTRS A B AT TCR i o

KU B AL Franz 37 5o A1 A 7E B4R K
SR A B2 TR, A7 02 1 ) kgt B Rz ST )
A s A2t 73 Tl 2B N 58 I ok T R 7K 1 mL
(2.89 mg/mL), AFFEFEREREIRRENCE (M:
FLAIR, M2: K, M3: i) 1 2(2.89 mg/g),

Bctb o 2 mL &4 30% BRI, IEE
PO I NRE ) B s Franz 8] 58 7535 J
b, REHFIEAE (3240.5) C/KREEEIR 1 h,
L 200 r/min FIRZESEATHE 1B 43 T 0.25,0.5
1. 2. 4. 6. 8. 10 h B3l 1 mL, ~ZEPAMINSE
FHGH A B, 0.22 pm TFLUERIET, HPLC
R BB 9 R B, IR S AT (ML,
M2, M3, S) [fZEBEHERE (0, pg/em®), 45iE
LK 3.

n—1

0,=(C,Vy+ ;CIVI)/A
Co Nt WEIRIE IURIR L, Coh ¢ N2 iP5 I R L
Vo MU I SRR (2 mLD, V; R RIRER AR AR (1 mLD,
A AT BB (0.785 cm®)

L @, Xt a] ¢ FEATLRPERIAM, B2 i) R
B3 J R H A (Jg, pghem ™), SR NLE 2.
DA Ay 28 T2 T8 T R R B 254, IR
g 2505 O R SRR 2, Bt DA— i H U
RI13ZE B T8 A A Sk T bm R AT s AN [ 1 R 1R 48 R V808 3K
R RNFEIAFNKE . LHERKEERET . K95
YA 1 200 R 8 I B i A R KV I ik
9.42. 5.60. 1.18. 0.74 pg/(h-em®). 45 F%W], 3 Fh
AN ) 35 I PR 8 IR R B 48 BB W AT S8 5 X031
FLARHCE 0, 1 Jg W] e Tk e .l
PRI FEE SR AN K
3 itg

FERI R IRBECE IN, AEARTR . A IR H

1007 —s—MlI

1 —=—M2 A
e
go{ —* M3 /
] -—+—S /
s 60
o
) -
=
~ 40
S
20
0_
T T T T 1
0 2 4 6 8 10
t/h

3 EREARERRE R EEI EMKE RN
ZRBBEHE (1=3)
Fig.3 Transdermal permeation curves of perillyl alcohol
in different types of ointment base and perillyl

alcohol supersaturated solution (n=3)
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R2 ENEARSEARLATRENSENNFAE
REBRSHILER n=3)
Table 2 Transdermal dynamic equations and permeability
parameters of perillyl alcohol solution and perillyl

alcohol ointment with different formula (n=3)

X Js! O/
éﬂ%” Qn't 77%5‘: 241 -2
(pgem “h )  (pgem )
S 0,=0.741 4 t—1.124 4 0.74 8.57
Ml 0,=9.423 1:—10.264 9.42 92.85
M2 0,=5.6015¢—7.842 5.60 62.90
M3 Q,=1.1753¢—1.7345 1.18 13.68

PR R N 5 R, ARSI RIS M. Y
BT 75 CHy, FrgfRmR HimBsA 2 %g, =
W BRI S R, AR, BT T
HERERE A 55 CHIINEIEEN .

IR R KR 2R TR B, 2 h R AR
e As, HIRECE a2 BARRE NS, UL T
BT R 1T A R A — A B AR R . AR
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