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Summary 

Phonophoresis of zidovudine (AZT, azidothymidine), was studied in vitro, across excised human skin and hairless mouse skin. 
Sonication was carried out with a continuous mode, at an intensity of 1.5 W/cm2 and a frequency of 1.1 MHz for 20 min. During 
experiments the temperature in the donor compartment of Franz cells was maintained at 28°C by a cooling coil. The mean flux (J) 
across mouse skin was 4.8 x IO-” + 1.0 pmol cm-* h-’ for th e control cell group and 4.4 x lo-” k 1.2 ymol cm~2 h-’ for the 
sonicated cell group. Under the same conditions, percutaneous absorption through human skin was lower, and the mean flux (J) 
was 4.1 X low4 + 1.5 pm01 cm-’ hK’ and 4.4 X 10e4 + 1.8 pm01 cme2 h-’ for the control and sonicated groups, respectively. No 
significant difference was observed on comparison of the mean flux of the sonicated and the control (non-sonicated) groups in 
mouse and human skin, probably because the thermal effects of ultrasound in the skin were suppressed. 

Zidovudine (AZT) is a strong inhibitor of the 
reverse trans~riptase enzyme isolated from the 
HIV virus and the therapeutic potency on AIDS 
or AIDS-reIated complex has been recognized 
clinically. This virustatic drug, which is adminis- 
tered orally or parenteralIy, has a short half-life 
of 1 h. The average bioavailability is about 65%; 
this is assumed to be result of first-pass 
metabolism. Since the therapeutic index is low, 
with a narrow range of plasma concentration of 
0.4-4.0 pmol 1-l (Blum et al., 1988), side-effects 
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occur frequently (Richman et al., 1987). There- 
fore, percutaneous administration of AZT is de- 
sirable to obtain zero-order kinetics and could be 
useful for patients with significant side-effects. 

The aim of the present study was to quantify 
the ultrasound (US) effects on the percutaneous 
absorption rate of AZT in vitro and to determine 
the possibility of developing a transdermal sys- 
tem. 

Zidovudine (3’-azido-3’-deoxythymidine, AZT, 
Retrovir@), a hydrophilic molecule with a molec- 
ular mass of 267.24 Da, was a gift from The 
Wellcome Foundation Ltd (Beckenham, U.K.). 

The diffusion experiments were performed 
with specially modified Franz cells which allow 
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the introduction of an ultrasound probe into the 
donor compartment (Fig. 1). 

The total membrane area available for diffu- 
sion was 2.17 cm*. The temperature during soni- 
cation was recorded in the donor solution contin- 
uously, using a fine rigid wire thermocouple probe 
and a digital thermometer. 

Ultrasound (US) was generated by a 15 mm 
diameter ceramic transducer (lead titanate zir- 
conate ceramic, P-189 Quartz and Silice Co.), 
with an output of 90% and area of 1.77 cm2. 
Ultrasound was applied for 20 min, continuous 
mode, at an intensity 1.5 W/cm* and a frequency 
of 1.136 MHz (Hewlett Packard 3314-A Genera- 
tor). The cooling coil was constructed with an 
duraluminium ring around the donor compart- 
ment and was filled with water (5°C). There were 
cylindrical plastic tubes for entry and exit of 
water to each donor compartment (Fig. 1). 

Hairless female mice, aged 6-7 weeks, were 
killed by cervical dislocation and the skin from 
the back was removed and trimmed of the fat and 
other extracutaneous tissues. Human skin was 
obtained after plastic surgery on the abdominal 
area (women with a mean age of 30 years) and 

was stored at -20°C for 2 months. In all cases, 
the excised skin was initially hydrated in normal 
saline for 10 h before being used for experiments. 

Water at a constant temperature (33°C) was 
pumped through the receiving compartment in 
order to warm the receptor solution. The donor 
compartment was filled with a 4 ml aqueous 
solution of 12.5 mg/ml of AZT and the receiving 
compartment was filled with 15 ml of normal 
saline (0.9%). The contents of the receptors were 
degassed before experiments for 10 min and were 
mixed at a controlled speed (300 rpm). 

Each diffusion experiment was carried out over 
24 h and 500 ~1 samples were taken at regular 
intervals from the sampling port in the receiving 
compartment. The replacement dilution effects 
were corrected for in the assay calculations. 

Diffusion rates or flux (J) were determined 
from the slope of diffusion curves and expressed 
as the amount of drug passing across 1 cm* of 
skin surface as a function of time (pm01 cmp2 
h- ‘1. The permeability coefficient (K,) was de- 
termined from the equation K, = J/C, where C,, 
denotes the initial concentration of drug in the 
donor compartment. The diffusion rate of AZT, 
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TABLE 1 

In vitro percutaneous absorption of AZT through hairless mice and human skin 

Skin Mean flux(J) a 

(pmol cm-* hK’) 

Sonicated 

Hairless mice 4.4 f 1.2 x 1o-3 

Human 4.4 f 1.8 x 10m4 

a Mean + SE (Student’s t-test). 

Permability coefficient 

K&X 10F3) (cm h-‘) 

Control Sonicated Control 

4.8 * 1.0 x lo-” 0.09 f 0.02 0.10 f 0.02 

4.1 f 1.5 x 10-4 0.01 + 0.004 0.009 f 0.003 

was determined by radioimmunoassay (ZDV- 
TracTM, Burroughs Wellcome Co). 

Histological examination and electron mi- 
croscopy of the skin were carried out to reveal 
any permanent biological lesion after sonication. 

In this study, we demonstrated that, when the 
thermal effects of ultrasound were suppressed, 
there was no increase in percutaneous absorption 
of AZT. In the statistical analysis for comparison 
of the mean flux (J) of sonicated and control 
groups, no enhancement of percutaneous absorp- 
tion of AZT by phonophoresis was demonstrated 
in vitro in human skin or hairless skin. Permeabil- 
ity coefficient (K,) and mean flux (J), are ex- 
pressed in Table 1. 

Seki et al. (1990) and Wearley and Chien 
(1990), using a different diffusion cell, demon- 
strated an increase in percutaneous absorption of 
AZT with chemical and physical enhancers (Ta- 

ble 2). They hypothesized the possibility of trans- 
dermal administration of AZT. 

Based on the pharmacokinetic studies of AZT 
(Klecker et al., 19871, with our mean flux, there 
was no possibility of obtaining sufficient plasma 
concentrations in order to develop a transdermal 
system. 

Brucks et al. (1989) adapted a cooling coil in 
the donor compartment of diffusion cells and 
they demonstrated that the use of US could in- 
crease in vitro penetration of ibuprofen through 
human skin. In the sonicated group, there was an 
enhancement of the initial flux of ibuprofen. 
However, there was no modification in the steady 
state flux. A significant increase in temperature 
of 11°C was observed during sonication (mean 
42°C). With our cooling coil, the mean tempera- 
ture was 28°C during sonication (Fig. 2). With 
simple thermal simulation of electrical resistance, 

TABLE 2 

Effects of chemical and physical enhancers in the diffusion rate of AZT through rat and humanskin 

Enhancers [ANTI (mg/ml) Diffusion rate (pmol cm-* hK’) 

Wearley and Chien 

Human skin 

(microtomed skin) 

Rat skin 

(hairless rat) 
Water 

Iontophoresis 

C,,MSO 

Seki et al. 

Water 

10% oleic acid (OA) 

Mixed-solvent system a 

Mixed solvent system a 

25 

25 

25 

5 

5 

5 

30 

1.9 x 10-2 

(whole skin) 

1.3 x 10-3 

9.2 x 10V3 

0.41 

1.8 x 10-Z f 4.13 

5.5 x 10-I * 4.13 

4.64 

(Wistar rat) 

1.5 x 10-3 

4.5 x 10-I 

0.63 x lo-* 

4.85 
Phonophoresis (this study) (whole skin) (hairless mice) 

Water 12.5 4.4 x 10m4 k 1.8 4.4 x 10-3 f 1.2 

a 10% N-methyl-2-pyrrolidone (MP), 10% oleic acid (OA), 5% S-318 (medium chain monoglyceride), 20% propylene glycol (PG). 
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Fig. 2. Temperature control with cooling unit. 

we demonstrated that the digoxin flux could be 
increased in comparable amounts to those ob- 
tained by sonication at 3.0 W/cm2 (Pinton et al., 
1991). 

Clinical studies have demonstrated that US 
parameters with high intensity could result in 
burning of the skin (Pinton et al., 1991). How- 
ever, histological examinations have rarely been 
performed. In our study, there were no macro- 
scopic or histologic changes in the sample skin at 
1.5 and 3.0 MHz, probably because we controlled 
the temperature thus avoiding permanent alter- 
ations or burning. 

Enhanced drug penetration is thought to result 
from thermal, mechanical and chemical alter- 
ations in the skin by US (Tyle and Agrawala, 
1989). The mechanisms by which the increase in 
percutaneous diffusion of drugs and the thermal 
effects of US in the superficial and deep tissues 
occur are not well known. Knutson et al. (1985) 
demonstrated that thermal variation in the stra- 
tum corneum increased the fluidity of lipids and 
the diffusion of drugs. 

In our study, when the temperature was con- 
trolled at the surface of the skin, there was no 
enhancement in diffusion rates. These results 
suggest that the thermal effects of US in the 
stratum corneum are more responsible for the 

increase in percutaneous absorption than other 
phenomena induced by ultrasound. 
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