
Although the transdermal drug delivery system, used as
non-oral alternative systemic drug delivery system, is a con-
venient system form for primary and intensive home care
(since it does not involve direct injection through the skin),
the skin barrier prevents the passage of most drugs. To over-
come the skin barrier function temporarily, various physical
(iontophoresis, ultrasound, electoporation) and chemical
(penetration enhancers, prodrugs) method or their combina-
tions have been used to achieve enhanced transdermal drug
transport.1) Among these methods, the most widely used to
enhance permeation of stratum corneum barrier are the
chemical penetration enhancers.2) Despite the large amount
of research and the many different chemical enhancers iden-
tified, few have yet reached the market place, because in most
of cases, there is a linear correlation between the enhance-
ment effects and skin toxicity.3) This has stimulated research
into the combined use of two or more safe and known types
of additives.4—6) We have reported a greatly increased effect
of l-menthol-ethanol-water (MEW) system on the skin per-
meation of morphine and several cardiovascular agents com-
pared with their use as single agents.7,8) The MEW system
has a non-selective enhancing effect on a range of both hy-
drophilic and hydrophobic drugs, and this unselective effect
is due to the delipidation of the stratum corneum. This pro-
duces skin irritation.9) This result suggests that, if a drug-se-
lective enhancer can be found, it should be possible to mini-
mize the skin irritation. We have found that a lipophilic mul-
ticomponent system consisted of L-lactic acid (1%), ethanol
(10%) and isopropyl myristate (LEI) system selectively en-
hances the skin permeation of basic drugs and causes very
little skin irritation.10—12) On the other hand, there are many
acidic drugs such as NSAIDs which are potentially effective

and used routinely in clinical situations. Therefore, it is
worthwhile developing a skin permeation enhancer, which
would be selective for acidic drugs. In the present study, we
have studied a lipophilic multicomponent system consisted
of triethanolamine, ethanol and isopropyl myristate (TEI)
system, based on our earlier LEI system.

MATERIALS AND METHODS

Materials Mefenamic acid (MA), monoethanolamine
(M), diethanolamine (D), triethanolamine (T) diethylamine
(De), triethylamine (Te), propanolamine (P) and aminopy-
rine, were purchased from Wako Pure Chemical Ind., Ltd.
(Osaka, Japan). Ketoprofen was supplied by Nissan Chemi-
cal Ind., Ltd. (Tokyo, Japan). Isosorbide dinitrate (ISDN) 
was supplied by Toko Pharmaceutical Ind. Co., Ltd. (Tokyo,
Japan). Ibuprofen and ketotifen fumarate were obtained 
from Nissei Chemical Co., Ltd. (Tokyo, Japan). Diclofenac
sodium, antipyrine and isopropyl myristate (IPM) were ob-
tained from Tokyo Kasei Kogyo Co., Ltd. (Tokyo, Japan).
Dehydrated ethanol (E) (JP grade) was purchased from
Imazu Yakuhin Kogyo K. K. (Tokyo, Japan). All other chem-
icals and solvents were of reagent grade.

Animals Male hairless rats (WBN/ILA-Ht) weighting
180—220 g (6—8 weeks old) used in all experiments were
supplied by Life Science Research Center of Josai University
(Saitama, Japan). The experiments were performed in accor-
dance with the guidelines for animal use in the Life Science
Research Center of Josai University.

Preparation of Diclofenac Acid Diclofenac acid was
prepared from diclofenac sodium by acid precipitation.
Twenty grams of diclofenac sodium was dissolved in 2 l dis-
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The effect of a TEI enhancer mixed system consisting of triethanolamine (T), ethanol (E) and isopropyl
myristate (IPM) on the skin permeation of acidic, basic and neutral drugs were evaluated in vitro using excised
hairless rat skin. The binary enhancer system consisting of IPM and ethanol (EI) produced marked improve-
ment on the penetration of all the drugs tested. When T was added to the EI system, a greater enhancing effect
was found only on acidic drugs with a carboxyl group, compared with the flux in the EI system. On addition of
another amine to the EI system, instead of T, mefenamic acid (MA), which exhibited the highest enhancing effect
of the model drugs, showed an approximately 14—180 times greater flux than when delivered by the EI system.
On simultaneous application of isosorbide dinitrate (ISDN) with MA in the TEI system, the flux of MA increased
on increasing the T concentration in the TEI system, while, the flux of ISDN, a neutral drug, was unaffected by
the T concentration. Application of MA in the EI system after pretreatment of the TEI system showed that the
residual amount of T in the skin plays an important role in the skin permeation of MA. Furthermore, at a fixed
concentration of MA, the flux of MA increased on increasing the T concentration in the TEI system, while the
flux of E remained unchanged. Finally, the infrared spectrum of MA with amine in the E solution indicated that
the carboxyl group of MA was ionized. These results demonstrated that the formation of an ion pair between
MA and T, but not the effect of T on the skin, may be responsible for the enhanced skin permeation of MA using
the TEI system.
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tilled water and stirred well while protecting it from light.
Ten milliliters of 1 M HCl solution was added dropwise with
stirring and the free acid was extracted into chloroform. The
chloroform extracts was dried over anhydrous sodium sul-
fate, then evaporated to dryness under reduced pressure
using a rotary evaporator. The residue was dried under re-
duced pressure. Infrared spectroscopy and measurement of
melting point were used to confirm the identification of di-
clofenac acid by comparison with reported data.13)

In Vitro Permeation Procedure The skin permeation
experiment was carried out according to the method de-
scribed in the previous report.14) A side-by-side (2-chamber)
diffusion cell was used for in vitro permeation experiment.
Each cell has a volume of 2.5 ml and an effective diffusion
area of 0.95 cm2. A star-head bar in each cell was driven by a
constant-speed synchronous motor (MC-301, Scinics, Tokyo)
at about 600 rpm. The hairless rats were anesthetized with
sodium pentobarbital (500 mg kg21, i.p.) and the abdomen
was carefully shaved. About 5 cm2 (circle of 2.5 cm diameter)
of skin on the left and right sides of the abdomen was ex-
cised and the skin membrane was checked to ensure that no
obvious defects were present, then it was immediately
mounted between two diffusion cells using a spring clamp.
The cell sets were connected to a water bath at 32 °C. The
dermis and stratum corneum of the skin was in contact with
the receiver and the donor compartment, respectively. The re-
ceiver compartment of each cell was filled with 2.5 ml of dis-
tilled water and the donor compartment with 2.5 ml of drug
suspension (about twice the solubility) or solution in each
solvent system. Sample solution was withdrawn periodically
from the receiver side chamber, and a similar volume of dis-
tilled water was added to keep the volume constant. The
donor solution was replaced every 1 h to avoid a reduction in
the drug thermodynamic activity and a change in vehicle
components in the system throughout the experiment. Each
experiment was carried out for 8 h to achieve a steady perme-
ation rate.

Pretreatment Permeation Study The skin membrane
was mounted between 2-chamber diffusion cells, and the TEI
system was applied to the stratum corneum side for 4 h. At
the end of the treatment period, the donor solution was re-
moved carefully, followed by rinsing three times with the EI
system. At this time, the MA suspension in the EI system
and water was added to the donor and the receiver compart-
ments, respectively, then the permeation study was per-
formed for the next 8 h. Samples were collected from the 
receiver side was every hour.

Determination of Drug Solubility The solubility of
each drug in various vehicles was determined. The vehicles
were water, ethanol, IPM, the EI and TEI system. Each drug
was added to the vehicles in excess of its solubility. The 
suspensions were agitated in a water bath at 32 °C for 24 h.
The amount of each drug in the vehicles was determined by
HPLC after centrifugation and appropriate dilution with
ethanol or acetonitrile. Experiment was performed in tripli-
cate.

Fourier Transform Infrared Spectroscopy in Ethanol
Solution The infrared spectra of the samples (7.5 mmol/ml
MA and 7.5—150 mmol/ml alkanolamine in ethanol) were
obtained on a JASCO FT/IR 5300 spectrometer using an in-
frared spectrophotometer cell (SL-Ge air-tight cell, GL Sci-

ences, Tokyo) in the region 4000—400 cm21.
Analytical Method Each drug was determined by

HPLC. The HPLC system consisted of an LC-10AS pump, a
SIL-10AXL auto injector, a SPD-10A variable-wavelength ul-
traviolet absorbance detector, and a CTO-10A column oven
(all from Shimadzu Seisakusho, Kyoto, Japan). A micro-data
processor (C-R5A Chromatopac, Shimadzu) was used for
peak-area integration and calculations. Analysis was per-
formed on a 5 mm LiChrospher® 100 RP-18e reversed-phase
column (25034.6 mm i.d., Cica-MERCK, Darmastadt), op-
erated at 40 °C. The other conditions such as composition of
mobile phase, flow rate, internal standard and wavelength
were as described previously in the literature.12,15) Calibration
curves were constructed using peak area measurements.

The amount of ethanol in receptor fluids was determined
by gas chromatography using a system with an AOC-17 auto
injector and a flame ionization detector (GC-14A gas chro-
matography, Shimadzu Seisakusho, Kyoto). The conditions
were: injection volume, 1 m l; column, Gaskuropack 54 (60/80
mesh, GL science, Tokyo); the injection port, column oven
and detector port were maintained at 200, 160, 200 °C, re-
spectively; Nitrogen was used as the carrier gas at carrier
pressure 1 kg/cm2. 2-propanol was used as an internal stan-
dard. The retention time of ethanol was 3.95 min. The detec-
tion limit was 0.1 mg/ml (CV, 4.2%).

The amount of T in receptor fluids was also assayed by gas
chromatography using a system with an AOC-17 auto injec-
tor and a flame ionization detector (GC-14A gas chromatog-
raphy, Shimadzu Seisakusho, Kyoto).16) The conditions were:
injection volume, 1 m l; column, TC-WAX capillary column
(0.53 mm i.d.315 M, df51.0 mm, GL Science, Tokyo); the in-
jection port, column oven and detector port were maintained
at 300, 220, 300 °C, respectively; the flow-rate of carrier and
make up carrier gas (Nitrogen) was 8.0 and 30.0 ml/min, re-
spectively. The absolute calibration method was used. The 
retention time of T was 4.6 min. The detection limit was 0.1
mg/ml (CV, 2.3%).

Data Analysis The amount of each drug permeating
through the epidermis during a sampling interval was calcu-
lated based on the measured receptor-phase concentration
and volume. The cumulative amount of drug permeating per
unit area vs. time was plotted. The flux (J) was calculated
from the slope of the linear portion of the plot. The perme-
ability coefficient (P) was obtained by dividing J by the ini-
tial drug concentration in the donor phase.

For the pretreatment permeation study, T content per unit
area of the skin was calculated according to the equation bel-
low:

T content per unit area

5(Cumulative amount of T over 8 h

2Cumulative amount of T at each sampling time point)/area

RESULTS

Effect of the TEI System on the Skin Permeation of
Drug The steady-state flux (J) and permeability coefficient
(P) of each drug from the IPM, EI and TEI systems are pre-
sented in Table 1. As can be seen from the data in column 4
and 5 of Table 1, each drug flux in the EI system is greater
than that from IPM (from 2.8 times for ketoprofen to 817
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times for ketotifen fumarate). It is worth noting that the flux
in the TEI system is greater than that in the EI system for
acidic drugs with carboxyl group, except for ibuprofen. In
particular, the flux of MA is increased 27-fold by addition of
T to the EI system (Fig. 1). On the other hand, as we would
expect, the fluxes of basic drug (aminopyrine and antipyrine)
and neutral drug (ISDN) are almost unchanged in the TEI
system, within experimental error, while the flux of ketotifen
fumarate in the TEI system significantly decreased compared
with that in the EI system. These results clearly show that the
TEI system can selectively enhance the skin permeation of
acidic drugs.

Effect of Other Amines on the Skin Permeation En-
hancement of MA Since the acidic drug permeation was
enhanced by addition of T to the EI system, we investigated
the effectiveness of other amines. We selected MA, as a
model permeant, which exhibited the highest enhancement
by the TEI system and conducted another permeation study.
Equimolar amount of amines (D, M, P, De, Te) in the EI sys-
tem instead of T, were used to produce the new enhancer sys-
tem. Table 2 summarizes the flux and permeability coeffi-
cient of MA from each system. An enhancing effect was ob-
served for each amine, and the rank order of MA permeabil-
ity coefficient from each system was TeEI.DeEI.MEI.
PEI.TEI.DEI.EI. This is nearly in accordance with the
rank order of the pKa of each amine. Comparison of the en-

hancement potency for the amine-EI system allowed us to
conclude that the enhancement effect is common to amines
and dependent on the amine basicity.

Then, to investigate the enhancing effect of amine, it was
decided to select T for the following investigation. There are
several reasons for selecting T. Firstly, T is widely used in ex-
cipients for injection solution and a recent clinical study
demonstrated that T appeared to be generally free of any irri-
tating effect below a concentration of 5%.17—20) Secondly, Te,
De, P, D and M are more irritant than T, and it is possible that
these amines may damage the stratum corneum of the skin.
Consequently, these amines are not ideally suited for investi-
gating the enhancing mechanism, although the TeEI, DeEI,
MEI and PEI system have a strong enhancing effect on skin
permeation of MA.

Permeation Study of MA with ISDN To examine the
role of T in the TEI system, it was decided to conduct a per-
meation study of MA with ISDN, a non-ionic and neutral
drug. MA and ISDN dissolved in the TEI system were ap-
plied to donor chamber and the cumulative amount of both
permeants was measured. In this permeation study, the T
concentration in the TEI system covered the range 0 to
0.025 mmol/ml. As can be clearly seen from Fig. 2, the MA
flux increase on increasing the T concentration in the TEI
system, unlike the ISDN flux is not influenced by the T con-
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Table 1. The Flux and Permeability Coefficient of Several Drugs in Various Vehicles through Hairless Rat Skin

Drug Acid/base IPM EI system TEI system

Ibuprofen Acid Ja) 0.7260.03 2.2160.16 2.3460.32
Pb) 2.431027 4.231027 4.431027

Mefenamic acid Acid J 0.00760.002 0.02960.002 0.7860.20
P 1.631027 1.731027 4.331026

Diclofenac acid Acid J 0.00560.0003 0.0860.002 0.8860.11
P 6.831028 2.331027 2.261026

Ketoprofen Acid J 0.1260.002 0.3360.02 2.6260.06
P 4.831027 8.831027 6.931026

Aminopyrine Base J 0.8660.12 48.966.05 26.064.32
P 2.331026 6.031025 6.031025

Antipyrine Base J 1.2360.09 58.962.23 50.461.70
P 8.831026 7.131025 4.931025

Ketotifen fumarate Base J 0.00660.0005 4.860.29 0.4760.34
P 7.331026 6.631024 1.131025

Isosorbide dinitrate — J 0.0960.008 0.9160.04 0.9160.11
P 2.631027 2.331026 1.731026

a) J: flux (mmol/cm2/h), b) P: permeability coefficient (cm/s). Each value represents the mean6S.E. of three permeation experiments.

Fig. 1. In Vitro Permeation Profiles of Mefenamic Acid through Excised
Hairless Rat Skin from the EI (open symbol) and TEI (closed symbol) Sys-
tems at 32 °C

Each point represents the mean6S.E. of three permeation experiments.

Table 2. The Flux and Permeability Coefficient of Mefenamic Acid in the
Amine-EI System through Hairless Rat Skin and the pKa of Amines Used in
this Study

System pKa J (mmol/cm2/h) P31027 (cm/s)

EI — 0.02960.02 2.0560.51
DEI 9.00a) 0.4160.05 31.363.9
TEI 7.65b) 0.7860.20 61.1614.2
PEI 10.16c) 4.1860.11 20165.2
MEI 9.50d) 5.2960.12 27566.2
DeEI 10.98e) 1.0360.11 947699
TeEI 10.67e) 2.1860.16 14626112

a) Bjerrum J., Chem. Rev., 46, 381 (1950). b) Geissman T. A., et al., J. Am. Chem.
Soc., 76, 4182 (1954). c) Alner D. J., et al., J. Chem. Soc. (A), 417 (1968). d) Bates
R. G., et al., J. Research Natl. Bur. Standards, 46, 349 (1951). e) Fyfe W. S., et al., J.
Chem. Soc., 77, 1347 (1955). Each data represents the mean6S.E. of three experiments.



centration. This result suggests that the enhancing effect of
the TEI system is not caused by a reduction in the skin bar-
rier function.

Solubility of Each Drug in Various Vehicles To evalu-
ate the relationship between the enhancing effect of the EI or
TEI system and solubility, the solubility of each drug in vari-
ous donor vehicles was determined. Table 3 summarizes the
molecular weight (MW) and solubility in each vehicle of
eight drugs used in this experiment. As can be seen from the
data in column 4 and 5 of Table 3, the solubility of each drug
in the EI system is higher than that in IPM, except for ISDN.
However, there is no difference in the solubility of the acidic
drugs in the TEI system and EI systems. This suggests that
the significant enhancing effect on acidic drugs cannot be ex-
plained by the solubility of each drug.

Pretreatment Permeation Study We investigated the
interaction of T and MA, because it is difficult to explain the
significant enhancing effect of the TEI system by a reduction
in the barrier function of the stratum corneum by enhancer
system or solubility in donor solution. Figure 3 shows the
time-course of the flux of MA and the residual amount of T
in the skin when MA suspension in the EI system was ap-
plied after pretreatment with the TEI system. The MA flux
was correspondingly reduced on reducing the amount of T in
the skin. This suggests that the residual amount of T in the
skin plays an important role in the skin permeation of MA.

Effect of T Concentration in the TEI System on the
Skin Permeation of MA Next, we investigated the rela-
tionship between the MA permeation and the permeation be-
havior of T and E. We determined the permeated amount of
MA, T, and E, when the T concentration in the TEI system
ranged from 0 to 0.25 mmol/ml with a fixed MA concentra-

tion of 0.025 mmol/ml. The fluxes of MA, T and E are pre-
sented in Fig. 4. The flux of MA increased on increasing the
T concentration in the TEI system up to molar ratio of MA:
T51 : 2. However, beyond this concentration, the flux did not
increase with a further increase in the concentration of T. At
the same time, the flux of T increased on increasing the T
concentration in the TEI system up to a molar ratio MA:
T51 : 2, while, the flux of T did not increase with a further
increase in the concentration of T. In contrast, the flux of E
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Fig. 2. Effect of Triethanolamine Concentration in the TEI System on the Flux of Mefenamic Acid (a) and Isosorbide Dinitrate (b) through Hairless Rat
Skin

Each column represents the mean6S.E. of three permeation experiments.

Fig. 4. Effect of Triethanolamine Concentration in the TEI System on the
Fluxes of MA, T, E through Hairless Rat Skin

Each column represents the mean6S.E. of three permeation experiments.

Table 3. The Molecular Weight and Solubility of Drugs in Various Vehi-
cles

Solubility (mg/ml)
Drug MWa)

Ethanol IPM EIb) TEIc)

Ibuprofen 206.27 474.2 172.6 302.0 305.3
Mefenamic acid 241.29 14.13 2.96 11.39 12.07
Diclofenac acid 296.15 49.72 5.59 28.87 28.66
Ketoprofen 254.28 541.6 17.10 26.39 26.70
Aminopyrine 231.29 370.7 24.03 52.96 28.13
Antipyrine 188.23 350.4 7.35 43.72 53.47
Ketotifen fumarate 425.50 7.38 0.1 0.86 4.94
Isosorbide dinitrate 236.14 29.32 23.67 26.22 35.67

a) MW: molecular weight, b) EI: EI system, c) TEI: TEI system.

Fig. 3. Flux of Mefenamic Acid through Hairless Rat Skin in the EI Sys-
tem and the Residual Amount of Triethanolamie in the Skin after a 4-h Pre-
treatment of the TEI System

Each point represents the mean6S.E. of four permeation experiments.



remained unchanged throughout the experiment. These re-
sults suggest that the enhancing effect of the TEI system is
very dependent on the T concentration in the TEI system,
and the permeation behavior of E is not influenced by the
concentration of T.

Fourier Transform Infrared Spectroscopy in Ethanol
Solution To study the interaction between MA and T, the
IR spectra of MA and MA with amines in E were determined
(Fig. 5). The MA showed a strong narrow signal around
1682 cm21, characteristic of the carbonyl stretching vibra-
tion. However, the carbonyl peak of MA with amines was
shifted towards a lower wavenumber, indicating the carboxyl
group of MA had been ionized. This interaction in E might
reflect the interaction in EI system.

DISCUSSION

Many papers have shown that binary mixtures of polar
(ethanol, isopropyl alcohol) and non-polar (oleic acid, IPM)
enhancers results in synergistic enhancement of the skin
transport of many drugs and these binary systems also cause
reduced skin irritation.6,21) In the present study, each drug
flux in the EI system is greater than that with IPM. These
findings agree well with the previous investigation in our lab-
oratory.12) Although it has not been well documented yet, this
effect of the EI system is attributed to the synergic effect of
the polar enhancer E and the non-polar enhancer IPM.22,23)

However, the effect of addition of T to the EI system, namely
the TEI system, is confirmed for the first time by the present
study. This system selectively enhances acidic drug perme-
ation.

The flux of ketotifen fumarate in the TEI system signifi-
cantly decreased compared with that in the EI system, al-
though the flux of other basic drugs are almost unchanged in
the TEI system. This decrease in skin permeation is probably
a result from the formation of ketotifen free base in the TEI
system. Since the basicity of T (pKa57.65) is stronger than
ketotifen (pKa56.73),24) the addition of T to the EI system
result in the formation of ketotifen free base. The ketotifen
free base (log Poctanol/water53.7) is a lipophilic drug,25) so the
permeability using a lipophilic vehicles (TEI system) should
be low, as it has been shown in the literature.26,27)

The enhancing effect of TEI system is not due to a reduc-

tion in the barrier function of the stratum corneum; it is se-
lective for acidic drugs; characteristic of the amine involved
and correlates with its basicity; it is positively correlated
with the concentration of T in the skin and in the donor vehi-
cle. Combining these findings with the IR study, ion pair for-
mation of MA and T is strongly suggested.

Further investigation is needed to clarify the relationship
between ion pair formation and the enhancement effect.
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