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Table 1

Formulae of ketoprofen gel ointments
containing d-limonene

Ketoprofen 2.0g
Carboxyvinyl polymer 2.0g
Triethanolamine 2.5¢g
Ethanol 30.0g
d-Limonene 0.5-1.5¢g
Water ad 100.0g




Hydrogel

N

A

(i\
¢

S~

Water bath

LQ:Q@)

b)

S

Fig. 1 Schematic diagrams of in vivo absorption
cell. a) in vivo absorption cell, and b) absorption
cell attached on the abdominal skin of rat.
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Fig. 2 Schematic diagram of in vitro diffusion cell
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Fig. 3  Combined effect of d-limonene and temperature
on the percutaneous absorption of ketoprofen in rats.
Each point is the mean of 4-6 determinations. (V) 24°C,
(O) 26°C, (A) 28°C, (O) 30°C, (&) 32°C, (V) 34°C, (m)
36°C, (A) 38°C, (@) 40°C.
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Fig. 5 Percutaneous absorption of

ketoprofen after application of hydrogel
ointment containing 0.5% d-limonene at 36°C
in rats
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Fig. 6  Relationship between penetration rate
and temperature on the percutaneous
absorption in rats. Each point is the mean £+ S.D.
of 4-6 determinations. (O) Control, (A)
0.5% d-limonene, (O0) 1.0% d-limonene, (@)
1.5% d-limonene.
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Fig. 7 Combined effect of d-limonene and temperature
on the percutaneous absorption of ketoprofen through rat
skin. Each point is the mean of 3 determinations. (a)
Without d-limonene, (b) 1.5% d-limonene. (A) 20°C,
(0) 25°C, (W) 30°C, (A) 35°C, (@) 40°C.
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Fig. 8 Arrhenius plots of steady state
permeability coefficients (P) of ketoprofen.
Each point is the mean * S.D. of 3
determinations. (O) Without d-limonene,
(®) 1.5% d-limonene.
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Fig. 9

Scanning electron micrographs of hairless rat skin treated with 1.5% d-limonene in"30%

ethanol for 2 h at various temperature.  Magnification, X 500.
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Fig. 10 Amount of (a) cholesterol, (b) ceramides and (c¢)
phospholipids leached after pretreatment for 2 hour at
various temperatures. Each point is the mean £ S.D. of
3 determinations. (O) Without d-limonene, (W) 1.5%
d-limonene.
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Fig. 11 Combined effect of d-limonene and
temperature on the flux of prednisolone through rat
skin. Each point is the mean * S.D. of 3

determinations. (0O) 40°C, (A) 35°C, (O) 30°C,
(@) 25°C, (A) 20°C.
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Fig. 12 Combined effect of d-limonene and
temperature on the flux of (a) D-glucose and (b) isoniazid
through rat skin. Each point is the mean + S.D. of 3
determinations. (O) 40°C, (A) 35°C, (O) 30°C, (@) 25°C,
(A) 20°C.
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Table 2

Steady state flux (J) and permeability coefficient (P) of prednisolone,
ketoprofen, D-glucose and isoniazid

Drugs Temperature(°C) J (ug/hecm?) P (cm/hx103)
20 3.05+ 097 1.00 £0.32
25 1042 =+ 1.28 2.48 +£0.31
Prednisolone 30 21.72 + 2.66 3.88 £0.47
35 30.39 £ 4.79 425 £0.67
40 40.83 + 10.77 454 +£1.20
20 49.70 =+ 7.38 8.02 £1.19
25 93.53 + 1544 13.08 £2.16
Ketoprofen2 30 142.24 + 19.69 16.83 £2.33
35 227.20 £ 41.47 21.64 £3.95
40 297.81 £ 61.46 22.65 +£4.67
20 44.59 + 25.23 0.13 £0.08
25 74.49 + 13.43 0.19 £0.03
D-Glucose 30 144.33 + 27.34 0.31 £0.06
35 388.32 + 65.66 0.71 £0.01
40 712.08 £160.43 1.13 £0.25
20 366.91 +£149.57 2.66 +1.08
25 637.31 £201.42 3.79 £1.20
Isoniazid 30 1636.21 + 84.20 8.14 £0.42
35 2364.26 £210.21 10.06 +£0.90
40 3619.13 +286.90 13.36 £1.06

aCited from chapter 1.
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Fig. 13 Arrhenius plot of steady
state permeability coefficients (P) of
prednisolone

—34 -



-3 1 1 L | 1 ]

3.15 3.2 3.25 3.3 3.35 3.4 3.45
/T x 10° (K)

Fig. 14  Van’t Hoff plots of partiton coefficients
(K) of prednisolone between isopropyl myristate and
30% ethanol-buffer solution (pH 7.0). (®)
Without d-limonene, (A) 1.5% d-limonene.
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Fig. 15  Arrhenius plots of steady state
permeability coefficients (P) of (a) D-
glucose and (b) isoniazid. Each point is
the mean £ S.D. of 3 determinations.
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Fig. 16  Proposed mechanism of combined effect of d-
limonene and temperature on polar and non-polar pathways
in the skin.  The structure of polar pathway could be
changed with a pretreatment with d-limonene
independently on applied heat, however, the non-polar
pathway could be synergistically affected by the
combination of d-limonene pretreatment with applied heat.
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Fig. 17 Combined effect of oleic acid and
temperature on the flux of (a) prednisolone and (b)
D-glucose through rat skin. Each point is the mean £

S.D. of 3 determinations. (O) 40°C, (A) 35°C, (0O) 30°C,
(@) 25°C, (A) 20°C.
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Fig. 18  Steady state permeability coefficients
(P) of penetrants. Each point is the mean + S.D.
of 3 determinations. (a) Prednisolone, (b) D-
glucose.
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Fig. 19 Arrhenius plots of steady state
permeability coefficients (P) of penetrants.
(a) Prednisolone, (b) D-glucose.
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Fig. 20

Scanning electron micrographs of hairless rat skin treated with 3.0% oleic acid in 30%

ethanol for 2 h at various temperature. ~ Magnification, X 500.
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D, EBZ2HBFEENIIRETZZIEN, LVEFLWVWESE
AHN5B Y,

FAETHE,. BRAFARORER d-VERXRCBELUET LA
B) o EREts2, S8FNICHETH I EICLDEML -,
FEAMICEBEANOESHEFOH KEDOHEII ODWVWT HER
L7z %%,
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B2l EROK

2 -1 &%

MEFTEERBEROHAELZRH W,

2 -2 FILREOEM

BIE 2-2RERLEFEZRANWTTYNVKREERZERL =,
FINEKEBEFORERNBEIRNEEESHEZFREEICIT 229D,
d-VERXBEZ05~1.5%. T LA EBBE%® 1.0~3.0% &
L, BB, IRTOKBIZLY ) —V30%E2E5HI®-,

2 — 3 REWMEEOFM

FB1E 2-2RREBBLAEinvivoRINERO FEICED E,
FINVEKEZSy FERICEALEZ. BHREEOEREEKH
L., 10%F"NVTY CIEBT MHRBEUERELEE. BEOR
BRBLY ) —VBBETERBALE. RIS 74 P ICaAEL
#H, IS0 —LZHANVWTEI3IumOEBY KR ZERL &,
ARRMFIYOBIRIAD O THREBE2TROH. AFEM
ETTHEHZEL., EENOHHEZFEML . KRISCTHRBT
20~40CETHrlao =,

B3I RERMBHBIREIRRREENCBEORE

EERIHEBENICERE. ERBLTETHBOIBICRT S
ZENTE, TORINBERIAZEETADN TS, MATE
. BERIIMNEH. 27U VR, 7R, EXREOANBEEZ
BRLTRD, BHELEEZL TVWS S, ARETIE. Zh
CEBEE2HGFPHNCHRE TSI Z LI . RINEERA &R
ROBRAICIIRERBEZRAEL 2.

Fig. 211X, REFZEZEERL VS INEKE 2 20C0& 40CTT v
FOBEHMBREEBICERAL. cRERBEROEMEGREZRL X
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Control (20°C) Control (40°C)

Fig. 21  Microphotographs of rat skin at 6 h after application of hydrogels alone at 40°C.
H & E x 100.
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HbDTH5, REFZEZSFEFTVES,. GBEODBEAHICBVLWTHE
E. BEBIUETHEBOWTNICHRBMIZIBD 51T, KU
BOEBHBE2<ZEbSRkRho/z, ZHIIHL., d-UER>
ZOSKTNKREBICEEIVELZEE, 35CETIRE2 R AR
HoNBH N, 0CTHINICEENKEILL., ERFT TR
E2REZ o/ (Fig. 22) - d-UEXRX2 1.0 DB EIX, 30Cx
TREEAEREENRD SN TWARWN, 35CITRDE, &
BFEOowilt,. EFTORE. /2 40Cick b+, EEBIURK
THEBETOaS Y U EBHEORENERINE. I 5IC4d-UE
XU 15%DBE, 25CETREBEAENEN zVDITHL,
30CICRDEDINCEROBIL. EETORE. EFD0a5
— T BMOEMENRD SN, 35C. 40CEEBEEDLERELED
WEHEICHENA®MKR LU, £/ 40CTER. DITMITKE TH &
DREHMBOBENBD sl

VA CEBRZAVWESIVEREERAROBEMEMRZ Fig. 23 I
RY. AL B 10%DOHEE I 30CTHS. £ 20%DHAE
25T S, SH5I3.0%DBEFT20CHsRXREORIL. EX
TOREBE.EAPLIUVCETHEBTOaS -y U EEOREARE
OHIMNBEEINZ, ZOFBOEBEIX. BELADBLIIS
VA EBEBEOEMICENWHBETSIHANRYD N K
WALV VB30 B NWTIR. MBH T, 4-UEX>TR2
KBREINEMHDEEREABREOEENBRINT.
INSHBOBEZEENMICARES 2. XaT7 T 2T
o, KEEHEBEENIZ (A REOWIE. (B) ERTO®R
E. (C) Efoas—~rE#org#E. (D) ETFT&&a5—
FUOBMORME. (B) ETRAEMREOEMBLY (F) K/E
FTRERBEOEHIIODVWTEELAE, ZTNHORBITDNWT S5 E
B (0~4) A7 2FR0n,. 2 oZ2MAdHbESL &
WWEDEEMBEE (TIS) 2EH Lz, Table3 2 d-U EFR >
ERAVWESVRBICBITLSEKERMBAI7%27RT. d-UEFR>
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Fig. 22
at 40°C.

0.5% d-Limonene (40°C) - 1.0% d-Limonene (40°C)

i

1.5% d-Limonene (40°C)

i o

Microphotographs of rat skin at 6 h after application of hydrogels containing d-limonene
H & E x 100.

-52 —



1.0% Oleic acid (40°C)  2.0% Oleic acid (40°C) S : 3.0% Oleic acid (40°C)

Fig. 23
40°C.

Microphotographs of rat skin at 6 h after application of hydrogels containing oleic acid at
H & E x 100.



Table 3
Histopathological findings of rat skin 6 h after application of hydrogels containing d-limonene

Enhancer Temperature Histopathological findings! Total irritation
(d-Limonene) (O score

0.5% 30

1.0% 30
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—

[y
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—

1.5% 30
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COOOO COOOO SCOOOO
oD (=R SRV NN OO0

WO
ot —
—_NO O
—

1 A, Epidermal liquefaction; B, Subepidermal edema; C, Dermal collagen fiber swelling; D, Hypodermal collagen fiber
swelling; E, Hypodermal inflammatory cell infiltration; F, Skin appendages degeneration. (0) No change; (1) very slight;
(2) slight; (3) moderate; (4) marked.

— 54—



NMEREOBEIZEAEHBIIAVN, -VEXOBEREM
BIXUOERABREOLAICIOVMBENBRLTWS , F L1
BICBWTHRIBOERAMNRZD 51154 (Tabled) . d-J EX
CEHNRTHEBENEBEMNSHBARS . 20T L1 >
BMOENBNFIBEEZEOLOLAE.EL4d-UER>TIRERZIN
o EEEABRBSEOESEN., AL 1 B TIE2.0% D 35C
MFENSCBRBINAE . Fig. 24X TISCRETREANEBEEDOR
B%2r7. 30— NVTRE<<HBENEVORIHL, WTh
DREFICBNVTHREENBE ORE LFICXD # BN
MALTBD . EEBICFLS CBICBOTHROLIIBENER
INk. RIZT.TISIRHTHREEREREOBHEMSE ZH I
FMITLZENT,. —xBBOAB AN ETR >z KR % Table
SBELL6WCRT, dUEFEEE, DLBFAVIEBELE
BEOCKREEHERZ. MBORKRICH L TERECARTHD.
BNREERERBRIC.FBIIHL THODHENICHS DD LEE
Aoz,
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Table 4
Histopathological findings of rat skin 6 h after application of hydrogels containing oleic acid

Enhancer Temperature Histopathological findings] Total irritation
(Oleic acid) (O A B C D E F score
20 000 000 001 000 000 000 0 01
25 000 000 002 000 000 000 0 0 2
1.0% 30 203 202 202 102 000 000 7 0 9
35 312 312 222 322 000 000 11 6 8
40 333 333 333 333 000 233 14 15 15
20 011 010 021 010 000 000 0 5 2
25 321 320 232 232 000 000 1010 5
2.0% 30 333 323 323 202 000 003 11 7 14
35 344 344 333 333 113 233 15 18 20
40 333 333 333 233 010 333 14 16 15
20 111 111 222 322 000 000 7 6 6
25 223 233 222 222 000 002 8 912
3.0% 30 333 333 323 332 000 300 1511 1t
35 344 334 344 344 000 344 151920
40 4 44 002 444 443 000 444 1616 17

1 A, Epidermal liquefaction; B, Subepidermal edema; C, Dermal collagen fiber swelling; D, Hypodermal collagen fiber
swelling; E, Hypodermal inflammatory cell infiltration; F, Skin appendages degeneration. (0) No change; (1) very slight;
(2) slight; (3) moderate; (4) marked.
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Each column represents the mean of 3 animals.

Total irritation score (TIS) of rat skin at 6 h after

application as a function of penetration enhancer concentration
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Table 5
ANOVA for skin irritation calculated with hydrogel
containing d-limonene

Factor Df* MS® F,
d-Limonene 3 89.9 31.7%*
Temperature 4 96.9 34.2%*
Interaction 12 15.8 5.6*%*
Error 40 2.8 —

a Degrees of freedom.

b Mean square.
¢ Observed F value (MS of each factor/MS of error).
**p<0.01

Table 6
ANOV A for skin irritation calculated with hydrogel
containing oleic acid

Factor Df* MS® F/S
Oleic acid 3 474.9 115.4**
Temperature 4 191.4 46.5**
Interaction 12 30.0 7.3%*
Error 40 4.1 —

a Degrees of freedom.

b Mean square.
¢ Observed F value (MS of each factor/MS of error).
**p<0.01
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EAH WMINBEROEHE &R HME L OHEPBE

d-UEREF VA VBETRBERBENRRS 2D, REA

ORIV ERBINIF MMM E RNEEEE OBFKITD W
TEBLE.MBLEFig. 11.2B83ELL17TDAd-UEXR1.5%
EFVA B3 0BICBTIBEAREEMOT L Ry &R
KEEY O I)NI—ZAD in vitro BBEBROKERZ2ELEKT S
., A=)V EERIZED. Fig. 25CFEEDHHE. WTHhD
TI95 7PN TH. BELERBIZCLIVDEBEIIEFICHALTS
D, TORBHEEIIFEICIS<HBELTWS, 27V RZVDO
OB Ad-UVERXRIS%EF VA B30 TIEHRERT
BEAEBERBBICENRNIENDONS, — A7V I—ADH
B, d-VEX1.5% TR 40CTEBEERIH 2000 pg (12 K
) THHOITHL., L1 8 3.0% TIZH 6000 pg (12 K
M) E3BOEAEBENEOSNTWVS, EOFBEOFMEELD.
FEEMABRBEOEENAL A CBICOBBEEBIN. 4-UEXRY
KRBH SN EMS, DEDOREREELT. L
A1 BIEEMNBEREIINL TRSERATZIEITED., K
HEWOERERETHIIENEZIOND,
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Fig. 25  Combined effect of enhancer and temperature on
the flux of lipophilic and hydrophilic penetrants through
rat skin. (a) Skin permeation of D-glucose after
pretreated with d-limonene, (b) skin permeation of D-
glucose after pretreated with oleic acid, (c¢) skin permeation
of prednisolone after pretreated with d-limonene, (d) skin
permeation of prednisolone after pretreated with oleic acid.
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BAH FEOXED

RELFHBLIRERNBEHRMICHEN., RERBEITEE
CHRXLE. AV VBREGVEXREDRBENRL, K
MABEEOCEHRHRI ALV CEBOBEBRHICX-TOARBEESN
oo SHI, EMOEBENZRM LI EY BB IEHRICHEL
Tk, LRBRLENG.,. d-UTXREF VLI BRICEVDERS
nNoflBELENOSREFNOBEHZUBELEAES. EEICKIFE
TRIBEDARLS, DO+ REENIGLNBZ I LENE,. d-UE
R FVIBIOVDENERERNTHEIEEREINT,
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558 b0z 0EHERRICS
(T5mBERIRER OERF
Ho&EIL

BL1EH F®

RMEFETIZ, BREER VEXC>BLVAL 1 UB) &
BREOHBICEDIEEDR VO KEANDORIBMME *2ITDODNT
B E2TRoTEEL. ¥ ) IVORETTREOHAIZEKS
TEESIND dVERXVEF LA BORNEERELTO
BWEZRAHIIHE T Z22DREB. TENROI AT AIIDN
THRRNREEFAEERT~NORHBEZEZRFICEE L -RBERLE
AU Z2HTETIVERDD. ZODICRRROERFE L
BRI FEREBEHATAIZENEEF L W AHETR Y NS
Oz ORRERRVICBT2HRNEER d-VEX>. FLA
VB I ) IVBEIURROEASHEZBELITSIENT,
ZENRRRELE S POFHZR A,

BROBMARFHUZARIIBREL TS0, BT L
BEoN5TFTRRAE2HAL . BE—~0HNBERZERTILEND
%5, Khuri & Conlon® 3Rt EOFRHIANSBELNSE L DR
BEEFHEOEAMNEI -2 vy REBEAVWIHEEL
T, XRXERHBL =,

S(X) =| 3. (W; (FDi(X) - FO,(X)) ) 2| —-mer @)

1=

IITXWRERZ, SX)REABRE W ITKIXDEBELLINL
NEMBEKZERT S, FDX)IIFHEEOBM 4~ O FRHRX F.(X)
DERFBANTORBEME. FOX)XRRBREBE TH 5. HAL
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BN LTS O0ERARARBCES T 288 HEOEOMK
BEEREE RO THE20, EREBOTHARBEREEH S
ERE RO EBEER N, LAL. BONAZREEN TS
hiZ. SEROMAEDENL R B 2 KEER L EARET 3
BEERAHZEA T ECEoT. BEOBLWTRRNES
NazEngn., ) REBIBWORTRELEZBZ &
MTEBHM, EZBRUTORICUENS T W, &R 4569,

Wi = RA;? / SDj =w-mmmemmmemm e (5)

ZZT RA’RERRBMICBUL2BEHE 2 EFABFERT
BV, SDEIEAEFRHEOXRBBEOEREFEEZTH 5. RA’MHEITF
AXFX)ORBEEEZEXZL.SDIEFEMEOLENDERL T
5,

UECBEZRLEBBEEZMNATLHZZEITXRD, BN
EERLEERANDRL2HELZLBDICHETOIHIAT AL (d-UE
FOEBUREFALVA CEBRESVDR) OFEEEHZHEL . H
Hizl&L 7=,

B2H EROK

2-1 &%
MEFTEAKOREZA N,

2—-2 FTIREORHMBIUVER RNER

Iy —IBE BNEEABIVEABEL2 TN ETNER
Xv X, BEUX, ELULTERLAE, ChE3ERZREBESE
BREtE (Table 7) L N> THOMIFTDHZEITEKD, 18 &
BOBRAEHZRBRLE.SEROLRXNVOEROERICHL
TmBAL % Table8 R T . ERICAHAWVWESSNVEKEBR. E1E 2
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Table 7

Experimental design for three factors

Factor level in coded form

Formulation X, X, X,
1 -1 -1 -1
2 1 -1 -1
3 -1 1 -1
4 1 1 -1
5 -1 -1 1
6 1 -1 1
7 -1 1 1
8 1 1 1
9 3 0 0

10 V3 0 0
11 0 3 0
12 0 V3 0
13 0 0 3
14 0 0 V3
15 0 0 0
16 0 0 0
17 0 0 0
18 0 0 0
Table 8

Levels of factors in ketoprofen hydrogels

Factor level coded form

Factor 43 -1 0 1 V3
X, Ethanol (%) 20.0 26.3 35.0 43.7 50.0
X, d-Limonene (%) 0 0.63 1.50 2.37 3.00
Oleic acid (%) 0 1.27 3.00 4,73 6.00
X, Temperature (C) 32.0 34.1 37.0 39.9 42.0




—2LRBROFHRICETEFARML =,

2-3 mhEPOSF+TOTzBREORE
BIE 2-2LRBKOERBEZRA VL,

2 -4 HERMMEOFME
FBA4E 2 - 4ALFAKOFETHMEFTR - 2.

EIH RUEMCEEBILZIER

B1IE E3IHTHWEZEA O N—FPASPFETFIIREH- T,
RERNBEORTZTRY, ZRFEE (Rp BLXUF /51
Ho(r) ZREHEL., BHEEELAE. RIZ. s BEBOF I EH
BAUOKEWERBL BA4E2 -3 ELRABRICEKEMO A ZERL.
HBEOREEFR->E. 2hSORBITDWNT SBR (0~4)
WRAIAT7R/TEFTN, X728 8RHEE (TIS) &L
2o Rp. tt BEUTIS DEHHE % Table 9 IR T, Rp EIIWE/EA
KEBHL,. 25/ ). ERREEFABITBEOVWTHOER
O RpEICKEZSEETHIENRINE.HIZEZE 11 ORI
REFZSERWVWTINVOBEATIZ. RpA10.0350mg/h E BB E
WEZRLEZENS SERD, RNREEFROEENRDKE
WZENRFRIEZNE, EHd-UERIEBVWTRPEBRKRER
5D, &6 12 (Rp=1.20) DREFBEBRBKOEZHETHZD
L, LA CBICBWTHREENBRKERDEH 14
(Rp=1.12) THO, 2 DO0BRWNREREANBBERIEAZHD T
FHERALSNCRB TWE, —FH., 1L BWVTKE, 4d-JU EX
CBEUFLVACEONWTHOBEARAEIIBLNTHIEFEALLE
ENRS5NT, 0.8~0.9FFMTH o7z, TIS iT Rp L R HRIZHE
IENWBEOCEENBO SN, E<REFHEI1THITBWLWTIE2<
RBERBOENAML> K (TIS=0) DI L. Rp DWEKRITHEWN
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Table 9

Experimental values of response variables

Condition Rp (mg/h) ¢ (h) TIS
1 0.112 0.943 2
2 0.594 0.981 20
3 0.732 0.866 17
4 0.659 0.983 17
5 0.164 0.901 6
6 1.14 0.933 15
7 0.904 0.523 16
8 0.965 0.942 14

d-Limonene 9 0.205 0.253 8
10 0.555 0.950 13
11 0.0350 1.97 0
12 1.20 0.864 12
13 0.556 0.906 16
14 0.760 0.880 19
15 0.770 0.961 21
16 0.554 0.768 16
17 0.449 0.789 19
18 0.795 0.814 21

1 0.176 1.00 2
2 0.284 1.05 20
3 0.899 0.778 19
4 0.795 0.897 21
5 0.487 0.821 9
6 0.635 0.916 19
7 0.654 0.796 20
8 0.791 0.784 19

Oleic acid 9 0.475 0.933 3
10 0.827 0.954 19
11 0.0350 1.97 0
12 1.08 0.885 19
13 0.527 1.00 21
14 1.12 0.904 19
15 0.686 0.431 20
16 0.496 0.928 19
17 0.805 0.938 22
18 0.779 0.798 20
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RBEDRELRDIENER SN,
BA4H HRERSFHFICEDFAROKTE

Table 9IC/R L =R HEEOERBEICH L. RIZRT 2 RLIH
REEFXELLT. 2E@FOMAEbENSBRERBAAGLE
ERRTHIHFROEBRRBHFZBAHL. PR 2HEL 2. &
B, ENBROBEL L TEHE_ERGHFEGEREAWVE 9,

F(X)=bo+ 3 bXi + 3 3 byXX; ----nmnn(6)
i=1 i=1 j=1

CZTERX)I3FfEE,. b3 KA. b, BLU b, BERHEEKT
HO,.XWFa—-REINZERDL X)L (Table8) TH 5. (6)
AREDBONZERBRE Table 10IZRT. d-UERD, LA
CEBVWITNORIBVWTH, RpBLUTIS OFRITHBIT 4
BEE () 3+2KkE<,. Z2hooKEEOFPRRIIEHEN
CENDZBOEEZLSNE. LOALABNS, i3 LB 5 DKL
REFICBNVTHHEARENES, nz2FAKRELOREEE
LTERITDICEHBEENDD EEREINZ, LER-T. UK
DBRHICIIBELOKBELLTRPETIS 2RV, L 2BRAL
7z. Fig. 26 BX U Fig. 27, d-UERXRBLUVF LA ED
RIZBNWT., BE (X)) Z2EREILEELEEOREMERD B
XUTIS OERmBEHENRE. T4 /- (X)) BEXUREREH (X,)
ODRBELTRLEZ., d-UERIZBWT S Rp FEGBRM TR
- IVBRE (X)) KDBREFBE (X,) TRESEEZEZXR
TTWwaH, BRBICAZEIY ) —VBE (X)) OEEZRL
ZFsrZENROENE. ZHIIHLAILA CEBTER,. WTh
DERECBNTHEERBROAREAED, =¥ /) (X)) &
DHREEAR (X, OFRENBBHLWIENbhok, TIS DHKIC
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Table 10

Optimal regression equation for each ‘response variable
determined by multiple regression analysis

Rp f TIS
b, (constant) 0.677 0.856 19.0
b, (X)) 0.146 0.129 2.40
b, (X 2) 0.233 -0.168 2 86
b, (X;) 0.102 a
b, X, X)) -0.0741 -0.102 -2.51
b, X, 2) -0.183 a -3.63
d-Limonene b,; 0.0781 a -1.38
b, ( ) 2) a 0.169 -3.84
b (X2X3) a a a
b3 (X,X;) a a a
0.918 0.863 0.955
s 0.166 0.186 2.24
F)’ 9.76° 9.53¢ 19.2°
b, (constant) 0.689 0.802 20.7
b, (X}) 0.0641 a 4.05
b, (X,) 0.241 0.114 4 42
b, (X3) 0.103 a
b, X, X,) a a -2.68
b, X,X,) a a -3.38
Oleic acid b,, (X,X;) a a -1.38
by, (X,X,) -0.0601 0.168 -3.18
b,; (X,X;) -0.114 a a
b,; (X;X5) a a a
r 0.911 0.763 0.965
s 0.141 0.200 2.34
FA’ 11.7¢ 10.5¢ 25.0¢

“Not included in the optimum regression equation.  “Multiple
correlation coefficient. “Standard deviation of residual. “Observed F
value (mean square regression/mean square residual). ‘p < 0.01.
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d-Limonene X3=-1  4-Limonene X3=0  4-Limonene X3=1

Oleic acid Oleic acid Oleic acid

V3 0 V3 43 0 V3 43 0 V3
X X X

Fig. 26 Contour diagrams of Rp as a function of ethanol (X ), penetration enhancer (X,) and temperature (X,)




d-Limonene X3=-1 d-Limonene X3=0 d-Limonene X3=1

Oleic acid Oleic acid

V3 0 Vi 43 0 V3 43 0 V3
X, X, X
Fig. 27 Contour diagrams of TIS as a function of ethanol (X ), penetration enhancer (X,) and temperature (X5)
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BWTHEH, dVERXROB S, MBRBRERDZITY ) —))
(X)) EREA (X,) DHEHARDLENRELEL., TOoHAEDYE
NEAREOLREEDIZ, T4/ —VEBE (X)) DEDEN
flic> T by BERARESNE, —FKH., L1 BICBIT 3
TISIE Rp EEBRICTTS /) — )b (X)) EREH (X)) NEHBE
WRERDIEBRLEUEDESIZVERXEAFA VAL BT
WX Rp. TISOWTHNOMHRICHUTHERIBEANBD 5N,
HMILEWOREERACTBEIIHNLT. T4 ) - IVBLXUEBER
OHRANRLRLIZPRERIZT EHEBINE, £/, Rp & TIS
DHEEIDHETSE L. J-UERXCOBA,. BEO LRBITHEW
Rp DERIIZDOSNDIN.TISREHEFERESA>TWARN,
LERST.BBAOHBACIVIZIERVWIBZEET S Z &
B, BBEOHKEREITZRZENTEDZEEEZONS, L
MUBRS, LA EBIZBWTIE, Rp EARITITIS DT h
KCBWTHEE LA I2HKOELRIHEDRDSNT B
BEAICEX2EBHOEL WKREBRHAFTERVWEEREI N
5,

BOoH BARXHEOREIL

Table 10 IZ/R L7 Rp & TISOEBRZE (4) KITX->THE
U.REROBRKEEITIR > /=, Fig. 28 I3 E BEBI ¥ S(X) % Fig.
26 LABRICTY /=)L (X)) . REA (X,) BXTERE (X,)
ODERBELTERL., SIS5RCARBRERERLEZDBDTHS. d-
VEXRCORRBRERIIRPOBREROBAEICMNEL TWL DA,
TISOERBEENMSBIKRESRBE->TWS, —H, FL1ED
FRREMRIT -V TF LR3I TIS ORFEFEOEEICMNE
U. Rp DBREBNPSIIRESRBEDHREB L. BHENL
FFF R @M % Table 111C. £/~ Table 2 CFIRHZEMBRICHBIT S
REEOTFTRHELEZAFEZRLAE.EEL5ORERMTBNVTD,
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d-Limonene X;3=0.264 Oleic acid X;3=0.934

Fig. 28 Contour diagrams of combined objective function, S(X), (P=2) as a function of

ethanol (X)), penetration enhancer (X,) and under the optimal value of temperature (X ;).

O, Simultaneous optimal point.
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Table 11

~Optimal condition of d-limonene and oleic acid
systems for three factors

d-Limonene  Oleic acid

X, (Ethanol) 40.9% 23.0%

X, (Enhancer) 2.86% 2.19%

X, (Temperature) 37.8°C 39.7°C
Table 12

Response variables of the optimal condition

Response Predicted Experimental®

d-Limonene Rp 0.954 0.999 +0.164
TIS 104 16.8+ 0.8
Oleic acid Rp 0.620 0.623 +0.168
TIS 6.83 7.20+ 1.30

“Represented as the mean *+ S.D. for five
determinations.
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Rp DFHEEIERMBIIBEEIC—HKLE, TISIZBWTIX 4-
JEX O FHE (10.4) 1IZXHL . EERHMIIODOH WE (16.8)
EBRSEN,. AL CBICBWTIHERECL—BRLE, d-U E
X TRORENBERSTEHEL TR, TISHEBEENBREN
L5RONDETH22D,. TEBRECRITIENDHS ELEDICT,
FEHIZXANITIYFNAELUEAREENEZONS . LLELD,
d-VERZ,. ¥ - IVBELUPEBEOHHARIF N T >
DEEBRIIZHL.,. ENREERZRTN., TNRIIHIELT
EEANORBEDEBENBRVWEAFGETHIEEZ SN, T
nNIZHL,. AL CBORTIR. EWAEERIEFIERS AL
HbODRNREEERIDZDT N ENbho Iz,

RIZIE )= INVERBOHHAZBETIIBNVWT. -V EREF
VACEBROBRNREREFAELZBHBEZ I DFMIELET S
HIZ. L ToORMZ2TE-okE. §bs. ZENRABREL
BFOBAREL->THLONZEREEORKRRBEEEZHOEH
ELUTREL., BREAICBITIZRpHBLLITITIS ODEFELE
BEXBELE (Fig. 29) . d-VERX>THSNERp DRBEE
(0.954) ZWAZT LVWISHPYRHETTRERFI LA CEDO TIS O
BEBEEINMNOEWHE (17.0) ZRLU. 4-VERXCERAZEOK
REEERAZF VA CBTHEED LTS . BEEREEBEEZZ
BIBDIENTERVWEEZSND (Fig. 292) . £k, d-U
EXCTOTISOREM (10.4) OHK T TIEAL 1 BEDRp
13 0.687 THUO., Table RICRLZFRKBBEMRICHERTIIFE
RKERREBIRBDSNAB M- (Fig. 29b) . — K. AL 1>
BTHONTZRpPOEREM (0.620) 2H K EL TAd-UERXRVD
TIS 2RHD L. TOMEIL 882 THD. Rp ZHIRT B &I
XOFBHEOKEETIDOTITNTH> % (Fig. 29¢) . AL A
CEBEIZBIABTISOREME (6.83) 2HEWEHLELEE IR
d-UEX 2D RpiL0.521 LEHEITEWEZRL = (Fig. 29d) .
LMo T . F VI BTAVERXCEASZOREEEHZ/ X

~74 -



Rp (mg/h)
o o
(@) o0 —
] ] |

<
~
L

>
(3]
|

d-Limonene

Oleic acid

'/

d-Limonene

Oleic acid

S 0.4 —

1

=

d-Limonene

Oleic acid

d-Limonene

Oleic acid

20

15

0.8

0.6

04

02

Fig. 29 Trade-off analysis of Rp and TIS in d-limonene and oleic acid systems. (a) Optimal
(b) Optimal Rp values subject to

TIS values subject to the equality constraint of Rp=0.954.
(c) Optimal TIS values subject to the equality constraint of

equality constraint of TIS=10.4.
Rp=0.620. (d) Optimal Rp values subject to equality constraint of TIS=6.83.
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5L92&, FMAIBBEBLSBRITSZZILENTFHEINDS, —
K. d-UERCTALUVACBRERZFORMBEICHMADE. B
REEFERIZREAEFESNLBLIRDI DD LEREINT,

BOoH FEOXEYD

UEOBBRLID . BROFBHIZCIAL IO BEDDH LU ER
CHBL TSI EN RSN, 2B EERITELE - T,
BELAICILIZRAREOHBEMNRRDIZILEZEKRL.RBD
BFRICELZREANEETDIZIENRINE. FRETLY /) —
W d-UEFXFBIUVEBEHABFRAOHAGDORICEA2HAIE N
BERNXERNDD FEOHIEBERBTEIHEEREINE,
BERKTORBAICRANOABZOBEENZRINTIEHW S, &
BLoELOPBENFEEIRNEEROHAIL. RBEOE &N S
HPEBENTVNAZIENRNRBINE . MOREFNITOWTHEDOR
e AE, BARG L. ERAREREHICRBZEEALN
3,
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EYWOERBEBICBT S RNRERNSBBOHADRITD
WT, BRAER. IBtFESICRBELLORF TR W, U
TRARTHRERZE 7,

d-VEXCEREAMELTHWERAE. BRAEEYNEZAT
% non-polar pathway Tid. AEEOBEHE EHMEIC LI IBEN R
FCEZIL.X-EHEBEER2EZAD LR EEZRBIT
TENEZONEZ, TOZELWE SEMIZL2ERERTEREDE
Lo bHERINE, ThLDE,. BEERFIZED, BRAENR
DPEBZERANEABEBREILLEZEREZLTWSEEZ NS, L
PL.ZOEIBEMRIEYOLRERBEECIHL TELIT LD
EHTREL . FLEBZBLWTREEOBELLNBELR
D.BEOEEN NI ZZ2BbOLERINS, LN TH
KEEYOEBEROEKBIL. AEBORBEZLBLITVRE L
BRIESEBNLEBROMANELZBREOEBTH DL E
BINk, —FH. BIKEEHMNFEIR T S polar pathway T, d-
VDERXREBBOFHAICLIRLRZ2EBEMTOBEENLDOM
BREABA . BELRCERT S HHEOUSNEELZARE
DB TH2EEZONE. ZhiIIHL. F VT U EBEEZREA
ELUTHWRZES. non-polar B L < X polar pathway % 7",
BECHLTHANICEESNEMT 2R LR BEDOEL
RSN ok,. LERST. ALV RBRIIX2RESZR
3. 2@V —bICBEDOLLS T, BELAICLLZHBBEEOHERDOA
NEBREOEBTHDIEERIN.

dVERBLUFA LI CBOEBRBEIL, BEOLRED
LLWERBEFBEOMMEELDBRIHMELEZ. EAF LT CBE
AT, EEABBRBECERE2ELT LRSI N, ME
ERICEIVEEINI2HBEEREEEZ2ZRLEESG. BB
EdVERXCOHHARBRBR DRI MDD+ aEEZEDL C
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