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Skin Permeation Characteristics of Estradiol Patches and
Their Comparative Efficacy Test in Ovariectomized Rabbits
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Eung-Goo Kim and Byung-1l Yoon

Biotech Research Institute, LG Chem Research Park, Taijon, Korea
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Transdermal patch formulations of estradiol to treat post-menopausal symptoms and prevent osteo-
porosis in women were developed and evaluated for the permeation characteristics through the excised
hairless mouse abdorminal skin and the uterotropic effect on the ovariectomized rabbits. The design
of patch formulations was optimized by varying several formulation parameters, such as type of enhancers,
amount of enhancers, amount of drug loading and coating thickness. Compared to a commercially available
transdermal product, several patch formulations showed the similar skin permeation profiles (following
zero-order kinetics), but their skin permeation rates were lasted for the longer period (a week). In
one-week uterotropic efficacy test in the ovariectimized rabbits, the selected patch formulations showed
the positive effect in atrophy of the urogenital epithelium. The mean values of uterus weight in rabbits
after application of patches containing estradiol were much higher than those in control group (containing
no drug).

Keywords — Transdermal patch formulations, Estradiol, Uterotropic effect, Skin permeation, Zero-order
kinetics
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Table 1—Change in Skin Permeation Rates of Estradiol
according to the Various Skin Permeation Enhancers with

Table I1-Comparative Skin Permeation Rates from Diffe-
rent Patch Formulations Having Different Content of Mo-

a Fixed Drug Loading Dose {0.15 Weight %)

nolauryl Sorbitan as Permeation Enhancer

Permeation Content of Skin® permeation Permeation Drug loading  Skin® permeation
enhancer  permeation enhancer rate® enhancer (weight %) rate®
(weight %) (ng/cm?/hr) (weight %) (pg/cm?/hr)

None 0 0.05 + 0.02 0 0.15 0.04 * 0.00
Propyl myristate 15 0.23 +0.01 5 0.15 0.18 £0.01
Propy! oleate 15 0.20 £0.01 10 0.15 0.21 £ 0.01
Lauryl alcohol 15 0.16 +0.03 15 0.15 0.38 £ 0.07
Propylene glycol 15 0.06 £ 0.01 “Hairless mouse abdorminal skin, female 6 weeks,
Azone 15 007 £001 Data are expressed ‘as mean + S.D. (n=3).
Ethyl alcohol 15 0.07 = 0.00
Monolauryl sorbitan 15 0.38 £0.07

*Hairless mouse abdorminal skin, female 8 weeks,

"Data are expressed as mean +S.D. (n=3).
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Table IN1—Comparative Skin Permeation Rates from Diffe-
rent Patch Formulations Having Different Drug Loading
Dose with a Fixed Content of Monolauryl Sorbitan as Per-
meation Enhancer

Drug loading Permeation enhancer Skin® permeation

dose content rate’
(weight %) (weight %) (ug/cm’/hr)
0.15 5 0.24 +0.02
0.20 5 0.33 £ 0.04
0.25 5 0.36 + 0.01
0.30 5 0.44 £0.07
0.15 10 0.37 £ 0.00
0.20 10 0.49 +0.06
0.25 10 0.58 £ 0.08
0.30 10 0.64 £0.01

*Hairless mouse abdorminal skin, female 10 weeks,
*Data are expressed as mean + S.D. (n=3).
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Table IV—Comparative Skin Permeation Rates from Patch
Formulations Having Different Coating Thickness

Composition of patch

. Coating  Skin® permeation
formulation (wt %)

thickness rate’

Drug Enhancer” (um) ( .
DMSO MS ug/cm /hr)
0.15 5 10 450 0.28 +0.02
600 0.29 + 0.02
750 0.34 +0.02
0.15 10 10 600 041 + 0.05
1200 040 £0.02
1800 0.28 % 0.02
2400 0.29 + 0.08

“Hairless mouse abdorminal skin, female 6 weeks
"Data are expressed as mean S.D. (n=3),
‘DMSO=dimethyl sulfoxide, MS=monolauryl sorbitan

Table V—Comparative Skin Permeation Rates of Estradiol
from Different Patch Formulations through Hairless Mouse
Abdorminal Skin

Formulation Skin® permeation rate®

(ug/cm’/hr)
0.59 £ 0.03
0.70 + 0.06
0.84 £0.13
0.90 £0.17
095+ (.11
0.95 £0.10
1.13 £ 0.10

=1 S e W N -

“Hairless mouse abdorminal skin, female 7 weeks
"Data are expressed as mean + S.D. (n=3).
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Figure 1-—Comparative skin permeation profiles of estra-
diol across the hairless mouse abdorminal skin from 7
patch formulations and Estraderm.
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Figure 2— Change of uterus weight of ovariectomized ra-
bbits after one-week patch application.
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Figure 3—Histopathological findings from uterus in ova-
riectomized rabbits after one-week patch application using
placebo patches containing no drug. The luminal epithelial
cells of the uterus were severely atrophied and flattened
(¥). The glands were severely atrophied (1). The con-
nective tissues of the stroma was increased.
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Figure 4— Histopathological findings from uterus in ova-
riectomized rabbits after one-week patch application using
estradiol patches (Formulation #1) containing estradiol
(drug loading= 1.8 mg/patch). The luminal epithelial cells
of the uterus maintained columnar shape (¥). The glands
were well defined (1) and some epithelial cells had ve-
sicles in their cytoplasm (1).
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Figure 5— Histopathological findings from uterus in ova-
riectomized rabbits after one-week patch application using
Estraderm containing 4 mg/patch of estradiol. The luminal
epithelial cells ‘maintained columnar shape (V) and the
glands were well defined (1).
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