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Transdermal delivery of insulin by ultrasonic vibration 
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Abstract-Ultrasonic vibration has been used to deliver insulin 
through the skin of hairless mice fasted overnight and partially 
immersed in an aqueous solution of insulin (20 units mL-I). The 
skin surface was exposed to ultrasonic vibration in two ultrasonic 
energy ranges (3000-5000 Pa and 5000-8000 Pa) at  48 kHz for 5 min. 
Blood glucose concentration was measured before and after expo- 
sure to insulin and ultrasonic vibration. In the group subjected to the 
lower energy vibrations, blood glucose fell rapidly to reach 
34k 11.9% of control values in 120 min, while when the animals 
were exposed to higher energy vibrations, the fall in blood glucose 
was 22,4*3.9% of control values at 120 min. The values remained 
low for the length of the experiment (240 min). Those exposed to 
insulin alone or ultrasonic vibration alone revealed no significant 
change in blood glucose concentration. It is postulated that 
ultrasonic vibration may alter skin permeability resulting in the 
absorption ofinsulin. That the blood glucose decrease was greater at 
the higher of the two energy ranges, suggests this factor could 
control insulin delivery. 

Because the skin serves as a barrier, preventing the percutaneous 
absorption of most drugs, attempts to alter the stratum corneum 
by “chemical” and “electrical” (Meyer et al 1988) means have 
been made. The use of azone (Stoughton & McClure 1983) and 
iontophoresis (Kari 1985) have produced good results. Siddiqui 
et al (1987) demonstrated a fall in blood glucose by iontophor- 
esis of insulin in diabetic hairless rats. However, drug permeabi- 
lity was influenced by the pH thus limiting the use of drugs as 
unstable as insulin. We now report an alternative method for 
delivering insulin to the body by the use of ultrasonic vibration 
to the skin surface of hairless mice. 

Materials and methods 

Hairless mice (8-12 weeks, 25-35 g), obtained from a local 
supplier, were kept in separate plastic cages to avoid skin 
damage. 

Four experiments were carried out to study the effects of 
insulin and/or ultrasonic vibration. The mice after being fasted 
overnight were restrained in a tight cage immediately before 
each experiment, care being taken to avoid abrasion. In group A 
(n = 5), the mice were immersed hip deep but with the tail clear in 
a beaker containing 100 mL of an aqueous solution of neutral 
insulin (20 units mL- I, Insulin Novo Actrapid MC). The beaker 
was then exposed for 5 min to ultrasonic vibration in an 
ultrasonic generator water tank 14 x 25 x 10 cm (Cole Parmer 
Instrument Co. Chicago, Illinois) remodelled to regulate power 
output. Two energy ranges (3000 5000 Pa and 5000-8000 Pa) 
were used at  a frequency of 48 kHz. The energy of the vibration 
reaching the skin was measured by a hydrophone (8103 
Hydrophone, 2635 Bruel & Kjaer) fixed beside the animal and 
was reported as pascals. The animal was then removed from the 
solution. Control experiments were as follows; group B: immer- 
sion in insulin alone for 5 min, group C: immersion in saline for 5 
min, group D: immersion in saline with ultrasonic vibration at  
two energy ranges for 5 min, all at  an ambient temperature of 
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37°C. After each test, the skin was rinsed and dried. A 0.05 mL 
sample of blood was obtained from the tip of the tail. A quick- 
dry bond (Toa Gouseikagaku Co.) was used to prevent further 
bleeding after taking the samples. This procedure was repeated 
for each sample. Samples were taken before and then 5, 15 and 
30 rnin after the tests and then continued every 30 rnin for the 
following 3.5 h. Glucose concentration was measured with Ames 
Dextrostix and an Ames Dextrometer (Ames Co, Elkhart IN). 
The animals were not anaesthetized. 

Various amounts of insulin were also subcutaneously injected 
into animal groups (n = 5 )  to compare blood glucose and to 
estimate the uptake of insulin in the main experiment. The 
measurements were made as described above. 

Results 

Fig. 1 shows blood glucose concentrations over 240 min in 
groups A and B. A rapid fall was observed after exposure to 
insulin with ultrasonic vibration (group A). Exposure to the 
lower energy vibrations (3000-5000 Pa) produced a minimum in 
blood sugar at  120 rnin of 34.1 f 11.9% of the initial concentra- 
tion (mean & s.d.). The value rose to 53.5 9.3% a t  240 min, one 
animal dying of hypoglycaemia at 180 min. Exposure to the 
higher energy vibrations produced a minimum at 120 min of 
22.4& 3.9% of the control value. The glucose concentration rose 
to 37.3 f 3.2% at 240 min, with two mice dying of hypogly- 
caemia at 150 rnin and one at 180 rnin. Student’s t-test revealed 
statistically significant differences (P< 0.05) between each inter- 
val and control groups B (insulin alone) or C or D (insulin-free 
experiments with or without vibrations), after 5 min. There were 
no changes (P> 0.05) in blood glucose concentration compared 
with initial level in all the control groups (Table 1). There was no 
evidence of significant cutaneous damage. Fig. 2 shows the 
decrease of blood glucose in mice subcutaneously injected with 
insulin. The fall in blood glucose and duration of hypoglycaemia 
correlated with the dose of insulin. 
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FIG. 1. Blood glucose concentration of hairless mice exposed to 
insulin alone or insulin plus ultrasonic vibration for 5 min. 0-0, 
insulin (20 units ml-’) alone; A-A with 3000-5000 Pa; W-W 
with 5000-8000 Pa. 
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Table 1. Percentage of initial blood glucose concentration of control 
groups. (Mean f s.d.) 
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FIG. 2. Blood glucose concentration of hairless mice subcutaneous1 
injected with insulin. 0-0 1 unit kg-l; A-A 2 units kg- , 
0-0 4 units kg-l; .--. 8 units kg-l; A-A 12 units kg- I .  

Discussion 

Reports on phonophoresis relate to local effects on the skin. 
However, whether ultrasonic vibration enhances drug absorp- 
tion remains controversial (Skauen & Zentner 1984; McElnay et 
a1 1985). A low uptake of drugs, different methods, and 
ultrasonic energies have led to conflicting results (Kost et a1 
1986; Benson et a1 1989; Brucks et a1 1989). Furthermore, the 
output of the generator and the extent ofexposure do  not always 
correlate because of the variable efficiency of ultrasonic 
transmission. In the present study, the size of the water tank 
made it possible to measure the ultrasonic power near the 
surface of the skin by a hydrophone, and also helped to keep the 
availability of insulin a t  a constant level. Although it is usual for 
therapeutic exposures of ultrasound frequency to be about 1 
MHz, a relatively lower frequency range was used in the 
experiments to maintain accurate ultrasound energy measure- 
ments by the hydrophone (maximum limit 150 kHz). 

The results showed a marked decrease in blood glucose in the 
mice exposed to insulin and ultrasonic vibration, compared with 
mice in the control experiments. The evidence suggests that 
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ultrasonic vibration had an effect on the skin that resulted in 
transdermal absorption of insulin. 

As shown in Fig. 2, blood glucose remained low for 3 to 4 h 
after a 5 min exposure to vibration and insulin. Similar results 
were obtained after subcutaneous injection of insulin, suggesting 
a slow microcirculation wash-out a t  the demo-epidermal 
junction. This phenomenon has also been reported with ionto- 
phoresis (Siddiqui et a1 1987). The total amount of insulin 
absorbed can be estimated by comparing the data obtained from 
subcutaneous injection (Fig. 2). The exposure to vibration and 
insulin resulted in a decrease in blood glucose equal to that 
produced by a subcutaneous injection of 2-4 units kg-l insulin. 
Furthermore, the more energy applied, the lower the blood 
glucose thus suggesting that this could be related to the extent of 
insulin penetration. While, theoretically, changes in energy 
applied could alter the drug permeability rate, insulin avail- 
ability, duration of exposure to the energy, total surface area of 
exposure and skin condition could be factors in the transdermal 
administration of drugs. 

The mechanism and the route of drug delivery into the body 
through the skin is unclear. The transfollicular “shunt” pathway 
and “transepidermal” route have been considered by Siddiqui et 
a1 (1987). It can be postulated that the energy of ultrasonic 
vibration enhanced permeability via these routes. Furthermore, 
the microscopic bubbles produced at  the surface of the skin by 
ultrasonic vibration might generate a rapid liquid current when 
they implode, thereby increasing the availability of insulin for 
absorption. 

This study demonstrates the effects of ultrasonic vibration on 
the skin resulting in the absorption of insulin and suggests that 
changes in ultrasonic energy may be used as a means of 
regulating the permeability of drugs, through the skin, with the 
potential of being a useful drug delivery system. 
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