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Abstract PURPOSE: The present investigation was car-
ried out to study the effect of the solvent system on the
permeation of nicardipine hydrochloride across excised rat
epidermis in order to select a suitable solvent system for
use in the development of a transdermal therapeutic sys-
tem. METHODS: The solubility of nicardipine hydro-
chloride in pure and mixed solvent systems was
determined. The solvents used were water, propylene gly-
col, ethanol or various proportions of ethanol and water.
The effect of these pure or mixed solvent systems on the
skin permeation of nicardipine hydrochloride was  also
studied using in vitro permeation studies through excised
rat epidermis  mounted in modified Keshary-Chien diffu-
sion cells.  Fourier Transform Infrared Spectroscopy (FT-
IR) and Differential Scanning Calorimetry (DSC) studies
were carried out to study the effect of these solvents on
the biophysical properties of rat’ stratum corneum.
RESULTS: Although  the solubility of nicardipine hydro-
chloride in propylene glycol  (51.23 mg/mL) was higher
than that in water  (7.90 mg/mL) and ethanol (20.01 mg/
mL), the flux of the drug from propylene glycol was as low
(7.25±0.13 µg/cm2/h) as that from water (7.05±0.15
µg/cm2/h) and lower than that from ethanol
(21.51±0.81 µg/cm2/h). The solubility of nicardipine
hydrochloride in binary ethanol-water solvent systems in
various proportions was higher than in pure solvents. The
highest permeability was observed from  an ethanol-water
(70:30 v/v) solvent system (56.10±01.23 µg/cm2/h)
which showed the highest solubility (224.21 mg/mL). The
DSC and FT-IR data indicated that the binary solvent sys-
tem containing ethanol-water in the ratio of 70:30 v/v
increased the drug permeability through the skin by dis-
rupting the highly ordered intercellular lipid structure of
the stratum corneum in comparison with the untreated
stratum corneum. CONCLUSIONS: The results of the
study indicate that the use of a binary solvent system, etha-

nol and water in the ratio of 70:30 v/v, is an effective vehi-
cle for the development of a transdermal therapeutic
system for nicardipine hydrochloride.

INTRODUCTION

Transdermal delivery of drugs may offer an attractive pos-
sibility because it avoids problems with gastrointestinal
intolerance, reduces first-pass liver metabolism and
removes the need to for intravenous access (1). Nicar-
dipine hydrochloride is a calcium channel antagonist that
possesses antihypertensive and arterial vasodilator proper-
ties (2). Although the drug is rapidly absorbed following
oral administration, its bioavailability is relatively low due
to first pass metabolism in the liver. Its biological half-life
is very short (3) and is thus considered as an ideal drug
candidate for transdermal drug delivery. The transdermal
delivery of nicardipine hydrochloride depends on its per-
meability through stratum corneum, which in turn
depends on the development of an optimal solvent system.
Many approaches have been proposed in order to over-
come the low permeability of drugs through the skin. They
include organic solvents (ethanol, propylene glycol etc.)
and fatty alcohols that can modify the skin structure and
make channels in the skin barrier. Ethanol and propylene
glycol are the most commonly used permeation enhancers
that also act as cosolvents to solubilize drugs (4). Ethanol,
used as part of a cosolvent system with water, has been
demonstrated to increase penetration of a variety of drugs
through the skin barrier (5-7). As a result, the use of cosol-
vents in the vehicle may exert a profound influence on the
percutaneous delivery of drugs from topical dosage forms
thereby providing a way to facilitate the desired penetra-
tion rate by adjusting the ratio of cosolvent used.

In the present study, the effect of several pure and mixed
solvent systems on the in vitro skin permeability of nicar-
dipine hydrochloride was studied in order to select a sol-
vent system as the first step towards developing a
transdermal therapeutic system.
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MATERIAL AND METHODS

Materials

Nicardipine hydrochloride was obtained from ICN Bio-
medicals, USA and acetonitrile (HPLC grade) was
obtained from Qualigens Fine Chemicals, Mumbai, India.
Triple distilled water (TD) was used. Other materials used
in the study such as ethanol, propylene glycol and potas-
sium dihydrogen phosphate were of analytical grade. 

METHODS

HPLC analysis of nicardipine hydrochloride

The quantitative determination of nicardipine hydrochlo-
ride was performed by High Performance Liquid Chroma-
tography (HPLC). A  Shimadzu Class VP series gradient
HPLC with two LC-10AT VP pumps, an SPD-10A VP
variable wavelength programmable UV/VIS detector, a
CTO-10AS VP column oven, an SCL-10A VP system
controller  and  a RP C-18 column (250 mm x 4.6 mm I.D.;
particle size 5 µm; YMC, Inc., Wilmington, NC 28403,
U.S.A) were used. The HPLC system was equipped with
Class-VP series version 5.03 software. 

The mobile phase consisted of a mixture of acetonitrile
and 0.02M K2PO4 (pH = 4.0) in the ratio of 60:40 v/v. The
mobile phase components were filtered, and a flow rate of
1 mL/min was used for the separation. The column tem-
perature was maintained at 40° C. The eluent was moni-
tored at 239 nm, and the data were acquired, stored and
analyzed with the previously mentioned software. A stan-
dard curve was constructed for nicardipine hydrochloride
in the range of 0.01 to 2 µg/mL. A good linear relation-
ship was observed between the concentration and area of
nicardipine hydrochloride with a high correlation coeffi-
cient (r=0.9999). The required studies were carried out to
estimate the precision and accuracy of this HPLC method
of analysis for the quantitative determination of nicar-
dipine hydrochloride. The standard curve constructed as
described above was used for estimating nicardipine
hydrochloride in the skin permeates.  

Preparation of mixed solvent systems

Ethanol and water were mixed in different ratios to obtain
binary solvent systems consisting of 25:75 v/v, 50:50 v/v
or 70:30 v/v.

Solubility studies

Excess nicardipine hydrochloride was added to 10 millili-
tres of pure or mixed solvent system and vortexed. The
mixture was immersed in a water bath at 37° C and
allowed to equilibrate. The samples of 0.5 mL were
obtained as function of time (12 h, 24 h and 36 h) and fil-
tered through a 0.4-µm membrane filter, the filtrate was
suitably diluted and the concentrations of nicardipine
hydrochloride were estimated by the HPLC method
described above. 

Preparation of rat abdominal skin

The animals used for the preparation of skin were male
albino rats (150-200 g) obtained from Ghosh Enterprises,
Kolkota, India. They were permitted free access to food
and water until used for the study. Care of the rats was in
accordance with institutional guidelines. The rats were
euthaniased using carbon dioxide asphyxiation. Dorsal hair
was removed with a clipper and full thickness skin was sur-
gically removed from each rat. The epidermis was pre-
pared by a heat separation technique (8). The entire
abdominal skin was soaked in water at 60° C for 60 s, fol-
lowed by careful removal of the epidermis. The epidermis
was washed with water and used in the in vitro permeability
studies.

In vitro skin permeability studies

Modified Keshary-Chien diffusion cells were used in the in
vitro permeation studies. The epidermis prepared as above
was mounted between the compartments of the diffusion
cells with the stratum corneum facing the donor compart-
ment. The effective diffusional area was 3.5 cm2. The vol-
ume of the receiver compartment was 24 mL. Nicardipine
hydrochloride was added to various pure solvents and vari-
ous mixed solvents (10 mg/mL). The resulting drug solu-
tion or suspension was added to the donor cell. Ethanol
and water in the ratio of 70:30 v/v was added to the
receiver cell in order to maintain sink conditions. The cells
were maintained at 37±0.5° C by a magnetic stirrer with
heater (Remi Equipments, Mumbai, India). The contents
in the receiver compartment were stirred with a magnetic
bar at 500 rpm. At predetermined times (1, 2, 4, 6, 12 and
24 h) 0.5 mL samples were withdrawn from the receiver
compartment and replaced with an equivalent quantity of
drug-free solvent (70:30 v/v ethanol-water) to maintain a
constant volume. The samples were assayed for nicar-
dipine hydrochloride by HPLC as previously described.
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Preparation of stratum corneum

The epidermis was incubated for 4 h in a 1% trypsin solu-
tion in phosphate buffered saline (pH 7.4) at 37° C. The
tissue was then smoothed out on a flat surface and the
mushy epidermis was removed by rubbing with a moist-
ened-cotton-tipped applicator. The transparent stratum
corneum obtained was briefly floated on water, blotted dry
and used in the DSC (9) and FT-IR studies (10).

FT-IR Spectroscopy

The rat stratum corneum was treated with the relevant sol-
vent systems for 24 h. The treated stratum corneum sam-
ples were vacuum-dried (650 mm of Hg) at 21± 1° C for
two days and stored in a desiccators to remove traces of
solvent (11). The completely dried samples of stratum cor-
neum were then studied by FT-IR (Shimadzu, Japan).
Attention was focused on characterizing the occurrence of
peaks near 2851 cm-1 and 2920 cm-1, which were due to
symmetric and asymmetric C-H stretching absorbances
respectively.  

DSC studies on stratum corneum

The rat stratum corneum was treated with the relevant sol-
vent systems for 24 h. The treated stratum corneum sam-
ples were vacuum-dried (650 mm of Hg) at 21± 1° C for
two days and stored in a dessiccator to remove traces of
solvent (11). The changes in structure of stratum corneum
were assessed by DSC (DSC 220C, Seiko Instruments, Inc.
Japan) in terms of phase transition temperature of lipid
components (9). The samples were scanned at 1° C/ min
over the temperature range of 30-110° C.

Permeation data analysis and statistics

The nicardipine concentration was corrected for sampling
effects according to the equation described by Hayton and
Chen (12):

C1
n = Cn (VT/VT – VS) (C1

 n-1/ Cn-1)

Where C1
n is the corrected concentration of the nth sample,

Cn is the measured concentration of nicardipine hydro-
chloride in the nth sample, Cn-1 is the measured concentra-
tion of the nicardipine hydrochloride in the (n-1) Th sample,
VT is the total volume of the receiver fluid and VS is the
volume of the sample drawn.

The cumulative amount of nicardipine hydrochloride per-
meated per unit skin surface area was plotted against time,
and the slope of the linear portion of the plot was esti-
mated (13) as steady-state flux (µg/cm2/h).  

The permeability coefficient (Kp) was calculated by using
the following equation (14): 

Kp= JSS/CV

Where JSS is the steady state flux and CV is the initial con-
centration of nicardipine hydrochloride in the donor com-
partment. 

The penetration enhancing effect of the solvent system
was calculated in terms of enhancement ratio (ER) using
the following equation (15):

ER= Kp with solvent system/ Kp with water

Statistical comparisons were made using the student’s t-
test. A value of P<0.05 was considered statistically signifi-
cant. 

RESULTS AND DISCUSSION

The solvent mixture design was employed to quantify its
effect on nicardipine hydrochloride solubility in pure and
mixed solvent systems (consisting of ethanol and water in
various ratios). When the samples drawn at different time
intervals were estimated for drug content, it was found
that there was no further increase in the solubility of nicar-
dipine hydrochloride after 24 hours. The results indicate
that equilibrium was achieved at 24 h for nicardipine
hydrochloride. 

The solubility of nicardipine hydrochloride in various
ratios of ethanol and water, and pure solvents is shown in
Table 1. The solubility of nicardipine hydrochloride in pro-
pylene glycol, water and ethanol was 51.23 mg/mL, 7.90
mg/mL and 20.01 mg/mL respectively indicating a higher
solubility in propylene glycol than that in water and etha-
nol. The solubility of the drug in binary ethanol-water sys-
tems 25:75 v/v, 50:50 v/v and 70:30 v/v was 89.56 mg/
mL, 168.20 mg/mL and 224.21 mg/mL respectively. The
solubility of nicardipine hydrochloride in several binary
ethanol-water solvent systems was higher than that in both
the pure solvents, which may be due to a cosolvency effect.
The highest solubility in a binary system was observed in
ethanol-water in the ratio of 70:30 v/v, which was approxi-
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mately 10-20 times more than that in either water or etha-
nol alone. Figure 1 shows the skin permeation profile of
nicardipine hydrochloride from pure water, ethanol, pro-
pylene glycol and binary solvent systems containing vari-
ous ratios of ethanol and water.

Table 1: Solubility of nicardipine hydrochloride in various 

pure and mixed solvents at 37° C

Figure 1: Mean (± s.d.) amount of nicardipine
hydrochloride permeated from various  solvent systems
across the rat abdominal skin

The lag period for permeation of nicardipine hydrochlo-
ride through rat epidermis from all solvent systems was
found to be 2 hours. The flux and permeability coeffi-
cients of nicardipine hydrochloride from various pure and
mixed solvent systems are shown in Table 2. Although the
solubility of nicardipine hydrochloride in propylene glycol
was higher than that in other pure solvents, the skin per-

meation rate from propylene glycol was as low as that
from water. The permeability flux of nicardipine hydro-
chloride in propylene glycol, water and ethanol was
7.25±0.13 µg/cm2/h, 7.05±0.15 µg/cm2/h, and
21.51±0.89 µg/cm2/h respectively.

Table 2: Mean (±s.d) flux (J), permeability coefficient 
(Kp) and enhancement ratio (ER) of nicardipine 

hydrochloride from various solvent systems  (n=3)

Skin permeation rates of nicardipine hydrochloride from
ethanol were higher than that from water and propylene
glycol solutions. In spite of its higher solubility in propy-
lene glycol, nicardipine hydrochloride showed more or less
the same permeability from both water and propylene gly-
col. This may be due to the similar thermodynamic activity
of nicardipine hydrochloride in water and propylene gly-
col. The partitioning of the drug contained in propylene
glycol from the donor compartment to the skin barrier
phase appears to be low as evidenced by the low perme-
ability coefficient (Table 2). If drugs are suspended in sol-
vents and the solvents do not affect the skin barrier, the
skin permeation rate of drugs should be constant irrespec-
tive of the nature of the solvent (16). On the other hand,
skin permeation of nicardipine hydrochloride from etha-
nol was found to be higher than that from water and pro-
pylene glycol.

The skin permeation rate of nicardipine hydrochloride
from the binary ethanol-water (70:30 v/v) mixture was
found to be higher than that from the other binary solvent
systems and from pure ethanol. The permeability flux for
nicardipine hydrochloride in ethanol-water solvent systems
in the ratio of 25:75 v/v, 50:50 v/v and 70:30 v/v was
28.82±0.79 µg/cm2/h, 39.09±1.17 µg/cm2/h and
56.10±1.23 µg/cm2/h respectively. This may be due to
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the varying influence of the ethanol-water solvent systems
on the biophysical properties of the stratum corneum.
However, the required flux of nicardipine hydrochloride
was 116 µg/cm2/h which was calculated to maintain a
therapeutic concentration of 24 ng/mL. 

Figure 2: FT-IR spectra of stratum corneum of rat
abdominal skin showing asymmetric and symmetric
stretching absorbance after treatment with (A) water (B)
propylene glycol (C) ethanol (D) 25:75v/v of ethanol-
water (E) 50:50v/v of ethanol-water (F) 70:30v/v of
ethanol-water

The FT-IR study provided an insight into the effect of the
solvent systems on the biophysical properties of the stra-

tum corneum. The treated stratum corneum was vacuum-
dried, and was stored in a desiccator for the FT-IR studies
(17-19). This is necessary to remove traces of solvents and
to study the changes in the C-H stretching absorbance’s
caused by the particular solvent system. Figure 2 depicts
the IR spectrum from 3100 cm-1 - 2600 cm-1 of the stra-
tum corneum pretreated with different solvent systems.
Table 3 shows the peak heights under the asymmetric and
symmetric C-H stretching absorbances of rat’s stratum
corneum before and after treatment with various solvent
systems used in the study.

Table 3: Mean (±s.d.) peak height of asymmetric and 
symmetric C-H stretching absorbances of rat stratum 
corneum lipids (n=3).

The lipid extraction resulting from the various solvents
treatments was evaluated by comparing the intensities of
the asymmetric and symmetric C-H stretching absor-
bances after treatment to those corresponding peaks
before treatment.

The results of FT-IR showed that the treatment of stratum
corneum with propylene glycol and various concentrations
of ethanol did not produce a blue shift in the asymmetric
and symmetric C-H stretching peak positions. However,
they all showed a decrease in absorbance intensities for
both asymmetric and symmetric C-H stretching when
compared to the untreated stratum corneum. Ethanol and
water in the ratio of 70:30 v/v produced a decrease in peak
heights for asymmetric and symmetric C-H stretching
absorbance by 22.97% and 23.85% respectively in compar-
ison with untreated stratum corneum (Table 3). However,
the percent decrease in peak heights for asymmetric and
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symmetric C-H stretching absorbance values with either
pure ethanol, propylene glycol or other proportions of
ethanol and water was very low. The significant decrease in
peak height with 70:30 v/v ethanol-water suggests partial
extraction of the lipids in the stratum corneum (20). There
was no significant effect of propylene glycol on the extrac-
tion of lipids in rat’s stratum corneum in comparison with
the untreated stratum corneum.

Extraction of the lipids from stratum corneum leads to
enhanced percutaneous absorption of drugs (21). Our
findings suggest that greater extraction of the stratum cor-
neum lipids by ethanol:water (70:30 v/v) led to greater
permeability of nicardipine hydrochloride when compared
to water, pure ethanol or other ethanol-water solvent sys-
tems. The increase in permeability of the drug may be due
to increased solute diffusivity through the partially delipi-
dised stratum corneum (22). Accordingly, the partially de-
lipidised stratum corneum was highly permeable to the
non-polar drug (nicardipine hydrochloride) used in this
study. 

In order to obtain more detailed information of lipid com-
ponents of the rat’s stratum corneum treated with pure
and mixed solvent systems, a DSC study was carried out.
The DSC study is useful for characterizing the phase tran-
sition of the lipid bilayers, and conformational stability of
the protein (23). The endothermic peaks obtained in the
DSC study after treatment of rat’s stratum corneum with
different solvent systems are shown in Figure 3. An endot-
hermic peak corresponding to the phase transition of con-
stituent lipids was observed at 59.8° C, 69.6° C and
86.2° C in both solvent treated and untreated stratum
corneum. However, there was a broadening of the endot-
hermic peaks with the stratum corneum treated with 70:30
v/v ethanol: water and the 50:50 v/v ethanol: water sol-
vent system. The results indicated that structures of lipid
bilayers in the stratum corneum were slightly disrupted by
treatment with ethanol and water in the ratio of 70:30 v/v.
The increase in the permeability of nicardipine hydrochlo-
ride may be due to the disruption of stratum corneum lipid
bilayers. The binary solvent system containing ethanol and
water in the ratio of 70:30 v/v might be effective as a vehi-
cle to enhance the skin permeation of nicardipine hydro-
chloride. Transdermal absorption of lipophilic drugs such
as nicardipine hydrochloride, therefore, may be enhanced
by using various solvents, which not only are able to solu-
bilise drugs but also partially extract the lipids of stratum
corneum in skin. Though the ethanol:water (70:30 v/v)

solvent system provided good permeability of nicardipine
hydrochloride, this may be insufficient to provide the
required flux of the drug through the skin. Hence, further
studies are in progress to study the effect of penetration
enhancers like limonene, menthol and nerolidol on the
permeability of nicardipine hydrochloride across excised
rat epidermis

Figure 3: DSC Thermograms of stratum corneum of rat
abdominal skin after treatment  with (A) water (B)
propylene glycol (C) ethanol (D) 25:75v/v of ethanol-
water (E) 50:50v/v of ethanol-water (F) 70:30v/v of
ethanol-water
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CONCLUSION

The present study was carried out to investigate the  effect
of solvent systems on the permeation of nicardipine
hydrochloride across excised rat epidermis in order to
select a suitable solvent system in the development of a
transdermal therapeutic system for nicardipine hydrochlo-
ride. The solubility of nicardipine hydrochloride in pure
and mixed solvents was studied and in vitro permeation
studies  for nicardipine hydrochloride from various pure
and mixed solvent systems were carried out  using excised
rat epidermis. Although  the solubility of nicardipine
hydrochloride in propylne glycol (51.23 mg/mL) was
higher than  in water (7.90 mg/mL)  and ethanol (20.01
mg/mL), the skin permeability rate of nicardipine hydro-
chloride from propylene glycol (7.25±0.13 µg/cm2/h)
was as low as that from water (7.05±0.15 µg/cm2/h)
and lower than that from ethanol (21.51±0.81 µg/cm2/
h). The solubility of nicardipine hydrochloride in binary
ethanol-water solvent systems of various ratios was higher
than that in pure solvents. The highest permeability
(56.10±1.23 µg/cm2/h) was observed from  an etha-
nol:water (70:30 v/v) solvent system, which gave the high-
est solubilty (224.21 mg/mL). The DSC and FT-IR data
indicate that the binary solvent system of ethanol-water in
the ratio of 70:30 v/v increases the drug permeability
through the skin by partial extraction of the intercellular
lipids in stratum corneum. The results of this study
showed that the solvent system containing ethanol and
water in the ratio of 70:30 v/v is suitable for use as a vehi-
cle for developing a transdermal therapeutic system for
nicardipine hydrochloride.
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