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Abstract: This study investigated the permeability of skin to the transdermal delivery of liposomes with or without 
the application of a diffuse low frequency ultrasonic field. Specimens were exposed to ultrasound at frequencies of 
20 and 60 kHz and intensities of 0.19 and 0.43 W/cm2. In these experiments, the diffuse ultrasonic field was 
produced using an inclined incident transducer and specially designed wedge. The samples exposed to ultrasound 
were compared to unexposed samples by recording the permeated depth of rhodamine into the skin. An ultrasonic 
frequency of 60 kHz at an intensity of 0.43 W/cm2 enhanced the permeated depth to a higher degree than other 
tested parameter combinations. In general, ultrasound of higher applied intensity resulted in greater depth of 
permeation than lower intensity. 
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1. Introduction 

The ultrasound technology has been shown 
to be more convenient tools in medicine and biology 
[1-3]. Under suitable conditions, ultrasound has been 
shown to enhance transdermal transport through a 
phenomenon referred to as sonophoresis [4]. 
Ultrasound at low frequencies has demonstrated 
greater effectiveness than at high frequencies [5-6], 
due to the promotion of cavitation, which is important 
to skin permeabilization [7]. Acoustic cavitation can 
be classified as either stable cavitation which 
corresponds to steady oscillations of bubbles or 
transient cavitation which corresponds to a rapid 
growth followed by a rapid collapse. Many methods 
of enhancing cavitation have been reported, such as 
the use microspheres, silica particles, and ultrasonic 
contrast agents to enhance cavitation [8].  

    The composite structure of liposome is 
made of phospholipids often containing trace amounts 
of other molecules. The size of the liposomes varies 
from the low micrometer range to tens of micrometers. 
Liposomes are artificially prepared vesicles made of a 
lipid bilayer, which are filled with drug for delivery to 
treat cancer and other diseases. Dahlan et al. 
investigated the influence of low frequency ultrasound 
a n d  l i p o s o m e s  o n  s k i n  [ 8 ] .  I t 
was observed that liposomes are capable of repairing 
damage of to the skin, which limits drug permeation. 
The influence of liposomes is often evident within 5 
min of application, and smaller liposomes have proven 
more effective at repairing skin disruptions resulting 
from sonication. It is believed that the repair of skin 
by liposomes depends on the extent of the disruption 

caused by ultrasound. 
Although ultrasound is capable of assisting in 

the transdermal delivery of drugs in liposomes, a 
number of questions remain. Exposing high intensity 
ultrasound increases the temperature of the liquid, 
which damages the liposome and renders the drug 
ineffective. Thus, this study discusses liposomes in 
solution (with and without the influence of an 
ultrasonic field), and compares the permeation depth 
of material entrapped within liposomes (rhodamine B). 
A diffuse ultrasonic field was produced using a 
combination of an inclined incident transducer and a 
specially designed wedge. To prevent the appearance 
of thermal effects, the transducer was driven with 
lower ultrasonic intensity. Two driving frequencies 
were selected to examine the distribution conditions 
and the depth of skin permeation. 
2. Materials and methods 
2.1 Diffuse Ultrasonic and Measurement Field 

We adopted the diffuse field theory of Sabine 
to create a uniform sound field for the radiation 
experiment [10]. According to this theory, the 
ultrasonic beam must be obliquely incident to the 
finite boundary, such repeated reflection of the sound 
waves produces a uniform sound field within the 
space. The cuboid acrylic wedge, with a bottom area 
of 62×65 mm and the height of 120 mm was shown 
schematically in Fig. 1 [11]. The top corner of the 
exposed wedge provided an oblique, triangle plane of 
length of 75 mm to mount the ultrasonic transducer. 
The ultrasonic beam of the transducer was incident 
from one edge toward the boundary of the wedge at 
the far end. The exposure area (indicated in the figure) 
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was used to contact the skin samples. The sampling 
positions of the exposure area are the same as our 
previous study and shown in the color mapping of the 
permeated depth distribution of result figures (Fig. 3). 
The depth of permeation was measured in six 
randomly selected points of each sampling position 
using a Nikon C1 plus confocal microscopy. A 
sampling position of each of six randomly selected 
regions of each specimen was taken. The mean values 
of permeated depth in the six regions indicates the 
distribution of depth at a sampling position. The 
ultrasonic transducer was positioned above sampling 
position A1 of the exposure area. Two custom built 
transducers with operating frequencies of 20 and 60 
kHz (Broadsound Corporation, Taiwan, R. O. C.) 
were used for the application of ultrasound. The 
exposure and measurement system for the diffusion 
field comprised a specially developed ultrasonic 
transducer capable of producing a diffuse sound field, 
as shown in Fig. 2. The transducer was driven by a 
continuous sine wave from a function generator (GW 
instek SFG-830). The intensity of the sound field was 
measured using a miniature PVDF ultrasonic 
hydrophone probe (Force Institute MH28-10). In this 
experiment, the output intensities were set at 0.19 and 
0.45 W/cm2. The signal obtained from the hydrophone 
was analyzed using a digitizing oscilloscope (LeCroy 
WaveSurfer 422). Exposure of skin samples to 
ultrasound was limited to 5 minutes to prevent 
increasing the skin temperature. All experiments were 
performed at room temperature. When the skin 
samples were exposed or sham-exposed to ultrasonic 
irradiation, the permeated depth distribution of 
liposomes, with and without the influence of 
ultrasonic waves, was observed. 
2.2 Material and skin preparation 

Skin exposure experiments were carried out in 
vitro with full thickness skin of the ear of Yorkshire 
pigs. Superfluous tissues such as fat and muscle was 
removed. The skin was cut into squares (10×10 cm), 
and stored in a freezer until used. Egg yolk 
phosphatidylcoline (EPC) and cholesterol (Sigma 
Chemical Co., St. Louis, MO) in a molar ratio of 4:1 
were mixed in a round-bottomed flask. A fluorescence 
materials (rhodamine) was dissolved in the suspension 
prepared by dissolving in chloroform. The organic 
solvent was subsequently evaporated under vacuum 
using a stream of nitrogen to remove traces of 
chloroform. The resulting dried lipid film was 
dispersed with a buffer solution (Hepes: 0.1 M, pH 5). 
The solution was vortex mixed above the room 
temperature to yield lipid suspensions. Lipid 
suspensions then underwent mechanical shaking for 
30min after which an ultrasonic processor was used to 
crush the lipid membranes and obtain liposomes with 
a diameter of 200 nm. 

3. Results and discussions 
Table 1 presents the permeated depth of 

liposomes at each sampling position for exposure or 
sham-exposure to ultrasonic irradiation of 2 different 
intensities. In this table, the permeated depth of 
liposome is presented in micrometers. Sham 
irradiation experiments were used to compare the 
influence of the ultrasonic irradiation on the liposomes 
and to measure the permeated depth after maintaining 
the liposome solution on the skin for approximately 30 
min. Fig. 3 shows the permeated depth distribution of 
the exposure area of the skin samples exposure to 
ultrasound, based on a color plot. Sampling positions 
A1 to A9 indicate the relative position in the exposure 
area. The color scale is provided by MATLAB 
package, and expanded from 130 to 200 μm in the 
Z-axis. 

Figures 3(a)-(d) plot the distribution of 
permeated depth with ultrasound exposure obtained 
from the data in Table 1. In the experiment, the sound 
beam was incident into the cuboid acrylic wedge and 
produced a diffuse ultrasonic field. Figures 3(a)-(b) 
plot the results of exposure to an ultrasonic frequency 
of 20 kHz at an intensity of 0.19 or 0.45 W/cm2, in 
which the distribution of permeated depth for the two 
intensities is from 148.3 to 181.7 μm. The average 
permeated depth of liposomes is 158 μm at low 
intensity and 159 μm at high intensity, as shown in 
Table 1. Researchers avoided thermal effects induced 
by ultrasound by preventing the transducer from 
coming into direct contact with the skin sample and 
reducing exposure time. Thus, the average values of 
permeated depth for the two exposed intensities are 
very close despite a more than twofold difference in 
exposure intensity. By comparison, the average 
permeated depth of the sham irradiation results 
increased to approximately 20 μm. Under an intensity 
of 0.19 W/cm2, the greatest permeated depth is 181.7 
μm in sampling position A6; with an intensity of 0.45 
W/cm2, the greatest depth is 173.3 μm in sampling 
position A5. The maximum permeated depth resulting 
from an exposure intensity of 0.19 W/cm2 exceeded 
the results at 0.45 W/cm2, however; the average value 
at 0.19 W/cm2 is still lower than the average at 0.45 
W/cm2. In addition, with an intensity of 0.19 W/cm2, 
the difference in permeated depth between maximum 
and minimum there is 31.7 μm, however; the 
difference value at 0.45 W/cm2 is 25 μm. Clearly, 
lower exposure intensity creates greater difference on 
permeated depth. A comparison of the two different 
intensities at 20 kHz also shows that the higher 
intensity increases the average permeated depth, 
resulting in greater consistency in depth among the 
sampling positions.  

Figures 3(c)-(d) plot the results of exposure 
to an ultrasonic frequency of 60 kHz at intensities of 
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0.19 and 0.45 W/cm2. In these two images, the 
distribution of permeated depth for the two intensities 
is in the range of 148.3 - 190 μm. The average 
permeated depth is 167 at low intensity and 168 μm at 
high intensity, as shown in Table 1. Notably, the 
average results from the two exposure intensities of 
0.19 or 0.45 at a frequency of 60 kHz clearly are 
similar to the results from exposure at 20 kHz with 
difference of just 1 μm. At 60 kHz, the average 
permeated depth at an exposure intensity of 0.45 
W/cm2 exceeds the sham-exposed result by 30 μm. 
The average permeated depth also exceeds the result 
at 20 kHz by 10 μm. As can be seen in the Table 1, at 
an intensity of 0.19 W/cm2, the maximum permeated 
depth is 190 μm in sampling position A4. At an 
exposure intensity of 0.45 W/cm2, the maximum depth 
is 185 μm in sampling position A2. The maximum 
permeated depth at an exposure intensity of 0.19 
W/cm2 exceeds that at 0.45 W/cm2 about 5 μm. The 
average permeated depth at 0.19 W/cm2 is still lower 
than that at 0.45 W/cm2. In addition, with an intensity 
of 0.19 W/cm2, the difference in permeated depth 
between maximum and minimum there is 41.7 μm, 
however; the difference value at 0.45 W/cm2 is 33.3 
μm. Thus, the same results occur for the two 
irradiation frequencies, in which the higher intensity 
increases the average permeated depth and provides 
greater consistency in depth among the various 
sampling positions on the skin sample.  

Figure 4(a)-(d) show the influence of 
ultrasound exposure to more clearly elucidate the 
change in permeated depth between samples exposed 
or sham-exposed to ultrasonic irradiation. These 
figures plot the average values of permeated depth as a 
function of sampling position for various exposure 
intensity at frequencies of 20 and 60 kHz, respectively. 
Notably, the plotted data represent the arithmetic mean 
over the six sampling points at one sampling position. 
As seen in these figures, the permeated depth of 

treated samples exceeds that of sham-exposed skin. In 
sampling position A1, the permeated depth of the 
exposed samples exceeds that of the control samples 
by more than 170 μm, except at a frequency of 20 kHz 
and intensity of 0.19 W/cm2. Based on the dimensions 
of the wedge presented in Figure2, the sound beam 
has an incident angle of 45°. With the application of 
ultrasound, the sound wave is initially reflected from 
the boundary of the wedge, such that the reflected 
beam points to the sampling positions A1, A2, A4 and 
A5. A portion of the reflected sound wave penetrates 
through the wedge to produce greater acoustic 
radiation force. The acoustic radiation force influences 
the liposomes and pushes them down through the skin. 
In these four figures, the smallest difference in 
permeated depth between the exposed and 
sham-exposed samples appeared in sampling poison 
A7. It is possible that the ultrasonic energy passing 
through the wedge in position A7 was lower than the 
other positions. The sound waves are reflected a lot of 
times before penetrated through the wedge, and this 
may reduce energy and decrease the permeated depth. 
4. Conclusions 

This study examined a number of issues. 
First, a wedge was designed with an inclined incident 
angle to investigate the permeated effects of the 
diffuse ultrasonic field. Second, ultrasonic frequencies 
of 20 and 60 kHz were applied at intensities of 0.19 
and 0.45 W/cm2. Third, the average permeated depth 
of liposomes in each experiment were observed and 
the permeated depth distribution were compared at the 
sampling position on the skin sample. An ultrasonic 
intensity of 0.45 W/cm2 and a frequency of 60 kHz 
caused the liposomes to permeate the skin more 
effectively than other setup. The wedge designed at an 
inclined incident angle with an appropriate ultrasonic 
intensity and frequency could induce liposomes to 
permeate skin samples more deeply. 

 
Table 1. Permeated depth in various sampling positions are exposed to ultrasound of 20 and 60 kHz frequencies at 
two output intensities. The recorded values are in micrometers. In this table, the (AVG) is the average permeated 
depth in the series of sampling positions. 

Frequency 
Sampling position 

Sham exposed  
20 kHz 60 kHz 

0.19 W/cm2 0.45 W/cm2 0.19 W/cm2 0.45 W/cm2 
A1 130 150 171.7 170 173.3 
A2 130 165 158.3 168.3 185 
A3 133.3 155 150 175 165 
A4 136.7 166.7 161.7 190 165 
A5 145 171.7 173.3 160 176.7 
A6 141.7 181.7 158.3 163.3 168.3 
A7 145 156.7 153.3 148.3 158.3 
A8 145 163.3 153.3 155 171.7 
A9 138.3 173.3 148.3 173.3 151.7 

AVG 138 158 159 167 168 
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Figure 1. Dimensions of the exposure wedge. The orientation of the transducer is fixed in the corner of the chamber 

[11]. 
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Figure 2.   Schematic diagram of the isonation and measurement apparatus used in the exposure experiments [11]. 

          
                             (a)                                        (b) 

      
                             (c)                                        (d) 
Figure 3.  Color mapping of the permeated depth distribution for the skin sample at exposure frequencies of 20 and 
60 kHz. Results were obtained from different intensities: (a)(b) results for intensities of 0.19 and 0.45 W/cm2 at 20 
kHz; (c)(d) results for intensities of 0.19 and 0.45 W/cm2 at 60 kHz. 
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                             (c)                                        (d) 
Figure 4. Average values of permeated depth as a function of sampling position for the skin sample at exposure 
frequencies of 20 and 60 kHz. The results were obtained for different intensities: (a)(b) results for intensities of 0.19 
and 0.45 W/cm2 at 20 kHz, (c)(d) results for intensities of 0.19 and 0.45 W/cm2 at 60 kHz. 
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