Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/30/12

For personal use only.

Drug Development and Industrial Pharmacy, 2011, 37(3): 290-299
© 2011 Informa Healthcare USA, Inc.

ISSN 0363-9045 print/ISSN 1520-5762 online
DOI:10.3109/03639045.2010.510141

ORIGINAL ARTICLE

informa

healthcare

Effect of (E)-2-isopropyl-5-methylcyclohexyl octadec-9-enoate

on transdermal delivery of Aconitum alkaloids

Ligang Zhao'?, Liang Fang!, Yan Li%?, Ni Zheng!, Yongnan Xu!, Jinghua Wang! and Zhonggui He'

IDepartment of Pharmaceutical Sciences, Shenyang Pharmaceutical University, Shenyang, Liaoning, China and

2Institute of Pharmaceutical Sciences, QILU Pharmaceutical Co., Ltd., Jinan, Shandong, China

Abstract

Objective: The aim of this work was to evaluate the percutaneous absorption of Aconitum alkaloids using
(E)-2-isopropyl-5-methylcyclohexyl octadec-9-enoate (M-OA) as an enhancer as well as to investigate the
effect of M-OA in isopropyl palmitate (IPP) solution (5% ethanol in IPP, w/v), with or without an enhancer,
on the stratum corneum (SC) barrier properties in vitro. Methods: The in vitro permeation studies of
Aconitum alkaloids were conducted in isopropyl myristate (IPM) solution in side-by-side diffusion cells. In
addition, scanning electron microscopy (SEM) and attenuated total reflectance Fourier transform infrared
(ATR-FTIR) spectroscopy were used to evaluate the M-OA biophysical changes in SC barrier function in
vitro. Results: The in vitro permeation studies indicated that M-OA had significant enhancing effect on the
permeation of mesaconitine (MA) and hypaconitine (HA); however, aconitine (AC) was too low to be
detected on the receiver side, and L-menthol had no effect on the penetration of all the Aconitum alka-
loids. Morphological changes in the skin after enhancer treatment demonstrated that the extraction of the
SC lipids by the enhancers led to disruption of the SC and the desquamation of SC flake. ATR-FTIR spectra
of C—H asymmetric/symmetric stretching peak shifts and amide Il stretching vibrations were indicative of
SC lipid fluidization and changes in protein conformation, respectively. Conclusion: The results showed
that M-OA was worthy of further investigation as a potential candidate for inclusion in transdermal formu-

lations as a penetration enhancer.
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Introduction

Plants of the genus Aconitum (Ranunculaceae), including
Chuanwu (Aconitum carmichaelii Debx.), Caowu (Aconi-
tum kusnezoffii Reichb.), and Fuzi (A. carmichaelii Debx.),
are widely distributed across Asia and North America.
Diesterditerpene-type Aconitum alkaloids (presented in
Figure 1), such as aconitine (AC), mesaconitine (MA),
and hypaconitine (HA), are widely used in both China
and Japan for the treatment of the common cold, pol-
yarthralgia (such as rheumatoid arthritis), skin wounds,
depression, diarrhea, and heart failure'2. However, owing
to their high toxicity, the oral administration of Aconitum
alkaloids is often limited on account of dose-related
adverse side effects, including palpitations, chest tight-
ness, hypotension, nausea, abdominal pain, and diarrhea?.
Aconitum alkaloids are extensively metabolized following

oral administration, and their major metabolites act in a
similar fashion as the parent compound on receptors?,
which restricts their application in patients with liver cir-
rhosis. In addition, the oral route of drug delivery is not
preferable for patients with severe nausea; also, the short
elimination half-life of Aconitum alkaloids requires
frequent dosing. Hence, the transdermal route could
be a better alternative route for these patients, because
it bypasses first-pass metabolism, minimizes the gas-
trointestinal side effects, increases patient compliance,
maintains a constant drug level in plasma, and makes it
possible to interrupt or terminate treatment when nec-
essary (which is especially important for a drug with high
toxicity)*. However, there is no literature report on the
skin permeation of Aconitum alkaloids either in vitro or
in vivo. An essential prerequisite for the development of
a transdermal drug delivery system (TDDS) is that the
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Figure 1. The chemical structures of Aconitum alkaloids (including
AC, MA, and HA).

drug must be capable of passing through the skin at a
sufficiently high rate to achieve therapeutic plasma con-
centrations. However, the outermost layer of skin, the
stratum corneum (SC), forms a major barrier to most
exogenous substances, including drugs®. One popular
approach to deliver an effective dose of drug through
skin is to reversibly reduce the barrier function of the
skin with the aid of penetration enhancers or accelerants®.
More recently, new types of O-acylmenthol derivatives
have been synthesized in our laboratory and their pro-
moting activities have been evaluated using model drugs
with a range of lipophilicity”®. According to the penetra-
tion results both from patch in vitro and from permeation
studies in rats in vivo, (E)-2-isopropyl-5-methylcyclo-
hexyl octadec-9-enoate (M-OA) (shown in Figure 2)
exhibited good in vitro/in vivo penetration activity for
tolterodine®, which would be important for its applica-
tion to enhance the penetration of Aconitum alkaloids
in this study. Moreover, as esterases are present in the
human and animal epidermislo, the ester linkage of M-OA
offers the possibility of degradation by skin esterases in
the living epidermis that would increase enhancer
safety. To further evaluate the effectiveness of M-OA in
vitro, the parent compound L-menthol was also used as
areference-enhancing promoter.

Biophysical evidence on the extent and duration of
the effect of an enhancer can be provided through
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Figure 2. The chemical structure of M-OA.
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measurements using scanning electron microscopy
(SEM) and attenuated total reflectance Fourier trans-
form infrared (ATR-FTIR) spectroscopy. SEM has been
shown to be useful in assessing macroscopic changes in
the functional state of the skin barrier and contributes to
the prediction of percutaneous penetration'!'!2, How-
ever, ATR-FTIR allows conformational changes in SC
lipid and protein domains to be detected, and has
proved to be a useful tool for monitoring the percutane-
ous penetration of drugs or other constituents such as
cosolvents and enhancers!® !, In addition, ATR-FTIR
also shares the advantage of being noninvasive and
enabling experiments to be conducted in vitro and in
vivol®18, The probe-free and noninvasive technique
ensures that the experimentally obtained vibrations
directly reflect the characteristics of the SC. Using
ATR-FTIR, it is thought to be possible to observe the lipid
organization in the SC not only on the surface, but also
in deeper regions in the SC'°,

The purpose of this investigation was to evaluate the
influence of M-OA on the transdermal delivery of
Aconitum alkaloids through the abdominal skin of rats,
and we further analyzed the penetration mechanism by
which M-OA interacted with the lipid and protein of the
porcine skin SC, using SEM and ATR-FTIR in vitro.

Materials and methods

Materials

Standards of AC, HA, and MA were purchased from
the Chinese Authenticating Institute of Material and
Biological Products (Beijing, China); Aconitum alkaloid
mixtures that contain 7.45% AC, 21.46% MA, and 52.16%
HA (w/w) were kindly provided by the College of
Chinese Traditional Medicine, Shenyang Pharmaceuti-
cal University; isopropyl myristate (IPM), isopropyl
palmitate (IPP), and L-menthol were purchased from
China National Medicines Co., Ltd. (Shanghai, China);
M-OA was synthesized as described in previous reports’,
and its structure was confirmed by NMR (ARX-300,
Bruker, Switzerland) and high-performance liquid chro-
matography-mass spectrometry (HPLC-MS) (ZQ-2000,
Waters, Milford, CT, USA); acetonitrile of HPLC grade
was obtained from the Yuwang Pharmaceutical Co., Ltd.
(Shandong, China). All other chemicals were of the
highest reagent grade available.

Drug analysis

The HPLC system for analyzing drug concentrations was
equipped with an L-2420 variable-wavelength ultraviolet
absorbance detector and an L-2130 pump (Hitachi
High-Technologies Corporation, Tokyo, Japan). The
reversed phase stainless steel column (200 mm X 4.6 mm)
was packed with Diamonsil C-18 (5 wm particle size;
Dikma Technologies, Beijing, China). The mobile phase
for the Aconitum alkaloids consisted of acetonitrile and
0.2% acetic acid in distilled water (32:68, v/v), the pH
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was adjusted to 6.25 with triethylamine, the flow rate was
1.0 mL/min, detection was carried out at 240 nm, and an
external calibration method was used. The retention
times of the three Aconitum alkaloids were 21.10, 24.68,
and 30.48 minutes for MA, AC, and HA, respectively.

Solubility determination

To determine the saturation solubility of the Aconitum
alkaloids in IPM, with and without enhancers, 30 mg
mixture (1.5% mixture, w/v) was added into 2 mL vehi-
cle, vortexed for 2 minutes followed by sonication for 10
minutes to dissolve the drug and then equilibrated at
32+ 0.5°C for more than 48 hours. Finally, the suspen-
sions were filtered through a 0.45-um membrane filter
and the supernatant saturated solution was diluted with
mobile phase for 25 times and analyzed using HPLC.
The experiments were performed in triplicate.

Partition coefficients determination

n-Octanol and water were mutually saturated for 24 hours
before the experiment. The solution (200 pug/mL) of AC,
MA, and HA was prepared using n-octanol saturated
with water. One milliliter of the solution was then
transferred to a 10-mL centrifuge tube containing 1 mL
of water saturated with n-octanol. The tube was gently
shaken for 48 hours at 25 + 0.5°C and centrifuged at
8600 x g for 10 minutes. After centrifugation, the AC, MA,
and HA concentrations in each phase were determined
using a validated HPLC method.

Enhancer-containing solutions preparation

Control solution was obtained by equilibration of 5%
(w/w) ethanol in IPP; enhancer-containing solutions
were prepared by equilibration of selected amounts of
L-menthol (5%, w/w) or M-OA (13.5%, w/w) in control
solution, then vortexed for 2 minutes followed by sonica-
tion for 10 minutes to dissolve the enhancer. The molar
concentration of the M-OA in this study was the same as
the concentration of L-menthol, which was 5% (w/w).

Skin preparation for ATR-FTIR

Pig ears were obtained from a slaughterhouse, and the
dorsal fur of the ear was removed carefully with 0.1-mm
hair clippers. The skin was carefully excised, and any
skin with a disrupted barrier was removed. The skin
was cut to a size of about 2 cm x 2 cm. For ATR-FTIR
studies, the epidermis membranes were prepared by
heat separationgo; excess subcutaneous fat and connec-
tive tissue were removed from the skin, which was then
immersed in water at 60°C for 45 seconds. The epider-
mal membrane was gently teased off and floated SC side
up overnight at 37 £ 0.5°C on a pH 7.4 phosphate-
buffered saline (PBS) solution of trypsin (0.25%, w/v).
The digested epidermal remnants were removed by
swabbing. The SC membranes were washed with
distilled water and then dried in a vacuum drying oven
until required.

ATR-FTIR spectroscopy study

FTIR spectra were recorded using a Magna-8300 spec-
trophotometer (Nicolet, Madison, WI, USA) equipped
with a Ge IRE (with a 45° incident angle). Each measure-
ment represented an average of 200 scans with a resolu-
tion of 4 cm™ from 1000 to 4000 cm™!. Location of the IR
absorbance-peak maximum was determined to an
accuracy of 0.1 cm™! using origin 7.0 (a software). To
determine the lipid fluidization effect of the M-OA, the
frequencies of the peaks assigned to the CH, symmetric/
asymmetric stretching vibrations of the SC lipid alkyl
chains was studied; an interaction with skin proteins
was also investigated by analysis of changes in the
amides I/II stretching vibration in the recorded spectra.
The SC was incubated in control solution, permeation
enhancer solution (5% (w/w) L-menthol or 13.5% (w/w)
M-OA in control solution) for 12 hours at ambient tem-
perature and washed three times with purified water,
then dried with tissue paper, finally dried under a stream
of nitrogen for 48 hours.

SEM ultrastructural examination

Excised porcine epidermis samples were cut into
appropriate size cubes and treated with control solution,
L-menthol, or M-OA solution for 12 hours at room
temperature, then washed six times with ethanol and
immediately fixed in 2.5% glutaraldehyde buffer solution
overnight, washed three times with 0.2 M cacodylate and
7% sucrose buffer for 15 minutes post-fixed with 2%
osmium tetroxide for 1 hour, washed three times as
above, and immersed in 0.5% aqueous uranyl acetate for
30 minutes. Specimens were then dehydrated in graded
concentrations of ethanol, transferred to isoamyl ace-
tate, and critical point dried using liquid carbon dioxide.
The dried specimens were affixed with gold-palladium
in an ion coater and examined with a SEM (Hitachi
S-3005N, Tokyo Japan). All histopathologic analyses
were performed in a blinded fashion.

Permeation experiments

Donor solutions of the Aconitum alkaloids were obtained
by equilibration of excess amounts of solute in donor
solvent (1.5% mixture, w/v), which were much higher
than the solubility of solute in donor solvent, then vor-
texed for 2 minutes followed by sonication for 10 minutes
to dissolve the drug. The molar concentration of the
M-OA in this study was the same as the molar concentra-
tion of L-menthol; the mass concentration of L-menthol
and M-OA were 5% and 13.5% (w/w), respectively; an
excess amount of solute was present throughout the
experiments.

Male Wistar rats weighing 180-220 g (6-8 weeks old)
used in all experiments were supplied by the Experimental
Animal Center of Shenyang Pharmaceutical University
(Shenyang, China). The experiments were performed in
accordance with the guidelines for animal use published
by the Life Science Research Center of Shenyang
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Pharmaceutical University. The rats were anesthetized
with urethane (20%, w/v, i.p.) and the abdomen was
carefully shaved with a razor after removal of hair by
electric clippers (model 900, TGC, Hokkaido, Japan).
Full thickness skin (i.e., epidermis with SC and dermis)
was excised from the shaved abdominal site. The integ-
rity of the skin was carefully checked under the micro-
scope, and any skin that was not uniform was rejected.
After removing the fat and subdermal tissue, the skin
was kept frozen at —20°C and used within 1 week. Before
starting the experiments, the skin was allowed to reach
room temperature for at least 10 hours.

Skin permeation experiments were performed accord-
ing to the method of Fang et al.?! A diffusion cell consist-
ing of two half-cells with a water jacket connected to a
water bath at 32°C was used. Each half-cell had a volume
of 2.5 mL and an effective area of 0.95 cm? The dermis
side of the skin was in contact with the receiver compart-
ment and the SC with the donor compartment. The
donor compartment was filled with the drug suspension
and the receiver compartment with pH 7.4 PBS. During
all the experiments, excess drug was maintained in the
donor compartment. Both donor and receiver compart-
ments were stirred with a star-head bar driven by a
constant speed synchronous motor at 600 rpm. At pre-
determined time intervals, 2.0 mL of the receptor solu-
tion was withdrawn from each receiver compartment for
analysis and replaced with the same volume of fresh
solution to maintain sink conditions.

Data analysis

The cumulative amount of drugs permeating through
the skin was plotted as a function of time. The skin flux
was determined from Fick’s law of diffusion:

_do
A_Am

where J is the steady-state skin flux in pg/cm?/h, dQ, is
the change in quantity of the drug passing through the
skin into the receptor compartment in ug, A is the active
diffusion area in cm?, and dt is the change in time. The
flux was calculated from the slope of the linear portion of
the profiles®,

The permeability coefficient (P) was calculated as

described in Scheuplein?3,

where C; is the saturated solubility of drugs in donor
solutions.

All parameters were reported as the mean * SE.
Statistical analysis was carried out using analysis of
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variance (ANOVA). The level of significance was taken as
P <0.05.

Results and discussion

In vitro permeation of Aconitum alkaloids

The partition coefficients (log K yy) for MA, HA, and AC
were listed in Table 1. Table 2 shows the permeation
parameters of MA and HA that permeated through the
rat skin; however, the concentration of AC in the recep-
tor phase was too low to be detected in the permeation
experiment. Between the enhancer examined, M-OA
had a significant enhancing effect on the permeation of
MA and HA through the skin, whereas L-menthol had no
promoting effect (P > 0.05) on the permeation of all the
Aconitum alkaloids, as shown in Figure 3. The solubility
parameter of M-OA was similar to that of IPM’, which
ensured that M-OA is fully compatible in IPM and, so,
the mixture of M-OA and IPM could be delivered to the
SC. When using IPM, a known fluidizer of intercellular
lipids?*?, as a vehicle, the enhancing activity of O-
acylmenthol derivatives for TOL was relatively low
(ER values < 5), and this was also observed in this study.
The addition of M-OA had a greater enhancing effect on
the skin permeation of MA and HA, and this result
agreed well with our previous reports that investigated
the effects of M-OA on lipophilic and hydrophilic
drugs®®. Indeed, experimental verification of hypothesis
that distinct hydrophilic (polar) and lipophilic (nonpo-
lar) pathways exist for hydrophilic and hydrophobic
drugs has come from the work by Yamashita et al.?6%
who analyzed the skin permeation of drugs based on a
two-layer model with polar and nonpolar routes in the
SC and found that the action of permeation enhancers
could be described in terms of the drug diffusivity and
partition coefficient in each domain. M-OA has a high
hydrophobicity and viscosity, which could contribute to
the more pronounced effect on nonpolar pathways,
which involved the esterified fatty acids within the SC

that contributes to diffusional resistance®®.

Skin morphology study

Morphological changes in the skin surface treated with
control solution or enhancer-containing solution were
examined using SEM (presented in Figure 4), which
showed typical examples of microscopic images of the
skin surface treated with IPP solution, with or without
enhancer, for 12 hours. The micrograph of the untreated
epidermis at X500 magnification (Figure 4a) showed a

Table 1. The partition coefficients
(log Ko ) for AC, MA, and HA.

Compounds log Ko /w
AC 0.67
MA 0.64
HA 0.85
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Table 2. Skin permeation rates of MA and HA through rat abdominal skin. The donor phases consisted of IPM; IPM: menthol (20: 1) (w/w) and an

equivalent molar amount of M-OA with L-menthol in IPM.

Enhancers Permeants Solubility (ug/mL) Jos (ug/cm?/h) P (cm/h) x10° Tiag (h) ER?
Control MA 251.05 0.4910.10 1.97+0.41 0.71 1.00
HA 467.99 0.4510.10 0.9710.21 0.51 1.00
L-Menthol MA 202.26 036+ 0.03 1.78+0.15 0 0.85
HA 328.44 0.39+£0.05 1.18+0.14 0 0.91
M-0OA MA 161.47 0.86+0.11* 5.31+£0.70* 3.26* 1.34*
HA 207.69 0.86+0.11* 4.13£0.54* 4.92* 1.62*

*Value is significantly different from control (P < 0.05). ®ER is the enhancement ratio calculated as follows: ER = Q (with enhancer)/Q (without

enhancer). Data are given as average + SD (n = 4).
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Figure 3. Permeation profiles of drugs through rat skin (average = SE, n = 4): (a) MA; (b) HA.

closely united assembly of squamous cells, with a ridge
and furrow pattern. The cells show irregular folds, con-
volutions, and occasionally, a villous appearance. Cell
margins are difficult to see as adjacent cells appear to
merge because of their close apposition. These cells
enclose keratin filaments embedded in an amorphous
matrix of mainly lipid and non-fibrous protein. The SEM
images of skin treated with control solution (Figure 4b)
showed significant modification of the skin surface.
There were many cavities present on the surface of skin
and the intercellular space is slightly distended, but
there was no desquamated SC flakes in the intact skin of
the control, suggesting that the extraction of intercellular
lipids bilayers by the control solution was slightly. As
shown in Figure 4c, the skin surface following L.-menthol
treatment was eroded and appeared rougher than that of
the group treated with control solution. It was observed
that a large number of flakes were desquamated from
the intact porcine skin treated with L-menthol and the
cavities on the skin surface were larger than those of the
control group. The most marked changes in the skin sur-
face were found with the M-OA treatment (Figure 4d). It
was found that the junctions between the cells had
become extremely loose and the cell separation had
increased considerably resulting in very large intercellular

spaces, which suggested a decrease in the barrier resis-
tance of SC after treatment by the M-OA. In addition, the
numerous cavities present on the surface of the skin
after M-OA treatment were attributed to lipid extraction
of the skin resulting in an increase in drug permeation.
In general, morphological alterations of the skin struc-
ture increased in the order of the blank group < control
group < menthol < M-OA. The SC is composed of
corneocytes enclosed by a continuous intercellular lipid
domain?®3°. When the porcine skin was dipped in the
enhancer solution, the intercellular lipid was probably
dissolved and extracted by the solution, leading to the
corneocytes separating from each other. This is probably
the reason that the SC flake desquamates from the intact
SC. The results demonstrated that the permeation
mechanism of the enhancers involved extracting SC lip-
ids and the extract lipid action of M-OA was more potent
than that of L-menthol and control solutions.

In determining the penetration effect of L-menthol
and M-OA on the SC of the skin, IPP was employed as
the vehicle because of the solubility parameters of M-OA
and rL-menthol being similar to that of IPP, which
ensured that M-OA and L-menthol were fully compatible
in IPP, and, so, the mixture of M-OA/L-menthol and IPP
could be delivered effectively to the SC. In addition,
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Figure 4. Scanning electron micrographs (x500) of porcine skin SC treated with solution, with or without enhancer. The SC was photographed
after 12 hours of exposure to the solutions and standard treatment. (a) The blank skin surface showed a rough morphology, (b) After the control
solution treatment, the roughness of the skin surface was increased, (c) The skin surface was eroded and appeared rougher than control treated
with L-menthol solution; and (d) The junctions between the cells have become loose, and numerous cavities are present on the skin surface

following treatment with M-OA solution.

as IPP was regarded as a solvent having no enhancing
effect, only few reports can be found confirming its
penetration-enhancing capacity>32. It is well known
that ethanol is a skin penetration enhancer that affects
the SC. Ethanol, at a concentration higher than 10%, has
the ability to accelerate the skin penetration of a variety
of substances mainly because it interacts with intercellu-
lar lipid domains of the SC, and delaminates the horny
layer®34, In addition, a ‘drag-pull’ effect observed by
Fang et al.?® could also facilitate the permeation of the

© 2011 Informa Healthcare USA, Inc.

solute. Also, ethanol is a relatively polar solvent that has
the ability to penetrate rapidly into skin accompanied by
the compound dissolved in it, just as literature reported'®.
The concentration of ethanol at 5% in IPP may facilitate
partitioning of the L-menthol and M-OA from the IPP
into the porcine skin; by this way more clear SEM photos
could be obtained. However, as ethanol was found to be
an active enhancer, the amount of ethanol in IPP should
be kept low to avoid the promoting effect of ethanol
exceeding the effect of L-menthol and M-OA.
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ATR-FTIR studies

The light of ATR-FTIR can attain approximately 1 um in
depth at specific area. Moreover, the distribution of
components are thought to be heterogeneous in SC.
Thus, the change in infrared spectra derived from lipids
at the surface of SC gave authors the useful information
of intercellular lipids affected by the administration of
absorption enhancers. ATR-FTIR spectral shifts of por-
cine SC treated with enhancers are shown in Table 3.
Representative IR absorbance spectra from 4000 to 2600
and 2200 to 1200 cm ™! of changes in the C-H stretching
region and the amide band after treatment of SC with
IPP solution, with or without enhancer, are displayed in
Figures 5 and 6. The results showed that the SC treated
with enhancers produced a higher shift in asymmetric/
symmetric C-H vibration peak positions (around 2920
and 2850 cm™') and a lower shift in the stretching vibra-
tion peak position of amide II (plane bending mode
VNH, around 1540 cm™!). The peak shifts produced by

Table 3. Changes in v,,/v; (C-H) and amides I/1I stretching absor-
bance peaks of porcine SC after treatment with control solution or
enhancer solution.

Treatments v, (C-H) v (C-H) Amides I Amides IT
Control 0.2%0.05 0.2+0.06 0.1 £0.05 0.1£0.03
L-Menthol 1.2+0.5 1.1+0.5 0 1.0+0.4
M-OA 1.71£0.5 1.8+0.6 0.1+£0.03 1.5+0.6
2920.9
2851.1
(d)
2920.4
2850.4
(c)
2919.4
2849.5
(b)
2849.3
f
2919.2 (a)

4000 3800 3600 3400 3200 3000 2800 2600
Wavenumbers (cm_1)

Figure 5. ATR-FTIR spectra of the porcine SC showing asymmetric
and symmetric C-H bond stretching absorbance before and after
enhancer treatment: (a) no treatment; (b) treated with control solu-
tion; (c) treated with L-menthol solution; and (d) treated with M-OA
solution.

1650.3

1539.1

C

1650.1

1539.6

%
(o]
S

1650.2

1540.5

(b)

s

1650.1
1540.6

(@)

7

2200 2000 1800 1600 1400 1200
Wavenumbers (cm™)

Figure 6. ATR-FTIR spectra representing amides I and II of the
porcine SC before and after enhancer treatment: (a) no treatment;
(b) treated with control solution; (c) treated with L-menthol solution;
and (d) treated with M-OA solution.

control solution, L-menthol, and M-OA in v,(CH,) were
0.2, 1.2, and 1.7 cm™! and in v,((CH,) absorption were
0.2, 1.1, and 1.8 cm™, in comparison with that of blank.
The v,(CH,) and v,(CH,) peak shifts by M-OA were
higher than that of L-menthol, and there were only very
minor changes in v,(CH,) and v,,(CH,) after control
solution treatment; this phenomenon may be explained
by lipid extraction or loss of lipid disorder produced by
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ethanol'. There were no obvious peak shifts of amide I
(carbonyl stretch vC=0 in the CO-NH group, around
1650 cm'l) before and after the enhancer treatment, and
the decrease in the peak position of amide II stretching
vibration is given in Table 3, this phenomenon was con-
sistent with previous reports3®. The peak shifts in the
stretching vibration of amide II by control, L-menthol,
and M-OA solutions compared with blank were 0.1, 1.0,
and 1.5 cm™}, respectively. In addition, there were no sig-
nificant differences (P > 0.05) in the stretching vibration
of amide II between blank and control group. These
results suggest that in case of M-OA and L-menthol, the
externally applied enhancers can disrupt the SC lipid
structure, whereas in case of control solution, the ethanol
could slightly increase the rotational of lipid acyl chains
leading to increased fluidity of skin lipids, as observed by
Dubey®’. The amide II absorption peaks are the main
indices to evaluate the secondary structure of keratin in
SC. Using the blank absorption peak as a benchmark, the
displacement of the amide II absorption peak to lower
wavelength was examined to suggest the changes of
keratin structure under the effect of enhancers38-40,

ATR-FTIR had been used to investigate the biophysi-
cal changes of properties in the lipid bilayer. A represen-
tative ATR-FTIR spectrum of porcine skin SC exhibited
an absorption peak of C-H bending vibration and
stretching vibration from the free fatty acid in lipids. The
C-H bending vibration was much weaker than the C-H
stretching vibration*!. Thus, the study of lipid biophysical
changes showed that the peaks near 2920 and 2850 cm™!
were produced by the asymmetric and symmetric C-H
stretching absorption??>, Casal and Mantsch have
explained the shift in C-H stretching absorption at a
molecular level*®. The shift to higher frequency occurred
when CH, groups along the alkyl chain of lipids changed
from trans to gauche conformation, and indicated that
the SC lipid was perturbed. The lipids are thus thought
to exist in a more fluid-like state and this is termed the
liquid crystalline phase. The magnitude of the shift in
C-H stretching vibration was directly related to the ratio
of trans to gauche conformers in the alkyl chain. The
higher the shifts, the higher the ratio of trans to gauche.
It was demonstrated that the promoters causing the
higher shift of C-H stretching vibration improved drug
permeation'**7-%%, The higher the shift of C-H stretching
vibration produced, the stronger the ability to perturb
the SC lipids. It can be concluded that the ability of
M-OA to disorder the SC lipids was more potent than
that of L-menthol and control solution. The enhance-
ment mechanism of M-OA included a disorder of the SC
lipids to a different extent. The spectral shift of C-H
stretching vibration changed by M-OA was lower than
that of the spectral shift reported in the literature®®5!,
These results suggest that, besides the enhancement
mechanism of perturbing and extracting the SC lipids,
another mechanism plays an important role in the pene-
tration of M-OA.
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M-OA may penetrate into the corneocytes and dis-
rupt the keratin filament network, thereby rendering the
corneocytes more permeable. Figure 6 compares the
ATR-FTIR spectra over the range 1850-1300 cm™ of
untreated SC and SC treated with IPP solution, with or
without enhancer. Compared with untreated sample, the
amide II bands shifted reproducibly by about 1.5 cm™ to
lower wavenumbers after the application of IPP solution
containing M-OA. A previous literature report states that
the observed amide II bands in SC at about 1540 and
1508 cm™! can be attributed to o-helical conformation
and pB-pleated sheets, respectively’’. The changes
observed in this investigation are consistent with con-
version of the protein from an o-helical conformation to
B-pleated sheets that has been observed in other natural
proteins and synthetic polypeptides®. Altogether, the
protein conformation change decreased the conforma-
tional integrity and increased the permeability of pro-
teins. So, the changes outlined above suggest that
increased transdermal flux of MA and HA correlates with
increased SC lipid fluidization and alters the SC protein
conformation caused by exposure to IPP solution with
M-OA.

Conclusions

This investigation has demonstrated that the penetra-
tion of Aconitum alkaloids (MA, HA) is increased in the
presence of M-OA used as an enhancer. It is apparent
that M-OA can modify the lipid fluidity and change the
protein conformation of the SC to promote the penetra-
tion of MA and HA. Overall, the action of M-OA on the
lipids and keratin results in looser or more permeable
structures, which are presumably responsible at least in
part for the observed increases in the flux of MA and HA
following M-OA treatment.
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