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Abstract

Permeation of 22-oxacalcitriol-1a, 25-dihydroxyvitamin D, (OCT) through excited hairless mouse skin was
determined after application of OCT as solutions and O/W lotions consisted of different polarities of solvents:
medium-chain fatty acid triglyceride (MCT), myristate isopropyl (IPM), 1,3-butylene glycol (1,3-BG), and propylene
glycol (PG). OCT concentration in skin was also followed after applying these formulations. A two-layer diffusion
model was composed to analyze dermatopharmacokinetic profiles of OCT for each vehicle. In the OCT solutions, skin
permeation profile of OCT differed depending on solvent polarity. The O/W lotion with a high MCT content led to a
low amount of OCT in skin. On the other hand, the O/W lotion with a high 1,3-BG content led to a high amount of
OCT in skin. This dermatopharmacokinetic analysis indicated that addition of MCT to the formulation decreases the
skin/vehicle partition coefficient of OCT and increases the diffusion coefficient of OCT in skin. However, the opposite
effects on these two parameters were found in the case of 1,3-BG. Thus, skin permeability of OCT differed depending
on the solvents used in the formulation. These results indicate that skin permeability of OCT is influenced by the
physicochemical properties (i.e. polarity) of OCT, solvent, and skin. Our findings on the solvent effects of the skin
permeability of OCT are thus useful for designing topical drug formulation, especially in aiming for bioequivalent
dosage formulas.
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Intr ion
troductio results of this surveillance, we have planned to develop
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OCT ointment containing an activated vitamin D,
derivative (22-oxacalcitriol-1a, 25-dihydroxyvitamin D,,
hereinafter referred to as OCT) is widely used in medical
institutions as a therapeutic agent for psoriasis vulgaris,
ichthyosis, and palmoplantar keratosis. As it was formu-
lated with white petrolatum as an oily-base component,
good protection and coverage of the skin surface were
observed with the ointment. However, the adhesive skin
sensation related to the oily base makes the ointment
difficult to apply to the scalp, a common site of psoria-
sis, necessitating a change in formulation. We therefore
surveyed the required dosage forms and pharmaceutical
characteristics of topical formulations suitable for psoria-
sis on the scalp used at medical institutions. Based on the

O/W emulsion-type lotion with easy application on to
the scalp and coverage and humectant effects.

Drug delivery and control of absorption have been
considered as one of the critical factors in designing of
topical skin formulations because topically skin applied
drugs (clinical efficacies) are easily affected by dosage
formula and vehicles?. For example, ointment vehicles
exhibit strong drug permeation and skin hydration by
suppressing water volatilization from the skin surface due
to their occlusive properties, whereas creams and lotions
exhibit less drug permeation than ointments because of
their low skin coverage effects following water volatiliza-
tion after application®’. Several studies have reported
that even formulations containing the same drug at the
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same concentration exhibit different drug delivery rates
through skin depending on the physicochemical char-
acteristics of the vehicle used® and that formulations
containing the same ingredients exhibit different drug
delivery rates through skin depending on the droplet
size of emulsion®. Moreover, different pharmaceutical
effects were observed between generic and advanced
formulations™ containing a variety of drugs such as
steroids®"!, antibiotics'?, and salicylate'.

On the other hand, several reports concerning phar-
maceutical technologies for designing topical formula-
tions have also been published. For example, Ostrenga
et al."*'% suggest that in designing topical formulations,
vehicle composition and drug solubility in vehicle are
important and that in vitro drug release tests are helpful
in estimating the effects of dosage formulas. Hadgraft"”
reported thatingredients in formulations have two effects
on skin permeation: one is to change the lamellar struc-
ture of intercellular lipids in the stratum corneum, while
the other is modification of solubility parameters of the
lipids. In addition, Kumar et al.'® insisted that solubility
parameters of drug and vehicle are important in design-
ing topical formulations and that drug retention in skin
after administration is more critical than the drug perme-
ability through skin. Moreover, new topical drug delivery
carriers and formulations mainly aiming for enhance-
ment of drug skin permeation have been reported'*-*.
These studies provide important suggestions to consider
in devising technologies for designing topical formula-
tions. However, few studies have referred to vehicles used
in practical formulations and practical methods to obtain
equivalence of skin permeability among different dosage
formulas.

Accordingly, for designing OCT lotion (O/W-type
lotion) bioequivalent to OCT ointment, we focused on

the vehicle effects on OCT permeability through skin.
We hypothesized that OCT permeability through skin
is strongly affected by vehicle (solvent) polarity, which
alters the polarity of the stratum corneum and/or char-
acteristics of the route of permeation. In order to investi-
gate the hypothesis, we selected solvents having different
polarities and evaluated their effect on skin permeability
of OCT. In this process, there are two parameters to eval-
uate: thermodynamic activity coefficient and partition
coefficient. The former parameter is suitable for solvent
effect in vehicle. However, when solvents affect on skin,
the change of thermodynamic activity coefficient in skin
is also necessary to estimate. On the other hand, the lat-
ter parameter (partition coefficient) makes it possible to
evaluate solvent effects in vehicle and skin concomitantly
because it is indicated as [thermodynamic activity coef-
ficients in vehicle/thermodynamic activity coefficients in
skin]. Therefore, in this study, we analyzed partition coef-
ficient to evaluate the solvent effect on skin permeability
of OCT.

Methods

Materials

OCT and the ointment containing 0.0025% OCT (here-
inafter referred to as OCT ointment) were obtained
from Chugai Pharmaceutical Co. (Tokyo, Japan). Other
ingredients used as solvents or vehicles were purchased
from each manufacturer as official specification products
(JP14, JPE2003, JSFAvol.7). All other regents were of ana-
lytical grade and used without further purifications.

Solubility parameters of drug, solvents, and skin
Chemical structure of OCT and solvents are shown in
Figure 1. Based on these structures, solubility parameters
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3 H,C—0" (CH,)7CHs;
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Figure 1. Chemical structures and molecular weight (MW) of 22-oxacalcitriol-1a, 25-dihydroxyvitamin D, (OCT) and solvents. Medium-
chain fatty acid triglyceride (MCT) is the triglyceride of straight-chain fatty acid; CH,(CH,) COOH (n=4-10). In this study, we assumed that

the repeat number of polyethylene () is 7 for calculating the MW.
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of OCT and solvents were calculated by Fedors method®.
Solubility parameter of skin (animal stratum corneum)
was quoted from the literature®.

Experimental methods of evaluated samples
Manufacture of OCT solutions

The OCT solutions containing 0.0025% OCT (hereinafter
referred to as OCT solutions) were prepared using the
following procedure. To 50g of each solvent (medium-
chain fatty acid triglyceride [MCT], myristate isopropyl
[IPM], 1,3-butylen glycol [1,3-BG], or propylene glycol
[PG]) in a glass beaker, 2.5mg of OCT was added as a
100 pL ethanol solution. To these solutions, each solvent
was added to adjust the total weight to 100g.

Manufacture of OCT (O/W) lotions

Accordingto the formulationsindicated in Tables 1 and 2,
the lotion containing 0.0025% OCT (hereinafter referred
to as OCT lotions or O/W lotions) were prepared using

Formulation study of topically applied O/W lotion 919

the following procedure. Oil phase (MCT and emulsi-
fier) and water phase (all other ingredients without
OCT) were dissolved at 85°C. OCT as an ethanol solution
and the water phase were added to the oil phase, agi-
tated at 6000 rpm about 2min, and then cooled to room
temperature.

In vivo hairless mouse skin permeation test

Animal experiments and their protocols are obeyed to the
“General Considerations for Animal Experiments” and
were approved by the Ethics Committee for Treatment
of Laboratory Animals at Maruho Co., Ltd. Hairless mice
(Hos: HR-1, 7 weeks old, weighing 25-35 g) were supplied
by Japan SLC (Tokyo, Japan). After sweeping the dorsal
region in mice with warm water, 20mg of sample for
evaluation was applied on the skin surface within a plas-
tic framework (1.6 x 2.5 cm:4 cm?). At settled time (during
1 to 24 h) after application, residual samples on the skin
surface were wiped off four times with cotton dipped in

Table 1. Formulations and amounts of OCT in skin after application of OCT ointment and OCT lotions containing MCT.

Ingredients OCT ointment Rp.1° Rp.2" Rp.3°
Drug (OCT) 0.0025 0.0025 0.0025 0.0025
Dehydrated ethanol q.s. q.s. q.s. q.s.
White petrolatum q.s. — — —
MCT q.s. 1 5 20
Emulsifier — 1 1 1
Diisopropanolamine — 1.16 1.16 1.16
1,3-BG — 10 10 10
Carboxyvinyl polymer — 0.2 0.2 0.2
Stabilizer etc. — q.s. q.s. q.s.
Total 100 100 100 100
OCT amount in skin® (% of dose)

1h 13.7+3.3 7.4+1.4 6.6+2.0 .8+0.

4h 10.2+2.2 6.6+0.6 3.6+0.2 1.2+0.5
OCT, 22-oxacalcitriol-1a, 25-dihydroxyvitamin D,; MCT, medium-chain fatty acid triglyceride; 1,3-BG, 1,3-butylene glycol.
20CT amount in skin represents the mean + S.D (n=3).
"Rp means formulation recipe of OCT lotion.
Table 2. Formulations and amounts of OCT in skin after application of OCT ointment and OCT lotions containing 1,3-BG.
Ingredients OCT ointment Rp.4>¢ Rp.5" Rp.6° Rp.7"
Drug (OCT) 0.0025 0.0025 0.0025 0.0025 0.0025
Dehydrated ethanol q.s. q.s. q.s. q.s. q.s.
White petrolatum q.s. — — — —
MCT q.s. 1 1 5 5
Emulsifier — 1 1 0.2 0.2
Diisopropanolamine — 1.16 1.16 1.16 1.16
1,3-BG — 10 45 10 20
Carboxyvinyl polymer — 0.2 0.2 0.2 0.2
Stabilizer etc. — q.s. q.s. q.s. q.s.
Total 100 100 100 100 100
OCT amount in skin? (% of dose)

1h 13.7+3.3 7.4+1.4 2.6+0.6 8.6+2.3 5.4+1.2

4h 10.2+2.2 6.6+0.6 10.3+1.8 7.4+1.4 10.4+2.9

OCT, 22-oxacalcitriol-1a, 25-dihydroxyvitamin D,; MCT, medium-chain fatty acid triglyceride; 1,3-BG, 1,3-butylene glycol.

20CT amount in skin represents the mean + SD (n=3).
"Rp means formulation recipe of OCT lotion.
‘Rp.4 is the same formulation as Rp.1 in Table 1.
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70% ethanol solution. The skin with sample applied was
then excised under ether anesthesia.

To the excised skin, 3mL of methanol and 100 pL of
internal standard (p-hydroxyl butyl benzoate ethanol
solution; 3 pg/mL) were added, and the mixture was then
immediately homogenized and centrifuged (3000 g for
5min at room temperature) to recover the supernatant.
The extraction procedure was performed twice with 3mL
of methanol. Total supernatant was evaporated under a
nitrogen steam at 40°C. To the residue, 4mL of diethyl
ether and 1 mL of distilled water were added, and the
sample was mixed and centrifuged (under the same con-
ditions as above) to recover the organic phase. The extrac-
tion procedure was performed twice with 4 mL of diethyl
ether. The total organic phase was evaporated under a
nitrogen steam at 40°C. The extract was dissolved with
0.2mL of ethanol and analyzed by reverse-phase high-
performance liquid chromatography (HPLC) (Waters
alliance 2695/2487; UV 265nm with C18 analytical col-
umn; InertsilODS-3V) to measure the amount of OCT
in skin. A mixed solution of 50 mM ammonium acetate:
acetonitrile (60:40) was used as a mobile phase, with a
flow rate of 1 mL/min (25°C).

To the cotton used for wiping, 10mL of ethanol and
100 uL of internal standard (p-hydroxyl butyl benzoate
ethanol solution; 10 pg/mL) were added, then heated
in an 80°C water bath for 5min, and centrifuged (3000
g for 5min at room temperature) to recover the liquid
phase. The extraction procedure was performed twice
with 10 mL of ethanol. Total liquid phase was evaporated
under a nitrogen steam at 40°C. The extract was dissolved
with 0.2mL of ethanol and analyzed by reverse-phase
HPLC (under the same conditions as described above) to
measure the residual amount of OCT (residual amount of
OCT on the skin surface).

The apparent amount of OCT absorbed was calculated
as: administered amount of OCT - residual OCT amount.
The amount of OCT in skin (%), residual amount of OCT
(%), and apparent amount of OCT absorbed (%) are rep-
resented as percentages of OCT dose.

Dermatopharmacokinetic parameters using a
two-layered diffusion model

A two-layered (vehicle-skin) diffusion model was
designed to analyze permeation profiles of OCT through
hairless mouse skin for each vehicle®. Figure 2 illustrates
the typical concentration-distance profiles in vehicle and
skin. Drug concentration in the vehicle (C, ) at posi-
tion (x) and time (f) can be expressed by Fick’s second
law as follows:

oC 0°C

vehicle __ vehicle ( 1 )

a ¢ — ~vehicle axz

where D, . is the effective diffusion coefficient of OCT

in the vehicle.
In the same fashion, drug concentration in the skin (C_, )
at position (x) and time (#) can be expressed as follows:

2

aCskin a Cskin (2)
o " ox?

where D_, is the effective diffusion coefficient of OCT in

the skin.

Initial and boundary conditions are as follows:
Initial conditions:

t=0 -L <x<0 C =C,

vehicle vehicle

0<x<Ly, Cy,=0 (3)
Boundary conditions:

x=-L

‘'vehicle

C

vehicle

=C

vehicle,i+1

>0

x =0 C

skin — Kskin/vehicle '

C

vehicle

D . —yeuce . —_san
vehicle dx — " skin dx
X = Lskin Cskin =0 (4)

where L , . and L, are the thicknesses of vehicle and
skin, respectively. K, ... is the partition coefficient of
drug from donor vehicle to skin. C , and C,, at posi-
tion (x) and time (f) are calculated using Eq. 1 and Eq.
2, the initial conditions (Eq. 3), and the boundary condi-
tions (Eq. 4).

Egs. 1 or 2 can be changed to the following Eqgs. 5 or 6
by means of differential methods:

ac.. 1
bo— (C — C ) ( 5)
i, j+1 i j
dt Art Y b
Vehicle Skin Receiver
CO Cskin
Kskin/vehicle Dskin
($)
c time
2
j
§ Cvehicle
s Dvenhicle time
(&)
_Lvehicle 0 Lsk(’n

Distance x

Figure 2. A two-layered diffusion model; Diffusion and partition
profile in vehicle/skin. C, is the initial drug concentration in
vehicle. C_ .. —and C,, are the drug concentrations in vehicle
and skin, respectively. D_ . and D_, are the effective diffusion
coefficients of the drug in vehicle and skin, respectively. L . and

L, are the thicknesses of vehicle and skin, respectively. K_

is the partition coefficient from vehicle to skin.

kin/vehicle
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2
d C,; 1
d®  AX
where C,is the drug concentration at the i-th position
and Jj-th time in vehicle or skin. Ax is x, ,—x and At is

t,, —L By substitution of Egs. 5 and 6 into Egs. 1 or 2, the
following equations are obtained.

(Coy;—2C,;+Coy)) (6)

Cvehicle,i, j+1 = rD vehiclerehicle,i—l, Jj + (7)
(1 - 2rl)vehicle ) Cvvehicle,i,j + rDvehiclerehicle,i+l,j
Cskin,i,j+1 = rDskinCskin,i—l,j +
(8)
(]‘ - 2rDskin ) Cskmt] + rDskmCskm,iH,j

where ris At/Ax%

Calculations were performed using Microsoft® Excel.
In the calculations, the number of divisions of vehicle
and skin was set at 10. The mean drug concentrations
in vehicle and skin were calculated by averaging drug
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concentration at each position (x) and time (). At was set
to be less than 0.5 for D, -At/Ax’. The effective diffusion
coefficients (D, ., and D_ ) and partition coefficient

(K i eniae) Were obtained by fitting the observed data
using the nonlinear least-squares method.

Results

OCT skin permeation profile with ointment

Figure 3A and 3B show the OCT skin permeation profile
after application of OCT ointment to hairless mouse
calculated by a two-layered diffusion model. Figure 3A
indicates the profile analyzed from five sampling points
(1,2, 4, 8, 24h) and Figure 3B from two sampling points
(1, 4h). These data indicate that two simulation curves
well fitted and the calculated parameters (D, and
K i veniae) Were almost coincident in both sampling
methods. Therefore, we assumed that the method by two
sampling points (1, 4h) is sufficient to evaluate the effect
on skin permeation profile of OCT instead of using five
sampling points (1, 2, 4, 8, 24h).
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Figure 3. In vivo hairless mouse skin permeation profile of OCT (simulation curves) after application of OCT ointment. (A) Permeation
profile analyzed by five sampling points. (B) Permeation profile analyzed by two sampling points. Lines show the theoretical curves
evaluated by a two-layered diffusion model. Each value represents the mean (n=23).
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Figure 4. In vivo hairless mouse skin permeation profile of OCT after application of various OCT solutions. (A) Apparent amount of OCT
absorption at 4 h after application. (B) Amount of OCT in skin at 4 h after application. Each value represents the mean + SD (n=3).
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OCT skin permeation with solutions

Figure 4 shows the permeation characteristics of OCT
through excised hairless mouse skin after application of
various OCT solutions. In OCT solutions prepared with
MCT and IPM as solvents for OCT, the apparent amounts
of OCT absorbed were relatively high (about 80% of dose
4 h after application) compared to ones with 1,3-BG and
PG, although OCT was not detected in the skin. As the
maximum amount of OCT in skin, about 3-6% of dose,
was found at 30 min after application (data not shown).
These findings suggest that most OCT is immediately
absorbed into skin and rapidly eliminated from skin with
application of the lipophilic OCT solvents (MCT, IPM) to
skin.

In OCT solutions prepared with 1,3-BG and PG as sol-
vents for OCT, on the other hand, the apparent amounts
of OCT absorbed were relatively low (about 40-50% of
dose 4h after application) compared to ones with MCT
and IPM, although about 5-12% for the amount of OCT
was detected in skin. These findings suggest that the
apparent amounts of OCT absorbed are lower than those
with MCT and IPM because OCT tends to remain in skin
when hydrophilic OCT solvents (1,3-BG, PG) are applied
to skin.

O/W lotion [Rp. 1] : MCT 1%

OCT skin permeation with O/W lotions containing MCT
Table 1 shows the amounts of OCT in skin 1 and 4 h after
application of similar O/W lotions containing 1%, 5%, or
20% MCT. The results with OCT ointment are also shown
for comparison. As shown in Table 1, the rank order of
OCT amount in skin was Rp.1 > Rp.2 > Rp.3 (Rp means for-
mulation recipe). Thus, with increase in the MCT amount
in the formulation, OCT amount in skin decreased. The
simulation curves and dermatopharmacokinetic param-
eters obtained with a two-layered diffusion model are
represented in Figure 5. As shown in this figure, with
increase in the MCT amount in the formulation (from
1% t0 20%), K, decreased, D,. increased, and AUC
decreased.

kin/vehicle

OCT skin permeation with O/W lotions containing
1,3-BG

Table 2 shows the amounts of OCT in skin 1 and 4 h after
application of similar O/W lotions containing 10% or 45%
of 1,3-BG and 10% or 20% of 1,3-BG. The results with OCT
ointment are shown for comparison. As shown in the
table, the rank order of the OCT amount in skin was Rp.4
> Rp.5 and Rp.6 > Rp.7 at 1h and Rp.4 < Rp.5 and Rp.6
< Rp.7 at 4h after application. Thus, with increase in the
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Figure 5. Simulation curves and dermatopharmacokinetic parameters of O/W lotions [Rp.1-Rp.3]. Lines show the theoretical curves
evaluated by a two-layered diffusion model. Each value represents the mean (n=23).
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amount of 1,3-BG in the formulation, the OCT amount
in skin decreased 1h and increased 4h after applica-
tion. The simulation curves and dermatopharmacoki-
netic parameters obtained with a two-layered diffusion
model are represented in Figure 6, suggesting that K, |
©ehicle increased, D, decreased, and AUC increased with

increase in amount of 1,3-BG in the formulation.

Discussion

Drug-metabolic effects must be considered for accurate
evaluation of skin permeation of OCT, as OCT is con-
verted to several metabolites in the epidermis and der-
mis?*. However, the main barrier to skin permeation of
OCT is the most outer layer of skin, stratum corneum?,
which has less drug metabolic functions. Therefore, to
clarify the effect of vehicle (solvent), it is sufficient to
evaluate the OCT permeability in the stratum corneum
that the applied vehicles come into contact directly.
Based on these assumptions, we focused on the OCT skin
permeation without measuring metabolic effects of OCT
in this study.

Effects of solvent on OCT skin permeation

It is known that increase in the solvent amount in the for-
mulation (vehicle) leads to decrease in the tendency for
drug to escape from vehicle”. If this escape-tendency is

O/W lotion [Rp. 4] : 1,3-BG 10%

20
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applicable in all cases, the amount of OCT in skin should
always decrease when the amounts of solvents (MCT and
1,3-BG) increase in vehicle. However, as shown in Tables
1 and 2, the results were inconsistent with this theory.
Namely, the relationship between the amount of solvent
in the formulation and amount of OCT in skin differs
depending on kinds of OCT solvents used. In addition, as
all ingredients contained in the formulations can be dis-
tributed within the stratum corneum?, design of topical
formulation of OCT should be performed based on the
idea that solvents can penetrate to stratum corneum.

On the basis of the results in Figure 5, increase in
K i venice and decrease in D, were observed with a low
content of MCT in vehicle, Wthh lead to increase in the
OCT amount in skin. On the other hand, decrease in
K venice a0d increase in D, were observed with a high
content of MCT in vehicle, Wthh lead to decrease in the
OCT amount in skin. In the same way, on the basis of
the results in Figure 6, the opposite effects on these two
parameters (K, .. and D, ) were noted with 1,3-BG
in vehicle: alow content of 1,3-BG lead to decrease in the
OCT amount in skin, while a high content of 1,3-BG lead
to increase in the OCT amount in skin. Based on these
considerations, it is speculated that the differences in
OCT skin permeation with MCT and 1,3-BG are attribut-
able to the opposite effects of these solvents on the OCT
partition (K. ) and OCT diffusion (D, ).

skin/vehicle
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Figure 6. Simulation curves and dermatopharmacokinetic parameters of O/W lotions [Rp.4-Rp.7]. Lines show the theoretical curves
evaluated by a two-layered diffusion model. Each value represents the mean (n=3). Rp.4 is the same formulation as Rp.1.
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Effects of polarity between vehicle (solvent), OCT, and
skin on OCT skin permeation

As described in the section of Effects of Solvent on OCT
Skin Permeation, we hypothesized that vehicle (drug-
solvent) could penetrate the stratum corneum after
application of topical formulations. In this case, interac-
tion between solvent and stratum corneum (skin) causes
change in the partition (K, ... ) and diffusion (D, )
of OCT. Table 3 shows solubility parameters of OCT, sol-
vents, and skin as indicators of lipophilic and hydrophilic
balance (polarity). We consider that these parameters
can be used to propose the reasons of different OCT skin
permeation by solvents.

Concerning the OCT partition (K, ... ), the rank
order of solubility parameters in Table 3 (1,3-BG > OCT
> skin > MCT) is important to be considered. While affin-
ity between vehicle and OCT increase (escape tendency
between vehicle and OCT decrease) with an increase in
the MCT amount in vehicle, the polarity of skin is shifted
to that of MCT, causing decrease in affinity between skin
and OCT. Therefore it is speculated that the ratio change
of the OCT concentration in skin becomes smaller than
that in vehicle. In the similar way, while affinity between
vehicle and OCT increase (escape tendency between
vehicle and OCT decrease) with an increase in the 1,3-BG
amount in vehicle, the polarity of skin is shifted to that
of 1,3-BG, causing increase in affinity between skin and
OCT. Thus, the ratio change of the OCT concentration in
skin would become larger than that in vehicle.

Regarding OCT diffusion (D_, ), as the same reason
indicated above, the decrease in affinity between skin
(stratum corneum) and OCT with an increase in the MCT
concentration in vehicle could be related to the decrease
in OCT retention in skin. On the other hand, the increase
in affinity between skin and OCT with an increase in the
1,3-BG amount in vehicle could be related to improve-
ment of OCT retention in skin.

Usage of solvent polarity in design of topical
formulations

Many authors report that solvents have an effect on drug
skin permeation by altering drug partition (K, .. ), dif-
fusion (D, ), and solubility parameters'®***, Therefore, it

Table 3. Solubility parameters of OCT, solvents, and skin.

Solubility
parameters (cal/cm?®)!/2

Drug, solvents, and skin

Drug (OCT) 12.5
Medium-chain fatty acid triglyceride 9.2
(MCT)?

Myristate Isopropyl (IPM) 8.5
1,3-butylene glycol (1,3-BG) 14.8
Propylene glycol (PG) 15.9
Skin 9.7-10

OCT, 22-oxacalcitriol-1a, 25-dihydroxyvitamin D,.

*MCT is the triglyceride of straight-chain fatty acid; CH,(CH,)
COOH (n=4-10). In this study, we assumed that the repeat
number of polyethylene (n) is 7 for calculating the solubility
parameter.

is important in designing topical formulations to investi-
gate the effects of solvents on the drug permeation profile.
In particular, for designing transdermal bioequivalent
formulations for different types of topical dosage forms,
selection of two types of solvents having opposite solu-
bility parameters to those of drug and skin is useful for
controlling and optimizing drug skin permeability. Using
the findings in the present study, we obtained O/W-type
lotion (OCT lotion) with OCT permeation profile almost
equivalent to that of OCT ointment by controlling OCT
permeability with different polarities of solvents, MCT,
and 1,3-BG (data not shown).

Conclusion

In order to control skin permeability from topical dosage
forms, we examined the permeation profile of OCT from
solutions and O/W-type lotions prepared using solvents
with reciprocal solubility parameters (polarity) to that of
OCT and skin. The obtained results suggested that MCT
and 1,3-BG have different effects on the OCT partition
from vehicle to skin and OCT diffusion in skin, due to
alterations of stratum corneum polarity. Selection of two
types of solvents having opposite polarities to those of
drug and skin could be useful for efficiently optimizing
the drug permeation from topical formulations.
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